Standard Operating Procedure = 5-axis Cradle Setup,
Panalytical Empyrean Diffractometer

X-ray Crystallography Laboratory

Purdue Department of Chemistry

This SOP describes how to change the diffractometer stage of the Empyrean instrument to the 5-axis
cradle.

The stage is to be changed by fully trained users only! Please contact Dr. Zeller (zeller4d@purdue.edu) for
user training if you would like to collect data that involve using the five axis cradle.

The 5-axis cradle can be used in combination with either the BBHD or the Hybrid monochromator on the
X-ray tube side, and with the PIXcel Medipix 3D detector mounted on either the “Fixed Anti-Scatter Slit”
(FASS) or the “Parallel Plate Collimator” (PCC). The procedure for changing the stage to the 5-axis cradle
is the same, regardless of the remainder of the configuration. Once the stage is changed, install the
prefix optics and detector holders of your choice as described, and run the sample height measurement
for your hardware configuration.

If you encounter a different setup, or would like to install a different type of optics not described in this
manual, contact Dr. Zeller (zeller4@purdue.edu) before making any changes.
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Getting Started:

Before getting started, inspect the instrument and check which stage and optics are mounted, and what slits and masks
are used.

The image below shows the inside of the Empyrean enclosure with the reflection transmission spinner as the stage, the
Bragg Brentano High Definition (BBHD) on the incident optics side, and the PIXcel Medipix 3D detector with the “Fixed
Anti-Scatter Slit” (FASS) on the diffracted beam side. This is the most likely setup that you will encounter.

On the Empyrean control PC, check if the “Data Collector” software is running. Start it if necessary. Login in is “user-1”",
password is “galaxy”. Once Data Collector is running, go to “Instrument”, then “Connect”. Wait for the software to finish
establishing communication with the instrument. When prompted, select the stage that is installed. Note any settings
that need to be changed.
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The image below shows the typical view of Data Collector after connection is established. Toggle between the tabs for
“Instrument Settings”, “Incident Beam Optics” and “Diffracted Beam Optics” to check that the physically present stage,
optics, slits and masks are identical to what is listed in Data Collector. Make any necessary changes.

 OntaColecto (07
Eile Edit View Measure [nstrument Tools UserSettings System Settings System Maintenance Window Help
DO S XEE DP| e 9OTHE T
[Tnsrument Seltings | Incident Beam Optics | Diffiacted Beam Optics

& 1 Diffractometer
=8 Positions
39, 2Theta = 64,0954
35, Omega offset = -27.0477°

(R Goniometer: Theta/Theta
-3 Sample stage: Reflectioniansmission spinner
3. Sample mode = Reflection
5. Movement = not moving
5. Lift = Down
-4 Xiay
= Generator: Speliman
. Status = On

Xtay tube: Empyrean Cu LFF HR (3430 033 7310x)
-5 Shutter

5. Status = Closed

. Focus = Line focus

. Pot=1

Changing the stage:

Check if a sample is present in the Reflection Transmission Spinner. If present, lower the stage: Double click on any of

the “Generator” lines in the “Instruments Settings” tab. In the pop-up window uncheck “Lift up”, click “Apply”. Remove
the sample.

) Data G [Use
File Edit View Measure Instrument Tools UserSettings System Seftings System Maintenance Window Help

DGEIIIX@H\%PIOQJ@@%I?\

Refl/Transm. Spinner

Instrument Settings | Incident Beam Optics | Diffracted Beam Optics
= g Diffractometer
B8y Positions
B 2Thets = B4.0954°
~@g. Omega offset = -27.0477°
~@g. Omega = 5.0000°
3%, Phi=87.4°
-[f} Goriometer: Theta/Thets
)-3g5 Sample stage: Rleflsctiontransmission spinner
3% Sample mode = Reflection
8. Movement = not maving
3 Lift = Down WLk Up
=] ? Haay ‘Sample stage movement

E-§F Generator, Spelman Mo
3 Status = 0On
35 Tension = 45 Ky
35 Current = 20 mé,
§ *-1ay tube: Empyrean Cu LFF HA (9430 033 7310x)

Postion  Sample Stage | xray |

Type: Reflection-hansmission spinner

it Shutter Sample mode
""" . Status = Closed Change Sample Mode
----- 35 Focus = Line focus
----- 3 Port=1

[ ok ][ cancel | [ épsy ][ Hep

Check “Lift up”, Click “OK” to move the lift up again prior to changing the stage and close the pop-up window.
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In Data Collector, go to the instrument tab. Disconnect the instrument. Follow the on screen instructions and wait for
the Disconnect to finish.

