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NIISTUUENABILET 1.1W (BLLIW) IdWaiunimaila X-ray reflectivity (XRR) & 18sla/1Ag
Tusnisluanitummnnon maledlidoyaddymafuiidy 1 armumun euvuiuiusesusiasty
fldw Auvgvszvesiaviesessiosevituiidy maliamstailldgunsaifinfniuiedo knife edge
uanifuldgunsaiuazsirindifiogudlu BLL1W Wsunsulunafuteyadiwamud ueenuuulvidaiy
anefuuaziteronisldanu annsainsialdvangieeseiesiululnun Macro msindegiee
mfwesinuziagldnanfios 19 uifl nanieaeuRIERIe81993 M 9TEUY XRR Tiadeduan
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szuuadonasd 1.1W (BLL.1W) tduliusnsinaila Xray absorption spectroscopy (XAS)
wae (X-ray fluorescence spectroscopy (XRF) Tugrniudu seunsuliusniswaila Powder x-ray
diffraction (PXRD) & 9519 992 ¥auuy 1D (Mythen detector) hag 2D (MAR345 detector) Waguey
vouLnngUnsalfidlilsusglovigefignisiammaia Grazing incidence x-ray diffraction (GIXRD)
waz Anomalous x-ray diffraction (AXRD) waziiiosangslafiszuudndeuadialuaaitus Alduas
ulasnseulviuinsmedafiannsovaenauaudAinefiunrumuivesiiosiiduianteu 3al4T
mswmmmadianisin XRR Aduduludiunsinsgianum ATNegIse ATEMUILLLYESFaENs
Tudnuwaeduune (thin film) 119 BLLIW Wddunagauanudululalunisia XRR daewata Mythen
Tudleunsngiau 2563 TnevhmsnaaeuiazaiuszUuLUY manual wuhannsaldinsesieisleglunis
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watlailldvdnnsineagvieugasan (Maximum reflectivity intensity, Max intensity) a1nnsazioussd

ngmUasulumuyuannsgny Aaiuden1sNIuaIed1s (sample stage) Nanunsausuyuls matail
anunsadasziianlavainvateviavianduwuundniaen (Single-crystalline) wansau (Polycrystalline)
wazadug1U (Amorphous)

TUslduasnsasioussdiond (XRR profile) Hanwugidumunsduinanmsunsnaenueenis

a v

AxVRUTAAINKITIUULAL TREAB TENINTUNIT0EADTENINNIANFIUTE (substrate) Fen1TUnINdan

' '
a Yo % v a

1 1 Junsdniuludie Kiessing fringes (Kiessig, 1931) dwiuasUdayafianunsainsiznlaain XRR profile

Y Y

[
a6 U

muiandlugun 1 auvesmsduiuduegiuanununvestuildy suildui aAnnuvuiuin a1un1sdu



a a A v oa s a a v 1Y) = ° ! a
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Wihluyaange (critical angle, 6,) ANUMUIKUUNRANATUYITUNANLAL substrate daNATIRINEY
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Critical angle : Density
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1391 refinement lagABINITTOLAATUAIINUNUY ATIUNUILUY ANNTVTUTEIULARETUYDINANUNN

A1ROUAINNITUsTIMAINTmesTaeldisidaesdosngauuuldiluidunse (non-linear least-



squares method) LgUIENINMAIINNTIRALIUNANATINTUNNIINNO B VB Parratt (Parratt, 1954)

Sufunguijves Nevot wag Croce 33331A1NNUTVIEULUME (Nevot & Croce, 1980).
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Reflectivity without KE: E(6)

Reflectivity
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U

2018)

pA

YUABUNITALLUIIY

Funaulun1sIAs1zrdlas1eemAtA XRR WUy 3 Tunaude (1) WwIsuszuun1sinnanidl

(%
a o o

Yy a o . 2 v a ¢
NAABDINIDUANEI] sample holder (2) pinELAZIN sample allgnment way (3) ﬂ’liLﬂUﬁUE};ﬂﬁLLﬁ%’JLﬂ’i’lW

gUnsalddildased

1. GIXRD sample holder § 9T A UUT A ad suY T-axis sample stage (Gl stage) Laguu
goniometer ﬁagj‘uu spinner

2. Knife edge

3. Mythen detector (1D detector)

4. lonization chamber (#115Un15%11 alignment)



dunsuegrsdmsunaaeuldfuanueynseian as.dauiun daladidudiegendl 4 du
UU Si substrate Fuwsn Cr Mduduivihliiansazieuldanun 2 nm deunmedy B.C i1 19 nm way
doetuuuagn (Pd wag ) MIMWIIAMUVT 1 nm AuanIgun 4 fegetiuntuininumuives 1 nm &
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Angaulun1megou waziasesilelglun1swandl European Synchrotron Radiation Facility (ESRF)
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NAM WININUEILNANITNAFBUINNLATEIIA XRR (Morawe, Peffen, & Pakawanit, 2018) 7 ESRF Lialy
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Sample and system set up
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footprint) Huuine1d sndegu THruauadlunuIng (vertical beam size) iavualaglifn 3 mm 7

1% 1
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yuaLaniianfigadl flux weldanunsadaluniaiUssunams«ialus annsmegeunuitvuinvesuasiy

