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These instructions cover operating the Rigaku RU300 Xgesgrator and using the data collection software.

There are two diffractometers attached to the RU300y)geaerator, commonly referred to as the left-hand side
diffractometer (aka the 250mm goniometer) and right-Isiahel diffractometer (aka the 185mm goniometer).

The right-hand side diffractometer has a 185mm radius goniomet. This provides high intensity, which is useful for faste
data collection or for examining small quantities of samigtevever, this diffractometer has lower resolution andasem
susceptible to error in peak positions due to systemiagications.

The left-hand side diffractometer has a 250mm radius gonioater. This provides higher resolution and more accurate peak
positions, but less intensity thus requiring longer scardi

If there is any problem with the generator or diffractometgQu are required to report it to Scott
Speakman (13-4009A, x3-6887) immediatéfythe problem poses a safety hazardurn off the
generator (even if a scan is in progress) and postesomathe enclosure (so that no one else tries to use
the instrument)Remember, you are not just responsible for your own safety; you areegfgonsible for
the safety of those around you.

The outline for these instructions is:
I. Preliminary Checks
[I. Entering the Enclosure when X-Rays are On
lll. Setting up the Diffractometer
IV. Turning on the X-Ray Generator
V. Using the Data Collection Software
VI. When Your Run is Finished
Appendix A. Selecting Slits for your Experiment
Appendix B. Typical Scan Parameters and Strategies



Operating Instructions: Quick Sheet

This simpler instruction list is intended as a remindhedklist for the experienced user. New users shouldtetae more

detailed instructions starting on page 5 until more famitith the instrument.

I. PRELIMINARY CHECKS
1) Determine whether the X-ray generator is ON or OFF
a) If the X-rays are OFFyou may enter the enclosure and proceed.
b) If the X-rays are ON
i) Check if either shutter is open
(1) If your shutter is open, you must wait until it closefobe proceeding.
(2) If NO shutters are open, turn off the generator and prooesettion 1.
(3) If the shutter on the other side is OBHiXoceed to Section 1.2,
“Entering the Enclosure with X-rays ON”

2) Entering the Enclosure with X-rays ON
You may open the enclosure doors when the X-rays are I@x:w
0 ascanisin progress on the other diffractometer anifl itot end soon
0 your shutter is closed
o the lead-covered clear-PVC separator is between thdifivactometers.
a) Check that your shutter is closed.
b) Turn the FS RELEASE key (fail safe release)

REMEMBER:

o If you are the only person
using the instrument, turn
off the X-rays every time
you enter the enclosure

0 X-Rays should be on, and
the shutters open, only whe
data is being collected.

o Each shutter has a pair of
“Shutter Open” Warning
Lights. If you ever see one
light on and the other off,
turn off the generator (even
if a run is in progress) and
centact Sco..

=)

c) Survey the area around the diffractometer with the porable Geiger counter.

i) Check the battery of the Geiger counter

i) Use the lowest setting (highest sensitivity), wita kmob turned to the
x0.1 scale multiplier.

iii) Survey the area around the diffractometer

iv) If the intensity at any point is more than 0.05 mRfimmiediately close
the enclosure, turn off the generator, and contaatt.Sc

v) If the intensity is less than 0.05 mR/hr, then you mayg@ddo section .

You must survey thinstrumen
every single time that you enter
the enclosure while the generatqg
is on. This is to protect you from
accidents such as a stuck sht

=

vi) Turn off the Geiger counter (turn knob CCW) after youehsurveyed the instrument.

Il. SET UP THE DIFFRACTOMETER
1) Check the slits

2) Insert the sampleand place the anti-scatter cover on the sample chamber.

3) Close the enclosure doors.

Ill. TURN ON THE X-RAY GENERATOR

If another person is inserting a sample or soon wiliragt, until they are done before turning on the generator.

1) Press the white T-REV button.
2) Theamber READY light on the generator control panel should light up brightly
a) Ifthe READY light does not light up, or lights up onlydy, then check:
i) that all enclosure doors are properly closed.
if) that the voltage and current dials are turned fully cenaidckwise to

their minimum positions.

If any alarm indicator lightsn the

Generator Control Panel illuminaie,

accompanied by the generator
shutting off, contact Scott
immediately. Do not continue to

attempt to operate the instrume

iii) If correcting these does not cause the amber reauyttidight up,
contact Scott immediately.
3) Press the white ON button.

a) Wait for the voltage (kV) meter to settle at 20kV ané turrent (mA) meter to settle at 20mA.

4) Turn up the generator power.
a) Use only the coarse adjust dials for kV and mA.

b) First turn up the kV slowly to 50 kV, waiting for the gaugeséttle between each detent.
c) Then turn up the mA slowly to 300 mA, pausing between datint (i.e. click).

IV. USING THE DATA COLLECTION SOFTWARE
1) Start MDI DataScan4
2) Initialize the Diffractometer

a) OpenControl > Rigaku D/Max-b

b) Inthe Goniomtab, set thé&2Theta” and“Theta” offsets and click thBatum button.



c) Inthe PHAtab, set théBase Line”, “Window” , and“Detector HV” values and then click all Set
buttons.
3) Set up the Scan Parameters
a) Go toScan > Routine Scan...
i) Edit the Task List
(1) Define the Output Directory
i) Edit the Scan Job
(1) Define the Filename and Sample ID (Comment).
iif) Define the Scan Parameters
4) Start the Scan
5) Correcting problems with data collection software
a) If the computer seems to hang or you get error message®thdo not understand use the following instructions to
correct any problem.
i) Quit DataScan
i) Reset the Rigaku controller electronics
(1) On the floor to the right of the data collection guiter is a green cabinet.
(2) Open the door to this cabinet.
(3) Find the RESET switch in the nim-bin on the right-hand efdée cabinet.
(4) Toggle the Reset switch
iii) Restart DataScan
iv) If you are still having problems, REBOOT the datdemtion computer.
v) Be sure to Initialize the Diffractometer before eoting data again.