File Edit View Measure | Instrument |

RN IFE P DM T
L

Refl/Transm. Spinner

Instrument Settings | Incident Besm Optics | Diffracted Beam Optics

= H Diffractometer

P Positions
#5. 2Theta = 64.0954°

Ornega offset = -27.0477°

Ornega = 5.0000°

5 Phi=87.4°

IR Goniometer: Theta/Theta

(-3 Sample stage: Reeflection-transmission spinner
. Sample mode = Reflection
. Movement = not moving

Lift = Down

- ey

Gererator: Speliman

3. Statug = On

B Tension = 45 kW

B Current = 20 ma,

E #eray tube: Empyrean Cu LFF HR (3430 033 73104

28 Shuter

. Status = Closed

. Focus = Line focus

B Port =1

Go to the Tools Tab, select “Change Sample Stage”. Follow the on screen instructions.

File Edit View Lo ] User Settings _ System Settings
OOD| &) Y e : T Date Collecior [User-11 .

File Edit Mew [lcscure Instrument  Tools  User Settings  System Settings  System Maintenance

OSB Sli@R dP o dOBME T
B ChongeSampleStage———— [=] = =

Size/Strain Calculator
Alpha/Beta Calculator

Alignment Camera ’ ’
ol Active sample stage:  Peflection-transmission spinmer

Browse Product Database
Change to sample stage:

AP HTEA200N oven with 2-axis
Stage for flat samples/holders
Fieflection transmission spinner

Controller Connection
Communication Stati
Communication Logging
Instrument Commands

Errors & Warnings

S e AL
File Edit View (1o Instrument Tools UserSettings System Settings System Maintenance

OSE & XEE DP|lodOEBM T
T Change Sample Stage =]

Active sample stage: - Reflection-transmission spinner

&/ D

File Edit View 11-ou- Instrument Tools UserSettings System Seftings System Maintenance
OS8| & Xae|d>Plec dyOBHE| 2|
T Change Sample Stage (== =]

Active sample stage:  Reflection ransmission spinner

Chisrigs to ssmpls stages: | Chi Phisey-z stage 240 mm -

Change to sample stage: [ Chi-Phi-y-2 stage 240 mm -

Exchange sample stage

Flease remave all incident and difiacted beam FreFli modules
and accassories fom the system

Exchange sample stage

This wizard will guide you thiough exchanging the sample stages.  +

Do you want to sxchangs the sampls stage Feflection-
trarsmission spiner’ for the sample stage ‘Chi-Phisy-z stags 240
'?

Please close the doors.

After pressing the Newt’ buttan, the ganiemeter will be moved to

IF you wark to continue, press Next, otheriss press Cancel sllow acoess to the ‘Peflection-ransmission spinner’ sample stage
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When prompted to remove the incident and diffracted beam Prefix modules unmount the BBHD and the detector as
described below. Do not press the next button until the modules are removed.

Unmounting the BBHD:

Always tightly hold the BBHD with one hand. With the other hand use first the small 3 Nm torque wrench to slightly
loosen the top screw. Then use the small (blue) hex screw driver to completely loosen the top screw. Keep holding the
BBDH, it can fall off! Remove the BBHD and carefully place it in a save corner of the instrument housing.

Unmounting the Detector:

Always tightly hold the detector with one hand (it can fall off). With the other hand use first the small 3 Nm torque
wrench to slightly loosen the top screw. Then use the small (blue) hex screw driver to completely loosen the top screw.
Remove the detector and carefully place it on top of the slit assortment tray in the instrument housing. Do not
disconnect any detector cables.

Once the modules are removed press the next button. The goniometer will drive the omega and theta arms up and out
of the way to give you access to the stage.

When prompted by the on screen messages remove the reflection transmission spinner stage.
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[y Data Co User
File Edit View [Lico-i- Instrument Tools UserSettings System Settings  System Maintenance

DSR St >PlcdDETE| T
ﬁChangeSampleStage E@

Active sample stage:  Reflection-transmission spinner

LChange to sample stage: | Chi-Phi-w-y-2 stage 240 mm ']

Exchange sample stage

Please remove the sample stage ‘Reflection-transmission spinner.  «
Note:Do not disconnect the cables of the 'Reflection-transmission
spinner’, the Programmable «..2 stage', or the High-throughput
stags’.

