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Preface

Disclaimer

By downloadingthe programPDFgetX,you agreeto thetermsandconditionsconcerningts use
specifiedn thelicenseagreementhatis providedaspartof thedistribution. Enduserswishingto
make commercialseof thesoftwaremustcontactLibraries,Computing& TechnologyMichigan
StateUniversity EastLansing,MI 48824;(517)353-072%rior to ary commercialdistribution to
discusgerms. The Softwareis providedto End Userby MSU on anasis basis.No usersupport
is providedor implied.

MSU makes no warranty expressor implied to end useror to ary other personor entity.
Specifically MSU makesno warrantyof merchantabilityor fithessfor a particularpurposeof the
software. MSU will not be liable for special,incidental,consequentialindirector othersimilar
damagesgvenif MSU or its emplo/eeshave beenadvisedof the possibility of suchdamages,
regardlesf theform of theclaim.

Using PDFgetX

Publicationsof resultstotally or partially obtainedusingthe programPDFgetX shouldstatethat
PDFgetXwasusedandcontainthefollowing reference:

JEONG, |.-K., THOMPSON, J.,PROFFEN, TH., PEREZ, A. AND BILLINGE, S. J. L.
“PDFgetX,aprogramfor obtainingtheatomicPair Distribution Functionfrom X-ray
powderdiffractiondata”
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Chapter 1

Intr oduction

1.1 What is PDFgetX

PDFgetXis a programto be usedto obtainthe atomic Pair Distribution Function(PDF) from
a measured-ray powder diffraction data. PDFgetXis written usingthe Yorick, aninterpreted
language. This will requireusersto obtainthe Yorick distribution andinstall it yourself. See
Chapter2 for helpin installation.

PDFis theinstantaneouatomicnumberdensity-densitycorrelationfunctionwhich describes
the atomicarrangemenin materials.A usefulcharacteristiof PDF methodis thatit givesboth
local andaveiage structureinformationbecausdoth Braggpeaksanddiffusescatteringareused
in theanalysis.And from the PDF peakwidth, it's possibleto obtaintheinformationaboutbond-
lengthdistribution (static,thermal)[4] andcorrelatecatomicthermalmotion[5]. By contrastan
analysisof the Braggscatteredntensitiesalone,by a Rietveld type analysisfor instanceyields
the average crystalstructureonly andthe extendedx-ray absorptiorfine structure(EXAFSpives
nearest-neighbandnext nearest-neighbatistancenformation. PDF analysismethodhaslong
beenusedto characterizeglassesliquids and amorphousmaterials. Recently however, it has
found more applicationin the study of local structuraldisorderin crystalline materials,where
somedeviation from the average structureis expectedto take place.

Obtaining total scatteringstructurefunction (and PDF) from raw diffraction datarequires
mary correctiondor experimentakffectssuchasabsorptionpolarizationcorrectionsandremor-
ing of Comptonandmultiple scatteringcontritution to the elasticscattering Also it needsproper
error propagatiorto be usedin modelingof PDF usingeither PDFFIT (real-spacdRietveld) [6]
or a ReverseMonte Carlo approach7] usinge.g. DISCUS[8] to yield structuralparameters.
PDFgetXallows usersto do all thesedatacorrectionsanderror propagatiorin corvenientways.
During the refinementPDFgetXdisplayseachcorrectioneffect to the raw dataandsavesall the
parametersisedfor refinement.This makesthe refinementprocessegasyto understangéndal-
lows reproducibleresults.PDFgetXsupportghefollowing dataformats: multi-columnasciifile,
SPECandmulti-channelanalyzer(MCAiles.

To find out aboutrecentupdatesof PDFgetXor to getfurtherinformationvisit the PDFgetX
homepagat thefollowing site:

http://www pa.msu.edu/cmp/billinggroup/programs/PDFgetX



Chapter 2

Installation

2.1 SystemRequirements

PDFgetXshouldrun on ary UNIX/Linux platform supportedoy Yorick. This includesPC/Unix
andSGl. It alsorun on Windows NT and95. For alist of systemson which PDFgetXis knovn

to work, seeTable2.1. If you successfullynstall PDFgetXon a systemnot includedin this list,

pleasecontactus andlet usknow. If you cannotinstall PDFgetXon a system,andhave studied
the documentationthoroughly pleasecontactus andaskfor help. Without accesgo a similarly
configuredsystemwe may not be ableto helpyou with theinstallation,but seeSection2.2.4for

instructionson how to reportyourtrouble.

Table2.1: Known PlatformsSupportingPDFgetX

| Hardware | OperatingSystem|
Intel 486 RedHatLinux 6.0
Windows 95/NT
DEC-ALPHA | Digital Unix
SGl Irix

2.2 What You Need

2.2.1 Yorick

Beforeyou canrun PDFgetX,you will needto install Yorick. PDFgetXis written in the Yorick
languagewhich is aninterpretedC-like language(andit’s free). The distribution of PDFgetX
containsonly the sourcecodefiles for PDFgetX;it doesnot comewith Yorick. Thelatestversion
of Yorick canbedownloadedrom the official site:

ftp://lwuarchie.wustl.edu/laguagesyorick/yorick-ad html

This documentprovides no informationaboutinstalling Yorick; seethe Yorick readmefiles
for helpwith the installationand checkingthat the installationwas successful Beforeinstalling
PDFgetX,besurethatyour installationof Yorick works.

7



CHAPTERZ2. INSTALLATION 8

2.2.2 PDFgetX
You may obtainthelatestversionof PDFgetXfrom the PDFgetXwebsite:

http://www pa.msu.edu/cmp/billinggroup/programs/PDFgetX
PDFgetXis providedasa compressefdile. Usethecommand
tar -xzvf pdfgetx1.1.tar.gz

whichwill extractthefilesinto anew directorycalled“PDFgetX/”. And you canfind thefollowing
programfiles underthedirectoryPDFgetX/.

pdfgetx.i, pdfgetxdistributio n.i , pdfgetx_custom.i
ASF.DAT, PERIODIC_TABLE.DAT, MASS_ABS_COEFF.DAT,LICENSE.TXT

If the-z flag doesnotwork on your systemthenusethecommands
gzip -d pdfgetx1.1.tar.gz, tar -xvf pdfgetx1.1.tar

to extractthefiles.

2.2.3 Installing and Configuring PDFgetX

To customizeghe PDFgetXinstallation,you needto modify two files, “custom.i” and“pdfgetxdis-
tribution.i”. If youarenew userof “Y orick”, you cansimply renamé‘pdfgetx custom.i”(included
in compressefile) to “custom.i” andgive the properpathfor the“ActualLPATH” in thefollowing
two linesin “pdfgetx_custom.i’file.

#include  "Actual PATH/pdfge tx .I"
#include  "Actual_PATH/pdfge  tx dis tri butio n.i "

And thencreatea directory“/Y orick” underyour homedirectoryandplaceyour own versionof
“custom.i” there. If you alreadyhave your own versionof “custom.i”, simply addthe above two
linesin the“custom.i”file.

For Windows OS, you needto beware of a few things. First, the pathshouldlook like the
following: “/c/pdfgetx/.”. Second,in windows OS, userscan setthe size of font and graphic
window in “custom.i” file. Thereforeit is betterto copy the “custom.i” file coming with the
Yorick Window versionandaddthe above two linestherethanjust renamé‘pdfgetx_custom.i”to
“custom.i”. Finally, remembethatif the directorynamehasa space(* ”) asin “My Directory”,
the Yorick couldnt find thedirectory

After configuringthe“pdfgetx_custom.i*file, if you openthefile “pdfgetxdistritlution.i” using
atext editor, youwill find thefollowing code:

asf_file="Actual_P ATHASF.DAT
periodic_table="Ac tua |_P ATHP ERIODIC_TABLE. DAT'
mabscoeff_file ="Actual PATH/MAS S _ABS CCEFF.DAT"
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again,give the properpathfor the “ActualL PATH”. Thesecodesetpathsfor threeimportantdata
files: Atomic scatteringactor Periodictable,andMassabsorptiorncoeficient. Also, thevariable
namee.g.astfile, shouldnot be changedptherwisePDFgetXcouldnt find thesedatafiles.

