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Before you begin...
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Complete the required safety training modules on LMS
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Laboratory Safety Fundamentals
Hazardous Waste Management
Radiation Safety For Users of Radiation Producing Machines

Compressed Gas Safety

Submit a copy of your Training Transcript to Lab Manager

Review the MSE Thin Film XRD Policies and Regulations

Fill out the Thin Film XRD FAU Authorization Form with Pl signature

Receive a user name and temporary password for Faces scheduling

Arrange a time for Thin Film XRD training with Lab Manager

Schedule a 2 hour block on Faces for your training

Receive a SmartLab Il password



Thin Film XRD (Rigaku SmartLab Il) Operation
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XRD Cabinet Overview
Measurement Basics

GUI Basics

Startup

XRD Detector

XRD Optics

XRD Sample Attachment
RS Viewer

Utility Activity

General (PB) or 26/m Scan
Azimuth or Phi (@) Scan
Reflectivity

Pole Figure

Rocking Curve

Reciprocal Space Map (RSM)

XIll. In-Plane Measurement or ZOX/(p
XIV. In-Plane Azimuth or Phi (¢) Scan
XV. In-Plane Pole Figure

XVI. In-Plane RSM

XVII. Monochromator Ge(220)x2
XVIII. Grazing Incidence XRD or GIXRD
XIX. Clean-up and Shutdown

XX. Overnight Scan + Shutdown

Troubleshooting
A. Initial Power Up
B. Hypix Detector Troubleshooting




A. XRD Cabinet Overview — 1/2

o This covers the Rigaku SmartLab Il XRD Cabinet and its components

(1) Power Key: Power key used to start and stop SmartLab

(2) Emergency OFF Switch: Press this switch in the event of an emergency to )
cut off the power supply to the main unit

(3) Door: Opened to change samples and optical devices

(4) X-Rays ON Lamp: Lights when X-rays are generated

(5) Observation Window: Window used to observe the inside of the cabinet
(6) Power-on Indicator: Lights when SmartLab is powered ON
(7) X-RAYS ON Indicator: Lights when X-rays are generated

(8) Door-Lock Indicator:  Lights when the door is locked

(9) Alarm Indicator: Flashes when an error occurs (2)



A. XRD Cabinet Overview — 2/2

(#) Section Description

1 | Theta_s (6,) arm | Arm for controlling X-ray beam incident angle

2 | X-ray Generator | X-ray generating device

3 | Incident Optics Optical devices for desired incident X-ray conditions

4 | Theta_d (64)Arm | Arm for controlling the X-ray detector angle

5 | e O Optical devices for desired X-ray receiving

conditions
6 | Detector X-ray detector
7 | Sample Adjusts the position and orientation of sample

8 | In-Plane Arm (GX) Theta_d arm used for In-Plane measurements




B. Measurement Basics — 1/10

o This summarizes the different Scans and Information obtained

Information Obtained

Scan Axis

Measurement Technique (Scan)

Out-of-Plane (1D)

Information on lattice planes parallel to sample surface
— Qualitative analysis and crystal structure

20/®
(Always 20 = 2 x ®)

Thin Film (1D)

Information near sample surface (applies only to unoriented samples)
— Qualitative analysis and crystal structure

20
(Incident angle, m, is fixed near the critical angle)

In-Plane (1D)

Information on lattice planes near and perpendicular to sample surface
— Qualitative analysis and crystal structure

20,/
(Incident angle, w, is fixed near the critical angle)

Pole Figure (2D)

Information on distribution of specific crystal orientation
— Orientation analysis

x(a), o(B)
(26 or sum of 20 and 29X is fixed at the diffraction angle)

Preferred orientation and
crystallinity measurement (1D)

Information on degree of preferred orientation or crystallinity
— Orientation and crystallinity analysis

, X, 0r

Rocking Curve (1D)

Information on film structure and crystallinity of epitaxial or single crystal
— Crystallinity, film thickness, and composition ratio

20/®

Information on d-value of 3-Dimensional

components of preferred orientation, Information on film structure and
Reciprocal Space Map or RSM (2D) crystal orlentatlonf and (.jegree of preferred crystallinity 'of' epltaX|aI‘or smgle'cry'stal 20/®, ® (y or @)
orientation — Crystallinity analysis and epitaxial 20,/¢, ¢ (x or ¢)
— Qualitative analysis, orientation analysis
analysis, and crystallinity analysis
Reflectivity (1D) — Film thickness, density, and surface or interface roughness by fitting 20/6




B. Measurement Basics — 2/10

o This covers the Goniometer Optics and Measurement Axes

0, axis = axis for setting angle of X-ray Source with respect to the Sample Surface
(s = “source”)

04 axis = axis for setting angle of Detector with respect to the Sample Surface
(d = “detector”)

Center of rotations of 6&0(
0, axis and 0 axis

e = ‘~' .....................................................................
Sample |-

0, axis

@ axis = sample rotation axis around Surface Normal axis

y, axis = axis for setting tilt of Surface Normal with respect to Goniometer Z-axis

axis
¢ and Z-axis Ay
: 360°

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

OO

90° . Surface
Normal

o, axis = rotation axis for setting tilt angle with respect to Z-Axis

B axis = sample rotation axis along Surface Normal (see ¢ axis)
B axis

360°

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

OO

Out-of-Plane Pole Figure Definitions

o tilt = 90° - y tilt
B rotation angle = ¢ rotation angle

In-Plane Pole Figure Definitions

o tilt = y tilt

[ rotation angle = @ rotation angle



B. Measurement Basics — 3/10

o This covers the Out-of-Plane (1D) or General (PB) XRD or 20/®m Measurement

Movement:
e 20is driving arm; 20 range =-10 to 158°

f Center of rotations of * misslave arm; o =% (20)

0, axis and 04 axis ) Pros:
0, axis
\ "% Diffraction angle * Used for Qualitative analysis such as:
20=0,+0, - . .
o ' Sarzpm ‘5 '''''''''''''''''''''''''''''''''''''' * Determining presence or absence of a preferred orientation

* Interplanar spacings of lattice planes parallel to surface

* Lattice constants corresponding to these interplanar
spacings

* Crystallinity of a crystal lattice parallel to the surface
Cons:
e Cannot observe lattice planes perpendicular to surface

e Cannot provide information on presence or absence of the
in-plane orientation

* Cannot distinguish between a fiber-oriented and a single
crystal




B. Measurement Basics — 4/10

o This covers the Thin Film (1D) or Grazing Incidence XRD or GIXRD Measurement

Center of rotations of
6, axis and 0, axis

Movement:

e 20is driving arm; 20 range = -15 to 120°

* o is set near a small critical angle usually between 0.1 to 1°
Pros:

* Avoids scattering from the substrate

* Used for Qualitative analysis such as:

* For unoriented (or weakly oriented) polycrystal samples
* Lattice constants

e Crystallinity of a sample

* Depth dependence of above physical quantities

Cons:

e Cannot be used to analyze strongly oriented polycrystal
sample or single crystal



B. Measurement Basics — 5/10

o This covers the In-Plane (1D) XRD or ZE)X/(p Measurement

Center of ZGX axis rotation
(Rotates around surface
normal axis)

Top View

es aX'S ....................................................................

Diffraction angle 26,
(In-plane measurements)

Movement:

* 20, isdrivingarm; 20, range = -3 to 89°

* o isset near asmallcritical angle usually between 0.1 to 1°

* @isslavearm; ¢ =% (20,)

Pros:

e Similar to GIXRD with respect to depth of analysis

* Used for Qualitative analysis such as:

* Investigating presence or absence of the preferred orientation

* Interplanar spacings of lattice planes perpendicular to the
surface

e Lattice constants corresponding to these interplanar spacings
» Crystallinity of the crystal lattice perpendicular to the surface
* Presence or absence of in-plane orientation

* Distinguish between fiber-oriented sample and single crystal or
confirm presence or absence of twinning

Cons:
e Cannot observe lattice planes parallel to surface

e Cannot provide information on presence or absence of the out-
of-plane orientation



B. Measurement Basics — 6/10

o This covers the Pole Figure (2D) Measurement

B axis

360°

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

OO

0, axis
oi <
2 De‘ec"o
............ o :
.................................................... ’_ e 0L aXiS
90°"
o tilt Fixed
diffraction
B-scan @ =0, " S angle 20

--------------
"
‘e
.

B-scan @ a=a,

.......

B-scan @ o = aly

Movement:

20 is kept constant; o =% (20)
o is stepped; o range = -5 to 95°
B is continuously rotated; 3 range =-720 to 720°

Pros:

Measures diffraction intensity distributions by rotating the
sample in all directions while keeping the diffraction angle
constant

Direction at high diffraction intensity is observed
corresponds to the preferred direction of the pole figure
axes — indicating that crystallites with the measurement
planes oriented in that direction are dominant

Notes:

Remember that o = 90° - x in SmartLab I
Choose a step values carefully!
o, step controls the resolution (and max intensity)

Speed of 3 scan controls the sign-to-noise ratio of scans



B. Measurement Basics — 7/10

o This covers the Preferred Orientation (1D) or Azimuth or ¢ Scan Measurement

¢ axis

............ x |
DS ..._._._‘."_'.T_/'..’i.‘-r_' ......................................................
0° *, : ;
Fixed
diffraction
angle 20

@-scan

0, axis
90° | ’
{ oe

Movement:

e 20 is kept constant; o =% (20)

* (@ is continuously rotated; ¢ range =-720 to 720°

Pros:

* Same underlying principles for pole figure measurement
* Measures a cross-section of a pole figure measurement

* Measures the spread (width) of diffraction intensity
distribution

* Related to degree of preferred orientation (vs randomly
orientated sample)

* Related to mosaicity (vs perfect single crystal)

* Quicker to perform than full pole figure measurement
Notes:

* Remember to optimize y value first!

* Speed of @ scan controls the sign-to-noise ratio of scans



B. Measurement Basics — 8/10

o This covers the Rocking Curve (1D) Measurement

Movement:
e misdriving arm; o (relative) range = -5° to +5°

_ * 20 is kept constant; 20 = 2®
f Center of rotations of

0, axis and 6, axis ' Pros:
0, axis , * Measures diffraction intensity distributions along a
"X\ Diffraction angle reciprocal lattice vector
B B O 20=0,+0, P ey
sample |- * Planes no longer parallel with sample surface are brought

onto the Bragg plane
* Measures changes in interplanar spacing

* Generally used to evaluate the thickness or mixed crystal
ratio of an epitaxial film on a sample

* Width of rocking curve depends upon mosaic spread of the
grains, density of dislocations, and substrate curvature

* FWHM is recorded and indication of quality of intended
epitaxial growth or preferential orientation

Notes:

* Do not mix up width of rocking curves with the widths on
the peaks in the 20/w scans




B. Measurement Basics —9/10

o This covers the Reciprocal Space Mapping or RSM (2D) Measurement

Movement:
* 20/m scan is one mapped direction

/ Center of rotations of * @ scan is second mapped direction

0, axis and 0 axis Pros:
0, axis ’
X Diffraction angle * Measures diffraction intensity distributions and plots result
B e v ______ 20=0.+0y . in reciprocal space
Sample |- : . . .
* Central coordinates, shapes, and positional relationships of

o direction the reciprocal lattice points (film and substrate) appearing
in 2D map provides a wide range of info on crystal structure

Notes:
* Each o step — 20/ scan is performed (q,)
* Each 20/o step —  scan (Rocking Curve) is performed (q,)




B. Measurement Basics — 10/10

o This covers the Reflectivity (1D) Measurement

Movement:
e 20is driving arm; 20 range = 0 to 10°

f Center of rotations of * misslave arm; o =% (20)

0, axis and 0 axis Pros:
0, axis '
.= Diffraction angle e Can be used for crystalline or amorphous samples
20=0,+6 , , .
S . Sa;ple _______________________________________ Ao e Evaluates thlckness, denSIty, and surface or interface

roughness of thin-film materials
* Evaluates structure of a multilayer or single layer film
* Measures samples nondestructively
Cons:
* Requires surface and interfaces are flat