Use first the larger 10 Nm torque wrench to loosen the side screw (to the right of the stage). Then use the large (red)
hex screw driver to completely loosen the side screw. The stage is securely locked even with the screw all the way out, it
cannot fall off.

When the screw is far enough out the stage can be lifted out of its holder (it is secured with two pins in the back). Hold
the stage securely with two hands at the bulky metal frame (not at any fragile parts or electronics, and do not grab into
the central sample holder area). Turn it towards you and up, and lift it out until the pins are completely off the sample
stage mount. Place it carefully into a save corner inside the instrument housing. Do not disconnect any of its cables.
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Press next in Data Collector.

[y Data Collector [Use
File Edit View | - Instrument Tools UserSettings System Settings System Maintenance

D@ S >Plec vDETE ? |

T Change Sample Stage ===}

Active sample stage:  Reflection-transmission spinner

Change to sample stage: | Chi-Phiny-z slage 240 mm -

Wizard
Exchange sample stage

Please mount the sample stage Chi-Phiss-2 stage 240 ram'

~ Please connect the sample stage 'Chi-Phixy-z stage 240 mm' [i.e.
cornect the cables attached to the sample stage) Mote:Dio nat
connect the cables of the ‘Reflectiorrtransmission spinner’, the
‘Progr x.y.2 stage’, or the 'Highrthroughput stage’ while the
instrument is on.

Please close the doors,

The cradle is very heavy and bulky. Ask a second person to assist you with the next steps. The cradle sits on a set of
rubber feet, with its back side (the “mounting side”) towards the back of the cabinet. The cradle has grips for your
fingers on its underside. Locate these before proceeding. To lift out the cradle, first securely warp the cables of the
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cradle around one of your arms or shoulder so that they are not in the way, or ask the second person to carry the cables.
Then lift the cradle out of the cabinet using the finger grips on its underside. Walk to the diffractometer and insert the
pins of the mounting rack into the pin holes of the cradle using a forward/downward turning motion. Once the pins are
securely inserted slowly lower the cradle to check that it is indeed securely in place. Don’t let go fast, the pins are
difficult to see and might not be in place! Once the cradle is securely affixed to the back of the diffractometer tighten
the screw to the right with the large (red) hex screw driver until hand tight. Then use the large 10 Nm torque wrench to
tighten the screw until you hear one click of the wrench.

The stage is now in place.

Follow the on screen prompts.
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Choose if you would like to use the BBHD or Hybrid monochromator prefix optics. They are the same size and shape,
and the procedure for adding them to the instrument setup is the same (the following pictures show the BBHD).

Always tightly hold the prefix optics box with one hand. With the other hand use the small (blue) hex screw driver to
tighten the top screw until the optics box is securely fastened. Then use the small 3 Nm torque wrench to completely
tighten the top screw until you hear one click of the wrench. The BBHD or Hybrid monochromator is now in place.

Choose if you would like to use the Fixed Anti-Scatter Slit (FASS) or the Parallel Plate Collimator (PCC) detector holder.
If your choice is different from that used previously you will have to change the detector holder. Follow the procedure
below (outlining changing the FASS to the PCC; follow the reverse order for PCC to FASS). If your choice is already used
skip these steps and directly remount the detector (“Remounting the Detector:”, page 11)

Changing the FASS to the PCC detector holder:

The detector cable is still connected and the detector cannot be taken out of the diffractometer housing for
disassembly. Place the detector with the FASS mount carefully on the edge of the diffractometer housing. Always
carefully hold the detector. If possible, have a second person assist you with these steps.

The cable is connected with a screw and plastic tie to the FASS mount. Unscrew it.
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The detector is mounted to the FASS holder with two hex mounting screws and one pin. Loosen the screws completely.
Use the T20 hex Ellen wrench from the black pouch inside the cabinet for this. The screws will remain with the FASS
holder.

Take off the FASS holder and carefully place it in a save place inside the cabinet.

Take the PCC mount and slide off the holder that mounts onto the detector to access the hex mounting screws.

Mount the slide-off holder onto the detector using its two hex mounting screws and the pin. Slide the mount and
detector back onto the PCC holder.
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The detector is now ready to be remounted.