If youwantto print graphsdirectly from PDFgetX,you needto editthefile "pdfgetxdistritu-
tion.i” andchangehefollowing line:

printer_string="Ip r -h -Prm31 __ temp.ps"

Modify the printer string to reflectyour system. When printing, PDFgetX createsa temporary
postscripfile called” __temp.ps"andmakesa systencall to print thefile. Do notchangehename
of thefile in the printerstringor printing will notwork. For windows OS,“Ipr” commanddoesnt

work, insteaduse“print” command.Thisis aDOS commandandit seemst sendghegraphto a

printerconnectedria “LPT1” port. If this settingis notworking, we would recommenadvindows

OS usersto useanothemethodto print graphs.First, save the graphasa postscript(PS)file or

window metafile (WMF) using[S] optionin themainmenu,andopenit usingghostviev (PSfile)

or usingMS word (WMF file). Thenprint the graphusingprint commandn the program.

2.2.4 Report problemsand suggestions

If you have ary problemsin installing & running PDFgetXandhave ary suggestionsiboutthe
PDFgetX,pleasesendemailto thefollowing address:

billinge@pa.msu.edu
http://www pa.msu.edu/cmp/billirggroup/programs/PDFgetX.html



Chapter 3

Tutorial: Ing33Gay g7AS Semiconductor

Now youmighthave installedPDFgetXandcanstartit simply by typing pdfgetx at Yorick prompt.
In thistutorial, you'll getachanceo analyzelng 33Ga g7As semiconductoalloy datacollectedat
CornellHigh Enegy Synchrotrorsource(CHESS)usingintensex-raysof 60 KeV (A = 0.206,&).
Thetutorialfiles canbedownloadedrom thePDFgetXhomepageln this experimenttheincident
x-ray enegy wasselectedisinga Si(111)double-bouncenonochromatorThedatawerecollected
at 10 K to minimize thermalatomicmotionin the sample,and henceincreasehe sensitvity to
staticdisplacemenbf atomsdueto alloying usinga closedcycle heliumrefrigeratormountedon
the Huber6 circle diffractormeter All the signalmeasuredvassavedto a file usingthe system
controlling software, SPEC.

The signalmeasuredisingthe intrinsic Ge solid statedetectorwas processedn two ways.
Usingsingle-channgbulse-heightinalyze(SCA), the elasticscatteringComptonscatteringand
elastic+ Comptonscatteringwere collectedseparately In the measurementasing SCA, the
properenegy window settingfor the elasticscatterings very importantbecausery errorin the
window settingcould causean unknavn contaminationto the elasticscatteringthus make data
correctionsvery difficult. At thesametime, the signalwasfed to multi-channelanalyzerfMCA)
to recordthe completeenegy spectrumof eachvalue of Q. The elasticand Comptonscattered
radiationcould thenbe separatedisingsoftware after measurementCollectingdatausingMCA
hasadwantagesanddisadwantages.In the MCA method,sincethe entireenegy spectrumof the
scatteredradiationis measuredat eachvalue of Q, the error causedby the mis-setof enegy
window is negligible. Themaindisadwantageof the MCA methodis thatit hasalargerdead-time,
althoughthis canbereliably corrected9].

This tutorialis composedf two subsectionsPreliminary DataAnalysis” and“Refine struc-
turefunction”. The“Preliminary DataAnalysis” sectionis mainly concentrate@n how to reduce
SPECand MCA file to build PDFgetXinput file for structurerefinement. In “Refine structure
function” sectionthe stepby stepprocedureof structurefunctionrefinemenis presentedUsers
canbuild theinput file usingtutorial SPECfile in “Preliminary Data Analysis” sectionor usea
tutorial input file comingwith the program.In this manual, SPECfile refersto the datacollected
usingSCA andMCAfile for the datacollectedusingMCA.

10
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3.1 Preliminary Data Analysis

3.1.1 Reduction of SPECfile

Theraw datafrom x-ray powderdiffraction measurementssingeithera sealedk-ray tubeor syn-
chrotronsourcecouldhave mary differentfile formatsandcould containmultiple scanghatought
to be averagedogether Thereforeit is very difficult to usethe raw datadirectly in the structure
function refinement. With thesethingsin mind, we limited the “Preliminary Data Analysis” to
supportonly the SPECfile format and N-columnasciifile format. For detailsaboutSPECfile
format,pleaseeferto AppendixA. This sectionwill shav you how to reducetheraw SPECdata
into the inputfile from which to startanalysis.This processncludesextractingscandrom SPEC
file, comparisorof differentscansapplyingdead-timecorrectionandcombiningdifferentscans.

In generalone SPEC(ile containsmary scans.Thefollowing shavs a scanheaderof SPEC
file collectedat CHESS.

#L pmQereal elive Epoch Seconds IC1 IC3 |_CESR PULSERTOTAL COMPTONC2 ELASTIC

During the SPECifile reductionprocesswe will usecolumnnumberto referto a specificvariable
suchasELASTIC,IC2, PULSER etc, soyou needto remembemwhich columncorrespondso
which variable.Follow alongwith this exampleterminaloutput. It will guideusersto learnabout
how the “Reductionof SPECfile” works. The commentsin /* ... */ mark are addedjust for
explanationpurposeandwill notbeshawvn in therealanalysis.

current  directory> yorick

Copyright  (c) 1996. The Regents of the University of California.
All  rights  reserved. Yorick 1.4 ready. For help type ‘help’

> pdfgetx

Pair  Distribution Function from the X-ray powder diffraction (PDFgetX 1.1)

0) Preliminary data reduction

1) Build a setup file

2) Background Substraction

3) Reduction of Structure  Function:  S(Q)

Input file  format: (Q, I, dQ, di)
4) PDF calculation: G(n
Input file  format: (Q, S(Q), dQ, dS)
P) Print, S) Save, U) Unzoom, L) Limits windows

Q) Quit
[0-4 qgsulp] O /* Enter to the Preliminary data reduction level *

1) Extract Scan(s) from SPEC file
2) Compare N-column(N>=2) ascii files
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3) Combine N-column(N>=2) ascii files

4) Build PDFgetX input format. (Q, I, dQ, dI)
5) Convert MCAfile to N-column ascii file
Q) Return to Main

[1-5Q] 1
The Input should be SPECfile format : Continue (y/n)? vy

ENTER SPEC FILE NAMETO READ: in33_tutorial.spec
- The following  shows scan information in in33_tutorial.spec

#S 1 601 pts --> ascan pmQ1l 13 600 1
#S 2 601 pts --> ascan pmQ1 13 600 1
#S 3 1401 pts --> ascan pmQ12 40 1400 1
#S 4 1401 pts --> ascan pmQ12 40 1400 1
#S 5 1401 pts --> ascan pmQ12 40 1400 1

EXTRACT SCANS FROMSPEC FILE:
- Each scan will be saved as an ascii file
- Enter all scans to be read: [Ex. 2 45 12345
[* Extract good scans by entering the scan number *

SAVE SCANSTO ASCIlI  FILE:
- Output file  name will be ’samplename_scannu mter. asc’
- Enter your ’'samplename’ [Ex. InAs] : in33

Return to Preliminary  data reduction

Now eachscanis saved asasciifile. As it is mentionedduring extractingprocessthefile name
will be“in33_1.asc”,“in33_2.asc”,andsoon. Now we cancomparehesedifferentscans.

[1-5Q] 2 /¥ Compare N-column (N>=2) ascii files *

The Input should be N-column ascii file format
Plot y(=data/norm)  vs. x(=g). Continue (y/n)? vy

ENTER FILE NAMESTO COMPARE,TO QUIT READING, ENTER'Q":
- File name to compare : in33_l.asc

#L pmQereal elive Epoch Seconds IC1 IC3 I|_CESR PULSER TOTAL COMPTONC2 ELASTIC

ASSIGN COLUMNNUMBERTO VARIABLES:
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Column # corresponding to X-axis : 1
Column # corresponding  to DATA : 13

Normalization of data
for constant  normalization, enter 0’
Column # corresponding  to NORM. : 12

ENTER FILE NAMESTO COMPARE,TO QUIT READING, ENTER'Q":
- File name to compare : in33_2.asc

ENTERFILE NAMESTO COMPARE,TO QUIT READING, ENTER'Q":
- File name to compare : in33_5.asc

ENTER FILE NAMESTO COMPARE,TO QUIT READING, ENTER'Q":
- File name to compare : q

[* Dead-time  correction setting ¥/

READFILE : in33_1.asc

APPLY DEAD-TIME CORRECTIONFOR DATA (y/in)? 'y
1) Dead-time correction using detector  dead-time
2) Dead-time correction using pulser measurement
Q) Exit Dead-time correction
[1-2Q] 2

Enter column # containing  pulser : 9

APPLY DEAD-TIME CORRECTIONFOR MONITOR(y/n)? n
¥ For details, refer to CH. 4 Using PDFgetX */

CHECKVARIABLE AND ASSIGNED COLUMN#

- X-axis 1
- DATA © 13
- Normalization c 12

Detector dead-time  Correction  using pulser

13
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- Pulser column 9
No Monitor dead-time Correction
CHANNELSETTINGS ARE CORRECT(y/n)? y

READ file: in33_2.asc

READ file: in33_5.asc

Colors in order of reading: magenta, cyan, blue, green, red, and blacks
COMPAREDTHERVARIABLE (y/n)?  n

EXIT COMPARINGFILES:

Return to Preliminary  data reduction

Fig. 3.1shavs dead-timecorrectecelasticscatteringafternormalizationby monitor It shavs that
thesescansoverlapwith eachotherquite nicely. Maybeit's goodto checkhow the comparison
lookslike if the dead-timecorrectionis not applied. Sincethe normalizedelasticscatteringrom
differentscansoverlapwith eachother we cancombineall of them.