V. WHEN YOUR RUN IS FINISHED
1) While you do not need to remain in the XRD lab whilarydata is being collected, you must be present whenryaur
finishes.
2) Turn off the X-ray generator
a) If the other side is not in use, you must turn off thea}{ generator when your run is finished.
b) First, slowly turn down the current (mA)
c) Then, slowly turn down the voltage (kV) may be posted to leave the genergtor
d) Press the red OFF button on the generator control panel. on at 30 kV and 100 mA to prevent
3) Remove your sample from the diffractometer condensation on the tube tower.
a) Leave the cap OFF of the sample scatter shield
4) Close the enclosure doors.

During the summer, instructiol




Operating Instructions: Thorough & lllustrated

|. PRELIMINARY CHECKS

1) Determine whether the X-ray generator is ON or OFF d/

a) Thisis indicated by the red warning light hanging aboveuhe tower and the re
warning light on the generator control panel (labeledA).

2) If the X-rays are NOT ON, proceed to Section Il “Setting up the Diffractonnéte

3) If the X-rays are ON

PLEASE NOTE:

4)

a)

b)

c)

d)

Check if either shutter is openThis is indicated by:
i) The red warning lights on either side of the tube tower

< i) The red warning lights on the shutter control panel.

(1) The lights are labeled Shutter 1 (for the left-hanlé)sand 2 (for the right-hand side)
iii) The X-ray safety shutters can open only when the X-ragrgeor is on.

If the shutter on your side is openyou must wait until the run finishes and it closes.

If NO shutters are openthen turn off the generator and proceed to Section I

i) See Section V “When Your Run is Finished” for instioies on turning off the generator

if) If no scan is running, you must turn off the generatoryetiere you enter the enclosure (e.g. to
change samples).

If the shutter for the diffractometer on the other sde is OPEN

i) Determine when the current scan will end.

if) If it will finish soon, wait until the scan is donertuoff the generator, and proceed to Section 1.

i) If the experiment will not end shortly, then proceeéation 1.4, “Entering the Enclosure when
X-rays are ON”

If you are the only one using the X-ray generator, you mugurn off the X-rays every time you enter the enclosure

Remember, when you enter the enclosure while the generatoy@i are putting yourself at the greatest risk of
receiving an exposure to X-radiation. Turning off the generatm@never possible helps to ensure your safety.

X-Rays should be on, and the shutters open, only whetiffrectometers are collecting data.

Never operate the shutters from the switches on the shatitol panel.

If you ever observe, for the pairs of warning ligltiséither shutter or for the X-ray generator, onenivey light on and
the other warning light off, turn off the generatorgie if a run is in progress) and contact Scott orrRet@ediately.

Entering the Enclosure when X-rays are ON
a) You may open the enclosure doors when the X-rays are ON, lgrunder the following conditions:

b)

i)
i)
ii)

the diffractometer that you are not using is being usethbther person and the scan in progress on that
diffractometer will not end soon.

your shutter is closed

(1) The warning lights on both the tube tower and on theeshedhtrol panel must be off.

the lead-covered clear-PVC separator is between thdifivactometers and pressed up against the

tube tower.

Check that your shutter is closed.

Turn the FS RELEASE key (fail safe release)

1)

Opening the enclosure doors without turning the FS Kdycailse the generator to turn off.



d) Survey the area around the diffractometer with the porable Geiger counter.
i) Check the battery of the Geiger counter
(1) Turn the knob from O (off) to B.
(2) Look at the needle on the lowermost scale (labeled BBFTI).
(3) Make sure that the needle is above the lowermost nmaitkecoOBAT TEST scale.
if) Turn the Geiger counter knob to the lowest settindl, xO.
iii) Make sure that the audible alarm is on
(1) Make sure that the switch labeled AUD, on the left-hade sf the Geiger counter and just below the meter,
is in the ON position.
iv) Test the meter
(1) Hold the detector next to the radioactive foil on lgfehand side of the Geiger counter
(2) The needle should move off of the scale and the aualiéten should sound nearly continuously.
v) Open the enclosure door only enough so that you may neadgthithe Geiger detector.
vi) Survey the area around the diffractometer, specificall
(1) Around the X-ray port and shutter assembly in the tabet
(2) Around the separator shield between the two diffraetens
(3) Around the sample holder
vii) If the intensity is the same as the background,géss than 0.05 mR/hr (0.5 on the middle scale when the
multiplier is set to x0.1), then
(1) Record the intensity reading in the log book on the tiabflee middle of the room.
(2) you may proceed to section Il, “Setting up the Diffonctter”.
viii) If the intensity at any point is more than 0.05 mR#mmiediately close the enclosure, turn off the generatat,
contact Scott or Peter.
ix) Turn off the Geiger counter after you have surveyed thénstrument (turn the knob all the way CCW to O).