Remounting the Detector:

Shown in the pictures below is the PCC holder. The procedure works the same for the FASS holder.

Mount the detector to the top rail (Diffracted Beam Path One). Always tightly hold the detector with one hand (it can fall
off). With the other hand use the small (blue) hex screw driver to tighten the top screw until the detector is securely
fastened. Then use the small 3 Nm torque wrench to completely tighten the top screw until you hear one click of the
wrench. The detector is now in place.

Press the “next” button in Data Collector and wait for the positioning of the instrument to finish.
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[y Data Co User
File Edit View [lcccur= Instrument Tools UserSettings System Settings System Maintenance

DS 8 & LRk PP cvDEME| 2

T Change Sample Stage

Active sample stage: - Rieflection-transmission spinner

Change to sample stage: | ChiPhizey-2 stage 240 mm -

Exchange sample stage

The sample stage ThiPhiy-2 stage 240 ' is ready for uss.  ~

Click the “Finish” button.

The stage, the BBHD and the detector with PCC mount are now in place.

A photo of a typical setup with the 5-axis cradle installed (also installed here are the BBHD and the detector with PCC
holder).
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Reconnecting to the Instrument and updating the Configuration:

In data collector, go to the instrument tab. Connect the instrument. Select the 5-axis cradle when prompted to select a
stage.

T Connect [
Canfiguration [T]
Name Description Date Owner C
5 fes Cradle falory setting 4/6/2016
AP HTE 12000 fatory setting 482016 User
Capillary Spinner fatory setting 4/6/2016 User1
Flat S ample Stage fatary setting 4/ES2016 Userel —
Fieil/Transm. S pinner fston setting 462016 User] LEENEE S RTEVA D20
AAssummg incident beam radius: 240 mim oK.
A Incident PreFl< madule. 4ssuming Bragg-Brentano HO.
| Diffracted beam path2: Assuming diffiacted beam radius: 240 mm
& Diffracted beam pathl: Assuming difftacted beam radius: 240 mm
Diffracted Beam Paths & Diffracted beam path: Diffracted PreFli< module. Assuming PlXcel3D-Medipix3 1x1
@ Diftracted beam path with FASS
) Diffracted beam path?

Follow the on screen instructions. Confirm the list of “assumed” modules (you will have to update these in the next
steps) and wait for the “Connect” to finish.

Select “No” to clear the calibration offsets if the following pop-up window appears:

Data Collector - 5/6/2017 9:21:46 AM I-_J

The fine calibration offsets are not equal to zero. Do you want to apply
/8% these offsets to the diffractormeter?

(Choose ""Me™" if you want to clear all fine calibration offsets.)

Yes ] | Mo

Update the configuration in Data Collector. If you chose the same optics and detector holders as in the starting
configuration (these are usually the BBHD and the FASS), no changes are required.

If you chose the PCC holder:

Choose the Diffracted Beam Optics tab. Double click the Prefix module line. In the pop-up window change the PreFix
Module from “PiXcel3F-Medipix3 1x1 with FASS” to “Parallel plate collimator 0.09°”. Follow the prompts.
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File Edit View Messure Instrument Tools UserSettings System Settings System Maintenance Window Help

a o
DSBS LOB|PP| e O M T
5 Axes Cradle
Instiument Settings | Incident Beam Optics ~ Diffiacted Beam Optics
E-{ Diffracted beam pathl
3. Optic number =1
3. Radius = 240.00 mm
3 Actual radius = 240.00 mm
o, Dffset = 0.0000° Mask | SollerSit | Colimator | Detector | Beam Attenuator |
=] ? Wavelength Preflx Module | Anti-scatter Slit | Receiving Slit | Filter
. Used wavelength = K-Alphat (1.5405380 4)
B =805 ke (@ 50% FHD]
=] @ PreFlx module: Plxcel3D-Medipix3 141 with FASS
2. Offset = 0.0000°
Soller slit Large Soller slts 0.02 rad. i ol 0
Default Flrcel3D-Medipix3 141 with FASS

Briiscatter sl AS st 75 rom (Pce] pi3 1
g e [Peel Total of PRcADMediid ih FASS

Detector: PlceldD-Medipis3 141 detector(1]
o Mode = Receiving sit (0D]

Bage Active length [mm) = 3.025 mm

. Number of active channels = 55

. Offset = 0.00 mm

Lol PHD lower level = 25.57% (4,10 ket)