[1-5Q] 3 /¥ Combine N-column (N>2=2) ascii file *

The Input should have N-column ascii file format !
The X-axis column should have constant step(dX) !
Combine upto five variables: X-axis(Q,  Two-theta)!
DATA, NORM, and Auxl, Aux2 (auxiliary variables) !
Continue (y/n)? vy

ENTERFILE NAMESTO COMBINE, TO QUIT READING, ENTER'Q":
- File name to combine : in33_l.asc

#L pmQereal elive Epoch Seconds IC1 IC3 |_CESR PULSERTOTAL COMPTONC2 ELASTIC
ASSIGN COLUMNNUMBERTO VARIABLES:

- If the column # is set to '0", the corresponding  variable
- will  not be propagated !
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Comparison of Elastic scatterings after dead—time correction

0.20

— in33_1l.asc
— in33_2.asc
in33_3.asc
in33_4.asc
— in33_5.asc

0.15 + B

0.10 -

DTC_Elastic/Monitor

0.05 - w

0.00 : : : : : :
0 10 20 30 40

QA™)
Figure3.1: Comparisorof normalizedelasticscatteringn five scansafter dead-timecorrection.
It shavs thatthe elasticscatteringn eachscanoverlapwith eachotherquitenicely.

- Column # corresponding to X-axis : 1
- Column # corresponding  to DATA . 13
- Column # corresponding to NORM. : 12
- Column # corresponding to Auxl : O
- Column # corresponding to Aux2 : 0

ENTERFILE NAMESTO COMBINE, TO QUIT READING, ENTER'Q":
- File name to combine : in33 _2.asc

ENTERFILE NAMESTO COMBINE, TO QUIT READING, ENTER'Q":
- File name to combine : in33 5.asc

ENTERFILE NAMESTO COMBINE, TO QUIT READING, ENTER'Q":
- File name to combine : q
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READfile : in33_l.asc

Apply DEAD-TIME CORRECTIONFOR DATA (yin)? vy

1) Dead-time correction using detector  dead-time
2) Dead-time correction using pulser measurement

Q) Exit Dead-time correction

[1-2Q] 2

Enter column # containing  pulser

9

APPLY DEAD-TIME CORRECTIONFOR MONITOR(y/n)? n

CHECKVARIABLE AND ASSIGNED COLUMN#

- X-axis
- DATA
- Normalization
- AUX1
- AUX2

1
13
o 12
-0
.0

Detector  dead-time  Correction  using pulser

- Pulser column
No Monitor dead-time  Correction

CHANNELSETTINGS ARE CORRECT(y/n)?

READfile : in33_2.asc

READfile : in33_5.asc

9

y

Enter variable  name corresponding  to X-axis: Q
Enter variable  name corresponding  to DATA : Elastic
Enter variable  name corresponding  to  NORM.: Monitor

SAVE COMBINEDDATA:
- Enter file name for combined data:

in33_tutorial.comb

16



CHAPTER3. TUTORIAL: INg33GA067AS SEMICONDUCTOR 17

Make sure the X-column and combined variables have the correct value !l

Return to Preliminary data reduction

We just obtainedcombinedN-columnasciifile. The next stepis to convert it to the PDFgetX
input format: (Q, I, dQ, dl). Here Q is the magnitudeof scatteringvectoranddefinedasQ =
41tsin(8)/A. | is theintensityof elasticscatteringnormalizedoy themonitor, dQ anddl areerrors
in Q andl. In thistutorialwe’ll notpreprocesthebackgroundiata.lt’ Il be givenas4-column(Q,
[, dQ,dl) format.

[1-5Q] 4 /* Build PDFgetX input file *

The Input should be N-column(N>=2) ascii file
All columns should have same number of lines
Blanks and commas in columns are not permitted
Continue (y/n)? vy

ENTERFILE NAMETO READ: in33_tutorial.comb
Enter number of comment(and blank) lines in the data header : 2

CHECKFILE FORMAT:

1) Column contains  Q/Two-theta?
- Data in Qor Two-theta value?
2) Column contains  Intensity?
3) Column contains  Monitor/Time? :
- Normalization by Monitor or Time?: No Normalization
X) Exit.

oNnO -

[1-3X] 3

Column contains  Monitor/Time?  : 3
- Normalization by Monitor or Time(M/T)? m

1) Column contains  Q/Two-theta?
- Data in Qor Two-theta value?
2) Column contains  Intensity?
3) Column contains  Monitor/Time? .
- Normalization by Monitor or Time?. Monitor

w N O

X) Exit.
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[1-3X] X

SAVE PDFgetX INPUT FILE (Q, I, dQ, dl):
- Enter file name to for input file: in33_tutorial.inpu t

Return to Preliminary data reduction

Now, you obtainedtheinputfile for thestructurefunctionrefinementlf the X-columnis 26, then
the programcorvertsit to Q.

3.1.2 Reductionof Multi-Channel Analyzer(MCA) data

The MCA file formatcould bedifferentdependingon theinstrumentsThereforenerewe assume
an MCA file format which we usedin the datareductionprocess. The MCA file format we
usedis attachedn AppendixB. In this file, the scatteredntensityat every Q pointis distributed
to the whole MCA channels. So eachblock which is separatedy blank corresponddo each
Q point. In orderto corvert this file to the normal N-column ascii file, we needto know the
following information: Minimum Q or two-theta,numberof datapoints, Q/two-thetastep(this
shouldbe constant) total channelnumberof MCA. Many of theseinformationcanbe obtained
using“scansummary”functionwhichis a partof PDFgetX.Wewill notprovide whole MCA file
to do theanalysishut just oneMCA file to shawv you how it works. However we cantell thatthe
structurefunction obtainedusingSPECandMCA dataarebasicallysame.

[1-5Q] 5 /* Convert MCAfile to N-column ascii file *
File should have MCAfile format: Continue (y/n)? vy
ENTER MCAFILE NAMETO READ: in33_tutorial.mca
Build an X-axis column of corresponding  MCAdata
- The X-axis should be either 'Q" or 'Two-theta’

- The X-axis should have constant step (dX)

- Enter variable  name corresponding  to X-axis, [Q/TT] : g

- Enter minimum Q value : 36
- Enter number of data points . 251
- Enter Q step : 0.02
- Total channel number of MCA » 1024

READING MCADATA, BE PATIENT!

SET UP THE INTEGRAING REGIONS OF MCA SPECTRUM:
- Propagate upto four variables:
Elastic, Elastic+Compton, Auxl and Aux2
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- If the starting and ending channel number of a variable
- is same, the corresponding  variable  will not be propagated

- Start of elastic  channel © 639
- Stop of elastic  channel . 657
- Start of elastic_compton channel . 470
- Stop of elastic_compton channel . 657

- Start of MCAauxiliary channel
- Stop of MCA auxiliary channel
- Start of MCAauxiliary channel
- Stop of MCA auxiliary channel

NN - -
o O O o

read-write binary stream: _mcachannel
In directory: /homel/jeong/analysi s/g ai nas/da ta/ in 50/ mcafil e/
[* Open a binary file to save MCAchannel setting */

CHECKSETTING OF MCA CHANNEL

1) Start of elastic  channel . 639
Stop of elastic  channel . 657
2) Start of elastic_compton channel . 470
Stop of elastic_compton channel . 657

3) Start of MCAauxiliary channel
Stop of MCAauxiliary channel
4) Start of MCAauxiliary channel
Stop of MCAauxiliary channel
Q) Exit MCAchannel setting

NN - -
O O O O

Enter to reset channel setting [1-4Q] : g
INTEGRATE REGIONS OF INTEREST!!