* May require monochromator to yield higher resolution for
thicker films




C. GUI Basics —1/3

o These slides W|II teach you GUI Basics

Instrument
Tools

| 18- Fil=

Controls

gl | [ ] a ! —
T v rhf rbj rbj I_-I | 4 ﬁ | ﬂ I’:T ". (;’ D {4 Pro Contral "% Optics Management || ((®)) _/@’_ . {/\ all(? -
LJ + * l_-’ = L-.' q Initialize T = n L2 : =»
Wizard I Run Load DB Crea*- foclemmm PRt Data H/W Dlsplay Camera Sense Light Deoor Move to Homg R5 Help This
F Flow Controls Fflow~ Data= | Browser = Rept Plue-In Tabs rowser Status  Area - *#4 XG Control OFF LockOMN  Position Viewer || Viewer  Datato~
Omerztions. Datzbzca Drnt/R, g Showing Controle and Status Instrument Tools Help | Transfer
|| XRR = ‘ HRXRD = | Texture | Powder XRD = | Data Visualization | Data Manager > | Logging | User Manager * | DB Manager x | Materials Manager | -
.
= = I T Stas Flow E R Uisplay Area T F
<
Package A * [0 556 £ & B 1 3
N I MName ]
r”'"" Re.flection SAXS I o] Ars a =
r‘:" Micro Area » e 3
@polefigure | | 4eq :
r""" Residual Stress I b 0’29 N é"
[ Reflectivity ' . ]
f"' Rocking Curve I 0’9;29 o D I S play Area 9'
[T RSM ')Zefw = 200004 general_tra
- 7 - [
[ In-Plane I ‘,Lu.-‘?e E for Data ining1/1 ..%
@ in-PlancRsM | ¥ a0y g
P i Pianm Pt i 0 fn B
Ui.l. . ., . .
« viive Activities
2 . Li
[} maintenance I 5% FIOW Edltor . inear v
4 training o T T T T T T T T T T T T T T T T T 7 T
—— 68 685 69 695 70 705 7
[T Phi Scan UoswahKEI < Selection slit 26/w.
1 == Incident Soller slit
Par L:j Sequence Data Browse L | +
H/W Status 8 e, ame Position \ntell Startup
g slit Drop activities here I
v Pro Control
{5 Loop(XY) L] = |Filter re L-entro Run o [ ] Use timer
{4 Measurement I < RS1 ] Alignment 1 ..
{5 Message ~—|Filter 1 o Imported .
& Vowe | e + [ 2000 Data Browser }jﬂ
{4 One Shot I < Receiving Soller slit general_training1/1 -
{h Oscillation T Rs2 Package Aging condition
{b Rotation I ?Zrl Use aging table recommended from frequency of use
) ample
{j Send Mail I . Optics I [ After aging conditions
Y SetOffset e : able
{5 p— I cED;Q\T:tachment base
& s < Avtachment head Startup/Shutdown
" I @Attachment option 25
lr_LJ Stop QEDCBO
& Wait I cﬁ)lncident optics unit I Aging table name: RAC use everyday Set power: 1.8 kW (Voltage: 40 kV / Current: 44 mA
I n
—_—
Activities H/W Status I Activities H/W Status < Startup/Shutdown Data Browser I Startup/Shutdown Data Browser




C. GUI Basics —2/3

* Flow Controls — used to control your Measurement Flow (or Measurement Program)
» Wizard — will help you selected the recommend packages for desired measurement/analysis

(AR A (=)
LY C¥ L' 5

New Open Save Save Run
Flow Flow= Flow= Flow As~ Flow~

@ Do you want to create a new flow after removing the package in the flow?

New Flow - remove existing Flow and create a New Flow package ————p

Yes
* Open Flow - open existing Flow that you have saved in the File System
* Save Flow - saves your edited Flow into the Files System
* Save Flow As - saves your edited Flow as a new file into the Files System EE_L ‘Hf | - I:-.,_.;l
Run Load DB Cre
> Flow - Data~ Browser Re

Run Flow —

¥ " O

* Run Flow — runs your entire Flow from top to bottom 1=p Run Flow Ctrl+F5
[-.. Run Selected Part Ctrl+Fé&

* Run Selected Part — only runs the Selected Part =
y [:.. Run from Selected Part Ctrl+F7

* Run from Selected Part will run your entire — runs your flow from top to bottom starting from Selected Part (useful for Shutdown)



C. GUI Basics —3/4

e Instrument Controls — useful controls for the Instrument | « {_:}- /@/
* Light — Turns the Light ON and OFF inside Cabinet = Lol 7=
Light Light
ON OFF
o[
* Door Lock — Toggles the Door Locks ON and OFF N —J 4]
Door Door

Lock COFF Lock ON

* Move to Home Position — Moves the Goniometer axes to the starting Home Position useful for exchanging optics

w7 Ug

{5

light Door Moveto Home
OFF Lock ON Position
Instrument

AN

RS
Viewer

Tools

» Tools Control — opens Reciprocal Space (RS) Viewer — see V. RS Viewer

AN

RS

Viewer

Tools

{5

Mowve to Home
Position




. Startup —1/2

o This sequence is used for Initial Startup sequence

1.

4.

Sign-in on the Sign-in Sheet

o)
20

First Double-click on SmartLab Studio Il software icon SmartLab

Studio Il

Enter your Login and Password
* Login: Faces Login Password: Provided by Lab Manager

Confirm that “XRD Measurement | Ready” is shown =p-Fi:lk Measurernent| (=58 then proceed to Step 7
If Status is “XRD Measurement IReady (NOt Connected)", = XRD Measurement | Not rea.d:'r {E:unnefted}

you will need to follow Steps 5-6 to restart the Server

Access lower right Hidden Icons tray, RESEME-E-l8 then find the ICServerTaskTray icon B

If icon is not Green, then Right-click and click on Restart to enable, then proceed to Step 7



. Startup — 2/2

8.

10.

11.

12.

13.

14.

15.

Click on the Startup/Shutdown tab at the bottom right panel

Confirm Use aging table recommend from frequency of use is selected —I

Startup

Remaining time:

BhEhEEm
L - L

Aging condition

> ® lse aging table recommended from frequency of use

The system will automatically choose the appropriate sequence
and may take up to 20 minutes to start up depending on frequency of use

Click the Run button, and confirm with Yes @ o

Once completed, the Standby setting should be at 40 kV and 30 mA (1.2 kW)

Now let’s bring the system up to Operational Level by

After replacing the target

Use customized aging table

Calculated duration: 00:07:23

Aging table name: Use everyday

Data Browser Startup/Shutdown

Aging condition

Use aging table recommended from frequency of use

» ® Use customized aging table

selecting Use customized aging table and RAC use everyday is selected

Click the Run button again, and confirm with Yes

@ Customize...
Calculated duration: 00:03:06

7 Aging table name: RAC use everyday

The Operational Level should now be set to 40 kV and 44 mA (1.8 kW) for normal operation



II. XRD Detector —1/1

o This covers the Detector

Detector Orientation (Applications) Window Protector

HyPix-3000 Horizontal Vertical

2D Detector Default Micro Area
( ) ( ) ( ) Window

Protector
must be
inserted to
protect
Detector
when
swapping out
Receiving
Optics!

$SSS5S

B Detector adaptor + 50m m

=n |

I|lIIl|l||l|l|IlI"Il||JIJ|IIII|IlIlIIulIIlIlIIIlIIJI”IIII|IUIﬂ_uIIIUIJIUIJIU”IIIIIIIIIU"IHIII“IJI[IIJ“JUII'I
5 400 Mark indicates position of detector adapter and is +50 mm from the detection plane.

f i.e. Detector Plane of 300 mm = Detector Adaptor Position of 350 mm




1I. XRD Optics — 1/6

o This covers the Incident Optics Unit #1

Incident Optics Unit #1

Incident Optics

CBO — Cross Beam Optics

Parallel beam
method (PB)

Para-focusing
method (BB)

Micro Area (MA)
0.5

Micro Area (MA)
0.3




1I. XRD Optics — 2/6

o This covers the Incident Optics Unit #2

Incident Optics Unit #2

Incident Parallel Slit (IPS) + Adaptor

Ge(220) 2-bounce
monochromator

Incident Parallel Slits (Aperture) + IPS Adaptor

Soller Slit
(Open)

Soller Slit
(5.0deg)

In-plane PSC
(0.5deg)




I1l. XRD Optics — 3/6

o This covers the Incident Slit

Incident Slit

10 mm

5mm

Length-Limiting Slit (Aperture)

2 mm

0.5 mm

0.2 mm

Insert Slit hugging LEFT edge




I1l. XRD Optics — 4/6

o This covers the Receiving Slit

Receiving Slit

Receiving Slit Box

Insert Card hugging RIGHT edge

Insertion Diagram

CuK B 1D
(23 um)

kP Filters (Thickness)

CuK B 15 pm
(15 pum)

9 kW filter




I1l. XRD Optics —5/6

o This covers the Receiving Optics Unit #1

Receiving Optics Unit #1 Parallel Slits Analyzers (Aperture) + ROD Adaptor

Parallel Slit Analyzer (PSA) + Adaptor




I1l. XRD Optics — 6/6

o This covers the Receiving Optics Unit #2

Receiving Optics Unit #2 Receiving Parallel Slits (Aperture) + RPS Adaptor

Soller Slit In-Plane PSA

Receiving Parallel Slit (RPS) + Adaptor (5.0deg) (0.5deg)




V. XRD Sample Attachment —1/2

o This covers the Sample Attachment Heads

Attachment Platform Attachment Heads (Applications)

Standard RxRy XY-20 mm

B B EGTAIETTS (LTS (Alignment, Bulk Sample) | (Reflectivity, RSM, In-Plane) (Micro-area)

o P ndi R TIRRETC e ol = Tt

e |
e
%

Carefully align Attachment Head to the Attachment
Platform via the black triangle ¢ indicator.

DO NOT BEND OR DAMAGE THE CONNECTOR PINS!

Secure in place by closing the Clasps and Front Latch.




V. XRD Sample Attachment — 2/2

o This covers the Sample Plates (Note: Does not have recognition chips — you must remove even if not instructed!)

Sample Plate

Height Reference Sample

Picture Installation Removal

Sample Spacer

Wafer Sample Plate




Sample

V. RS Viewer —1/2

. ~ Layi—r operations v Ql
o These slides will teach you about the Reciprocal Space (RS) Viewer A
1.  Click on the RS Viewer icon at the top of the XRD Measurement plugin | R> Stape L o Materia
Jiewer e ﬁ'}

2. Click on the ? icon to open up the RSViewer_UserManual_en.pdf to review the tutorial
3. Add and edit layers to build up your substrate + films

dmple AxXes [1 1 o]
4. Edit the Samples Axes (if known) to correlate actual sample to reciprocal lattice (e.g. Si wafer) =» s S Normals: | ———»

[110] 00

5. Set Geometry for your scans: Out of plane or In-Plane .

Measurement Measurement
Geometry: | Out of plane (w step) v|d=p»| Geometry: In-plane e .
X-ray target: | Cu-Ka ~
X-ray target: | Cu-Koy, v ytarg !

6. Enterin desired reflection plane in Origin or select the Shape Icon

Reflection information ?

Layer: | Si(Sub) v
Reflection

Origin: |00 4 v 4— Min. |F|(rel.) to show, %: 0 & Highlighted: |0 0 4 Select Clear
26B:69.13 |F:62.50 |F|%3906.49 Incident angle:34.565 Reflected angle: 34.565




V. RS Viewer —2/2

. . . . . . . . Out of Plane Out of Plane
7. The goniometer settings to achieve desired diffraction will be displayed: No Tilt Tilted In-Plane
* Qut-of-Plane — No Tilt Scans: v and ¢ are both zero
w| 142213 |O
* QOut-of-Plane —Tilted Scans: v and/or @ are non-zero values
* In-Plane Scans: 26, is diffraction angle x| 547356 (O
e 00000 [C o -90.0000 [C @7 1136515 |O
8. In order to achieve desired diffraction orientation, you will need to click on Move Axes i
Show area Reset Move Axes Send Area

__1 |
/’

9.  Click on Show area checkbox will show you the corresponding
scanned area for performing Reciprocal Space Mapping (RSM)

10. The area used for RSM can be manually adjusted visually
and then applied to RSM Measurement step via Send Area

* Only works if RS Viewer is launched from RSM Measurement




V. RS Viewer — 3/4

o These slides will teach you how to load your sample information if not in the database already

Co

11. Go to the following Crystallography Open Database (COD) website: https://www.crystallography.net/cod/

Accessing COD Data Search

Browse (For more information on search see the hints and tips)

12. Click on the Search P Search

Search by structural
Search by COD ID: |
formula

JSME search

‘ | Search |

Enter SMILES:

13. Search for your desired sample using your desired method =—p OpenBabel FastSearch: — ==
(e.g. Text, Journal, Chemical Formula, Elements, etc...)