{35 PHD upper level = 70.0% [11.27 keV)
B Minimum PHD walue = 26.0% [4.02 keV]

* 5% Mayimum PHD value = 100.0% [16.10 kev)
B~ @ Difracted beam path2

Cancel | | ek | [ Help

A JP=t GOl 10
File Edit View Measure Instument Tools UserSettings System Settings System Maintenance Window Help
COE & LR >Plc vy DE=ME| 7

5 Awes Cradle %]

Instument Settings | Incident Beam Optics  Diffracted Beam Optics
E-{] Ditfracted beam path1

B, Oplic number =1 ™ =
o o 24008 iy B @ z
B Actual radius = 24000 mm
-, Offset = 0.0000° Mask | SollerSit | Colimator | Detector | Beam Atteruator |
£ wavelength ProflModue | AntiscatterSiit | ReoceivingSit | Fier
: S@ Used wavelength = K-Alphat [1.5405380 4]
L =805 keV (@ 50% PHD) - -
-8 PreFIX module: Pleei3D-Medipis3 141 with FASS Type: [Parallel plate colimator 0109 |
LB Offset = 0.0000°
I i SoH.el slt: Lalge Soller slits 0.02 rad Default offset ' 0.0000
- Anti-scatter sit: A5 sl 7.5 mm [Plkcel] Total offsst [ T
v @ Filter: Nore
=] 5 Detector: PIXcel3D-Medipis3 1x1 detector1]
#%. Mode = Receiving sfit (00]
. Active length [mm] = 2.025 mm
35 Mumber of active channels = 55
- Offset = 0.00 mm
-5 PHD lower level = 25.5% (4,10 keY)
3% PHD upper level = 70.0% [11.27 kelv) Data Collector - 11/30/2016 2:51:59 PM
-85 Minimum PHD walue = 25 0% [4.02 kel/]
~# Magimum PHD value = 100.0% [18.10 ke) L Please remove the Diffracted PreFlbd module PlXcel3D-Medipis3 141 with FASS and l oK
3] Q Diffracted beam path2 inzert the Parallel plate collimator 0.03°
i

If you chose the Hybrid Monochromator:

Choose the Incident Beam Optics tab. Double click the “Prefix module” line. In the pop-up window change “Bragg-
Brentano HD” to “Hybrid Monochr. 2xGe(220) Cu”. Follow the prompts.
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Automatic height Alignment:

Your sample needs to be in place for this step. Remove any sample holders from the surface of the axis cradle (if
present) using the small red hex screw driver. Place your sample at the center of the stage, best with a straight sharp
edge perpendicular to the beam. The sample has to be centered and be absolutely flat, and as parallel to the stage as
possible.

You can use the alignment camera to optimize the position of the sample. Click the “Tools” dropdown menue, select the
“alighment camera”. Start the camera. Right mouse click at the center of the sample. The program will ask whether you
would like to move the sample here. Confirm. Repeat if necessary. Stop the camera and close the window.

If you use the Bragg Brentano HD:

Use a 1/8° divergence slit, 1/16° anti-scatter slit, 0.04 rad Soller slits, and a 0.1 mm Cu attenuator in the mask slot.

Divergence slit

Mask slit

Soller slit

Anti-scatter slit
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If you use the Hybrid Monochromator:

Use a 1/16° divergence slit, and a 0.1 mm Cu attenuator in the mask slot.

Mask or

Divergence Slit Attonuator
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If you use the FASS:

Use the 7.5 mm fixed anti-scatter slit, the Soller slit, and no mask or attenuator. These are the default items. Announcing
changes in Data Collector will usually not be required.

7.5 mm fixed 0.02 RAD
anti-scatter slit Soller Slit

If you use the PCC:
Use the 0.09 mm PCC slit, and no Soller slit, mask or attenuator.

Place the 0.09 mm PCC slit into the slot behind the PCC. Make these changes and announce them in Data Collector.

