Rigaku SmartLab X-ray diffractometer Last updated 10.02.2020 (VilleVL)
The User Manual

This manual is meant to aid you in your experiments after having received the training to use
the diffractometer. The manual does not replace the training and you are not allowed to use
the diffractometer before receiving a training from an operator of the XRD.
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Before getting started...

Before starting to use the Rigaku SmartLab x-ray diffractometer you must get the user training.

After having the user training and reading this manual, you should be able to:

1.
2.

9.

See if the device is on.

The risks (health/property) of using the instrument, and what are the measures to avoid
accidents/damage to health and property.

Carry out instrument start-up and shut-down safely.

Know the basics of how to control the instrument manually (move the goniometer, manual
scan).

Be capable of changing the setup. l.e. how to assemble and disassemble various x-ray optics
components.

Carry out basic experiments successfully.

Know how to transfer data from the instrument computer (you are not allowed to use USB drive
to directly transfer data from the instrument computer).

Who to contact in case of problems when using the device/accidents. Do not hesitate to ask for
help. In case of emergency, call 112.

Make reservations on the device.

10. Know where to find information and manuals.

These points should be checked after the training.



Starting up the x-ray generator
NO STARTUP, IF INSTRUMENT IS ON.

1.

If the instrument control software is not running, double click on SmartLab Studio on
the Desktop. The username is “Userl”. Press “Login” with no password.

Click once on SmartLab Guidance. Wait until the software is ready and no window asks
you to close the doors of the radiation enclosure.
Go directly to step 4., if the x-ray generator is on (check voltage/current in software
panel and the yellow light on top of the instrument). Otherwise, check that the vacuum
level is OK (<140 mV, in the component status panel) before proceeding to Startup. The
vacuum level can be too high. In that case you either wait or contact staff.

Fill in user/measurement/instrument information in the logbook excel sheet which
should be open. Update the information/make notes during the experiment, when
needed. (Otherwise you will find it on the Desktop). Save the changes. Pay special
attention to the vacuum level, which should stay in ca 120-160 mV range during
operation and never exceed 200 mV.
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Rigaku SmartLab XRD Loghook 2019

Please, fill in the logbook as well as possible. It is an important tool in troubleshooting. Save your changes and leave the spreadsheet open.

(SRR T SR N

|Date

Name of user

START
time

Vacuum before
generator startup (mVv)

Vacuum after
startup (mV)

Vacuum after
shutdown (mV)

Opticsfsetup END Notes or Problems
(PB,BB,CBO-f,collimator,etc) |time

|24.10.2019
24.10.19

Ville VL
JarkkoE

10:00
10:40

117(-

117

10:15|vacuum readout slowly decreasing.

139

PB 200um collimator

5. Click on the Startup button on SmartLab Guidance. A Startup window appears.

( Startup &‘

[ Timer

Start @ End
12/14/2016  [Z)v 09:00:00 S

Starting at:  2016/12/1408:31:38

Generator usage: |Use everyday

XG set:

Not used for 2 days-1 week
Not used for 1-3 weeks

45 Not used for more than 3 weeks
User

Lm (i




Package/Macro Measurement X

[Pole Figure (medium resolution PB)

the Startup window. The timer is active if the

Startup button has a
arrow.

«

8. After pressing the Execute button in the
Startup window or after the timer activates, it
typically takes about 30 minutes to reach
standard operation voltage (45 keV) and
current (200 mA). The “Hardware Control” —
window disappears when the heating up (or
“aging” as it is called in the software) is ready.
Then you can start measuring.

6. You can either start heating up the
x-ray generator directly by pressing
Execute in the Startup window after you
have selected the correct option for
generator usage (depends on when the
diffractometer was used last time, check
the reservation calendar), or

7. you can plan ahead and set up a
timer for example in the previous
evening, so that the heating up is ready
for you when your reserved time starts,
by ticking the Timer box, selecting the
correct time and by clicking OK button in

(s

Startup
(V] Timer
Start Q) End
12/14/2016  [Z)~ 09:00:00 =
Starting at:  2016/12/1408:31:38
Generator usage: [Use everyday v]
XG set: | Hold v
‘ 45 00
‘ Execute ’ ‘ OK ' { Cancel ’




Shutting down the x-ray generator

After your experiment is over, check the reservation schedule if somebody else has reserved
the setup. If the reservation is right after you or a couple of hours later, you can leave the x-ray
generator on and the software as it is. Otherwise, you must switch off the x-ray generator so
that the filament and anode are not worn out without reason.

The ShutDown procedure has been updated 10.02.2020 due to repeated vacuum problems.
Now the last user of the day should shut down the x-ray generator MANUALLY using the
software instead of using the “ShutDown”-button. This procedure takes ca 15-20 min, which
the last user of the day needs to prepare for.