Note: substructure search by SMILES is currently available in a subset of COD containing 225655 structures.

14. Identify the desired sample information you want to import |

| ionrnal ‘

text (1 or 2 words) ‘ ‘ | ‘

CODIDA Links Formulad Spacegroup i Cell parameters Cell volume & Bibliography
1001452 Ba2 Cu3 07 Pmmm 3.8128; 3.8806; 172.1 Capponi, I J; Chaillout, C; Hewat, A W: Lejay, P: Marezio, M; Nguyen, N; Raveau, B: Soubeyroux, J
Y 11.6303 L: Tholence, J L; Tournier, R
90:; 90: 90 Structure of the 100 K Superconductor Ba~2~ Y Cu~3~ O~7~ between (5- 300)K by Neutron Powder
Diffraction

Europhysics Letters, 1987, 3, 1301-1307

15. Click on the CIF link and download the file into your CIF Folder

16. Click on the Materials Manager in SmartLab Il Materials Manager X


https://www.crystallography.net/cod/

V. RS Viewer — 4/4

Click on the Import from File tab and select CIF

DB Manager % [EVETCHEINNETET I S

17.
Vi * % B B * 1 M M= 2
20
A/ o & wl nl Le [
Delete Edit Duplicate = New Structureless New Crystalline New Compound MNew Polycrystalline || Import port DB Create
Material Material Material Material Material Material Material from File= tq|File~ Browser Report
Delete Edit Copy Mew \r‘j XML Drt Database  Print/Report
XRR * | HRXRD * | Texture * | Powder XRD * | Data Visualization * | Data MY .L_j CIF logging * | User Manager *
> )
18. Select the CIF file that you had downloaded

19. The sample information should now be available for you in the Material selection in RS Viewer

Sample

Sample name:

~ Layer operations
+

Duplicate Layer
Remove All Layers

Import Sample

v Group operations

Edit Anchors

Show reflection

Layer )
Shape Number Material
—> » | L1 E] Barium yttrium copper oxide (2/1/3/7)
® Sub 10

Export Sample

Send Sample

Show reflection
indices

Show forbidden
reflection



VI. Utility Activity — 1/2

~

1 Quick Measurement (BB)

o This sequence will perform a Mirror Alignment and HyPix Adjustment 4 Utliy Activity
after using the Monochromator Ge(220)x2 § Lo Mo
'3\‘ HyPix Calibration
1. Select the Mirror Alignment activity under XRD Measurement > Part Activities P> X Miror Alignment
| E 7 B X
. . . . . . . 5 Ep = ol i
2. Drag the Mirror Alignment activity into the Flow Editor in Sequence
1 Sequence
3. Drag the HyPix Adjustment activity in Sequence ro # o
(7
\3 [_1 Sequence
Alignment conditions ! > a¢ Mitor Alignment @
4.  Click on Mirror Alignment activity ||, " =
and select CBO, and click OK #
Run QK Cancel [ Sequence
(E"\ A Mirror Alignment @
A HyPix Adjustment @

Adjustment conditions

v*| Temperature correction

Create mask file

5. Click on HyPix Adjustment activity and confirm
only the first 2 options are checked, and click OK

a)  Temperature correction

b) Create mask flle @ Run recommended sequence [ Customize conditions  Customize

Center position and distance between sample and detector adjustment

Run QK Cancel




VI. Utility Activity — 2/2

=)
Click on Run Flow to perform Mirror Alignment and HyPix Adjustment automatically |=p

6.

7. A Smart Message will appear indicating all the optics and attachments
that need to be removed (indicated in RED) and those that
need to be installed (indicated in GREEN)

8.  Proceed to perform each step in sequence and click OK when completed
Note: Your Smart Message may differ from example shown

9. Mirror Alignment will be performed first, followed by HyPix Adjustment

(157 T202T0Z5EG2E02 250

Fun
Flow =

o)

Smart Message

Make sure that there is no sample.
| | N
i I_T't = trritll
Insert KB filter 1D for Cu in receiving slit box.

fREB) = JEELY

PXD_Mask

T
500

10. Wait for the Flow sequence completed prompt to continue by clicking OK

o Flow sequence completed

=@




VIl. General (PB) or 26/®m Scan—1/7

o This sequence will perform a General 26/® scan using Parallel Beam optics

1. Select the General (PB) package under XRD Measurement > Package Activities

2. Dragthe General (PB) package into the Flow Editor in Sequence

3.  Right-click on Sample Alignment (Powder, Bulk) and select “Delete”

4.  Find Sample Alignment (Thin Film) under Part Activities

5. Drag Sample Alignment (Thin Film) under the Optics Alignment (PB)

6. Left-click on Optics Alignment (PB) tab to confirm default parameters

Activitie 7R X
e Activitie B ®][x
General -
[ Genersl (BB)
_>l"‘1 General (PB)
[ Reflection SAXS
Edi %
BIIEBI|E |4
;—l Sequence
2] General (PB) 0o
Ac og o x
» -:|:| Sample Alignment (Powder, Bulk) .'é.
Part Activities LRI RS
= A\ General Measurement [ 16
4 Alignment Activity =
':" Sample Alignment (Powder, Bulk)
> -0 Sample Alignment (Thin Film) %
(] General (PB) (1]
0 Optics Alignment (PE) @
A\ General Measurement O{E.
_1 General (PB) 0
> ~I0 Optics Alignment (PB) @
I% ‘:II Sample Alignment (Thin Film) @

(1 1@



VIl. General (PB) o

7.

10.

11.

Confirm Use default optics is
selected under Optical settings

Confirm Full is selected under
Alignment conditions

Confirm User settings is selected,
then click Run

- 20/® Scan —2/7

q x|

Optical settings

Incident monochromator: | None hl

Receiving optics: Slit n

@) Use default optics (_) Customize optics ~ Customize

Alignment conditions

@) Full ©_) Quick (Only receiving optics)

Registration destination

Optics attribute:
®) User settings New...
System settings

Registration date:

A Smart Message may appear indicating all the optics and attachments that

o

Cancel

need to be removed (indicated in RED) and those that
need to be installed (indicated in GREEN)

[] Hide figures

Smart Message

Replace Soller slit open with Soller slit 5.0° in IPS adaptor.

frEf] = JEELH

L
g

Replace length-limiting slit 5 mm with length-limiting slit 10 mm in integrated incident slit box.
Remove the RxRy attachment head.

frf) = JEE}E

Install standard attachment head in yipZ attachment platform.
Tt *5 tT Tl =7

Install Height reference sample plate in standard attachment head.

Tt = tTritl &,
Insert center slit in Height reference sample plate.

R = |[BEE

Attach the detector plane of HyPix-3000 (horizontal) to 300 mm.
(Adjust the mark of the detector adaptor to 350 mm)

Click OK when completed




VIl. General (PB) or 26/® Sca

12.

13.

14.

15.

e For training with Silicon: Thickness = 0.5 mm; Width & Height =5 mm

System will perform Optics Alignment on various axes

(Average time = 4 minutes)

Wait for the Flow sequence completed

prompt to continue by clicking OK ——

o Flow sequence completed.

@

Left-click on Sample Alignment (Thin Film) to

set Sample Info

Input your Sample Info per the dimensions —=

Incident direction of Height
x-ray when ¢ = 0 deg

| L Width //ﬂ
lat
Thm:l-:r‘nesiH /

-
/« \\ - |
¥ I .
- \ 29/(0 /‘f\\ Zr
- /' =
[
A
v _ A

_1 General (PB)

+l0) Optics Alignment (PB)

> -:II Sample Alignment (Thin Filrm)

_;-l“l General Measurement

Thickness, mm

Sample infarmation v

Width, mm|

Height, mm




VIl. General (PB) or 20/® Scan —4/7

16. Confirm the following are checked:
* Direct beam half cut alighment
* Surface normal alighnment
e Put a sample when the sample alignment starts

17. Click Run (Average time ~ 6 minutes)

(RS - I

Sample infarmation

Thickness, mm:| 0.5 Width, mm:| 5.0 Height, mm:| 5.0

Alignment conditions

Attachment and sample plate:| RxRy attachment head + 4-inch wafer sample plate
w’| Direct beam half cut alignment |v/| Surface normal alignment

Alignment criteria: | Standard

Surface density: | High (> 4.0 g/cm3)

v’| Put a sample when the sample alignment starts

®) Run recommended sequence | Customize conditions

o

18. If Sample Alignment (Thin Film) fails, try changing surface density

e For training with Silicon: Surface density should be set to High

19. Wait for the Flow sequence completed

DK

Cancel

o Flow sequence completed.

prompt to continue by clicking OK

=@l




VIl. General (PB) or 20/w Scan —5/7
20. Left-click on General Measurement to set scan conditions ~fa Sample Alignment (Thin Film)

_> _»"\ General Measurement
Ifj\l “
Sy

Manual exchange slit conditions hd K filter condition - Detector conditions -

Measurement conditions

Attachment base:| ygpd attachment * || Attachment head:| Attachment without movable axis it
Exec. | Scan Axis Range E Start, E Stop, ° E Step, © E Speed, */min - g:ilc:i;r E ;{ﬁ:ii:inn?m E Sﬁsii;inn?m Attenuator E Comment E Options E
1 Absolute || 68.0000 71.0000 0.0100 4.000 % J1.000 1.000 1.100 %I Set.. | #
2
21. Select 20/ for the Scan Axis
22. Adjust the following parameters based on your desired scan conditions
e Start, °: Enter starting scan position for 20 angle (e.g. 68°)
* Stop, °: Enter ending scan position for 20 angle (e.g. 71°)
* Step, °: Enter scan step size for 20 angle (e.g. 0.01°) — controls resolution or spacing of data points

* Speed, °/min: Enter the scan speed (e.g. 4°/min) — controls the signal/noise (S/N) ratio

23. The following can be increased if you wish to increase the x-ray exposure to your sample in the width dimension
* Incident Slit, mm
* Receiving Slit #1, mm Default values are automatically chosen based on sample dimensions
* Receiving Slit #2, mm

L@



VIl. General (PB) or 26/®m Scan —6/7

24.

25.

26.

27.

28.

If you wish to save your data, click on the Save measured data boX —— 1/ s measured data

(Note: You can always save your data after collection!)

|:| Separate measurad file

Input your desired File name and File location here

' » File name: 5]

®

Sample name:

Memo:

Click Run

The Remaining time left in the scan will be displayed

[ | Move to home position after the measurement completed.
|:| Run real-time search match

Calculated scan duration: 19min 24s

oK

Cancel

General Measurement running. (1/1) |

- Remaining time: 00 : 02 : 17

Scanning /29 axis...
Scan mode; 0D{continuous) E
Start: 60,0000 °
Stop: 100.0000 °
Step: 0.71000 *

Speed: 20.000 “/min 20000

Intensity, cps

Stop

Click OK when complete

Si (100)

general_tra
ining1/1

Linear v

0
5

20w, ©

71

o Flow sequence completed.

(@:




VIl. General (PB) or 26/w Scan—-7/7

o Note: The following is for training purposes to learn how to move goniometer axes

24,

25.

26.

27.

28.

29.

30.

31.

Open the RS Viewer and find the Si (111) plane for diffraction —

Make sure that you have SECURED YOUR SAMPLE before continuing!

& 14

Select

w step, 28/w scan
Start
-7.5000

|| [

-15.0000

Measurement
Click on Move Axes . . _
Geometry: | Out of plane (w step) |v| || '® Asymmetric {_} Symmetric | Invert Incident and Reflected
X-ray target: | Cu-Key w | || Wavelength, nm: 0.1540593
The Goniometer will now reposition the axes Reflection information
per the values described here e [50mTS
Eeflection
Start, Stop, Origin: | 111 V=== to show. % 0 [C Highlighted: | 0 0 4
Input new Start and StOp values = =] =] 208:2844 [F:61.31 [F[:3758.97 Incident angle:8.1541 Reflected angle: 8.1541
27.0000 30,0000
Sean type:
Crigin Abs/Rel
wh 142213 |Q 1 Relative  |Vv
Click Run (no need to save the scan) =%  #un Relative [
_> ¥ 547356 |O I
@7 -90.0000 |O i
Determine if the (111) peak is observed?