In Data Collector, go to the measure tab, program.
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File Edit View Instrument Tools User Settings  System Settings

D& @[ & Menualscn e # DB ?|
N

Start

Instiument Settings | |

&
E-{J Ditracted B <} ol
D

ted Eeam Optics

e Optic nu

Stop
g Radius = -
e Actual ra %‘ Priority
g Dffset = 2
Interpose
=] ? Wavelen =il

L33 Used wavelength = K-&lphatl (15408980 &)
3o =205 keV (@ 50% PHD)

= @ PreFlx module: Parallel plate collimator 0.09°
3% Offset = 0.0000°

~@F

@ Soller it Mone

-4/ Menachromater: Nene
Mask: None
£ %) Detector PlXeel3D Medipin3 141 detectorl1]
* % Mode = Rreceiving it (0D
- Active length [mm] = 3.025 mm
- Number of active channels = 55
- Offset = 0.00 mm
@ PHD lower level = 25.5% (4,10 ket')
% PHD upper level = 70,00 (11,27 ke
3, Minimum PHD value = 25.0% (4.02 kel)
g Mavimum PHD value = 100.0% (1610 ke
- @ Diffracted beam path?

From the menue of programs, select “[5Axis Cradle] [BBHD] [FASS] Auto Height Alignment”, “[5Axis Cradle] [Hybrid]
[FASS] Auto Height Alignment”, or “[5Axis Cradle] [Parallel Plate Collimator] Auto Height Alignment” (the latter works for
either BBHD or Hybrid).

i:'-..:p..--..:,._.:_,l, 1
Bl [dt Yiew Meswe jutumest Jook UserSetings  fyutemSettings  System Mgintenance  Window  Help
DA & Xas| AP ¢ 90 ZEE T

Ineitent Besn Ex - m] b
; - | By Execute Program
By bncidient besm path
. Fladn = 24000 Meaperement type
i, Tgheroff anghe = 7 5665 ['“ ...]
B T Prof T modde: Bragg-Brentara MO Cu
2, Dfipet = -1.1.204°
ol nlt: Soller ol (L04 rad.
Masoe Bngg-Brentara HD Cu Hame Wrawrrment Type Deucription :
= Mk Foosd mik 2 o e — 5 |

dep, Dinhaeos b papls = 17100 e
BT Drevrpereoe ait Fuod ol 175
e Distarcs o pample = 17030 men
T drdeenzation ol Foed ot 1716
B Fiter Mors
o Bosm sherusior Nore

| [5es Cracile] [BBHD] [FASS] Awis Height Aligermen
| Psis Cracie] [Hybec] [FASS] Aunta Haight Algrmest
[ Craciie] [Faraliel Plate Colimatar] Refloometey Sampl Algamest
| PHiet Stagel [BEHC [PTicel) Auts Husght Akgment Roae Tamp
| ESAumaCradie] [FASS] GIAD, Seaocs, 2Thens, 3080 Tsec,_step pii stega 112

:rmwmmﬂwww | Gnnpral Badch *.5
R T T T T |

In the Start window that opens, click OK.
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% Data Collector [User-1]

File Edit View Measure Instrument Tools User Settings

System Settings

System Maintenance  Window  Help

o
O35S = ?
5 Ases Cradle x|
Instiument Settings | Incident Beam Optics ~ Diffiacted Beam Optics [ start &J
B-§] Diffracted beam path1 Frogiam
#%. Optic number =1 N m .
35 Fratlius = 240000 i 2me: [5ésis Cradle] [Paralsl Pt Collmator] 4o Height Algnment
B Actual radivs = 240.00 mm Type: |General batch
. Dffszt = 0.0000° T
Description:
E1-48 Wavelength
3%, Used wavelength = K-8lphal [1.5405980 &) Comment
L3, =805 keV (@ 50% PHD) :
13 PreFl module: Parallel plate collimater 0.03° Step | Cycle | Sample 1D File Name
T35, Offsel = 0.0000° EI C_\[Faraliel Flate Colimator] Ditect Beam 2T heta_20161130.srdml
“ @ Colimator. Parallel plate colimator 0.03° 5 1 \[Parallel Plate Colimator] Ditect Beam Z Rough_20161130.srdml
Receiving siit: Parallel plate colimator slit [ 1 A[Parallel Plate Collimator] Direct Beam Omega_20.
@ Fiter None 71 \[Parallel Plate Colimator] Ditect Beam Z Fine_20161130_1.urdml
@ Soller st None a1 \[Parallel Plate Colimator] Ditect Beam Omega_20.
* & Monochiomator: None a1 \[Parallel Plate Colimator] Ditect Beam Z Fine_20161130_2 sl
B Mask: None 11 <not saved>
%) Detector: Plcel3D-Medipixd 141 detectod1]
8%, Mode = Receiving siit (0D)
LB, Ative length [mm] = 3025 mm [ File Mame Seltings] [ FReport Fils Names
%, Number of sctive channels = 55 =
3 Offset = 000 mm File name
5. PHD lower level = 25.5% (4.10 keV)
i Step: 3 Cycle: 1
356, PHD upper level = 70.0% (1127 k] . &0
% Minimum PHD value = 25.0% [4.02 kev) Magazine:
B Maimum PHD value = 100.0% [16.10 keV) D
- @ Diffracted beam path2
Hame:
Frepared by -
File name CAFD D ata\Alignment Fiecordh{Paraliel Plats Colimato [
[ Ok ] [ Cancel ] [ Help.