1. Go to "Control"-drop down menu > "XG Control". You can from there manually control
the accelerating voltage (kV) and current (mA).
2. Carry out the ShutDown in the following steps:
e SetVoltage=45kV / Current=170mA
(you need to click "set" every time to change the actual values)
e Wait 2 minutes
e SetVoltage=45kV / Current=140mA
e Wait 2 minutes
e SetVoltage=45kV / Current=110mA
e Wait 2 minutes
e SetVoltage=45kV / Current=80mA
e Wait 2 minutes
e SetVoltage=40kV / Current=80mA
e Wait 1 minute
e SetVoltage=40kV / Current=60mA
e Wait 1 minute
e SetVoltage=35kV / Current=60mA
e Wait 1 minute
e SetVoltage=35kV / Current=40mA
e Wait 1 minute
e SetVoltage=35kV / Current=20mA
e Wait 1 minute
e SetVoltage=35kV / Current=10mA
e Wait 1 minute
e SetVoltage=20kV / Current=10mA
e Wait 1 minute
e Click X-Ray: "OFF"
3. Write the final pressure (mV) value in the logbook.



Optics alignment
Select the macro you want by double clicking, to replace the existing macro. If you click only once, you
can select the parts you want from the macro in the field below.

i, Smartlab Guidance - administrator(System Mam?ge_'_

File Edit Tasks Wiew Control Process Options Window H

e

Package
Preinstalled  User defined  Wizard Option

Qe

ution PB) -«

] || In-Plane Redprocal Space
Phase ID and Structural Analysis from polycry
| Quick Theta/2-Theta Scan (medium resolution PB/PSA) \

| Quick In-Plane Theta/2-Theta Scan{medium resolution PE) Choose one of the preinstalled
Texture / Preferred Orientation Analysis .
] Pole Figure (medium resolution PE) macros or a user-defined macro
| In-Plane Pole Figure (medium resolution PE) e
|| Transmission/Reflection Pole Figure (Bragg-Brentano focusi
Phase ID and Structural Analysis from Powders

----- || Quick Theta/2-Theta Scan (Bragg-Brentano focusing)
|| Predise Thetaf2-Theta Scan (Bragg-Brentano focusing)

--{ | General (Bragg-Brentano focusing)

|| Quick Theta/2-Theta Scan (medium resolution PB/PSA)

| Predse Theta/2-Theta Scan (medium resolution PB/PSA)

| General (medium resolution PB/PSA)

Mano-Structural Analysis

----- || Transmission SAXS (small-angle scattering)

| Reflection SAXS (medium resolution PE)

|| U-5A%5 (high resolution PB-Ge{220)x2) U-5SAXS analizer

= General Measurement

General (Bragg-Brentano focusing)

General {medium resolution PB/PSA)

General (medium resolution PB)

1

)

1

A

1

_

| General (high resolution PE-Ge(220)x2)

| InPlane General {medium resolution PE)

| In-Plane General (high resclution PE-Ge(220)x2) ~

| General{medium resolution CE) 3

| General{medium resolution CB vertical transmission ASC) o

| General (medium resclution PE-focus) When clicking once the macro name,
| General (medium resolution PB-focus/PSA) .

1| General {medium resolution PE-Collimator) yousee the list of parts below

Residual Stress
| Residual Stress (medium resolution PE/PSA)
Examples of Macro

----- || Temperature-controlled measurement

----- || Temperature-controlled measurement (Anton Paar HTK sep#_
P ' T ] | ¢
@ Parts list: /

Optics Alignment (PE-Ge(220)x2)
Sample Alignment
General Measurement

m




The parts of the macro are shown in the Package / Macro  Package/Macro Measurement X
Measurement window. Yellow part is the active one. Align | General (high resolution PE-Ge(220)x2) || Open |

first optics by pressing the Optics Alignment part. [ MNew || Package Bar
| Optics Alignment (P 1 - Duplicate || 4% EH Delete H Group... |E|

| Change optics General (high resolution PE-Ge(220)x2)
Current attribute : High resolution parallel beam Ge{220)x2/R5 M ]
#  Starup.. E—_:
Destination attribute : High resolution parallel beam Ge(220)x2/RS Execute
| § Shutdown... |[=]]
| Optics alignment conditions
|| Change optics (guick alignment only) [ 1 Optics Alignment (PB-Ge{220)x2) ]
Optics alignment name : | @High resolution PB-Ge(220)x2 T | G
[”] Alignment for in-plane measurement
1+ | Print out results after alignmen ‘ 2 Sample Alignment ‘
&
‘ Impot... | ‘ Export .. ‘ ‘ oK | [ e ek | ‘ 3 General Measurement ‘

Make sure the Print out results after alignment is ticked
in order to save the alignment result and press Execute.