SAVE MCADATA TO ASCIl FILE:
- Enter file name for MCA-derived data: in33_mca.dat

READ ANOTHERMCAFILE(y/n)?  n
EXIT MCAFILE READING:

Return to Preliminary  data reduction

Fig. 3.2shavs MCA spectrunof Ing 33Gay 67AS atQ=40&—1. TheelasticandComptonscattering
arewell separatedtthisvalueof Q. It alsoshavs somefluorescenc@eaksn low channehumber
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side.If youchecktheoutputfile, you'll find thatit containgQ, MCA _Elastic MCA_ElaComptand

MCA Spectrum of : In, ,,Ga, ,,AS

500
400 - 8
s 300 Elastic ]
= )
= scattering
@
e
I
£ 200 r 8
Compton
scattering
100 j b
0 MMJJ e
0 500 1000

MCA Channel number

Figure 3.2: MCA spectrumof Ing33Gay g7AS at Q=40&—1. It shavs thatthe very sharpelastic
scatteringaroundchannehumber640is well separatedrom the broadComptonscattering.The
fluorescencef thealloy areshavn belov channehumber300.

MCA _Det Tot. Whenthe programgenerates-column, it assumegonstantX-step. The whole
MCA files canbe convertedto N-columnasciifiles in this way andthenaswe did in “Reduction
of SPECfile” thesefiles canbe comparedand combined. Also it’'s possibleto apply dead-time
correctionfor MCA file.

3.2 Refinestructur e function of Ing33Gay.g7AS

Now we arealmostreadyto refinestructurefunctionof Ing 33Gay 67As semiconductoalloy except
two morethings;building setupfile andbackgroundsubtraction.

[0-4 qsulp] 1/ Enter to Build a setup file in Main *

BUILD SETUP FILE:

Note that the setup file is a text file  written
using Yorick syntax, and may be modified in emacs without going
through this whole procedure of building a new one.
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If PDFgetX crashes, check the (text) input file  very closely!

ENTER THE TYPE OF INCIDENT X-RAY RADIATION:
- [Slilver, [M]olybdenum,  [Clopper or enter [EJnergy [smce]? e
- Enter Energy of incident X-ray (KeV) : 59.67

SAMPLE INFORMATION:
Number of elements in the sample[Ex. InGaAs => 3]? 3

- Element # 1

- Enter the element (ions not yet supported) : in

- Enter fractional composition: 0.33

- Element # 2

- Enter the element (ions not yet supported) : ga

- Enter fractional composition: 0.67

- Element # 3

- Enter the element (ions not yet supported) : as

- Enter fractional composition: 1

- Enter absorption  coefficient*thickne ss of sample, mu*: 1.11
MONOCHROMATQOO.:

1) d-spacing of monochromator.  3.135

2) Position  of monochromator : incident_beam

3) Type of monochromator . perfect_cryst

Q) Exit

[123Q] Q

SAVE SETUP FILE AS: |n33_tutorial.set up

You'vefinishedcreatinga setupfile which containgnformationaboutthe samplecompositiorand
experimentalsetup. You maytake a look at the setupfile usingatext editorandcheckwhatyou
have there.Also you canaddsomemorecommentusingYorick syntaxif youwant. Thefinal step
beforestartingrefinemenis to subtracthackground Becausehe sampleitself affectsmagnitude
of background sometimesnstrumentbackgroundbackgroundmeasureavithout sample)over
estimatetherealbackground.Soin backgroundorrection,the programallows userscanchange
the magnitudeof backgroundoy multiplying correctionconstantn orderto make it matchdata
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morenicelyin low Q.

[0-4 qgsulp] 2 /* Enter to Background substraction in  Main *

The Input should be 4-column ascii file(Q, [, dQ, di)
Continue  (y/n)? vy

ENTER DATA FILE NAMETO READ :in33_tutorial.input
ENTER BACKGROUNBILE NAMETO READ: in33_bkg.input

BACKGROUNBUBTRACTION:

- Multiply  correction constant to background to make
- it match data more nicely in low Q (y/n)? n

- 30 negative intensities set to 0.000208106.

[* negative value are set to minimum intensity *

ENTERFILE NAMEFOR BACKGROUNDORRECTEMDATA: in33_cfbg.input

[0-4 qgsulp] 3 [/* start structure  function  refinement  */
ENTER SETUP FILE NAME: in33_tutorial.set up

READ INPUT FILE: It should be 4-column ascii file(Q, [, dQ, di)
- Enter data file name to read:  in33_cfbg.input

DATA REDUCTION:

read-write binary  stream: _history.pdb
In directory: fu24/jeong/PDFgetX/  marual/
[* Open binary file to save refinement history. Refer to the Appendix

SMOOTHDATA USING SAVITZKY & GOLAYMETHOD(y/n)? n

Flat Symmetric [R]eflection or [T]ransmission geometry (rt)? t
¥ Choose either symmetric flat  reflection or transmission geometry

Flat Plate Symmetric Transmission  Geometry Data Correction

WINDOWO: CORRECTIONEFFETS ON RAWDATA !

¥

22
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APPLY MULTIPLE SCATTERING CORRECTION(y/n)? 'y
- Does the data contain Compton scattering in high Q (y/ln)? n
- Multiple  scattering calculation in  transmission geometry

WINDOW3: MULTIPLE SCATTERING RATIO!

APPLY POLARIZATION CORRECTIONy/m)? n
=> Polarization correction NOT applied!

APPLY ABSORPTIONCORRECTIONy/n)? vy

NORMALIZATION USING MID-HIGH Q PART OF DATA
- Enter a mid-range Q value (roughly 26.4). 25
- 751 points are used for normalization
- Approximate  normalization constant:  1904.38

WINDOWL: CORRECTEMATA vs. TIS!
ENTER NORMALIZATION CONSTANT: 1920

APPLY COMPTONSCATTERING CORRECTION
- Apply Compton correction in  MID-LOW Q region using ’Ruland’  method.
- Enter integral  width 'b" (try 0.008): 0.003
- For details, please refer to the MANUAL!

WINDOWA: <f2>,  Compton, and Modified Compton by the Ruland function
WINDOW2: REDUCEDSTRUCTUREFUNCTION, Q*(S(Q)-1)!

CHECKIF F(Q) = (S(Q)-1)*Q IS APPROXIMATELYO AT HIGH Q
- Is F(Q) approximately 0 at high Q (yn)? vy

SAVE STRUCTUREFUNCTION, S(Q), TO ASCIlI FILE:
- Enter file name to save data: in33_tutorial.soq

Now you've obtainedstructurefunction. Beforewe move on, let's examinethe corrections
appliedduringdatareduction.First, Fig. 3.3(a)shavs all the correctioneffectson theraw data. |t
shaws stepby stepchangesf raw dataaftereachcorrection.In high Q, the change®f slopeis
noticeable. Fig. 3.3(b)shavs comparisorbetweemormalizeddataafterall correctionandtotal
independergcattering(TIS)We canseethatTIS linesupwith datain highQ regionnicely. Finally
Fig. 3.5(a) shaws reducedstructurefunction of Ing33Gayg7As semiconductor The oscillating
diffusescatterings clearin high Q region.

Table 3.1 shaws all the inputsusedin the refinement. Now let’s calculatePair Distribution
Function(PDFusingthe structurefunctionjust we obtained.
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Figure3.3: (a) Correctionson raw dataof Ing 33Gay.67As semiconductoalloy. In high Q region,
aftereachcorrection the changeof slopeis noticeable (b) Comparisorbetweemormalizeddata
aftercorrectionsandmean-squaraverageatomicscatteringactor ( 2). In high Q, thosetwo line
up quitenicely.

Data Corrections

1.02 16

— Ruland function
(c) — b=0.003
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Figure 3.4: Datacorrectionsin Ing33Ga g7As semiconductoarlloy: (a) Absorptionfactor{it =
1.11). Absorptioneffect becomedargerasQ increases(b) Doublescatteringatio. (c) Compari-
sonbetweermean-squaraverageatomicscatteringactor ( f2), ComptonandmodifiedCompton
usingthe Rulandfunction. Insetshavs the Rulandfunctionfor theintegral width, b=0.003.