The procedure will move the sample stage to a height of 3 cm (to ensure that the beam is not blocked in the initial scan)
and wipes out any pre-stored offsets still in memory. It then scans 2Theta (the detector) through the direct beam; scans
the cradle height (Z) to identify when the beam is cut off by the sample to measure the sample height; and scans omega
(the X-ray tube) to adjust for a slight angle of the sample with respect to the sample stage. The procedure for height and
omega is repeated automatically for fine adjustments.

Watch the adjustment procedure. If the measurements look noisy (i.e. not like in the images below), then the procedure
needs to be repeated. If you do not see well defined 2theta, Z and omega curves after three trials, ask for help.
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Instrument  Tools  User Settings  System Settings ~ System

View  Measure o
D@H\Q\X@H\ P\OW@@%- | [rempomz w0

14 Measurement Status

Evecuting

Eenevs\ batch CAPANaL.. (B Evad\e] [Patalll Platz Collmator] Auto He\gm Ahgnmem wmp

; < : Simated end 1/30/2016 30440 PH
(50 Difacted boam pathT e S
5. Dptc rumber =1
o Packre < 24000 e \Peralel lte Theta
5. Actual radivs = 24000 rm LELas A[Paralll Plate Colimator] Direct Beam 2Theta_20161130
35 Ofset = Quned by user User  Estimated end time: 12072016 30324 PM
-4 Wavelength Sean ”n Tine temaing: fbout 0 seconds

. Used wavelength = KA\DhaI (1.5405950.4)
3. =805 keV (@ 50% PHD)
@ P P s
2. Ot
i pate collmetor 009"
Fieceiving it Paralelpete collmalor sit
 Fiter N

Saler i Nore

Manachiomatar: None:
Mask: None
£-5) Detector: PIXcelaD Mediph3 141 detector(1]
]
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Towards the end of the automatic procedure, the routine will ask to remove the Cu attenuator and the Parallel Plate
Collimator Slit. Replace the Cu attenuator by an appropriate mask (not wider than your sample) and remove the PCC slit.
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Wait for the program to finish, stating “No Program executing”.

Bt e

[5 7 ifacted boam poth
. O

240.00mm
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elength = K-Alphat (1.5405980 4)

13D-Mecipin 111 detecta(1]
(o0}

250 (402 ke
% (11

5 0% (402 ke
000% (1610 ke)

The results of the Automatic Height Alignment are written to the software as offset values. They can be looked up under

Ele Edit View Measure Instrument Tools UserSettings System Settings System Maintenznce Window Help

OAE B YGRS P[0 § DEER| Q| [oheedeaiomes [mesi

General batch [[5Axis Cradle] [Parallel Plate Collimator] Auto Height Alignment]

counts

4
2Theta (deg)

“User Settings”, then “Fine Calibration Offsets”. Typical values are 1° for 2Theta, 0.5° for omega.

The instrument is now ready for measurements using the 5-axis cradle.

Changing the sample stage back to the Reflection Transmission Spinner:

Follow the procedure given above in reverse order. Replace the 5-axis cradle by the Reflection Transmission Spinner,
and change the prefix optics and detector holder the BBHD and to FASS, respectively (the default setup). Place the 5-axis
cradle back into the metal cabinet opposite the diffractometer with the mounting side facing back. No alignment

procedure is needed for the Reflection Transmission Spinner.
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Measurements using the Hybrid monochromator:

The parallel beam created by the Hybrid monochromator has a crenel shape that tends to broaden sharp peaks when
used in reflectivity mode. Limit the divergence slit to at most 1/8" of a degree. Adjust the mask to fit your sample size.