NOTE: You must survey the diffractometer every single timehat you enter the enclosure while the
generator is on. This is to protect you from accidents suchs a stuck shutter.



ll. SETTING UP THE DIFFRACTOMETER

1) Check the slits

2)

3)

4)

a)
b)
c)

d)

DO NOT ASSUME that the last person to use the diffraeter used the slits that you need.
UseAppendix A to help you decide what slits to use.
Check the divergence slit (DS).
i) The DS is the slit closest to the tube tower.
i) The DS is covered by an anti-scatter cap that you mustveemo
(1) Be sure to replace the anti-scatter cap after checkiagging the DS.
iii) All divergence slits are labeled with DS and thessiie.
Check the scatter slit (SS)
i) The SSis the first slit in the diffracted beam palbsest to the sample.
i) The SS should be the same as the DS.
iii) All scatter slits are labeled with SS and the &ti¢s
Check the receiving slit (RS).
i) The RS is located between the receiving soller atitsthe monochromator.
if) All receiving slits are labeled only with the slites.
Check the monochromator receiving slit (RSM)
i) The RSM is located between the monochromator andeteetor.
ii) All RSM's are labeled only with the slit size.

Insert the sample.

a)

b)

After inserting the sample, check that it is tight up asfaihe sample post.

i) Make sure that both springs are behind the sample holder.

if) If the sample holder is loose, the measured angles oidyercorrect.

Place the cover on the sample scatter shield

i) Make sure that the microswitch is depressed by thé&faon the cover.

if) The shutter will not open during data collection if tbawer is not properly placed.

Close the enclosure doors.

a)
b)
c)

Line up the white metal plates on the doors withrédtedots on the enclosure frame.
Make sure that the left- and right-hand doors are closéd as they can go.

For the center door, line up the white metal platb@leéft lower corner of the center door with the redaiothe rail.
i) Hint: if the generator is on, it is very easy to cause ftitn off by incorrectly closing the center door. To miike
easier, slightly open the left-hand door, push the celotar into the closed position, and then close thd it

door.

If the generator is off, proceed to section Il “Turning on the X-ray Generatif the generator is on, proceed to
section 1V, “Using the Data Collection Software”



TURNING ON THE X-RAY GENERATOR

1)

2)

3)

4)

Before turning on the X-ray Generator
a) Checkif someone else is in the process of inserting/charggingples on the other side of the diffractometer.
i) If another person is inserting a sample or soon wilMmit until they have inserted the
sample and closed the enclosure doors before turnirffteayenerator.

Press the white T-REV button.
a) The belt drive should begin spinning the anode.
b) The amber READY light on the generator control paheuk light up brightly
i) Ifthe READY light does not light up, or lights up onlyrdy, then:
(1) Check that all enclosure doors are properly closed.
(2) Check that the voltage and current dials are turneg dolinterclockwise to their
minimum positions.
(a) Voltage and current each have 2 dials: a coarse adjushdial #ne adjust dial
(3) Checkthe status of the tube vacuum. The three green lightiseovacuum
controller, labeled 18 10 and 1@ are lit. The gauge should be reading less than .200
(a) If only one or two lights are on, do not turn on thaegator. Report this to Scott immediately.
if) If correcting these does not cause the amber reduyttdight up, contact Scott

Press the white ON button.
a) Wait for the voltage (kV) meter to settle at 20kV ané turrent (mA) meter to settle at 210mA..

Turn up the generator power.
a) First turn up the kV slowly.
i) Turn the coarse adjust dial one ‘click’ at a time, watior the meter to settle at the new kV before turitig
dial to the next detent.
(1) Use only the coarse adjust dial.
b) Then turn up the mA slowly, pausing between each detentl{ck).
(1) Use only the coarse adjust dial
¢) The kV and mA settings depend upon your sample and the costdirgiics you require.
i) The generator is typically run at the maximum powesGV and 300mA (18 kw).
i) Because of the age of the generator, sometimes it caamah at full power. In such a situation, the maximum
power will be posted by the generator control panel.

NOTE: If any of the alarm indicator lights on the Generator Control Panel illuminate,
accompanied by the generator shutting off, contact Scott or Retimmediately. Do not continue to
attempt to operate the instrument.



V. USING THE DATA COLLECTION SOFTWARE
Data from the Rigaku RU300 diffractometers are collectiéldl MDI DataScan v.4. This program follows most of
the conventions for Windows-based programs. Conventions used guible to describe the software:are
- Menu items are printed italics, for exampleFile, Edit, etc

Nested menus and selections within menus are indicatedftwyexample=ile>Open Control>Preferences

Window titles (shown in the blue title bar of each éow) are written irbold italics

Names of tabs are underlined

Icons or Buttons on a dialogue box that you should clielshown irbold, for exampleOK Apply

All fields are shown in bold betweéquotation marks” .
SeeAppendlx B for notes on selecting scan conditions and data callestrategies.

1) Start MDI DataScan4 if it is not already running.

2) Initialize the Diffractometer
Before data can be collected, the goniometer must be atibéind the detector turned on. For Rigaku
diffractometers, this is known as ‘Datum the goniometer’ &ai HV/PHA'.
- This only needs to be done once per session.
The datum offsets and HV/PHA values are posted on thetonswif the data collection computers.
The datum offsets and HV/PHA values are not the santeddeft- and right-hand side diffractometers.

a) OpenControb Rigaku D/Max-b
i) TheRigaku D/Max-bcontrol window will open.

b) To initialize the goniometer
i) Go to the Goniontab.
i) Make sure that the offset values f@iTheta” and
“Theta” correspond to those posted on the

monitor.

iii) Click theDatum button.

iv) In the resulting dialogue window, cli€BK

v) It may take a minute or two for the Datum to completau Will know it is done by the message in the
lower left portion of the screen, which will read “Dateompleted.”



c) To turn on the detector

i)
i)

ii)

Go to the PHAab in theRigaku D/Max-bcontrol window.