Shokme

If the (111) peak is not observed — sample orientation is mismatched with RS Viewer via the @ position

N
(e
N\

Clear

Stop
7.5000
15,0000

£

|| [



VIII. Azimuth or ¢ Scan —1/3

o This sequence will perform an Azimuth or ¢ Scan

1. Left-click on General Measurement

[ ] Manual exchange slit conditions hd ] K filter condition - [ ] Detectar conditions

Measurement conditions

Attachment base:| ygpd attachment * || Attachment head:| Attachment without movable axis it
Exec.  Scan .ﬂu-:isIEI Range E Start, © E Stop, © E Step, © E Speed, */min E lsrll;i'd;;r E Sﬂﬁ:i;{'nﬂ?m E Sﬁﬁfigmnﬁm E Attenuator E Comment E Options E

1 O ~

2 [0 [v][fbsolute V[ 0.000 360.000 0.100 120,00 || 1.000 1.000 1.100 v Set...

2 [
2. Select ¢ for the Scan Axis for #2 o efnleloliomly v

. 1 o 1 o
Si (111) # 180 # 270
5.10+06_ (o]
3.  Set Start = 0° and Stop = 360° #90
Step = 0.1° and Speed = 120°/min g
4.  Click Run (no need to save scan) —
’ 5|0 I 0 I I I 1..’170 2(|]"J I I I I 2E|~ 3Lll0
J L_o- |

5.  Your spectra will look similar to this
showing the (111) peaks are not precisely positioned at ¢ = 90°, 180, 270, 360 due to sample offset!




VIII. Azimuth or ¢ Scan —2/3

. Ts 26/w Is 26 Ir w z 6/20 Ry Rx “ -
6. Zoom-in one of the peaks...
| ©~177.2° .
7.  Left-click on General Measurement again | | _—
5 iz
2 -13260
. & 6
8.  Click on Set... under Options | "™ i
et o 2.2-10*+06_]
Linear b
1+ 1%? 1?‘?1 1?‘?2 1?‘?"5 1?‘?4 1?‘?5
9. Set @ to the value of your peak position, | | o | "
and click OK @ x |
Attachment base:| yof attachment | Attachment head:| Attachment without movable axis ot
Exec. Axis Action Origin (Center) Oscillation Range (+) Start Stop Speed
p “ lIMove to origin 1772
Read Current PAi-::un A Cancel
. Scan Axi Start, Stop, °
10. Set Scan Axes back to 20/ and input Start and Stop values back to 27°and 30° —p ey = 7 [
28/ s 25,0000 31.0000

11. Click Run again =  #un



VIII. Azimuth or ¢ Scan — 3/3

12.

13.

14.

You should see a similar spectra showing EETER AR o DECIK

the (111) peak at around 26, = 28.4 °

410+06]

as suggested by the RS Viewer

2.10+06]

Intensity, cps

Si (111)

Si Wafer
11
General

Meas after

Phi Scan/1

0002_Scan
2024)ul22-

132305

0001_Scan
2024Jul22-

28

8/28, ®

T
285

29

295

Some measurements may perform “Pre-Measurements” that will identify and set the goniometer settings

(e.g. 20, ®, @, Ox' etc...) for your scans, but may not always succeed or be available

It is still up to the user to be comfortable controlling and moving the Axes and setting the Origin when appropriate




IX. Reflectivity — 1/4

o This sequence will perform a Reflectivity Measurement

1.

Select the Reflectivity package under XRD Measurement > Package Activities

Drag the Reflectivity package into the Flow Editor in Sequence

Package Activities )

4 (General
(71 General (BB)
51 General (PB)
(51 Reflection SAXS
f1 Micro Area
[‘1 Pole Figure

r1 Residual Stress

||=> [ Reflectivity

7 Rocking Curve

If Optics Alignment (PB) and Sample Alignment (Thin Film) were previously

performed, then skip to Step 11

Left-click on Optics Alignment (PB)

Confirm the following are selected:

» Optical settings — Use default optics

* Alignment conditions — Full

* Registration destination — User settings

Click Run

;‘l Sequence

and then OK when completed

Optical settings

Incident monochromator:| None

Receiving aptics: Slhit

®) Use default optics () Customize optics  Customize

Alignment conditions

®) Full | _J Quick (Only receiving optics)

Registration destination

Optics attribute:
® User settings
System settings

Registration date:

Run OK

P
[l )
Yt

New...

Cancel

>

Lrop activities nere

v

(2] Reflectivity

> +0 Optics Alignment (PE)

._> -:I:I Sample Alignment (Thin Filrm)

|4\ Reflectivity Measurement

7 R oX

&

o Flow sequence completed

o)l




IX. Reflectivity — 2/4

7.  Left-click on Sample Alignment (Thin Film)

8. Input your Sample Info per the dimensions

Incident direction of Height
x-ray when ¢ = 0 deg

V.
M/g /_ Width /

Thickness

Sample information v '
Thickness, mm Width, mr Height, mm

Alignment conditions

Attachment and sample plate:| RxRy attachment head + 4-inch wafer sample plate
/| Direct beam half cut alignment |v] Surface normal alignment

Alignment criteria:| Standard

Surface density: | High (> 4.0 g/cm3)

v*| Put a sample when the sample alignment starts

®) Run recommended sequence Customize conditions  Customize

I

9. Confirm the following are checked:
* Direct beam half cut alighment
e Surface normal alignment
* Put a sample when the sample alignment starts

(] Reflectivity 0
10. Click Run and then OK when completed =——' . osicsaignmentos) ®
-:I:I Sample Alignment (Thin Filrm) (i\
11. Left-click on Reflectivity Measurement ——— .1 reicciiy vessuemen PYe

o

Cancel

Requested scan duraticn

® Run recommended sequence Customize conditions

w'| Save measured data

File name P:)
Sample name:

Memao:

12. Adjust the Requested scan duration or use default time

For training with Silicon: Set duration to 2 min

Calculated scan duration: 2min

Run QK

=’ Requested scan duration, min 20 |C]| Return to Default Value

Q] x |

Cancel




® Run recommended sequence Customize conditions  Customize

IX. Reflectivity — 3/4

13. Input your desired File name and File location here s (50

Sample name:

Memo:

14. Select Customize conditions if you wish

Calculated scan duration: 15min

Rumn QK Cancel
15. You may include different scan Q

parameters such as the Q] *x |
Step and Speed for
different 20 ranges

Requested scan duration

ault Value

[}
iT

[ ] Manual exchange slit condition:

Scan conditions

13. Click OK then click Run = .
Exec Scan Axis Range \ 4 Start, Stop, © Step, Speed, */min Lr::dent Slit, E:Fi‘:‘r;ng slit JP;;:T::Q Slit Attenuator
28/ Absolute 0.0000 5.0000 0.0100 12.000 0.050 0.250 0.200 Ml Auto A
28/ Abszolute 5.0000 10,0000 0.0100 6.000 0.050 0.250 0.200 Ml Auto A
L]
L]
L]
Calculated scan duration: Tmin 15s
S=tf=c Cancel




Ts7_;|2e|Zr|w|z|9fze|x|ky|nx| -

IX. Reflectivity — 4/4

17. The XRR Plugin allows you to analyze data

2
(5]
z
W
g 3 Silicon
E 111075 Wafer
] Reflectivity
Recommen
ded 15
min/1
| | | | | sl il ay ﬂl Ui meuy_imfﬂmmwmwuﬂum_
1 2 3 4 5 i 7 B =] 10

“ HRXRD Powder XRD Data Visualization Datl

Cleuas b @ X

18. Click on the ? icon £
to open up the XRR_UserManual_en.pdf to review the tutorial 8  storage: @ File system ) Database
ﬁ Project:
(=
2 Dataset:
H

Oscillation Analysis + Fit

Load data




X. Pole Figure — 1/5

o This sequence will perform a Pole Figure using Parallel Beam optics

1. Select the Pole Figure package under XRD Measurement > Package Activities

2.  Dragthe Pole Figure package into the Flow Editor in Sequence

3.  Right-click on Optics Alignment (BB) and

Sample Alignment (Powder, Bulk) and select “Delete” I

Part Activities 9 | Q

4.  Find Optics Alignment (PB) and s
Sample Alignment (Thin Film) under Part Activities —  Sompl gt P Bk

':H Sample Alignment (Thin Film)

5. Drag Optics Alignment (PB) and Sample Alignment (Thin Film)

above the Pole Figure Measurement

6. If Optics Alignment (PB) and Sample Alignment (Thin Film) were previously
performed, then skip to Step 14

7.  Left-click on Optics Alignment (PB)

_,\-"._ Pole Figure Measurement

Package Activities 2 |
Genera 1 -
(5 General (BB
(71 General (PB)
fT Reflection SAX
f" Micro Area
; » fﬁ Pole Figure
f" Residual Stress
v Edi 1 x
BlE]|EB || 4
:_'l Sequence
2 PoleFigure [1]
«{0 Optics Alignment (BB) Q)
'_> -:|:| Sample Alignment (Powder, Bulk) .é.
|4\ Pale Figure Measurement o.é.
_1 Pole Figure (1]
~0 Optics Alignment (PB) @
|4\ Pole Figure Measurement [ 16
:_'I Pole Figure [1]
> +') Optics Alignment (PB) @
+0 Sample Alignment (Thin Film) @



X. Pole Figure — 2/5

8.  Confirm the following are selected:
* Optical settings — Use default optics
* Alignment conditions — Full
* Registration destination — User settings

o Flow sequence completed.

9. Click Run

and then OK when completed
10. Left-click on Sample Alignment (Thin Film)

11. Input your Sample Info per the dimensions

Incident direction of Height
x-ray when ¢ =0 deg

J/ Width/
, VS 2
Thlcknesi

12. Confirm the following are checked:
* Direct beam half cut alighnment

e Surface normal alignment
e Put a sample when the sample alignment starts

Optical settings

Incident monochromator:| Mone

Receiving aptics: Slit

®) Use default optics () Customize optics  Customize

Alignment conditions

®) Full | _J Quick (Only receiving optics)

Registration destination

Optics attribute:
® User settings
System settings

Registration date:

Run OK

;"I Pole Figure

~0 Optics Alignment (PB)

> -:I:I Sample Alignment (Thin Filrm)

Sample information v '
Thickness, mm Width, m Height, mm

Alignment conditions

Attachment and sample plate:| RxRy attachment head + 4-inch wafer sample plate
v*| Direct beam half cut alignment || Surface normal alignment

Alignment criteria:| Standard

Surface density: | High (> 4.0 g/cm3)

v*| Put a sample when the sample alignment starts

|4\ Pole Figure Measurement

MNew...

! ]
@
@
S

[ 16




X.

13.

14.

15.

16.

17.

Pole Figure — 3/5

®) Run recommended sequence

Customize conditions

Click Run and then OK when completed

Left-click on Pole Figure Measurement

Remember to input the following parameters!
e Sample information
* Crystal system (i.e. Cubic)

* Index (i.e. 111)
* Measurement angle (i.e. 20,)

Choose if any
Background measurements

will be run if desired

Ok Cancel
o Flow sequence completed.
:g oK Ei
;'I Pole Figure ! ]
~0 Optics Alignment (PB) @
—> -:EI Sample Alignment (Thin Film) @
—
@] X
g _,«'\. Pole Figure Measurement o(i‘l
Sample information
Thickness, mmj| 0.50000 Crysta|system: |Cul::-'c ol
Width, mm 5.0 Linear|pbsorption coefficient, 1/cm:| 0.000
Pole figure measurement conditions
k ! Transmission: | Mot run hd
Index: I‘I 1 I Reflection: Schulz -
Measurement angle, “{[25.74 Background
_. _ ’nsasurE’n-=nt| Mot run q
St=p = o —— ;
Speed: () Slow |_ Standard @ Fast
® Run recommended sequence Customize conditions  Customize

Choose to Run recommended sequence or Customize conditions




X. Pole Figure — 4/5

18.

Depending on your Step chosen,
be aware that it may not be
sufficient so choose the following
carefully for o scan axes!

* Start
» Stop
» Step
e Speed

Data measurement conditicns

20 angle, * (Reflection):| 28.4664

Step
Geometry Axic Scan Mode Range
Reflection o OD|step) Absalute
Scan Axis Scan Mode Range
B OD{continuous) |V | Absolute

(Note: Will the peaks appear for o if arbitrarily chosen?)