Choosing the right setup for your measurement

X-ray diffraction measurements are always a compromise between intensity and resolution. If you need
to resolve the diffraction peaks very precisely and you have big crystals (i.e. thin diffraction lines), use
the high resolution measurement options with germanium double-bounce monochromator (Ge (220) x
2). The monochromator should also be used usually in x-ray reflectivity measurements unless you have
very thin film (e.g. thinner than 5 nm). When using the monochromator, we eliminate all other
wavelengths from the x-ray source but the Cu Ka.

Sometimes you need a lot of intensity, for example if your powder contains only five volume percent of
the interesting phase. Then it is better to use the parallel beam medium resolution options (PB). This
gives 10 — 100 times more intensity than the Ge (220) x 2, but you have two wavelengths in the beam,
Cu Ka and Cu Ka. At high angles you will hence see two peaks from each crystal lattice plain. The
analysis software PDXL is able to handle this, but for a publication, it might be nicer to show data
measured with the monochromator instead. However, sometimes it is impossible to get data within
reasonable time the monochromator setup. Then one must use the PB mode.



General guidelines for changing making changes in the setup

Ask for guidance whenever in doubt.
Do not risk damaging the detector.

o0 Always cover the detector with the metal cover plate, when operating close to the
detector. E.g. changing parts on the receiving side, changing sample when no
receiving side optics used, etc. The beryllium window is toxic and brittle.

0 When moving the detector, loosen it from the rail only as much as needed for sliding
it to the right distance. Support the detector all the time, when loosened. Shaking
the detector can break it.

0 Never expose the detector to a focused direct beam, without using the absorber.
High x-ray intensity can harm the detector.

Handle all components with care. Wearing out components or giving rise to even small
damages (dropping the components etc.) will result in decreased intensity levels and
inaccuracy.

Only use the dedicated hex key/Allen wrench, which is stored inside the instrument. There
are no components that need any other tools for adjustments.

Tighten the screws lightly. Do not use excess force. It will just damage the components.
Always before moving motors, check for collisions, especially when using a collimator or the
anti-scattering slit, which reduces air scattering in powder measurements.

If you use the fluorescence rejection mode of the detector (Basic parts > Setup HyPix
detector > Energy mode > XRF reduction), always change back to standard mode after the
measurement.)

General guidelines for powder measuements

For Bragg-Brentano (BB) measurements the detector must be positionedexactly at distance 350
mm. Check the distance.

The standard z-motor position for powder sample measurements is -0.05 mm.

Always use 1D mode (except if you use a heating chamber at the sample stage, then use 0D).
RS1 and RS2 can be fully open (RS = receiving slit).

IS (incident slit) should be 0.5° if you measure at 26 > 10° or 0.25° at smaller angles.

The general measurement program does not remind you to insert the Cu KB-filter, but you must
use it if you use the Bragg-Brentano geometry. Insert it after optics alignment.



§ suwom. |[])|  Ideally, the HyPix-3000 detector should

@ isvonia ponmr [ 10ptcs tgnment s+ have temperature 35— 40 °C, but
2 iewer Rigaku .
. occasionally the detector heats up too
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= Calculator Documents

E¥ Command Prompt

@3 Connect to a Network Projector Pictures

B Connect to a Projector
| Getting Started

& Math Input Panel
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Guidance throws out an error. In this

Music

] Notepad i Comests case, you can check the detector
« Control Panel temperature by connecting to the
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U Sound Recorder |10 PROGEMTS o accen e Desktop Connection.
Sticky Notes
@ Sync Center Help and Su
3 Windows Explorer ida 2 PreSS ConneCt button When the
=] . ol M .
e Remote Desktop Connection window
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K
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visible with the HyPix-3000 server window. If &) Connection

an alarm or warning code appears on the
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Connected
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CPU Software Ver. 020011
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back to bottom position.

To reset alarms and warnings, restart first the
detector computer (by pressing the power button
for a few seconds) and then the instrument
control computer (from Windows Start button). If
the software forgot the offsets of the motors after
restarting the computers, you might need to do
optics alignment and sample alignment again.