Make sure that the values ftBase Line”, “Window” , and
“Detector HV” correspond to those posted on the monitor of
the data collection computer.

Click SET for all three PHA properties: Base Line, Window,
and Detector HV.

d) After you have configured the diffractometer, closeRigaku D/Max-b control window.

3) Set Up the Scan Parameters
DataScan includes two components that define how dathewibllected.

- Scan Job specifies parameters, such as scan range, speedpretollecting the XRD data. A single scan
job may include several different ranges, which is uskfdu want to collect several short scan segments
rather than one long scan (see Appendix B for more infaomatAll data collected with a single scan job
is saved under a single filename. For the Rigaku, stsnydl typically contain just a single item.

Task List: a list of scan jobs that will be collected in ordEhnis is most useful if the diffractometer has a
sample changer, which ours doesn’t. Useful on the Rigakwifsgmt to collect multiple scans from the
same sample, or multiple short scan segments, and savereawith a different flename. Again, a typical
task list for the Rigaku will contain a single line osingle scan job.

While you can create a new data collection program eiregyytou collect data, DataScan is designed so that you
can save a task list as a *.jrx file and load it exang you want to collect data using those scan parameters

a) Go toScan> Routine Scan.

)

This will open theSetup Scansvindow
that contains the task list.

b) Edit the Task List
When theSetup Scansvindow opens, it may be empty or it may contain a fistcan jobs. You need at
least one scan job in the task list to define the ddlction parameters.

i)
i)
ii)

If the task list contains a scan job that defines tharpaters that you want to use, then you can just

change the filenaméKile ID” ) and sample descriptiohdomment” ) and start data collection.

To load a saved task list (a *.jrx file), click dmetLoad Task icon.

(1) Be sure to change the filename and sample descriptiorelbmdtbecting data.

Click on theNew Scan Jolicon to create a new scan.

(1) This will open theNew Scan Jolwindow, where you can edit scan items.

(2) If no pre-existing scan is listed, there may also hiew Scan Jolbutton in the task list.

(3) Ifthere is already a scan job in the task list, cligkim theNew Scan Jokicon will add a second scan job to
the list. If you want only one scan job, you should edielete the existing job.

Click on theEdit Scan Jobicon to edit an existing scan.

(1) This will open theNew Scan Jolwindow, where you can edit scan items.

(2) If thereis no pre-existing scan, this option may naa\zglable.

(3) You can also double-click on a scan job in the taskdistlit it.

10



Edit scan job Delete a scan jot | oad a savec
property from the task list task list

Create a NEV\—y, / /

scan job

TheSetup Scar window will
usually list no job if DataScan has
just teen started (above). If
DataScan has been running, the
Setup Scansvindow will often
show the parameters from the
previous scan (left).

c) Edit the Scan Job

i)  When you choose to create a new scan job or edit a scahgdbew Scan Jolwindow will open. It
may be empty or it may contain a list of scan items.

i) Click on theNew Itemicon to create a new item defining the scan range and ptaiean
(1) If no scan parameters were automatically loaded imsosindow, there may also beNew Rangebutton.
(2) If there is already an item in the scan job, clickamgheNew Itemicon will add a second item to the list. If

you want only one scan, you should edit or delete théraxiscan item.
iii) To edit scan parameters, click on it Item icon or double-click on the line in the scan job list.
iv) TheNew Scan Rang&indow will open.

Edit an Iltem Delete an ltem

Create a
New Item

11



d)

9)

Define the Scan Parameters
i) IntheNew Scan Rangevindow, you can define the scan parameters.
i) You MUST make sure that the scan range is evenly divisibtadstep size:

(1) for example, if using a step size of 0.3, then a scageriom 20 to 40 degrees 2theta (20 deg scan
range) would produce an error, while a scan range from 20 ttegrees 2theta (30 deg scan range)
would be ok.

ili) The minimum start angle is 2 degrees 2theta.
iv) The maximum end angle is 107 degrees 2theta.

(1) With special precautions, the maximum scan angle can lmasenl to 139 degrees (right-hand

side) or 154 degrees (left-hand side). Talk to Scott ifnerd to collect data at these higher angles.
v) The scan parameters are slightly different for a oootis scan and a step scan.
vi) Appendix B defines the various parameters and offers suggestionatéocallection.
vii) Click OK

New Scan Range window for a continus New Scan Range window for a step s
scan.

Set Filename, etc.

i) After closing theNew ScarRange window, th&lew ScanJob window will be active.

ii) Set the filename in tH®ata File ID” field and a description of your sample in tRi®@mment” field.
iif) Click OK to close théNew Scan Jolwindow.

Set the Output Directory

i) After closing theNew Scan Jolwindow,
theSetup Scansvindow will be active.

i) Click on theBrowse button to set the
folder where your data will be saved.

ili) You can edit the filename and sample
description in this window by clicking
on, and editing, th#=ile ID” and
“Comment” fields.