. . . Incident Receiving Receiving
Start, Stop, Step. slit Slit#1,mm  Sit#2 mm | oenustor
15.264 55.264 5.000 1/6° s (|l 10.000 0.0900 hd
Start, © Stop, © Step, * Speed, °/min
0.000 360,000 5.000 200,00

Remember that o =90° - ¢

Ts|zefw|Zs|ze|Zr|w|z|q>“ -
19. If not performed, identify the optimal y tilt for your peak . "
ﬂ X ~ 54.736 |
Exec. | Scan ﬂ.:-:islz‘ Range E Start, © E Stop, © E Step, © E Speed, “/min E % ((}, ~ 36264): ggglic;g
=> E . ! 8-144840
1 F vl Absolute [v]| 50.000 60.000 0.100 15 g :
1.4-10+06 E Linear w
D 5|2 5|3 5|4 5|5 5|6




X. Pole Figure — 5/5

18. If Background measurements =—»
were selected, determine ceep

v*| Background measurement conditions

Background #1

Geometry Step, * 28 Angle, * Receiving
. e, . ~ " S .
Axis ’ ! Shit #1,
the desired conditions o
Reflection ol 5.000 25.7480 10.000
Scan Axis Background Data Acquisition Method Scan Mode
B 1 point (B = Minimum intensity) * | Fixed time

Receiving e Receiving Receiving
Slit £2, mm 26 Angle, Slit #1, mm Slit #2, mm
2,900 | 31,7480 10,000 0,900 “
Range Start, © Stop, © Step, © Duration, s
Absolute 15

Background #2

20. Input your desired File name and File location here

21. Click Run then OK when completed

For training with Silicon: Do not Run

22. If the parameters were chosen
properly, you should eventually
see intensity peaks appear at
the appropriate
o and P positions

Measured

v Save measured data

Run recommended sequence @ Customize conditions  Customize...

RD

w=Pp|

6

Sample name:

Memo:

A00000—

200000—

Calculated scan duration: 34min 15z

QK

Cancel

o Flow sequence completed.

100000—

@\
N\




X|. Rocking Curve — 1/5

o This sequence will perform a Rocking Curve using Parallel Beam optics

1.

(7 General (PB)
(T Reflection SAXS
f" Micro Area
f" Pole Figure
f1 Residual Stress

f1 Reflectivity

| ’ fﬁ Rocking Curve

SRR B

. o ey (1 RS
Select the Rocking Curve package under XRD Measurement > Package Activities =
v E 72 B X
. . e . B B]&E # [ &
Drag the Rocking Curve package into the Flow Editor in Sequence
;—l Sequence
. . 4 4 (4 M I_> Diron activities here
If Optics Alignment (PB) and Sample Alignment (Thin Film) were previously 2 actites here
performed, then skip to Step 11 B v o
- > «l{] Optics Alignment (PB) @
. . . Optical settings
Left-click on Optics Alignment (PB) R ; L . compiestgmens i -
P\ECEi'\-'."E DPtiCS: Slit hes .,J". Rocking Curve Pre-Measurement (5)
Conflrm the fOIIOWIng are SEIeCted: ®) Use default optics Customize optics | Customize |4\ Rocking Curve Measurement o0
* Optical settings — Use default optics
. .. Alignment conditions
* Alignment conditions — Full _ -
®) Full \_} Quick (Only receiving optics)
* Registration destination — User settings
Registration destination
. Optics attribute: “
CI'Ck Run @ User settings New...
and then OK When CompletEd q 5..}'5tetr.'n sedﬂl:gs o Flow sequence completed
EgISration aate:
7\ — [@]




X|. Rocking Curve — 2/5

7.  Left-click on Sample Alignment (Thin Film)

8. Input your Sample Info per the dimensions

Incident direction of Height
¥-ray when ¢ =0 deg

V.
J{/ﬁ/ﬁ /_ Width %

Thickness
1

9. Confirm the following are checked:
* Direct beam half cut alighment
e Surface normal alignment
* Put a sample when the sample alignment starts

Sample information v '
Thickness, mm Width, mr Height, mm

Alignment conditions

Attachment and sample plate:| RxRy attachment head + 4-inch wafer sample plate
/| Direct beam half cut alignment |v] Surface normal alignment

Alignment criteria:| Standard

Surface density: | High (> 4.0 g/cm3)

v*| Put a sample when the sample alignment starts

®) Run recommended sequence Customize conditions  Customize

10. Click Run and then OK when completed =

;l Rocking Curve
+l Optics Alignment (PB)

-:I | Sample Alignment (Thin Film)

11. Left-click on Rocking Curve Pre-Measurement — !\ fecirsuncPreiessurement

’,J\ Recking Curve Measurement

o

Cancel

Rocking curve pre-measurement conditions

—» Alignment method: | Without axis alignment b

@

o

12. Determine the desired Alignment method

Post measurement

(see next page)

Calculated scan duration: Os

Run OK

Move to origin

®) Run recommended sequence Customize conditions  Customnize

_
QN |

Cancel




X|. Rocking Curve — 3/5

Without alignment Drive each axis to the reflection position specified in the Move origin section. An additional alignment will not be performed.

Drive each axis to the reflection position specified in the Move origin section, and align the ® and  (or Rx) axes (for symmetric reflection) or ¢ axis (for

uick axis alignment . )
Q § asymmetric reflection).

Drive each axis to the reflection position specific in the Move origin section, and perform the ® scan as driving the x (or Rx) axis (for symmetric reflection) or

Recursive axis alignment . . . . . . L " . .
8 ¢ axis (for asymmetric reflection) step-by-step. Plot the peak intensity vs. the i (or Rx) or ¢ axis to the optimized position, then align the ® axis.

Drive each axis to the reflection position specified in the Move origin section, and perform the Rx, Ry scan to face the ¢ axis to the normal of the lattice plane.

Standard axis alignment . .
g Then, align the ® axis.

Drive each axis to the reflection position specified in the Move origin section, and perform the ® scan at four positions (¢ = 0°, 180°, 90°, -90°) to face the ¢

Precise axis alignment . . .
8 axis to the normal of the lattice plane. Then, align the ® (and ) axes.

13. Depending on the Alignment method chosen, it will perform Rocking Curve Pre-Measurement @ x|
additional align ment - recommend QUiCk aXiS alignment Rg{king curee pre-measurement conditions Wove to :lrigin
’ Alignment method: | Quick axis alignment W IV 28, = 69.1280
14. If available, also recommend performing: g /| Optimize 28 M w, % [ 34,5640
o Optlmlze 26 Axis realignment after 28 optimization X
. . L. . Scanning sequence:| From w to y(p) W =
* Axis realignment after 20 optimization Rj i
ad Cu

15. Before proceeding, check that your Origin Position
is set to desired plane using RS Viewer before proceeding




e
LUsTomize

® Run recommended sequence | Customize conditions

X|. Rocking Curve —4/5

16. Proceed to check the Post measurement setting
* Change o offset so that ® position becomes a half of 20 position

|:| Save measured data

17. Click on Run
Post measurement

=’ Change w offset so that w position becomes a half of 29 position

Calculated scan duration: &min &5

18. Axes will be aligned per the chosen OK —
Alignment method

Ts‘ZE/L-J|Z;‘ZB|Zr|m‘Z‘B/29‘Ry“ - Ts‘Zﬁfm‘Zs‘ZB‘Zr“Z‘B/ZQlRy‘Ru‘ -
110107 T-053361, 6395671.2736, 0037621
s R [34.5640, 9260393.7252, 0.0365]
0002_Scan 1105
g 2024)ul22- g
S 51005 124805 =
£ 0001_Scan g
& 2024)ul22- H
E 124446 E
110
E Si Wafer
004 RC
Pre/1
T T T T T T T T T T T T
34 34 343 344 5 34.6 3.7 348 349 35 3
w, *

1s|ze/m\z;\zs\b\m\z\mzew
69T, TUBTEUS33T6, T0RGEY

06750, $TU0943.9269, U752

110407

"[msaaz_ 8030478.6509, 0.03886] R 1-10*+06_]

0002_Scan
2024)ul22-

0002_Scan

g 2024)ul22- g
LA~ Bz =’ 5
] _Scan T o005
g 2024Jul22- g st 124714
£ 124338 £

0 0,

T T T T T T T T T T T T
2 1 0 2 3 682 684 686 68.8 8! 69.2 694 696 & 70
Ry,® 2,




X|. Rocking Curve —5/5

;‘I Rocking Curve

) e

«![] Optics Alignment (PB)

«if] Sample Alignment (Thin Film)

19. Left-click on Rocking Curve Measurement

20. Determine the Range if choosing to Run recommended sequence:
* Narrow
* Normal
* Wide

21. Select Customize conditions if you wish

22. Input your desired File name and File location here

l”‘n‘ Rocking Curve Pre-Measurement

_> |4 Rocking Curve Measurement (1 1@

’ Range:

—’ ® Run recommended sequence

23. Click OK then click Run

Rocking curve measurement conditions

Scan axis: w W Specify 20 position, %
Receiving optics: | Slit ht

MNarrow @ Normal Wide

Customize conditions

o

v'| Save measured data

Ts 28/w s 28

Ir n z 8/2e Ry Rx

1-10%

1-10%

Intensity, cps

11075 —{log

S5i Wafer
004 RC

—!

'“Em:l:’ €3 CA\SmartLab Studic Il\Measurement Data\Manags

Sample name:

Mema:

Calculated scan duration: 2min 30s

Cancel

oK

325 33 335 34 345 35 355 36 36.5

|
37




XIl. Reciprocal Space Map (RSM) —1/5

o This sequence will perform a Reciprocal Space Map or RSM using Parallel Beam optics

1. Select the RSM package under XRD Measurement > Package Activities

2. Dragthe RSM package into the Flow Editor in Sequence

4  General
(57 General [BB)
() General (PB)
B Reflection SAXS
f1 Micro Area
f‘ Pole Figure

[‘1 Residual Stress

3. If Optics Alignment (PB) and Sample Alignment (Thin Film) were previously

performed, then skip to Step 11

4.  Left-click on Optics Alignment (PB)

=)

5. Confirm the following are selected:
* Optical settings — Use default optics
* Alignment conditions — Full
* Registration destination — User settings

6. Click Run

and then OK when completed

(57 Reflectivity
f1 Rocking Curve
=P 7 rsm
2l Ml
v E ;B X
B|l&E|B £l
;‘l Sequence
@ x| v
Optical settings =1 RsM o
Incident monochromator:| None w ! ’ .:|| Optics Alignment (PB) (g3
Receiving aptics: Slit ™
-:|| Sample Alignment (Thin Film) ()
®) Use default optics () Customize optics  Customize [ Rocking Curve Pre-Measurement @
Alignment conditions [\ RSM Measurement (16
®) Full | _J Quick (Only receiving optics)
Registration destination
Optics attribute: “
® User settings New...
System settings o Flow sequence completed
Registration date:
(o) — @i
Run = ==
N—~




(21 RSM (1]

XIl. Reciprocal Space Map (RSM) — 2/5

—> -1 Sample Alignment (Thin Film) @
7- Left-CIiCk On Sample Alignment (Thin Film) |4\ Rocking Curve Pre-Measurerent @

|4\ RSM Measurernent (1] @}

8.  Input your Sample Info per the dimensions

Incident direction of Height
x-ray when ¢ = 0 deg /,’//,’ Sample information v v

_// / Wldth/ . Thickness, mm Width, mm Height, mm i
. ik 7
Thickness

Alignment conditions

.1'*.
Attachment and sample plate:| RxRy attachment head + 4-inch wafer sample plate el
w*| Direct beam half cut alignment v/ Surface normal alignment
9. CO nf| rm the fOI IOW| ng are CheCkEd: Alignment criteria:| Standard e

. . Surface density: | High (> 4.0 g/fcm3) ~
* Direct beam half cut alignment

v*| Put a sample when the sample alignment starts

e Surface normal alignment
. ® Run recommended sequence Customize conditions  Customize
e Put a sample when the sample alignment starts = ' '

OK Cancel
10. Click Run and then OK when completed N |
21 RSM 0 o Flow sequence completed
+'1 Optics Alignment (PE) @ @
OK
.:|| Sample Alignment (Thin Film) (?\

11. Left-click on Rocking Curve Pre-Measurement P> L) Rocking CuvePre Mezsurement @

|4\ RSM Measurernent [ 16



XIl. Reciprocal Space Map

12. Determine the desired Alignment method ——;

(RSM) —

¢ needs to be

optimized separately!