Detector ¢

| Instrument control g
. computer

Movable exhaust ventilation system for cooling
down the detector for a while. Set the ventilation
on by the handle circled in red. Switch off
ventilation when not in use by turning the handle

e
——

omputer l

—
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Saving measured data

Network storage at the measurement computer should be mapped as a network drive (Z:\), if
not, you find it at:

\\tw-harley.org.aalto.fi\XRD

Username: AALTO\nmc-xrd Password: Q+SPjVk3yrE9

Once the network drive is mapped (usually it is), save your data in folders of the format
Z:\\year\yearmonthdaySurname\
e.g. Z:\\2017\20170816Vainio\

The “day” is the day when you start measuring. You can use the same folder for one “project”.
For example, if you reserve the device for two days, use the same directory for all
measurements from those days.

Save alignment data to directory Z:\\year\alignment\ and indicate the date and the type of
optics used in the file name. This way we can track how the intensity has changed over time for
each setup configuration.

This system will allow us to track easily which people should be contacted if we notice some
problems in the data afterwards.

If you cannot access the data, you have not been added to the user group yet. The device
administrator has to ask the IT Servicedesk to add you to tw-harley-nmc-xrd-read-only.
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Accessing measured data

To access the data on your own Aalto computer, go to your computer, open Windows Explorer,
select Computer and Map Network drive. Type in \\tw-harley\XRD in the Folder field, make

sure Reconnect at logon is selected and press Finish.

1% » Computer »

OLEIX pae

File Edit View Tools Help

Organize = Systemn properties Uninstall or change a proim Map network drive Open Dntrol Panel

4 .7 Favorites 4 Hard Disk Drives {1)
Bl Desktop Aalto HD (C:)

& Downloads w |
247 GB free of 465 GB

. Local User Files

- - - —

" Recent Places 4 Devices with Removable Storage (1)
b ] ﬂ
4 Libraries @ DVD RW Drive (D:)
= =
i3 Ij Documents
b g Music 4 Network Location (5)
I» =] Pictures
> B Videos

FJ

- i
U @ Ma?ﬁetwork Drive -

What network folder would you like to map?

Specify the drive letter for the connection and the folder that you want te connect to:

Drive: H >
Foldel Whw-harley'\ XRD ) ~ Browse...

Exarmnple: \\server\share

# Reconnect at logon

[] Connect using different credentials

Connect to a Web site that vou can use to store vour documents and pictures.

P
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Installing the 600 °C heater

Insert flat sample here

Nitrogen gas
(ifT<0°C)

Liquid nitrogen (if T < 22 °C)

Connection to the controller unit

Open screws and lift the
lid to change sample

Air cooling of carcass

This heater is based on a Linkam HFS600 stage. An aluminum carcass was built around it and the yellow
Kapton window on top allows x-rays to pass. Only samples of about 0.5 mm in thickness or thinner then
that can be measured with the heater, because of height limitations.

The temperature range of the heater starts from liquid nitrogen temperature or slightly higher (depends
a little bit luck) and goes up to 600 °C, continuously. The heater is cooled down with liquid nitrogen if
the dewar is installed inside the diffractometer enclosure.

When you insert the Linkam controller units (and possibly the dewar) on the bottom of the
diffractometer enclosure, make sure all other items are removed from the bottom to be able to put the
controllers are low as possible. This way the detector arm cannot hit so easily the controller units. If you
heat the sample, make sure the air cooling tubes are installed and pressured air flows through the
cooling channels of the heater. It isimportant not to heat the sample stage under the heater in order for
the motors etc. to work also later on.

When cooling below 0 °C, insert the gaseous nitrogen hoses to the heater so that the sample chamber is
filled with nitrogen. Flush the chamber first properly with nitrogen but keep the nitrogen flow as small
as possible during measurements to avoid conduction of heat away from the sample. After the
measurements, do not forget to the close the nitrogen and air shut off valves on the wall.

Always check after installation of cables or controllers that no cables or hoses block the moving of the
detector and the source arms! When you switch on the two controllers, first switch on the cooling unit
and then the main controller.
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Installing the Linkam HFSX350-GI heater

For this heater which is in the original Linkam carcass, there is no option to put nitrogen atmosphere or
to cool the carcass much, so do not heat it to higher than about 200 °C (and also there only for a short
time) even if the maximum in principle is 350 °C.

Troubleshooting
- When an unexpected error or other unwanted event occurs, please, do mak a simple
documentation of it:
e Take a screenshot of the problem and save it to “C:\Users\Rigaku\Desktop\Error Messages —

Screenshots”
e Write a short description in the logbook spreadsheet. (E.g. measurement was interrupted
and the system was automatically shutdown, Error message “....” was displayed.)

- PROBLEM: Software does not respond after optics alignment.
0 SOLUTION: The print-out of alignment results is not saved. The pop-up folder for saving
the file might be hidden behind other windows on the screen. The program will respond
after you save the print-out.
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Troubleshooting comments
Please add comments or observed problems and solutions here.
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