Start the Scan

i) Click on theStart button (in the bottom
of theSetup Scansvindow) to begin data
collection.

i) Click OK on the resulting dialogue

12



h) During the Scan

i) Datascan will display the data in real time as ikected.

i) Data are saved as a *.mdi ascii file.

i) The data are automatically saved after every 100 dattéspaimd at the end of the scan.

iv) The Scan Progress title will show the %completion of theeatiscan. By floating the mouse pointer
over this display, a yellow text box will appear showing theetleft before the scan is finished.

v) The bottom bar of the display window shows information sudhesurrent detector angle, the
filename of the data being collected, the scan parasnetéhe current scan, etc.

vi) You can zoom in the realtime display window by left-cleid dragging.

vii) You can stop a scan in progress:
(1) Click on theStopicon
(2) Click OK in the resulting dialogue
(3) You can save the partially completed diffraction patterndgygtoFile>Save Data As

Scan

Stop Scanm———> Progress Bar

Current Detecto
Position

4) Correcting problems with data collection
a) If the data collection seems to hang or you get errosages that you do not understand, use the following
instructions to correct any problem.
i) Close DataScan.
i) Reset the Rigaku controller electronics
(1) Open the door to the green cabinet underneath the monitor cittheallection computer.

(2) Find the RESET switch in the NIM-BIN on the right-hand sifiéhe cabinet.
(3) Toggle the Reset switch

iif) Start DataScan again.
(1) Reinitialize the goniometer and detector (datum the gonioraateset HV/PHA as described in

Section 1V.2)

13



V. WHEN YOUR RUN IS FINISHED

1) While you do not need to remain in the XRD lab while youadabeing collected, you must be present when
your run finishes.
2) Turn off the X-ray generator
a) If the other side is not in use, you must turn off the Xgagerator when your run is finished.
b) First, slowly turn down the current (mA)
i) Turn the coarse adjust dial on ‘click’, pause, then tuagéin.
i) Turn the coarse adjust knob all the way counterclockwast) tmA
c) Then, slowly turn down the voltage (kV)
i) Turn the coarse adjust dial on ‘click’, pause until the reesttips moving, then turn it again.
i) Turn the coarse adjust knob all the way counterclockwi26 tov
d) Press the red OFF button on the generator control panel.
3) Remove your sample from the diffractometer
a) If you must enter the enclosure while the generator is @a(se the other side is in use), be sure to survey
the area with the Geiger counter first.
b) Leave the cap OFF of the sample scatter shield
4) Close the enclosure doors.
5) Record your instrument usage in the electronic log book othe computer by the door.

Please note:
- You should reserve instrument time using the Faces ordireslaling system; you may access it through
http://prism.mit.edu/xray
If a person is 15 minutes late for their reserved tirok #iey forfeit that reservation
Failure to show up for reserved instrument time may resaltpenalty, at the sole discretion of CMSE
staff, such as your account being charged for thatdimyevay
o If you want to cancel an appointment, you must do so 12 hafiose the start of your time slot in
order to avoid a penalty
Failure to log your instrument use may result in a penattthe sole discretion of CMSE staff, usually a
$30 surcharge
0 such penalties are more likely for repeat offenses
Any sample left in the lab will be disposed of and thigle holder confiscated.
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APPENDIX A: Selecting Slits for Your Experiment

The divergence, scatter, and receiving slits defin&treey beam and affect the resolution, intensity, Background noise
observed in your diffraction pattern.

The most common configuration for the Rigaku diffractbens includes 0.5 or 1° DS and SS and a 0.3mm RS tiNgdtthe
DS and SS slits are defined in terms of an angle fijewhe RS is defined in terms of its width (mm).

THE DIVERGENCE SLIT

The divergence slit (DS) limits the divergence of thea}{ beam produced by the X-ray tube. The main purpose @$his to

make sure that as much of the sample is irradiated abjgowithout the beam falling off the sample: the béemgth is a

function of the divergence angdeand the incident angkg

Figure 1 shows how the irradiated length varies withe@tiieta for different sizes of DS; these numbersabso summarized

in Table 1.
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Figure 1. The plots above show how the length of the X-ray belaanges with the 2theta for different sizes of DS eNlboat
for most experiments, the incident angle Theta is hatfahthe detector angle 2Theta.

Table I. Tabulated data from Fig 1, showing how the beam lettgahges for different sizes of DS and different detector
angles, 2Theta. These calculations assume standar@ et geometry where the detector angle 2Thetailgtwice the
incident angle, Theta.

1
10
20
30
40
50
60
70
80
90

100
110

Irradiate Length (mm) for 185mm radius
2Theta 0.15°DS

55.50
5.56
2.79
1.87
1.42
1.15
0.97
0.84
0.75
0.68
0.63
0.59

0.5°

1

DS
185
8.52
9.30
6.24
4.72
3.82
3.23
281
251
2.28
2.11
1.97

1°DS

370
37.05
18.59
12.48
9.44
7.64
6.46
5.63
5.02
4.57
4.21
3.94

2°DS

740
74.09
37.19
24.95
18.88
15.28
12.92
11.26
10.05
9.13
8.43
7.88

Irradiated Length (mm) for 250mm radius

0.15°DS 0.5°DS 1°DS 2°DS
75.00 250 500 1000
7.51 25.03 50.06 100.13
3.77 1256  25.13 50.25
2.53 8.43 16.86 33.72
1.901 6.38 12.76 25.52
1.55 516 10.32 20.65
1.31 4.36 8.73 17.45
1.14 3.80 7.61 15.21
1.02 3.39 6.79 13.58
0.93 3.09 6.17 12.34
0.85 2.85 5.70 11.39
0.80 2.66 5.33 10.65

“Falling off” (sometimes called beam spill off) regeto a condition where the X-ray beam is larger thatattyet, and
therefore irradiates ‘stuff’ other than the samplentériest. When the beam falls off the sample, thekaholder becomes
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irradiated. This may produce diffraction peaks from thepsarmolder, and will increase the background interssity noise. If
the beam becomes larger than the sample holder, tkgrband intensity and noise will increase even moreaatifhct peaks
(aka ghost peaks) may be produced at low angles 2theta.