Rocking curve pre-measurement conditions

(see XI. Rocking Curve for review)

13. Before proceeding, check that your
Origin Position is set to desired plane

== mmh’ll Quick axis alignment

Optimize 28

Axis realignment after 28 optimization

Scanning sequence:| From w to x(p)

[ | Clear previous alignment results

using RS Viewer before proceeding

Reset

14. Click Run and then OK when completed

Ts | 28w | 2s | 26 |z | w | z | ere | R |Bn

200 | 2 2l - R o [ 8 ] x]

[F4.2570, 3Us3TF 37LZL U034Y]

M'

i\ﬂ"'.h'ml i u"vmlln'n.m ‘.\Mml' A

1-106:
a
4
g
2 3,
g 1o
£ i

il

ul
55555

m \.m'.*u WNMI"IMFM |

Maove to erigin
28, %/ 284426

W], = [14.2213
My = 54736

[Vo = 177200 |lg

9] x|

o Flow sequence completed.

N\
(ox )|
\\—~
s 29/m|Z;Zr w |z | e | Ry | R [ o [ B[ x|
+05_}
20 —=
202

555555

11111




XIl. Reciprocal Space Map (RSM) —4/5

15.

16.

17.

18.

Left-click on RSM Measurement

Click on Read Current Positions to align axis
positions from Pre-Measurement

Use the Run recommended sequence or

21 RSM

9 e

+'0) Optics Alignment (PB)

-:|| Sample Alignment (Thin Filr) @
."‘“‘ Rocking Curve Pre-Measurement @
_> .,ﬁ‘ RSM Measurement o@

or click Customize conditions

Adjust the following parameters if desired:

e Start
* Stop
* Step
e Speed

Scan conditions

—r ® Run recommended sequence | Customize conditions

Attenuator

Incident slit, mm:| 1.000 Receiving slit #1, mm:| 1.000 Receiving slit #2, mrm:| 1.100 e
Step Axis Scan Mode Range Start, © Stop, © Step, ® Number of Steps
L Relative |% | -3.0000 3.0000 0.5000 13
Scan Axis Scan Mode Range Start, © Stop, © Step, * Speed, “/min
28/w 0D{continuous) Relative |v I -3.0000 3.0000 (0.5000 100,000

R5M measurement conditions

Detecton: HyPix-3000 (horizental)
Detector mode: OD{continuous)
Data acquisition method: | w step, 28/w scan

Receiving optics: Slit

Range: Marrow @ Narmal Wide

Scan range simulation

Sample information:

Q] x |

v | Maove to crigin

_ V] 26, | 284517
= || Mw, = [ 142512
- vy, = | 55.737
- V0 = | 177.2

—> Read Current Positions

DE Launch RS Viewer...

(=]
!




XIl. Reciprocal Space Map (RSM) —5/5

w| Save measured data

19. Input your desired File name and File location here

20. Click Run then Ok then OK when completed

For training with Silicon: Do not Run

s

10

Sample name:

Memo:

Calculated scan duration: 7h 25min 255

Run

QK Cancel

20/, ©

o Flow sequence completed

=)




XIIl. In-Plane Measurement or ZOX/(p —1/9

o This sequence will perform an In-Plane Measurement or ZGX/(p using Parallel Beam optics

1.

Select the In-Plane package under XRD Measurement > Package Activities

Drag the In-Plane package into the Flow Editor in Sequence

Left-click on Optics Alignment (In-Plane)

Confirm the following are selected:

4  General

(5 General (BB)
(51 General (PB)
71 Reflection SAXS
1 Micro Area
T Pole Figure

7 Residual Stress

'_'ﬁ Reflectivity

i Rocking Curve

71 RSM

: —> " In-Plane

€
€
5
5
5
£
£
£
s

1 In-Plane RSM

= W]

Optical settings — Use default optics
* Alignment conditions — Full
* Registration destination — User settings

Click Run
and then OK when completed

Optical settings

Incident monochromator:| None
In-plane PSC:
In-plane PSA:

®) Use default optics | Customize optics

Alignment conditions

® Full *_ Quick (Only receiving optics)

Registration destination

Optics attribute:
®) User settings | User defined settings
System settings

Registration date:

Post alignment

Print cut results

In-plane PSC 0.5°
In-plane PSA 0.5°

(¥l

MNew...

;—l Sequence

v

1 In-Plane

'_> ‘:I | Optics Alignment (In-Plane)

‘:I | Sample Alignment (In-Plane)

.’J“ In-Plane Pre-Measurement

'»"\ In-Plane Measurement

' Drop activities here

o

00

o Flow sequence completed

Run

s

@\
N—~




XIIl. In-Plane Measurement or ZOX/(p —2/9

6. A Smart Message may appear indicating all the optics and attachments that
need to be removed (indicated in RED) and those that

need to be installed (indicated in GREEN)

Reminder: Window Protector must be inserted to protect
Detector when swapping out Receiving Optics!

7. Click OK when completed

PN 20y | [= =] =~ I
1005
£ - EaEENE 2% | T | 28/ | 5 | 2 o |

LLLLLL

zex\kzs\ze\b\w\

[oow [ = QR o [ w ]

Smart Message

dx
Replace Soller slit open with In-plane PSC 0.5 in IPS adaptor.
S
el = JERHY @
Replace length-limiting slit 2 mm with length-limiting slit 10 mm in integrated incident slit box.
Remove the sample spacer 0-3 mm.
B = JEEYE Y
Install Height reference sample plate in RxRy attachment head.
freg) = |REHY D,
5 vy
Insert center slit in Height reference sample plate.
Bl & 1RRHY
Replace Soller slit 5.0° with In-plane PSA 0.5° in RP5 adaptor.
x -
ﬁ- e
Tt = 1Tl N ()
i e
Attach the detector plane of HyPix-3000 (horizontal) to 300 mm.
(Adjust the mark of the detector adaptor to 350 mm)
y/4
o EthT-es \09 w Stop




XIIl. In-Plane Measurement or ZOX/(p —3/9

8. Left-click on Sample Alignment (In-Plane) to set Sample Info

9. Input your Sample Info per the dimensions

Incident direction of Height
x-ray when ¢ =0 deg

e Width/
, VS 2
Thickness

.1'*.

For training with Silicon: Thickness = 0.5 mm; Width & Height =5 mm

10. Confirm the following are checked:
* Direct beam half cut alighment
* Surface normal alignment
* Put a sample when the sample alignment starts

;] In-Plane

—:I | Optics Alignment (In-Plane)

» v:l | Sample Alignment (In-Plane)

_»"\ In-Plane Pre-Measurement

|4\ In-Plane Measurement

@

@

o

[ @)

Sample information

Thickness, mm Width mm{| 50 _____|| Height, mm

Alignment conditions

Attachment and sample plate:| RxRy attachment head + 4-inch wafer sample plate
| Direct beam half cut alignment || Surface normal alignment

Alignment criteria: | Standard

Surface density: | High (> 4.0 gfcm3)

® Run recornmended sequence | Customize conditions  Customize

11. Click Run

12. If Sample Alignment (In-Plane) fails, try changing surface density (e.g. High)

13. Wait for the Flow sequence completed

prompt to continue by clicking OK

Rum OK Cancel
o Flow sequence completed
=\
(<))
N—~




XIIl. In-Plane Measurement or ZOX/(p —4/9

2024Jul23-

zex|Ts|ze,'m\z;|ze|Zr|m- |
&
S qptoe ] 0012_Scan
£ [-0.3840, 765250.4157, 0.0000] 2024)ul23-
2 104804
H o
E
T T T T T T T T T
14 12 4 08 06 04 02 02 0.4
Z, mm
2 | T | 200w | 25 29\Zr“z| -
. [-0.0065, 296320.9288, 0.1071] ;
3105} . 4
?
a 5
g
2
£ 25105
=
g
E
0002_Scan

14.

Left-click on In-Plane Pre-Measurement

«H] Optics Alignment (In-Plane)

—+|_| Sample Alignment (In-Plane)

_> lﬂ_“l In-Plane Pre-Measurement

|4\ In-Plane Measurernent

29)(|Ts|29/m|25‘ZE‘Zr‘mlzlﬂyn -
[-0.14058, 367442982, D.03060]
| R
40000
2 ]
Q 0001_Scan
2 2024)u123-
2 105107
& 20000
E
Linear A
0,
T T T T T T T T T T T T
08 -0.6 -04 -0.2 1] 0.2 04 06 08
Rx, *
zex|Ts|zefm\z;|ze|Zr|m\zW
[-0.01474, 495411541, 0.02814]
‘ R
.
40000
4
) i 00071_Scan
Z 2024)ul23-
2 105024
]
£ 20000
0.
T T T T T T T T T T T
0.8 06 04 0.2 i 0.2 0.4 0.6 0.8
Ry, *®
_;'l In-Plane o

o0

o




XIIl. In-Plane Measurement or ZOX/(p —5/9

Incident angle

15. Recommend the following is checked:
° Allgn azimuth ((P Scan) In-plane pre-measurement conditions
* Optimize ZGX after azimuth alignment v/| Align azimuth (¢p scan) w, %
v*| Optimize 28y after azimuth alignment 28, =

* Azimuth realignment after 28, optimization
* Optimize incident angle (o scan)

v*| Azimuth realignment after 28y optimizaticn

v*| Optimize incident angle (w scan)

0.3000

Read Current Incident Angle

o Note: The following is for training purposes to learn how to move goniometer axes for In-Plane

16. Open the RS Viewer and find the Si (2 -2 0) plane =

Measurement

=> Geometry: |In—p|ans

Vl

K-ray target: | Cu-Koy

Reflection information

Remember to select In-plane for Geometry

Layer: | Si{Sub) A
Refleciion
P o

28B:47.30 |F:72.10 [F|

17.

18. Click on Move Axes

19. The Goniometer will now reposition the axes
per the values described here

~ | Wavelength, nm:  0.1540593

Min. |F|{rel.) to show, %:

0

)
L

v*| Move to origin

W[ 28y, ™| 47.2030
W[, B | BEB52

Highlighted: [ 2 -2 0 Select

*5197.73 Incident angle: 9.9522E-16 Reflected angle: 9.9522E-16

Crigin

Sean type: | w step, 28/w scan

@7 686315 (O

Show area

Abs/Rel Start
Relative  |¥ 0.0000 (&
Relative e e

Reset Move Axe:

@ x|

Read Current Positions

Clear

Stop
0.0000 |

15.0000 |



XIIl. In-Plane Measurement or ZOX/(p —6/9

20.

21.

22.

23.

Once the axes have moved, proceed to click

Read Current Incident Angle and

In-plane pre-measurement conditions Incident angle

Read Current Positions

Use the Run recommended sequence

or click Customize conditions

Adjust the following parameters if desired:

| Align azimuth (i scan) w, * | 0.3000

v*| Optimize 28y after azimuth alignment 28, =

v*| Azimuth realignment after 28y optimizaticn

v*| Optimize incident angle (w scan)

Read Cu rr@id ent Angle

v*| Move to origin

W[ 28y, ™| 47.2030

W[, B | BEB52

_r ® Run recommended sequence Customize conditions  Customize

Peak Search Method

Maximum intensity
Sequential center of gravity

Sequential center of gravity

Maximum intensity

@l x |

Read C -::us.iti-::u ns

e Start Axis alignment conditions
° Stop Incident slit, mem:| 0.100 Attenuator: | Auto v l
° Step Exec. Scan Axis Range Start, © Stop, ° Step, © Speed, */min
(Coarse} | Relative -50.000 50.000 1.000 180.00
« Speed ®
tp (Fine) Relative -3.000 3.000 0.100 10.00
26y Relative -3.0000 3.0000 0.040 5.000
W Absolute 0.0000 1.0000 0.0200 1.0000
Click Run
and then OK when completed i

o Flow sequence completed.




XIIl. In-Plane Measurement or 20 /(p 7/9

20. Once completed, the optimal ¢ and 26, _
parameters should be determined s
: ¢ e
21. If the parameters are not clearly optimized, e oo 2 =
check if the search is wide enough or if the % .
initial parameters were appropriate T S B
m Ts | 20/w 2 | Z w | Z | Ry | Rx | o -
22. Left-click on In-Plane Measurement o
;] In-Plane (1] 2 ] zex
.:|| Optics Alignment (In-Plane) @ g 10 Ejaj;l:'i;ehe
+l0 Sample Alignment (In-Plane) @ ggg%g;;
|4\ In-Plane Pre-Measurernent o@ “s s - . zexl,., e e o . = o
_> |4 In-Plane Measurement [ 16 @“
In-plane measurement conditions
Sample:| Inorganic ol
23. Use the Run recommended sequence _
. . . . Step: Fine @ Normal Coarse
or click Customize conditions
Speed:(_ Slow @ Normal Fast
v’| Use recommended incident angle of the sarple selected above

T ® Run recommended sequence | Customize conditions = Customize




XIIl. In-Plane Measure

24. Click on Read Current Positions so that
both the 20y and ¢ are updated here if
Move to origin is checked

25. Adjust the following parameters if desired:
e Start
* Stop
* Step

* Speed

ment or ZOX/(p - 8/9

In-plane measurement conditions

Sample:| Inorganic ol
Step: Fine '@ Normal Coarse
Speed:i_ Slow '@ NMormal Fast Read Curren

v Use recommended incident angle of the sarple
selected above

Manual exchange slit conditions

In-plane P5C: In-plane PSC 0.5° et

Length-limiting slit:| 10 mm et

Scan conditions

Incident slit, mm:| 0.100

Scan Axis Scan Mode Range Start, ©

Stop, ©

[ | Move to origin

In-plane PSA:| In-plane PSA 0.5°

Read Current Optics

Step, *

Speed, “/min

Ql x |

Attenuator

I Absolute | 22,000

v || OD(continuous) |42.n:>nn:>

28y/p

0.0%6 5.00

Jﬁ.utc b

For training with Silicon: See example

26.