[0-4 qsulp] 4 /* PDF calculation: G ¥
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Structure factor : In, ,,Ga, ,As PDF : In,,,Ga, ,,As
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Figure 3.5: (a) ReducedStructureFunctionof Ing 33Gay g7As semiconductor The high Q data
shaws oscillatingdiffusescattering (b) Pair Distribution Functionof Ing 33Gay 67As semiconduc-
tor. The nearest-neighbgueakis split into a doubletcorrespondindo shorterGa-Asandlonger
In-As bonds

Table3.1: Summaryof structurefunctionrefinement

Inputfile in33_tutorial.input

Backgroundile in33_bkg.input

Setupfile in33_tutorial.setup

Smoothing No

Geometry Tramsmission

Multiple Scattering Yes

Correction Comptonin high Q regionis discriminated

PolarizationCorrection | No

AbsorptionCorrection

Yes

NormalizationConstant| 1920

ComptonCorrection

Remaove mid-low Q Comptonintensityusing
Rulandmethod.Integral width, b = 0.003

CALCULATEPAIR DISTRIBUTION FUNCTION(PDF): G(r)

- Read structure  function:  (Q, S(Q), dQ, dS)
ENTERFILE NAME: in33_tutorial.soq
- Enter Qmax at which to cut the data: 40

- Read structure  function
- Enter maxmimum range,
- Enter PDF step size(dr):

from Q=11t0 Q=40
r(Angstrom)  for PDF calculation: 20
0.02
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Calculating PDF up to rmax=20 with dr=0.02.

- SAVEPDF: (r, G(r), dr, dG) (yn)? 'y
- Enter file name to save data: in33_tutorial.pdf

- Recalculate  PDF (y/n)? n

Congratulations¥ou've madeaPDEF Fig. 3.5(b)shavs pairdistribution functionof Ing 33Gay 67AS
semiconductoalloy. The nearest-neighbor(NN)eakshavs well resohed doubletwhich corre-
spondgo shorterGa-Asandlongerin-As bonds.This clearly shavs the power of high real-space
resolutionPDF methodto studythe local structureof the alloy. It could be instructve to obtain
the PDF usingdifferent Qmax to seehow it affectsthe shapeof NN peak. The dottedline shavs
+ onestandardieviation(©) of PDF;theerrorpropagatedo PDF from theraw data. Theripples
aroundsharppeaksareknown astheterminationripple. It is causedy thelimited Q valuein Sine
Fouriertransform.And thenoisepeaksnearto r=0 arecausedy noisesin thedata.
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Using PDFgetX

This chaptemwill teachyou how to usePDFgetX.For this purposefirst we’'ll give you overvien
of PDFgetX.And thenexplain how the programworks; we will explain the structurefunction
refinemenfprocess.

4.1 Overview of PDFgetX

Beforelearningthe specificcommandsndprocedures$o controlPDFgetX,it is bestto understand
howvw PDFgetXworks in a very generalway. This sectiondocumentghe “broad overvien” of
PDFgetXwhile thefollowing sectiongdiscusghe specificsat length.

The function of PDFgetXis to producePDFsfrom x-ray powder diffraction data, whether
from an sealedubex-ray sourceor from a synchrotronsource.Obviously, to begin the analysis
onerequiregherawdata Theraw datahowever, isin generatoo“raw” for analyticalprocessing;
notonly doesevery facility hasa differentdatafile format, but the datafile could containmultiple
scansthat oughtto be averagedtogether PDFgetXcan help reducethe raw datainto a more
convenientformat from which to startthe analysis but ultimately the responsibilityfor doing so
will lie with theenduser

The input file from which PDFgetXcan startthe analysiscontainsthe averagedintensities.
Pleasebe aware of the possiblenameconfusionthatcanoccur: the raw datafile refersto thefile
thatis directly outputfrom the computer(like SPECfile) whereagheinput file refersto a input
datawhich will beusedfor the calculationof structurefunction, S(Q). Someinformationregard-
ing the experiment(suchasthe wavelengthused)and someinformationregardingthe specimen
characteristicgsuchasthe stoichiometry)arerequiredin orderto apply propercorrection. The
experimentandspecimennformationarecontainedn a setupfile thatis requiredat every stepof
theanalysis.

With the setupfile andthe input file, the analysiscanbegin. Thefirst stageof the analysisis
to produceS(Q) whichis saved asthe S(Q)file. However, only the S(Q)file is usedin thesecond
stageof the analysisto producethe PDF. Note that eachstageof the analysisis independenbf
the others,so long asthe necessarynput files are present. Thatis, to recalculatethe PDF of a
specimenyou do not have to starttheanalysisrom inputfile; insteadyou canspecifythe correct
S(Q)file andthe analysiswill immediatelycreatethe PDFE

27
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4.1.1 Launching PDFgetX

You canstartYorick from ary directoryby typing yorick atthe prompt. At the Yorick prompt,
typepdfgetx andYorick shouldbegin executingPDFgetX.

current  directory: > yorick
Copyright  (c) 1996. The Regents of the University of California.
All  rights  reserved. Yorick 1.4 ready. For help type ‘help’

> pdfgetx

Then,thisis whatyou shouldsee:

Pair  Distribution Function from the X-ray powder diffraction (PDFgetX 1.1)

0) Preliminary data reduction

1) Build a setup file

2) Background Substraction

3) Reduction of Structure  Function:  S(Q)

Input file format : (Q, I, dQ, di)
4) PDF calculation
Input file format : (Q, S(Q), dQ, dS)
P) Print, S) Save, U) Unzoom, L) Limits windows

Q) Quit
[0-4  higpu]

Thisis themainmenu,andSection4.1.3will explainthe menuin detail.

4.1.2 Exiting PDFgetX

To quit PDFgetX,type“q” atthe main menuprompt. Thiswill exit PDFgetXbut leave you still
in Yorick. Type*“quit” to exit Yorick.

[0-4 higpu] q
Exiting  (PDFgetX 1.1):
> quit
current  directory: >

4.1.3 The Main Menu
Pair  Distribution Function from the X-ray powder diffraction (PDFgetX 1.1)

0) Preliminary data reduction
1) Build a setup file
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2) Background Substraction
3) Reduction of Structure  Function:  S(Q)
Input file format : (Q, I, dQ, dI)
4) PDF calculation :
Input file format : (Q, S(Q), dQ, dS)
P) Print, S) Save, U) Unzoom, L) Limits windows

Q) Quit
[0-4  higpu]

The main menuprovidesyou with several options. Simply type the numberor letter of the
optionyouwantandhit “Enter”.

Option0: Thiswill accesaninteractve routinethatcanextractscan(sfrom raw SPECdata
andMCA dataacquiredfrom x-ray powder diffraction experiments.Correctionfor detectorand
monitordead-timecorrectioncanbe applied.You canalsocomparevariables(e.gelastic)in each
scanandcombinescando getaveragevalue.

Option1: Thiswill accesaninteractive routineusedto createa setupfile describingthe con-
ditionsof yourexperiment.Thesetugfile is neededatseveralstagesn theanalysisPDFgetXwill
promptfor the nameof the setupfile atthe appropriatgoints.

Option2: Thiswill accesaninteractve routinethatcansubtractbackgroundrom aPDFgetX
inputfile.

Option 3: This will accessaninteractive routine that appliesmostof the correctionsto the
dataandproducesS(Q). Thosecorrectionsgrequiringfeedbackirom the userwill promptfor the
necessarynformation.

Option4: Thiswill accessaninteractve routinethatcalculateghe PDFfrom SQ).

OptionP: Whenthereis a Yorick window presenbnyour screenyou mayselecthisoptionto
print the contentof thewindow. Whenprompted specifythe numberof thewindow (thisnumber
shouldbe visible in thetitle barof thewindow. “Yorick 3” would indicatea window numberof
3.). This optionis only availablefrom the main menu,which meanghat printing is not possible
while doingtheanalysis.

Option S: This option save the specifiedwindow aspostscript(PS)file or windows metafile
(WMF) in your directoryinsteadof sendingfigureto printer

OptionU: This UN-zoomsawindow. Yorick permitszoomingon a datawindow (left-button
zooms right-button UN-zooms,andmiddle-hutton drags.You may alsoclick on oneaxisonly to
zoomor unzoomthataxis.) but sometimest is difficult to make the window look theway it did
beforethezooming.In thatcase selectthis optionand,whenprompted specifythewindow num-
berto unzoomthe window. Unzoomingonly returnsthe window to the stateit wasin beforethe
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mouse-basedooms;manually-specifiedxislimits (optionL) supersedtheeffectsof this option.