It is important to choose a small enough DS so thatdamlzloes not fall off of the sample. However, usingtoall a DS
will cause an unacceptably small area of the samgle thuminated at high angles 2theta, producing losatefisity at high
angles of 2theta. It is particularly important to maxinttee size of the incident beam for thin samplesnfilthick).

Note that beam spill off is also an issue for the beadlth. The X-ray beam is 12mm high on the sample unlsggeéial

width restricting mask is inserted into the incident b@ath. The beam width does not change with incident angle.

THE SCATTER SLIT
The scatter slit (SS) is used to eliminate backgroumkrforom air scatter and other sources of noise. duiaise of the SS
can improve the signal-to-noise ratio by as muchfastar of ten. The SS should be large enough that it miaigisnpinge on
the diffracted X-ray beam, but only on largely diverging eavttlomly scattered X-rays.

Air scatter is dominant at low angles of 2theta, wherays in the direct beam can be scattered by aiecatés, pass over the
sample and directly into the detector. Air scattehéscause of typical exponential rise in the backgroutmheangles 2theta.

In general, the SS should be the same size as thieoSyer, it is also common to use a SS that is twieesize of the DS.
The SS should never be smaller than the DS or RS.

If the SS is smaller than the DS, it may begin telbldiffracted X-rays, thus reducing the intensity of obsdrdiffraction
peaks. If the SSis larger than the DS, it will alloarenair scatter and consequently larger background ityeasd it may
permit certain artifact peaks to enter the detector.

THE RECEIVING SLIT

When the X-ray beam irradiates the sample, each diffigacrystallite functions as a point source producidgrargent

Debye ring. The receiving slit (RS) defines what portibthe Debye ring passes through to the detector as d.difpiag a
smaller RS can produce greater peak resolution at thesxpépverall intensity. Contrariwise, a larger RS wffer better
intensity in the diffraction pattern at the expense akpesolution.

Peak resolution is a function of the width of the difted peak (usually defined as the full-width at half-maximmitensity
FWHM). A better peak resolution (smaller FWHM) will@k peaks that are close together to be individuallglvesl.
Improved resolution (smaller RS) is important for resa patterns with many overlapping peaks and for progidiccurate
peak positions for indexing and cell refinement. Greatensity (larger RS) is important when looking for traneurities,

thin films, and many nanopatrticles.

Table Il compares the trade-off between peak width and intensitifferent combinations of DS and RS using the (220)
peak of Si. The d is the difference between the observed peak locatid the NIST certified peak location. The RS is the
dominant factor determining the peak width until the DSisleg.

185mm radius

250mm radius

DS (°) RS (mm) | d(A) Area (cps) | FWHM (°)| d (A) Area (cps)| FWHM (°)] Shape | Skew

1/6 0.15 0.0007 6614 0.074 0.556 0.002
0.3 0.0007 12786 0.097 0.449 0.126
0.6 0.0002 21919 0.118 0.411 0.028

0.5 0.15 -0.0017 40111 0.093 0.0004 23190 0.076 0.586 0.197
0.3 -0.0018 51021 0.109 0.0006 42384 0.095 0.485 0.182
0.6 0.0001 70948 0.122 0.386 0.147

1 0.15 0.0003 48829 0.077 0.623 0.137
0.3 0.0018 123237 0.108 0.0004 91242 0.096 0.476 0.1p3
0.6 0.0007 196828 0.150 0 152240 0.123 0.362 0.070

2 0.15 0.0009 89840 0.097 0.473 0.12(
0.03 0.0010 170999 0.112 0.410 0.159
0.6 0.0006 282531 0.138 0.345 0.07@

3 0.15 0.0014 92901 0.098 0.472 0.201
0.3 0.0011 176336 0.113 0.426 0.126
0.6 0.0007 288407 0.137 0.364 0.064
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Table 1ll. Varying SS slits for the combination DS=2, R5=0.3

SS d(A) Area FWHM Shape Skew

0.15 1.9196 20003 0.119 0.336 0.214
0.5 1.9197 70426 0.113 0.424 0.148
1 1.9200 142763 0.118 0.413 0.155
2 1.9206 265739 0.136 0.350 0.097
4 1.9206 282968 0.136 0.350 0.123

THE MONOCHROMATOR RECEIVING SLIT
The monochromator receiving slit (RSM) is placed leemvthe monochromator and detector on the receivingftte

diffractometer. It is used to assist the monochroniatoemoving K-beta, W-contamination, and other spurioagalengths
of radiation, as illustrated in Figure 2. It is only re=sa@y when strong diffraction peaks produce noticeatdet and W lines
in the diffraction data, or when the sample fluoresceeuthe incident radiation producing an unacceptably hagkdyound.
The 0.45 mm RSM is sufficient to remove K-beta and \Wdifrom the diffraction pattern. A finer RSM slitresquired only
when background radiation is particularly troublesome and beusemoved from the pattern. However, finer RSM sliso
significantly reduce the overall intensity of the difftian pattern. The 0.45 mm RSM only reduces the diffracttoength
slightly; however, many operators choose note totushen they value overall signal strength more than thardadge of

removing spurious reflections.