Input your desired File name and
File location here

Set Recommended Values

Calculated scan duration: 2min

QK Cancel

Save measured data

Sample name:

Memo:




XIIl. In-Plane Measurement or ZOX/(p - 9/9

27. Click Run and then OK when completed i

@
o Flow sequence completed.
l -
Y Rx -

W e |

28. The 20, /@ measurement should look like this

20,/

2222222




XIV. In-Plane Azimuth or Phi(¢p) Scan —1/2

) ) ) ) : ) al[x[a
o This sequence will perform an In-Plane Azimuth or Phi(¢) Scan using Parallel Beam optics S )
(1_'1 Loop(Mapping)
1. The following assumes that the In-Plane Pre-Measurement has already been performed & Looptxy
—> 1] Measurement
qh Message
2. Select the Measurement under XRD Measurement > Part Activities
T RoX
. . BEla3 CH[ES
3. Drag the Measurement into the Flow Editor in Sequence
L] Sequence
=
4.  Left-click on Measurement *
:_'I Sequence
5. Select ¢ for Scan axis P & Messuremert ®
I/?r'\_l
6. Configure the following: N
° Stal't Measurement conditions -
® Stop Scan axis [ Vl Hold () Auto () F
o Step Scan mode: | 0D{continuous)  |v Interruption threshald setting
. Speed ® Ab=zolute Relative
Start, 110.000 Read Do not close shutter
. I, Stop, ™ 112.000 Read
Step, ™ 0.100 Read
Speed, *fminj| 5.00 Read




XIV. In-Plane Azimuth or Phi(¢p) Scan —2/2

7.

|:| Save measured data

Input your desired File name and
File location here

Post measurement

Run

Click Run and then OK when completed

If the parameters were chosen properly,
you should eventually see a series of peaks
appear at the appropriate ¢ positions

o Flow sequence completed.

0]

o [ Camsl |
:O)

20x [ T [ 20w [ zs [ 20 [z | w [z | Ry | R« NN 2ove

1.40*054

50000

Intensity, cps

Si
Wafer
011 In
Plane
Phi
Scan
Full/1

200

T T T
250 300 350




1.

ackage Activities

= | W Q

" —_— fﬁ Reflection SAXS -
(] n - a n e O e | g u re [‘1 Micro Area
1 Pole Figure
r" Residual Stress
o This sequence will perform an In-Plane Pole Figure using Parallel Beam optics S
51 RSM
Select the In-Plane Pole Figure under XRD Measurement > Package Activities 0 P
7! In-Plane RSM
—’ 7 In-Plane Pole Figure
Drag the In-Plane Pole Figure into the Flow Editor in Sequence :
BlBE &l @
If Optics Alignment (In-Plane) and Sample Alignment (In-Plane) were previously S—
performed, then skip to Step 4 >
(see Xlll. In-Plane Measurement for review) v
1 In-Plane Pole Figure (1]
Left-click on In-Plane Pre-Measurement P i Ot Kt (r-lnd @
_> «[) Sample Alignment (In-Plane) @
Perform the In-Plane Pre-Measurement = A\ InPlanePreMessurement 0@
(see XlI. In-Plane Measurement for review) — optimized @ and 20y should be found LA tn-Plne PoleFgure Meszurement @ )
2y | T | 2w | 5] 2 | o w |z ] & | & OO - m Ts | 20/w | Zs | 28 | Zr | w | Z | Ry | Rx | @ -]
m ¢ 1 | 20,




XV. In-Plane Pole Figure — 2/4

6. Left click In-Plane Pole Figure Measurement

7. Remember to input the following parameters!

1 In-Plane Pole Figure
-:I | Optics Alignment (In-Plane)

—:I | Sample Alignment (In-Plane)

_ﬂ"l In-Plane Pre-Measurement

._> |4\ In-Plane Pole Figure Measurement

* Crystal system (i.e. Cubic)
* Index (i.e. 2 -2 0)
* Measurement angle (i.e. ZGX)

8. Choose if any

Background measurements
will be run if desired

9. Choose to Run recommended sequence
or Customize conditions

Sample information

In-plane pole figure measurement

lconditions

Run recommended sequence (® Customize conditions | Customize...

w'| Save measured data

File name anagerSilicon Wafer Training Manual Scans\Si Wafer 011 In Plane Pole Figure.rasx

Sample name:

Memao:

@

@

L @)

L ]G




XV. In-Plane Pole Figure — 3/4

10. Depending on your Step chosen, be aware that it

may not be sufficient so choose the following

carefully for o scan axes!

* Start
» Stop
» Step
e Speed

Data measurement conditions

Minimum w angle, °:| 0.5000

Incident slit, mm: 1.000

(Note: Will the peaks appear for a and [ if arbitrarily chosen?)

11. If Background measurements were selected, determine

the desired conditions

Scan Axis
o
Background measurement conditions
Geomet Step Step, * 28 Angle, *
v Pois P AngiE
Reflection o 5.000 25.7480
Scan Axis Background Data Acquisition Method

B 1 point (B = Minimum intensity)

Receiving slit #1, mm:| 1.000 Attenuator: | Auto hd
Receiving slit #2, mm:| 2.100 ol
Scan Mode Range Start ° Stop _° Step * Speed, 5/min
0D (step) Absolute |[].[]C' 20.00 .00
ODcontinuous) | % | Absolute |D.DG'D 360,000 3.000 150,000
Remember that o = y for in-plane!
Background #1 Background #2
Recemving Receving . . Receiving Receiving
Slit #1, mm Slit #2, mm 29 Angle, Slit #1, mm Slit #2, mm
10.000 9,900 | 31.7480 10.000 9.900 W
Scan Mode Range Start, © Stop, © Step, © Duration, s
“ || Fixed time Absolute 15




XV. In-Plane Pole Figure — 4/4

12.

13.

14.

Input your desired File name and File location here

w| Save measured data

Click Run then OK when completed

o Flow sequence completed.

s

Ianager'ﬁilicc:-n Wafer Training Manual Scans\5i Wafer 011 In Plane Pole Figure.rasxl @

Sample name:

Mermo:

Calculated scan duration: 54dmin 47s

(o)
N—~

For training with Silicon: Do not Run

If the parameters were chosen properly,
you should eventually see a series of peaks
appear at the appropriate o and B positions

Ok Cancel

Measured

RD

1500

1000




Package Activities o | W]
XVI. In-Plane RSM — 1/3 “
e 1 Micro Area
1 Pole Figure
. . . . f" Residual Stress
o This sequence will perform an In-Plane RSM using Parallel Beam optics © ety
' Rocking Curve
e ey (1 RSM
1. Select the In-Plane RSM under XRD Measurement > Package Activities . in-Plane
(71 In-Plane RSM
2.  Dragthe In-Plane RSM Figure into the Flow Editor in Sequence D ax
BIBIE £[&
3.  If Optics Alignment (In-Plane) and Sample Alignment (In-Plane) were previously 5 sequenee
performed, then skip to Step 4 >
(see Xlll. In-Plane Measurement for review) v
21 In-Plane RSM (1]
. > —:II Optics Alignment (In-Plane) (?}
4.  Left-click on In-Plane Pre-Measurement
: > -:II Sample Alignment (In-Plane) (?}
.—> |4\ In-Plane Pre-Measurement o(?j
5. Perform the In-Plane Pre-Measurement _
H H H |4\ In-Plane RSM Measurement [ 1@
(see Xlll. In-Plane Measurement for review) — optimized @ and 20y should be found
2y | T | 2w | 5] 2 | o w |z ] & | & OO - m Ts | 20/w | Zs | 28 | Zr | w | Z | Ry | Rx | @ -]
m ¢ 1 | 20,




XVI. In-Plane RSM — 2/3

6. Left click In-Plane RSM Measurement

21 In-Plane RSM

—:I | Optics Alignment (In-Plane)

-:II Sample Alignment (In-Plane)

./-"\ In-Plane Pre-Measurement

7.  Confirm Move to origin is checked

8. Click Read Current Positions and

.—> |4\ In-Plane RSM Measurement

Read Current Incident Angle to set the ==

In-plane RSM measurement conditions

v*| Incident angle

Attenuator

roper Ori in Data acquisition method: | @ step, 28y/p scan ol w, ®: | 0.2400 V| 28y
p p g Range: Marrow (@ MNermal () Wide
9. Configure the following: —
Manual exchange slit conditions
* Start
* Stop = o
Read Current Optics
* Step
Scan conditions
e Speed
Incident sht, mm:| 0.100
Step Axis Scan Mode Range Start = ¢ Stop, ® Step, © Number of Steps
ip OD(step) Relative  [%[|]-3.000 3.000 0.100 b1
Scan Axis Scan Mode Range Start, Stop, * Step. * Speed, “/min
28x/p OD{continuous) | % || Relative | [|]-3.000 2.000 0.0%6 5.00

Auto

Lo




XVI. In-Plane RSM — 3/3
v| Save measured data
Training Manual Scans\5i Wafer 011 In Plane Pole Fic:_’s.’a:xl @

Input your desired File name and File location here
— EF’ |'="a:|5|"'-.5ilicc-" Wafer

Sample name:

10.

11. Click Run then OK when completed
Memo:
| x|
Calculated scan duration: 34min 47s
o Flow sequence completed oK Cancel
N
L((ex)
N—~
26 Zr w Zz Ry Rx p 28y/p A

28y Ts 28/w Is

For training with Silicon: Do not Run

20y,




] General (PB) (1]

XVIl. Monochromator Ge(220)x2 — 1/2 R

-:|:| Sample Alignment (Powder, Bulk) @‘.

o This sequence will show how to use Monochromator Ge(220)x2 using Parallel Beam optics A General Messuremer

1. Left-click on Optics Alignment (PB) tab to select optics

Optical settings

2. Select Ge(220)x2 for the Incident monochromator P Incident monochromator{[ Ge(220)2 v

Receiving optics: Slit -

3.  Confirm Use default optics is selected under Optical settings

® Use default optics () Customize optics  Customize

Alignment conditions

4.  Confirm Full is selected under Alignment conditions
® Full | Quick [Only receiving optics)

5. Confirm User settings is selected, then click Run Registration destination

Optics attribute:

“ I New..