OptionL: This allows you to manuallyspecifythe axis limits for a givenwindow. Enterthe
window numberwhenprompted.

4.2 Data Analysis Procedurein PDFgetX

TheFig. 4.1 shaws flow chartof dataanalysisproceduran PDFgetX.As is shavn, the analysis
proceduras composeaf four mainblocks,“PreliminaryDataReduction”,"Build PDFgetXinput
file”, “Refine StructureFunction”, and“PDF Calculation”. Sincemostprocesse# the main

PDFgetX Data Analysis Procedure

Preliminary Data »| Build PDFgetX Refine L '
i o Input file Structure Function PDF Calculation

(Q, Intensity, dQ, dl)

Yes_| Multiple Scattering

G(N=FTQ(S(Q)-1)]

Extract Scan(s) Background No Correction Fourier transform of
from SPEC file substraction reduced structure
Yes Polarization function: Q(S(Q)-1)
Extract data No Correction
[——
from MCA file
Build a setup file Ves
Absorption PDF: G(r
Compare & Combine — No Correction [ sy

Scans
—— Sample information: (r, G(r), dr, dG)
Compton Scattering

Sample elements and composition

Dead-time Correction
- .
Correction . .
— Experimental setup info:
X-ray wavelength Laue Scattering
Monochromator info Correction

- type, position, d-spaceing
Absorption coefficient

Merged"N'—cqumn —— File location:
Ascii file Compton scattering

(Q, Elastic, Elastic+Compton, Monitor, etc) Atomic scattering factor
Mass absorption coefficient

Structure Function
S(Q)

Q. S(Q). dQ, ds)
Figure4.1: Dataanalysisproceduren PDFgetX

blocks are alreadyexplainedin the tutorial chapter we will not repeatthe explanationfor the
wholeprocessinsteadwe’ll give explanationfor therefinemenprocessn detail.

In orderto refinethe structurefunction, we needto apply five major corrections;dead-time,
multiple scatteringpolarizationabsorptionandComptonscatteringcorrectionsin thesecorrec-
tions,dead-timecorrectionwill beappliedin the preliminarydatareduction.All othercorrections
will be appliedduring structurefunction refinement.The Fig. 4.2 shavs flow chartof structure
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Refinement of Structure Function

Input file (Q, I, dQ, dI)
Setup file

Smooth Data using Savitzky & Golay methdd Yes
N " Y -— Smooth Data
- Smooth data between Qs to Qmax

- Need input for Qs

- Select # of points to be used in smoothing
- Enter one of the following: 3, 5, 7, and|9

Transmission or
Reflection Geometr,

SMOOTH
DATA

Does the data contains Compton scattering|

Multiple Scattering in high Q region (Y/N)?

Correction

Enter degree of polarization of the incident X-rays:

- Conventional X-rays; not polarized
=>deg. pol =0

- Synchrotron X-rays; almost 100% polarized|

=>deg. pol =0.95-1.0

APPLY MS
CORRECTION

Polarization
Correction

APPLY Pol.
CORRECTION

APPLY Abs.
CORRECTION

Absorption
Correction

No

Normalization using mid-high Q part of dal
Enter normalization constant NORMALIZATION

Compton Scattering

Correction

Compton scattering in high Q region is discriminated

Apply Compton scattering only in mid-low Q region Compton scattering is not discriminated|
using Ruland method. Compton scattering will be modifigdV0 i Yes : N
9 P! 9 Compton scattering™, _ > __| Apply Compton scattering correction
by the Ruland function. The parameter determines the shape in high Q region 2 using theoretical Compton profile
of Ruland function is called 'integral width’, b.

Enter integral width, b (initial trial value: 0.008)

m
COMPTON
CORRECy/

Laue scattering
Correction

S(Q) = I(Q)/<f>

Multiple Scattering Correction|

S(Q) fluctuate around 1
in high

Q )
Q Refinement incomplete

Yes

Structure Function
S(Q)

(Q,S(Q), dQ, ds)

Figure4.2: Structurefunctionrefinemenproceduran PDFgetX

P_{ polarization Correction| |

31
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functionrefinemenprocessDuring therefinemenprocessthe programasksinput if it is neces-
sarysopleasebewvareof the messageenthescreen.

4.3 History File

During datareduction,PDFgetXrecordsall the experimentalinformation, parametersisedfor
correctionsintermediatecorrectionresultsto a binaryfile. Thedefaultfile nameis “ _historypdb”.
You canlook atthe contentof thisfile usingYorick command.

> 0 = openb("_history.pd b")

> show, o
37 non-record  variables:
R date nc
Z deg_pol pf
absflag dis_mono polflag
aft dstran pOS_mono
aw elementsname q
coh_data f2ave S0(Q_process
compo fave2 rn_data
compton fpara rn_data_cfcompt
compton_hiq geometry smflag
data_cfbg lambda S0q
data_cfbgms mabscoeff typ_mono
data_cfbgmspf mscflag
data_cfbgmspfabs mut
>

For example,you cansimply checkyour experimentalgeometryby typing

> 0.geometry
" means reflection geometry */

For acompletedescriptionof historyfile seeAppendixC.

4.4 SomeYorick Information

This sectiondescribesomemiscellaneousnformationregardingthe operationof Yorick, within
the context of PDFgetX.

At ary time, you may stopthe executionof PDFgetXby enteringcontrol-C.You may restart
PDFgetXat ary time. If PDFgetX,for somereason crashesyou cansimply restartPDFgetX
from within Yorick. It will notusuallybenecessaryo exit Yorick beforerestarting?DFgetX.You
may zoomary Yorick window usinga mouse. The left mousebutton zoomsin, theright mouse
buttonzoomsout, andthe middle button canbe usedto drag(if you have atwo-buttonmouseuse
both the right andleft buttonsat the sametime). Click on anindividual axis to affect only that
axis.
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Data Corr ections

Themeasure-ray diffractionintensitymaybe expressed10] by
IMAQ) = PAIN(IE"+ 155 + 18] (5.1)

whereP is thepolarizatiorfactor Atheabsorptiorfactor N normalizatiorconstantandl 31, 1in¢, | mu!
arethecoherentincoherent(Comptongndmultiple scatteringntensitiesyespectrely, in electron
units. We candefinethe structurefunction§(Q)) in thefollowing form.

S(Q) = (183"~ ({(F2) —())2)]/(f)? (5.2)

where(f) is the sampleaveragescatteringfactor Thereforeto geta structurefunction, we have
to dothefollowing correctiong11] stepby steponraw data.

0) Dead-time correction

1) Multiple  scattering correction
2) Polarization correction

3) Absorption  correction

4) Normalization

5) Compton scattering correction

6) Laue diffuse  correction

5.1 Dead-Time Correction
In high-enegy, high-intensitysynchrotrorx-ray diffractionexperimentsthe detectorandmonitor

dead-timeeffectonthemeasure@xperimentallatais ratherlager Thereforan theseaxperiments,
properdead-timecorrectionshouldbe appliedbeforeapplyingstandardtorrections.

33
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In the PDFgetX,the dead-timeeffect canbe correctedby measuringdetectordead-timeand
usingthefollowing Eq.(5.3).

Nm

(1)

Netc = (5-3)
wheret is dead-timeof detectoror monitor, Ngic the deadtime correcteccounts N, the measured
counts,Ni thetotal countsof detectoror monitorandt, the measuringime for eachdatapoint.
Or dead-timeeffectcanbecorrectedusingthe pulsermethod ][9] A pulsertrain from anelectronic
pulserof known frequenyg canbefed into thedetectopreamp.Themeasureadountsin the pulser
signalin an SCA window seton the pulsersignalis thenrecordedior eachdatapoint. The data
dead-timecorrectionis thenobtainedby scalingthe raw databy the ratio of the known pulser
frequeng andthe measuredpulsercounts. The Fig. (5.1) shavs a comparisonof dead-time
correctionusingthesetwo methods.