Grazing Angle Thin Film Measurements:

The choice of omega angle depends on the sample. For a thin film on a crystalline support you want to set omega
shallow enough such that the beam travels far enough through the thin film that nearly no X-ray intensity reaches the
support (or diffraction spots from the support will be visible). The angle thus depends on the thickness of the film, and
the absorption coefficient of the film material. If you use the BBHD, choose an omega angle as high as possible so that
you can use wider angles for the divergence slit and the anti-scatter slit (to gain intensity).

Once you have chosen an omega angle calculate the slit sizes for divergence slit and anti-scatter slit using the “BBHD
Setup Guide with PIXcel” based on your sample size.

‘This Worksheet Shows you how to configure the Bragg Brentano HD for powder measurements with the PiXcel Detector

Step 1. Enter the Scan Parameters that you will use

Start Angle (deg 2Theta) 15 Holder Used (mm) m
Stop Angle (deg 2Theta) 90
Omega Offset (deg) 0 [__Max. possible L (mm) 11.81|
Check irradiated length, width and area at the |
Maximum irradiated length (at start of scan), L (mm): 12.85|Reduce divergence slit size!
_—

Irradiated width, W (mm): 10.80]
Maximum Irradiated area (mm?) 138.7]

X-ray beam direction

Step 2. Select the divergence slit and mask to irradiate the maximum possible area of the sample without over-irradiating (red text above means over-irradiated).

Select a divergence slit (%) Recommended Soller Slit is (rad):
Select a mask (mm) 4

select a soller slits (rad)

The Recommended PASS usage is Fixed at (°):
The Recommended FASS is (mm) -

The Recommended Incident-Beam
Anti-Scatter Slit Size is:

Do not forget to announce these changes in the configuration in Data Collector. Also, remember to set the PIXcel to Scanning Line (1D) Mode with a full (3.34°) active length in your measurement program.

Choose a mask that is as or less wide than your sample (e.g. 4 or 10 mm).
Drive the instrument to the chosen omega angle.

In Data Collector, go to the measure tab, program. Select one of the “GIXD 5-axis” programs. (if none of the preset
programs has the angle or exposure time settings you need, open one of the “GIXD 5-axis” programs, edit it as needed,
and save it under a new name. Ask for help if you do not know how to edit programs). The “GIXD 5-axis” programs will
use the set omega angle and scan through 2theta as specified.
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X-ray Reflectivity Measurements:

Use the BBHD and the PCC. For X-ray reflectivity measurements the 0.09° PCC slit should usually be taken out (to gain
intensity).

Reflectometry Sample Alignment:

Uses: Bragg-Brentano HD Cu, 0.04 rad Soller slit, Div Slit 1/8, ASS 1/16, No filter / attenuator; Medipix Open detector
(OD), 14.025 mm open length, 255 active channels, no PCC 0.09° slit. Use a mask that matches your sample (e.g. 4 or 10
mm).

This configuration is the same as for the Automatic Height Alignment, but the 0.1 mm Cu attenuator is replaced by a
mask and the 0.09 mm PCC slit is removed.

In Data Collector, go to the measure tab, program. Select “[5 Axis Cradle][Parallel Plate Collimator] Reflectometry
Sample Alignment”.

[5eis Cradle]

[ Sonle 0 Fie ane

Q Diiacted beom patn2

[[File Name Settings | - [ Report File Names |

Prepared by:

.
2Theta (de
T — )

[

O SUIT [7Theio 10000 P00 000 Wolerfow &7
7S Q -61 h Iao E . ICE]

The procedure will scan omega, chi and omega again to adjust for sample angle and tilt. The procedure is repeated
automatically for fine adjustments. The results are written to the software as offset values. Typical values are 0.5° for
omega and 5° for Chi.

The instrument is now ready for reflectivity measurements (small angle diffraction). An example program is located at
C:\PANalytical\Data Collector\Programs\Training\[5 Axis Cradle] Reflectometry Measurement.xrdmp .

Page 24 of 25



It uses: Bragg-Brentano HD Cu, 0.04 rad Soller slit, Div Slit 1/8, ASS 1/16, No filter / attenuator; Medipix Open detector
(OD), 14.025 mm open length, 255 active channels, no PCC 0.09° slit. Use a mask that matches your sample (e.g. 4 or 10
mm).

It runs: Omega-2theta scan, 0.2 to 5 deg, 0.01 deg step size, 0.5 s/step

Save a copy in your own folder and edit as necessary.
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