6. A Smart Message will appear indicating all the optics and () Llserset'tin_q-s User defined settings
attachments that need to be removed (indicated in RED) System settings
and those that need to be installed (indicated in GREEN)

Registration date:

Post alignment

Print cut results

OK Cancel




XVIl. Monochromator Ge(220)x2 — 2/2

7.  Toremove the IPS adaptor and install the Ge(220)x2 perform the following:

Detach the Connector
Cables for IPS adaptor

Loosen set screw
IPS Adapter

Loosen set screw to
remove IPS

e ——

Identify right
Connector Cables first

Gently tighten set
screws — just Snug

Carefully install Ge(220)x2
—align along the slot

Carefully remove the
IPS adaptor - watch the Cables

Z A

Remaove the IPS adaptor.

frf) = |SE}E

Install 2-bounce monachromator Ge(220)x2 in incident side of diffractometer.

frf] = [BE}HE

Install Soller slit open (short) in 2-bounce monochromator Ge(220)x2.

fresl = et (0

Identify the Connector pin
locations to fit properly

Connect the Connector
Cables for Ge(220)x2




XVIIl. Grazing Incidence XRD or GIXRD—-1/5 .. s«

4  General -
o This sequence will perform a GIXRD measureming using Parallel Beam optics (1 Genera 28
_> (7" General (PB)
1. Select the General (PB) package under XRD Measurement > Package Activities [ fefeton s
72 B X
. . . Bl BB IS
2. Dragthe General (PB) package into the Flow Editor in Sequence
:j Sequence
. . . . I_> Drop activities here
3. Right-click on Optics Alignment and Copy and Paste underneath #
2] General (PB) 0o
4.  Right-click on the 2"? Optics Alignment and Rename it to “Receiving PSA 0.5” — === 4o Ot lgrmeni 75 oper
-:EI Sample Alignment (Powder, | i E:;{
& Paste
5. Left-click on Optics Alignment (PB) tab to confirm default parameters A GenealMeasurement | o pejge
Copy as Image
Sa\.rp:as Im agge
Rename
v Skip
1 General (PB) 0 1 General (PB) (1]
1 General (PE) (1] -l Optics Alignment (PE) @ «10 Optics Alignment (PB) @

-!1 Optics Alignment (PE ? 7
=> 0 Op g (PE) @ Fony «I{] Optics Alignment (PB) @

«l) Optics Alignment (PB)

Open
\ . . - -
« {1 Optics Alignment (PE) - Receiving P5A 0.5 ™ T . B
: <= .:|| Sample Alignment (Powder, & <= ':|| Sample Alignment (Powder, Bulk) @
=2 Copy
«'11 Sample Alignment (Powder, Bulk) [l W pPacte -
I A\ General Measurement & |#\ General Measurement o
= 2 Delete
|4\ General Measurement o Copy as Image

Save as Image
Rename

Skip



XVIIIl. Grazing Incidence XRD or GIXRD — 2/5

6. Confirm the following are selected:
* Optical settings — Use default optics
* Alignment conditions — Full
* Registration destination — User settings

7. Click Run

and then OK when completed

;] General (PE)

+I0) Optics Alignment (PB)

8.  Left-click on Optics Alignment (PB)

— Receiving PSA 0.5 tab

9. Change the Receiving optics to PSA 0.5 °
and check Quick (Only receiving optics)

10. Click Run
and then OK when completed as well

bzﬁ‘ General Measurement

._> -:| | Optics Alignment (PB) - Receiving PSA 0.5

-:|| Sample Alignment (Powder, Bulk)

@

Optical settings

Incident monochromator: | None

Tt P psaos:

@) Use default optics () Customize optics

Alignment conditions

’I' ® Quick (Only receiving optics)

Optical settings

Incident monochromator:| Mone hd

Receiving aptics: Slit ™

®) Use default optics () Customize optics  Customize

Alignment conditions

®) Full | _J Quick (Only receiving optics)

Registration destination

Optics attribute:
® User settings New...
System settings

Registration date:

o Flow sequence completed




XVIIIl. Grazing Incidence XRD or GIXRD — 3/5

11. Left-click on Sample Alignment (Powder, Bulk) to Q] x |
set Sample InfO Sample alignment conditions
»;—".t'tarn'u-:'nt and sample plate|| RxRy attachment head + 4-inch wafer sample plate ﬂ
12. Set the Attachment and sample plate to No height alignment

RxRy attachment head + 4-inch wafer sample plate — Set registered position without alignn

Curved sample (Z scan only)
> ®) Flat sample )
13. Select Flat Sample Sample height, mm: || 3.0 i)

Sample thickness, mmy 0.5

14. Input your Sample Info per the dimensions

® Run recommended sequence | Customize conditions

Incident direction of Height

x-ray when ¢ = 0 deg w| Put a sample every time

/.
// Width /
Thicknessi/% £ [ OK Cancel

15. Click Run and then OK when completed o Flow sequence completed.




XVIIIl. Grazing Incidence XRD or GIXRD — 4/5

16.
17.
18.
19.
20.
21.

22.

Left-click on General Measurement
Left-click on the drop down for Manual exchange slit conditions
Click on the box for Manual exchange slit conditions

Click on Read Current Optics

1 General (PE)
«i01 Optics Alignment (PB)

.:| | Optics Alignment (PB) - Receiving PSA 0.5

-:I ) Sample Alignment (Powder, Bulk)

=> _/-l'\ General Measurement

o
@
@

[ @)

Select 20 for the Scan Axis

Input desired Start, Stop, Step, and Speed values

Set both the Receiving Slit #1 and #2 to 20 and 20.1 mm:; respectively

Measurement conditions

Attachment base:| ypd attachment

Exec. | Scan Axis E Range E
1 w 20 || Abzolute [
2 28 v || Absolute |+
3 L 20 || Abzolute [

Manual exchange slit conditions

Measurement conditions

Incident Soller slit:

Receiving optics:

Receiving Soller slit:| Soller slit 5.0°

__©anual exchange slit conditions

Soller slit 5.0°

Length-limiting slit: | 2 mm

P5A 05"

“ || Attachment head:| Attachment without movable axis
Start, ® B Stop, © B Step, ° = Speed, */min B gll;j:lc:;r: B gﬂﬁ:il:lnn?m B ?ﬁ:;‘;mﬁm B
42,0000 70.0000 0.0100 12.0000 1.000 20.000 20,100 W
48.0000 70.0000 0.0100 12.0000 1.000 20.000 20,100 W
42,0000 70.0000 0.0100 12.0000 1.000 20.000 20,100 W

Attenuator Comment E Opticns E

[=]

Set... -~
Set...
Set...

=N e
| Read C((rren))Dptics |
B




XVIIIl. Grazing Incidence XRD or GIXRD — 4/5

23.

24,

25.

26.

27.

Left-click on Set...

Measurement conditions
Attachment base:| ypd attachment ~ | Attachment head:| Attachment without movable axis il
. . . - . e o - Incident Receiving Receiving _ .
Exec. | Scan .-’-‘-.:-:lslzl Range E Start, Stop, E Step, E Speed, */min E Slit, mm E Slit #1, mm E Slit £2. mm E Attenuator E Comment E Gptvs E
1 28 ¥ || Absolute ||| 48.0000 70.0000 0.0100 12.0000 1.000 20.000 20.100 i Set.. [
P 28 ¥ | Absolute ||| 48.0000 70,0000 0.0100 12.0000 1.000 20,000 20.100 i Set..
3 28 ¥ || Absolute ||| 48.0000 70.0000 0.0100 12.0000 1.000 20.000 20.100 b Set..

Set m as the Axis

Attachment base:| yof attachment * || Attachment head:| Attachment without movable axis ol
. . . Exec. Axis Action Ongin (Center) Oscillation Range (+) Start Stop Speed
Set the Origin to desired value -
Mowe to origin ~I| 0.1000

typically ranging from 0.1 - 1° —

You may wish to vary the o values to see the impact on the angle to your desired peak

Clicking on the box will Copy the value from the top row if you choose to keep the values the same for each row




XVIII. Grazing Incidence XRD or GIXRD — 5/5 Substate Peak

Ts\zefm|;{szf|m|z|sfze| H -
H
.

28. Click on Run then OK when completed
o =0.1°

|:| Save measured data

200
0 .
g —=— (0003 _Scan
easured fle g a  2024Aug0
2 5-164504
2
= 100

o IR H|MI|I U H.“I] \III.I U 006 0 | AN 40 VOV ) ‘ LI

48 50 52 54 56 58 60 62 64 66 }B 70
200 .
[ | Mave to home position after the measurement completed. .
Ts‘ZEfm|ZsZr|m|Z|Bf2€0| H -]
|:| Run real-time search match H
H a
Calculated scan duration: 6rmin 31s -
- O .
=04 :
@ OK Cancel .
é" 200 — = 0004 _Scan
E 5 2024Aug0
(] = 5-164725
RD Measurement 2
Flow sequence completed M Hm% ‘ J e
h P A A R oAl o o ol i B e
48 50 52 54 56 58 60 62 64 66 EE 70
(N 29, u
(oK) | :
N—/ Ts\zefw\;csnz:|w|z\afze\ H -

29. You may wish to run different values of @ for comparison 100
o= 1.

—w— 0005 _Scan

g 500
El 5 2024Aug0
2 = 5-165024
3 w
= .
.
.
.
.
.
.
"
d wlingar |
0_J1n ||L||.L‘..|| L.“l\“lﬂm‘m“w‘l\ln : : : ul”‘ Y PP P T LA o L o ) AP T i
48 50 52 54 56 58 60 62 64 66 68 70

28,°




XIX. Clean-up and Shutdown —1/1

o This sequence is for cleaning up your work and shutting down equipment

1.  Click on the Startup/Shutdown tab at the bottom right panel

Startup

Shutdown

T

4O

Remaining time:

[ O - nn - ne |
- L L

2.  Confirm XG off is selected

3.  Click the Run button, and confirm with Yes s

4.  Turn off Light to cabinet by clicking on Light ON button = P =

{s

Mowve to Home
Position

5.  Return the system back to the Home Position

6. Close the Doors to cabinet, and lock doors by clicking on Door Lock OFF button

7.  Clean up any materials, samples, or waste from work area

8.  Record your time and make any notes in the Sign-In Sheet

Aging condition

Use aging table recommended from frequency of use

® Use customized aging table
E Customize..
Calculated duration: 00:13:25

Aging table name: RAC use everyday

Startup/Shutdown Data Browser

J.1 )
o EPE‘I
Door Door
Lock OFF Lock ON

*3G off

Set to minimum



XX. Overnight Scan + Shutdown — 1/1

o This sequence is for planning an overnight measurement with a shutdown

1. If you plan on performing an Overnight Scan and won’t return to shutdown manually,

you may perform the following steps

2. Find Shutdown under Part Activities

3.  Drag Shutdown under the desired overnight scan

(e.g. Pole Figure Measurement)

4.  Left-click on Shutdown tab to confirm
XG off and
Move to home position

Part Activities I, NS

(1_‘| Loop(Mapping)
q1_‘| Loop(XY)

q1_‘| Measurement
(1_1 Message

(1_'1 Mowe

rl‘| One Shot

i —
1 Oscillation

;'I Pole Figure
-0 Optics Alignment (BB)

-:|:| Sample Alignment (Powder, Bulk)

XG settings

Do not change

P @ G off

Set to minimum

are checked and click OK

Axis position

Do mot move

='> {® Move to home position

|4\ Pole Figure Measurement

1

;] Pole Figure
+'0) Optics Alignment (BB)
‘:II Sample Alignment (Powder, Bulk)

=> ."’n‘ Pole Figure Measurement

{5 Shutdown

5. Left-click on the selected Step

6. Left-click on Run Flow drop-down and select Run from Selected Part

- @ Cancel

7.  The Cleanup of your sample must be completed next day by 10:00am!

rh Rotation
{5 Send Mail
Eh Set Offset
> Eh Shutdown
4 1 PaleFigure o
@ -I[j Optics Alignment (BB) @
@ | ; 7
e +i0 Sample Alignment (Powder, Bulk) [l
o '»'"‘ Pole Figure Measurement 0(53
> {4 Shutdown @
(1]
Q)
@
[ 1@
Q)
-
L=p = 9
Run Load DE Cre
Flow~ Data~ Browser Reg
[E) Run Flow Ctrl+F5

=)

[:_.. Run from Selected Part




TS-A. Initial Power Up

o This sequence is only used for Initial Power Up (power completely off)

1. The following should ONLY be performed if instructed by the Lab Manager

2. Toggle the Safety Key to the right and release

3. Cabinet will perform Power Up sequence

4. The Power ON lights will illuminate @




TS-B. Hypix Detector Troubleshooting

o This sequence is only used for troubleshooting the Hypix Detector

1. If the Hypix Detector needs to be remotely connected to troubleshoot...

2. Click on Remote Desktop Connection and connect to 192.168.126.70
3. No password needed to access
4. Provides status of detector

5. Click on Operate -> Restart to reset Alarms if necessary

@ HyPix-3000 - @ HyPix-3000 -
Operate  Tools Operate MG

Restart
® Server status Close ver status

ldle \\!/ ldle

Disconnected i Disconnected
o‘ Module O o‘ Module 0O

Temperature 0°C Temp
Humidity 0% Humi

CPU Software Ver.

Rigoclcw

B} Remote Desktop Connection —

¢ :I

Computer:

User name:

Remote Desktop
Connection

[ 152.168.126. 70 ~|

MNone specified

“fou will be asked for credentials when you connect.

\t Show Options Connect Help

‘= windows Security

Your credentials did not work

The credentials that were used to connect to 192.168.126.70 did
not work. Please enter new credentials.

RIGAKU

Passwaord

Domain: EMGR

Please enter 2 user name and password.

More choices




END OF SLIDES
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