Dead-time Correction: In, ,,Ga, ,,As

1.8 0.5 ‘ 620 . ; ‘
L 0.08 1
~ DTC: pulser method (b) 0.06
5 © DTC: dead-time(15us) 0.4 + <] -
3 ~ 004 - M
< L 1
= 0.02
§=] 0.3 .
g al 0005 1 12 13 14 15
= QA™)
Q
3]
g 0.2 - -
E L Before dead-time correction
©
o)
(a] 01 B
0.0 . . :
0.5 =
L 0.08
@ 006
04 ]
0.04 [
0.02 [ 0.02
03 - 00 11 12 13 1 x 03 000 11 12 13 1 1
) QAY QA™)
g
0.2 - 0.2 -
After dead-time correction [ After dead-time correction
01 using pulser method 01 using dead-time,15us
I ’u \"M\'—\'_"___ | /} '
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Figureb5.1: Dead-timecorrectionin Ing 33Gay 67As semiconductoalloy: (a) Comparisorbetween
the dead-timecorrectionusingthe pulsermethodanddead-time(15 ps) measurementCompar
ison betweenow Q andhigh Q elasticscattering:(b) beforedead-timecorrection. Low Q data
don' overlapwith thehigh Q dataatQ=12-13A-1, (c) afterdead-timecorrectionusingthe pulser
method,(d) afterdead-timecorrectionusingthe dead-timemeasurementfter dead-timecorrec-
tion in bothcasesthelow Q andhigh Q dataoverlapswith eachotherquitewell.
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Figure5.2: Double ScatteringRatioin Ni, upperpanel: transmissiorgeometry lower panel:re-
flectiongeometryexperimentaldataincludesComptonscatteringwavelengthof x-ray: 0.710A

5.2 Multiple Scattering Correction

We'll considerhereonly the doublescatteringprocesssinceit representshe major part of the
multiple scattering. To calculatedoublescatteringratio, we followed the methodsuggestedy
WarrenandMozzi [12]. Accordingto WarrenandMozzi, the doublescatteringatio is given by
Eq. (5.4)
|(2) _ BZCQM(ZG,a,b”ﬂ)
(1)~ I(28) 5 Am(m)

where,B = ¥ Z? and A, | (m) arethe atomic weightsand massabsorptioncoeficients of the
atoms.And J(20) is an approximateepresentatiofior independenscattering,y; f2 or 3;[f? +
i(M)]; dependingon whetherthe measurementsclude only the coherentscatteringor both the
cohereneindincoherenscatteringandgivenin Eq. (5.5).

(5.4)

1-a

I(20) =Bt Give

) (5.5)
where,a, b areparametergndcanbe obtainedboy fitting J(20) to eithers; f2 or 5;[f2+i(M)];.
Qwm is acomplicatedfunction dependingon Q, L, fitting parameters andb andgeometry For
details,refer to the papersby Dwiggins Jr. [13, 14]. As you canseein Fig. (5.2), the multiple
scatteringdependn absorptioncoeficient andgeometry In transmissiorgeometryit becomes
larger as Q increases.In reflectiongeometry however, it increaseaup to maximum point and
decreasa little bit afterthat. We canseethat smallerthe absorptioncoeficient, smallerdouble
scatteringatio, in bothcaseg15].
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5.3 Polarization Correction

PolarizationfactorP is givenby thefollowing Eqs.[10]:

(A) Usingafilter
P=(1+cog26)/2 (5.6)

(B) Usinga crystalmonochromator
P=(1+xcos20)/(1+y) (5.7)

where?28 is the scatteringangle x = cos’ 20, for amosaicmonochromatocrystalor x = cos20¢
for a perfectmonochromatocrystalwhere 2a. is twice the Braggangleof the monochromatic
crystal. In Eqg. (5.7) x =y whenthe monochromatoris locatedin the incidentbeam,andy = 1
whenthemonochromatois setin thediffractedbeam.

In thecaseof thesealedubeX-ray diffractometerincidentbeamis unpolarizedsothefull po-
larizationcorrectionshouldbe applied. However, the SynchrotronX-ray radiation(e.g. CHESS)
is almostperpendiculariypolarizedto the detectomplanethereforeonly partialpolarizationcorrec-
tion is necessaryusuallylessthan5%.

5.4 Absorption Correction

AbsorptionfactorA is givenby thefollowing Egs.:

(A) Flatplatereflectiongeometry

Averl = [1—exp(—2pt/sind] /2 (5.8)
(B) Flat platetransmissiorgeometry

Atran =t exp(—pt/cosB)/cosb (5.9)

Fig. (5.3) shaws the absorptionfactor as function of angle and absorptioncoeficient. In
reflectiongeometryif the absorptiorcoeficientis large enough(t > 4), theres almostno angle
dependencef absorptiorfactor In transmissiorgeometryhowever, whenabsorptiorcoeficient
is aroundl, theangledependences minimal.

5.5 Compton Scattering Corr ection

Comptonscatteringcorrectionis very importantanddifficult in X-ray diffraction dataanalysis.
Fig. (5.4) shaws elasticand Comptonscattering. We can seethat Comptonscatteringoecomes
much larger than coherentscatteringin high Q. So even the small errorin Comptoncorrection
causedig errorin determiningcoherentscattering. Thereforeit’s betterto discriminateComp-
ton scatteringfrom elasticscatteringthanto correctit theoretically Comptonscatteringcanbe
removed experimentally particularly at large scatteringangles,usingan analyzercrystalin the
diffractedbeam,or using a solid statedetectorwith a very narrav enegy widow setup. When
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Figure 5.3: AbsorptionFactorin transmissiorgeometry(uppepanel)andin reflectiongeome-
try(lower panel)
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Figure 5.4. Comparisonbetween Compton and elastic scattering intensities measuredin
Ing.33Gay.67As. Above Q=30A 1, the Comptonbecomedargerthanthe elasticscattering.
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the Comptonscatterings not discriminated we have to usetheoreticalComptonprofilesto ap-
ply correction. In this casewe have to take into accountthe ‘Breit-Dirac’ recoil factor R [16].
Formerly R wasusuallysetequalto unity, whichis still anacceptabl@approximatiorfor elements
of high atomic number For light elementsand for present-dayhigh-precisiondiffractometric
measurementiowever, it is essentiathat R be numericallyevaluatedif the maximumamount
of informationinherentin the experimentaldatais to be extracted.Accordingto Ergun[16], the
following Eqg. (5.10)shouldbe appliedwhenthe numberof photonsper unit areaper unit timeis
measuredaswith counters.

A 1
R=(5)2= ————5— (5.10)
A (1+ r%]hcsn)'l\ze)z

where\ and\” arethewavelengthof incidentandComptonscatteredeam.

In this programwe useanalyticalComptonscatteringormula[18] to calculateComptonpro-
file. Onecancomparehisresultswith theoreticalComptonscatteringlatafrom the‘International
tablesfor crystallographyC’ [17] andfind the differencebetweerthesetwo arevery small. Even
whenthe Comptonscatteringn high Q is discriminatedthe datastill containsComptonin mid-
low Q region. In orderto remove the Comptonin mid-low Q region, we usethe methodsuggested
by Ruland[19]. In this method,the Comptonintensityin the datais smoothlyattenuatedvith
increasingQ asis shavn in Fig. 3.4(c).

5.6 Normalization

The measuredck-ray intensityis arbitraryvalue. The intensity shouldbe normalizedproperlyto
getphysicalmeaning.To determinenormalizationconstantN, we usehigh Q partof data.In this
method the normalizationconstantN is definedin thefollowing way.

| JomI) +18%(Q)dQ
J&r1eon(Q)]dQ

In Eqg. 5.12,1°°" correspondgo the dataafter correctionsfor background,multiple scattering,
polarization,andabsorption.The theoreticalatomicscatteringfactoris calculatedusingthe ana-
lytical formulasuggestethy D. Waasmaie& A. Kirfel [2].

(5.11)

5.7 Laue Scattering Correction

Lauetermis definedas(f2) — ( f)2. TheLauescatteringoccurswhenthereis noshort-rangerder
andthe atomsaredistributedrandomlyandit decreasemonotonicallywith increasingscattering
angle[12].

5.8 Pair Distrib ution Function

The atomicPair Distribution Function(PDF)G(r), canbe obtainedfrom powder diffraction data
througha sineFouriertransform:

G(r) = 4mrfp(r) — pol = = [ QISQ - Usin(Qr)dQ 512)
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wherep(r) is the microscopicpair density p, is the averagenumberdensity andQ is the mag-
nitude of the scatteringvector The PDF is a measureof the probability of finding an atom at
a distancer from anotheratom and gives information aboutboth averageand the local struc-
ture of materials.For moreaboutPDF analysismethod,look up the papersby Egami, Toby and
Billinge [20, 21, 22].