Figure 2. Comparison of the (111) peak of Si collected with (eet) without (black) the 0.45 RSM slit.
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Appendix B. Typical Scan Parameters and Data Collection Stragies

The typical scan uses the goniometer in theta/2thetctiefty mode, where the detector rotates at a fa2¢heta/minute and
the sample rotates at a rate of theta/minute. Constyguthe incident angle (theta) is always Y2 of thdaigtween the
incident beam and detector (2theta). The theta/2thate wicdata collection ensures the optimal focusing ciamdit

The most common data collection scheme_is a continonmake scan, both axifom 20to 70deg 2theta with a

scan speed of 1 to 6 deg/naind a step of 0.02 to 0.04 dddne start and end angles should be changed as
appropriate for your sample: consult the PDF cards toipatecif there are low or high angle peaks that should be
observed to best analyze your sample.

Scan Job Parameters, set in the New Scan Range window, are:

Start andEnd: determines the start and stop angles for the sogera

For phase ID, a scan from 20 to 70 degrees 2thetters aflequate. The PDF database should be consulted 8@ choo
the best scan range for the possible phases in a s&topkxample, if the PDF cards indicate that a possdnstituent phase
has low angle peaks (below 20 deg 2theta), then that rangel &ieomicluded in the scan-- because few inorganic phases h
low angle peaks, analysis of the low angle range can bargsiguous. Likewise, the PDF card may indicate tisainaple has
only 2 or 3 peaks below 70 deg 2theta (common for many shesad therefore a higher stop angle may be dictatad—it
very hard to conclusively determine that a phasedsgnt from only 2 diffraction peaks.

If the specified start or stop angles are outside thamam and maximum limits dictated in the Parameters menu,
then the angle will automatically be changed to th@max angle.

Step The step size for the scan, from 0.002 deg/step to 90 degi€9djOP deg/step increments. Typical
values are 0.01 to 0.04 deg/step.
In continuous mode the sampling interval determines the range over whigmsity is added together to define a
datum point. A larger sampling interval results in moret@ha@ounts over a longer range being added together for
each datum point, and therefore may produce greatessitytén the pattern. However, a larger sampling intendtl
produce less sharply defined transitions from peak intetwsliackground intensity and lower spatial resolution
between close or overlapping diffraction pedKkse sampling interval in continuous mode therefore prodces a
trade-off between intensity and resolution
In step mode the sampling interval determines the distance betweecessive detector positions at which intensity
is measured. A larger step size reduces the total iscaniut also produces lower spatial resolutidme sampling
interval in step mode therefore produces a trade-offbetween resolution and scan time

Mode: can be either continuous step
In continuous mode the detector moves at a constant rate (the scan spaedjounts observed over a specified
range (the sampling interval) are added together to defdtadum point. For example, the data might record 874
counts/sec at 10.02 deg 2theta,; this actually indicates thaiints/sec were observed over the range of 10.01 to
10.03 (assuming a 0.02 deg sampling interval).
In step mode the detector is moved to a specified position and theths&re counting photons for the specified time
(the count time). The distances between each detguosition is specified by the sampling interval.

The difference between either mode is very subtle damed not actually affect the suitability of the datad9% of analyses

One rule of thumb is to use continuous mode for fastescans and use step mode for longer scans.

Additional Detail

In continuous mode, the position is slightly less prdoesmause intensity is integrated over an interval; fomgka, if the

counts at 10.01 deg 2theta were 10 cps, and the count®atdEg 2theta were 1000 cps, then those data might be reasrded
500 cps at 10.02 deg 2theta. However, all photons at atitdefmsitions are recorded, possibly producing more gr@eak
intensities (particularly peak height). In step mode,dbtector might miss the point of highest intensitthe detector

collected 500 cps at 10.02 deg 2theta and 300 cps at 10.04 degiPthigat not accurately represent that the peak maximum
was at 10.03 deg 2theta with 1000 cps. It might be considared,that continuous mode produces more precise ingmnsiti
and also greater intensity, since no position is skippetistep mode produces more precise positions. Howeverydemost
diffraction peaks are relatively wide (>0.2 deg 2thetal)) the detector does not truly observe just a single iafjnsmall

point, but rather a small range, 99% of the time you would@a@ble to tell the difference between data caltbat

continuous mode or step mode.

One rule of thumb is to use continuous mode for fasterssand use step mode for longer scans. If the counwiiuie be
less than 1 sec/step in step mode, then consider using carstimode instead; if the scan speed would be slower than 0.5
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deg/sec in continuous mode, then consider using step modadn$his guideline considers the stress on the motargduri
your data collection: the difference between a continnwatton at fast speed versus repeated start/stop motitimsitiie
resting time, and the difference between having the nootainuously engaged as it moves at a very slow speed versus
start/stop with a considerable rest between each mamteme

Rate (d/m)or Dwell(s): when the mode is continuous, this parameter is stanwhen the mode is step,
this parameter is dwell time per step.

Rate (d/m)the rate, in degrees/minute, at which the detectmesito collect the data. The total scan time is iypere
the scan range/scan speed. The allowable range is 0.002rdeg98 deg/min in 0.002 deg/min increments. Most
data can be reasonably collected with a scan speed & deg/min. Some samples, particularly strongly crysealli
samples or single crystals, can be scanned at faster vdtile organic materials or poorly crystalline saammbhy
require slower rates.