WATMNNEaNAD 0.1 mm @99zdl beam footprint 57.3 mm NLULEINNNTENURIBE1R 0.1 degree



NS I9INNTHAS BUVLIALET T AL T AN UAZYINSA AR 3 sample holder U
alignment Tngl433 Half cut wuuiiieniunis alisnment dm3UN1531ATI9 GIXRD Jeanunsauvadu 3
Funeundnite

1. Height adjustment 1un5U3U Gl stage Fu-ae 1ivelw stage W30 sample agjﬁmmmaﬂu
kU vertical mm‘?iqm

2. Theta adjustment 1Junisusuyulifianiinues Gl stage vunuiuuadluwug Horizontal 170
e

3. Height re-adjustment [unsyhentunouit 1 ileliduasuuivinfiduanduneud 2 1%
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dmiutunou Sample alignment waznsldlusunsuegsasidenanunsadnuiiuiulaain
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AMEUFI91N alignment +@53 U1 Mythen detector 1dsunianisinwaglintndeg1avuny
Jutkad (pitch = 0 degree) sTfﬂLﬂu%umauqmﬁwaiuﬂﬂs alignment 91n1U¥ASUSY Main theta Tridae
fgauinfl direct beam lainsenuvinialaonss Fadrilvgjazeguszanam 0.05 degree lagseninanis
NAFOUMAILYMLA Main theta azdadltinarlunsinldesiian 1wy 1 unfiieannridemeiionaas
Aafuiade 1599910 Mythen detector & Dynamic range 24 bits %mmmaﬁuﬂ'ﬂﬁmmﬁ'qm
16,777,215 cps a1nn19nAaesas svnldauranas 0.1 mm dsudazlau direct beam AdelaiAu
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W99 1nl@RILLe Main theta 789 Mythen detector U&7 azfasw1A1 Channel threshold 7
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foan1sazTaLduviean Anguidudu (Pitch start) uazAamaavie (Pitch end) ldaatlunis¥a (Exposure
time) 1 sec viasnyimsiaasals zoom wﬁwmé’ﬁuuuﬁLﬁuﬁﬁagaamwdw Intensity wag Channel
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XRR Measurement

vmsnsendmsfwesildlunisia Ae Pitch start Fedrlvnjazlaiiu 0.5 fug Pitch end
sunnnsenuiidies1eidsululunisTausazads (Pitch step) uag Pitch zero Fadurdedaves
TUsunsuitszyin pitch = 0 degree Taglde pulse gavinevoselnesfnIuAL Theta adjustment 19
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n13a$19 XRR profile 21nA1 Max intensity Tuudazyumnnsgnutiuannsavild 2 38 Ao wuy
Manual threshold uay Automatic search uazit1a893514 Channel threshold i ue15 udu ilo

[ 1
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d1m3U8 Manual threshold a¢ search w1An Max intensity annyafiinndsusnuagldendidu
AT uAY dmTU XRR profile ALAnangaftaendudulunislusunsuldosnuuuly search A1 Max
intensity 910 channel fitfosninuFewiniu Max intensity finannyuannsznunounti

d1m5U78 Automatic search 2g11A1 channel (LAY X) Lag intensity (LAY Y) 91N search
Tu Manual threshold 1191 Peak fitting A1aWendy Lorentz laga@1unsan1uunya4 channel laain
Point to fit (+/-) FaAFuduiLuziiife 5 udaansauudsuldmuiimnganluudaziegsuagii

A1 Max intensity 210 Peak fitting 113513 XRR profile

a

991Ny uANNTENUNgUUIL intensity oy ausiIndn 100 counts wazdneglunandueiay

)
o luseiu noise AagUR 6 Aausisy 20 Uszan 3.8 degree agiituAn max intensity anasluag g
snfwililiannsnadia XRR profile soluld maiiunanlumsindmiunnyumnnsgnuduisnisnis
Tunsuddamil wieglilinanlunstaiutuduwing wu Tun1s¥aYae 0.05 - 4.5 degree Tneudu
suannsznufiar 2 pulse (axidoaftanfiuuzdilildld) mnldinarTauuas 1 sec agldiaianun 45
Wit dnfinattunsiadu 2 sec/step Aagldinan 90 wift ddldalunstauniuly 8n3snnswilsde

WinaTinufazanansdyguannsenugRsdglrusendaatlunsiala wilunisiiguilagaeady
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Wswnsuanunsafnwniiudiuldan https://aglavic.github.io/genx/doc/tutorials.html#reflectivity
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GenX wansly 5Ul 8 uansliifiufis XRR profile Alfann1smaasnazn1i refinement fifld1 FOM
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A5 1 UARIHAAILVILT ADTNVTVITUALADINVUILUUIINTYN refinement Aaelusinga GenX

Layer Expected Thickness Roughness Film density
Thickness (nm) (nm) (nm) (g/cm?)
C 1 0.98 0.36 3.01
Pd 1 1.23 0.14 12.46
BaC 19 18.6 0.23 2.12
Cr 2 2.18 0.47 9.01
Substrate (Si) 2.76 2.33

WasuiuranisinanasealialuriesUfuRn15Nas1a7uunedn ESRF (Morawe et al., 2018)
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fit Munzausduwuzd il Manual threshold waAudelun1sIASIZA
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