5.9 Error Propagation

In mostdiffraction experimentsthe measuredliffractionintensitiesaresubjectto statisticalfluc-
tuations. It is known that the detectionprocesss well representedby the Poissondistribution.
Accordingto Poissordistribution, the standardleviation of statisticalfluctuationss givenby v/N
for themeasured\ counts. This errorin measuredntensitieswill be propagatedo the errorin
a function(e.g. PDF) determinedrom thesemeasuredntensities. The estimatederrorin PDF
will be usedto testthe quality of modeling. In generalanerrorin function f(xy,...,%,) canbe
calculatedby thefollowing Eq.

of 2 of 2
of = \/(a_Xléxl) + ... +(E6Xn) (5.13)

The errorin the Structurefunction, S(Q), is estimatedoy propagatingerrorin the measuredn-

tensitiesthrougheachcorrectionstep. For the calculationof errorin G(r), the following Eq. is

used[21].
2 .
Og(r) = - g 05Qy QxAQkSINQr (5.14)
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SPECfile format

In thisappendixthe SPECile formatusedin the dataanalysigs presentedT hefollowing shaws
sampleSPECfile.

#F in33_tutorial.spec

#S 1 ascan pmQ1l 13 600 1

#D Fri Sep 18 16:13:55 1998

#T 1 (Seconds)

#L pmQereal elive Epoch Seconds IC1 IC3 |_CESR PULSERTOTAL COMPTONC2 ELASTIC
1 207 1967 75931 2.11758 556914 396634 394.395 416 2866 233 31718 606

1.02 207 1968 75934 2.11849 558523 396548 394.159 432 3000 217 31791 610

1.04 206 1962 75936 2.10892 555188 394768 392.324 414 3030 253 31569 591

106 2.07 1969 75939 2.11886 558933 396616 394.023 417 3138 240 31776 647

1.08 207 1977 75942 2.1189 559126 396636 393.919 419 2923 246 31839 639

#S5 2 ascan pmQ1l 13 600 1

#D Fri Sep 18 16:40:55 1998

#L pmQereal elive Epoch Seconds IC1 IC3 |_CESR PULSER TOTAL COMPTONC2 ELASTIC
1 207 1999 77606 2.11876 490517 396566 353.616 418 2397 186 27129 533

1.02 2069 1997 77609 2.11807 490872 396438 353.319 415 2486 194 27167 558
1.04 207 1.989 77612 2.11884 489377 396583 353.419 416 2672 177 27045 536

1.06 207 1.996 77614 2.11884 492200 396585 353.414 428 2551 195 27218 551

1.08 206 1.989 77617 2.10866 488500 394682 351.707 419 2458 199 26993 550

#S 3 ascan pmQ12 40 1400 1

#L pmQereal elive Epoch Seconds IC1 IC3 |_CESR PULSER TOTAL COMPTONC2 ELASTIC
12 2.07 1115 88417 2.11861 633382 399154 451.721 317 44519 7243 634757 29557
12.02 2.06 1.137 88419 2.1088 628412 397322 449.505 313 43218 7290 630504 28163
12.04 207 1.166 88422 2.11877 625842 399215 451.612 327 42631 7336 630216 27395
12.06 2.07 1.185 88425 2.11884 624286 399227 451.478 299 41732 7166 629057 26469

40
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As is shavn in the sampleSPECHile, all the commentsandcharacterstartwith # mark. To
specifyscannumber#S is usedandfor the scanheader#L andsoon. To separatescansblank
line is used.Exceptthesethingsthe SPECile is the sameasthe multi-columnasciifile.
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Description of the history file

In this appendix,the contentof the history file (“_historypdb”) is described. The history file
containsall theexperimentainformation,parametersisedfor correctionsintermediatecorrection

results.
Parameter
elementsname
Z

compo

aw

mabscodf

lambda

mut(ut)

geometry

mscflag

mscRaram

polflag

polParam

Description

Nameof sampleelements Ex. [“In”, “Ga”, “As”]

Atomic numberof sampleelements Ex. [49,31,33]
Compositionof sample; Ex. [0.33,0.67,1]

Atomic weightof sampleelements Ex. [114.82,69.72,74.92]
Massabsorptiorcoeficient of sampleelementsat wavelengthA
Ex. [6.36,1.88,2.23]for A=0.2078A

Wavelengthof incidentX-ray

Ex. [0.2078]for E = 60 KeV X-ray radiation
Absorptioncoeficient*samplethickness

Configurationof diffractometer

r=Reflectiongeometry

t=Transmissiorgeometry

0=Nomultiple scatteringcorrection

1=Multiple scatteringcorrection

mscflag= 1: fpara,dsrefl,dstran

fpara=parametenssedto approximatescatteringn functionJ(\Warren& Mozzi, 1996);
dsrefl=doublescatteringatio, I2/I1 in reflectiongeometry
dstran=doublescatteringatio, 12/11 in transmissiorgeometry
O=No polarizationcorrection

1=Polarizatiorcorrection

polflag= 1. posmono,typ_mono,dis_.mono,dey_pol, pf
posmon: Positionof Monochromator
inc=PrimarybeamMonochromatqrref=DiffractedbeamMonochromator
typ_mono: Typeof Monochromator
pc=Perfectrystalmonochromator
mc=Perfectrystalmonochromator

dis-mono: Distancebetweercrystalplane

42
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absflag

absRram

smflag

smoothRram

comptonhiq

comptonRram

nc
R
sogprocess

date

fave

fave2
compton

q

datacfbg
datacfbgms
datacfbgmspf

Ex. Graphite(002)d = 3.3570A, Si(111),d = 3.135A
deg_pol : Degreeof polarizationof incidentX-ray beam
Synchrotrorsource=- 1, X-ray tube= 0

pf = polarizationfactor

O=Noabsorptiorcorrection

1=Absorptioncorrection

absflag= 1: afr, aft, mut(ut)

aft=absorptiorfactorin transmissiorgeometry
afr=absorptiorfactorin reflectiongeometry
0=Nosmoothingof data

1=Smoothingusingthe Savitzky-Golayfilter
smflag=1: g_s,num.ps

g.s = startingpoint of smoothing

num.ps= numberof pointusedin Savitzky-Golayfilter
Y= containComptonscatteringn high Q region of data
N= Comptonin high Q is discriminatedno Comptonin high Q
comptonhiqg = N : integralLwidth, wf

integral width = control parametefor awidth of window function
wf = Rulandwindow function

normalizationconstant

Breit-Dirac Recoil Factor
0=S(Q)reductionprocessncomplete no S(Q)obtained
1=S(Q)reductionprocessompleted S(Q) obtained
Dateof refinement

(£2), sampleaverageof squareof scatteringactor

( f)2, squareof sampleaverageof scatteringactor
TheoreticalComptonscattering

Q(4rmsin(8) /A) array

Dataafterbackgroundcorrection

Dataaftermultiple scatteringcorrection
Dataaftermultiple scattering& polarizationcorrection

datacfbgmspébs Dataaftermultiple scatteringpolarization& absorptiorcorrection

rn_data

rn_datacfcompt

coh.data
soq

Normalizeddataafterall necessargorrections
Datacorrectedor Comptonscatteringafternormalization
Coherenscatteringdata

Structurefactor
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MCA file format

In thisappendixthe MCA file formatusedin thedataanalysiss presentedThe MCA file format
usedin this manualis two columnasciifile asshavn in thefollowing Fig. C.1. Thecorrespond
MCA spectrums shavn in Fig. 3.2. Thefirst columncorresponds$o the MCA channelnumber
which startsfrom 0 to 1023in this case( sototal MCA channel = 1024).And theseconccolumn
is theintensitydetectedteachchannel Each1024linescorrespondso oneQ valueandseparated
by theblankline. Thereforeto corvert MCA file to N-columnasciifile, thefollowing information
is neededjotal MCA channelnumberandthe correspondingQ” column. You cangetthe“Q”
columnfrom thecorrespondingcan(savedin SPECile) oryoucangeneratéQ” columnif it has
constanstep.In this caseyou needQmin 0f your scan total numberof pointsin your scan,andQ
step.

44
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MCA channel Intensity
0 0
1 0
2 0
600 23
601 34
602 15
603 65 (0]0)
604 34
605 22
1020 0
1021 0
1023 0
blank line
0
1 0
2 0
600 23
601 34
602 15
603 65 :
i+1
604 34 Q1)
605 22
1020 0
1021 0
1023 0
blank line
0 0
1 0
2 0
600 23
601 34
602 15
603 65 i+2
604 34 Q(i+2)
605 22
1020 0
1021 0
1023 0

FigureC.1: MCA file format
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