Dwell (s} the time, in seconds, that the detector spends atdedalpoint counting intensity. The total scan time is
determined by the (scan range/sampling interval) * coomg.tStandard settings are 0.5 sec/step to 10 sec/step.

Axis: Can be BothDetector Theta or Rocking psi-tilt
Both Axis moves both the sample angle (theta) and the detedlar @theta), collecting data in the optimal
parafocusing condition. This option should be used for noasiss Also known as a theta:2theta scan.
2theta axis rotates only the detector; the sample posigidied. This is most often used for Glancing Incidence
Angle Diffraction when/if the thin film attachmert installed on the diffractometer. Without the thin fatachment,
the 2theta scan will tend to give broad and misshapen .peaks
Theta rotates only the sample; the detector is fixed.
Rocking psi-tilt rotates the sample and the detector at a constar{urdike a scan of both axis, where the sample
rotates at a rate equal to ¥z the rate at which tteste rotates).

Psi (or Theta, Detector, or 2Thetd): This field varies depending on which scan axis has bezseah
Psi: Appears when the scan axidBisth. Psi can be used to define an offset between theta artd #theis preserved
during the entire scan. For example, in a normal theit2the. both) scan, when the detector is at 20 degtieeta
the sample would be at 10 degrees theta. If psi were Setdgrees, however, then when the detector was at 20
degrees 2theta the sample would be at 15 degrees thetaffsbt would be constant throughout the entire scan.
Setting a psi offset is useful to avoid single crystakpdieom a thin film substrate.

Theta: Appears when the scan axidstector. This defines the fixed sample angle theta in a scan vanéy¢he
detector is moving.

Detector: Appears when the scan axisTiseta. This defines the fixed detector angle 2theta in a scanevamdy the
sample moves.

2Theta: Appears when the scan axis is Rocking psi-tilt. Thissfike angle between the detector and the sample.
Then, as the sample rotates the detector moves sathe rate, keeping a constant angle 2theta between them

Some Data Collection Strategies

If you have a sample with only a few peaks or very $jga@inges that you are interested in
observing, you do not have to scan the entire pattern; yooodkect data just from the ranges that
you are interested in. To do this, you can either ligtiple scan ranges in your scan job, or you
can list multiple scan jobs in your task list. If yoefine several scan ranges in a single scan job,
all of those data will be saved in a single file.dtiydefine several scan jobs in your task list, then
each scan range can have a different filename. Thisagpwmwill allow you to reduce the total
scan time by focusing just on the areas of interest.

o0 Inthe_Optiondab of theNew Scan Jobsvindow, you can tell the computer to wait for
user input in between the scan segments. The datatmollsoftware will then pause after
the first segment is done, waiting for you to tethit it is ok to proceed. This is useful if
you want to make sure the first segment looks good betdlexting the rest.

o In this approach, you make many assumptions about youresaBgtareful that you are
not ignoring useful data.
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If the signal from a coating is being dominated by a siogystal diffraction peak from the
substrate, then you can include an angular offset in yoaraddlection to correct for this.

o0 The single crystal peak from a substrate will only apf@aprecisely defined angles
between the incident beam and detector; for exanfpediffraction peak from the planes
parallel to the substrate surface will only diffractemitheta is exactly %2 2theta (the
normal parafocusing condition in a theta/2theta scan).

o To avoid the single crystal peak, in tkew Scan Rang&indow you can séfpsi” to a
non-zero value (assuming that your scan axis is sS&adih Axis” ). The sample angle
will then be offset relative to the detector, so thatsingle crystal does not diffract. You
can use a rocking curve scan to determine how much ofcdfgsi is required to avoid the
single crystal peak. The psi offset should be as sasglbssible, to avoid distorting the
peak shapes.

0 The success of this technique assumes that your coatimgng@mly oriented
polycrystalline coating. If not, e.g. if the coating fataxial, then this offset might cause
the peaks from the coating to also not diffract.

If reported in the PDF, you can use I/Ic (RIR) valwesdlculate the ratio of weight fractions of
phases by comparing the intensities of diffraction peaks.
o The ratio of the weight fraction from two phasasndb, is:
[
X _ I(hkl)a % I(rr?kl)b % RIRb

a

Xb I (hkl)b I (rr?lld)a RI Ra

Where X is the weight fractiongi) is the measured intensity of the diffraction pe&l is
the relative intensity from the reference patterritiat peak, and RIR is thed(RIR) value
from the PDF card.

o This approach is only semi-quantitative. More informaigavailable in most XRD text
books, where this method is called the Reference InyeiRatio Method.

0 This value can be used to determine how much of an impuréggomust be present
before the intensity of its peak(s) could be observedeatimsbackground noise in the
scan. Therefore, you can then use this informationtima&i® the detection limit for an
impurity phase in your diffraction pattern.

For unit cell or Rietveld refinement, particularly of higymmetry structures, high angle data is
often invaluable. High angle data in any case can gremtlease accurate refinement despite
sample displacement errors. Remember, however, itiathve PVC separator shield in place, you
can at most go to 107 deg 2theta. To collect higher aagée you must reserve both sides of the
instrument and then remove the separator shield; inhndaise the right-hand side can go to 139
deg 2theta and the left-hand side can go to 154 deg 2theba.cAissider that the PANalytical
X'Pert instrument can routinely go to 154 deg 2thetaautrany special arrangement.
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