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XRRAlignment and Measurements and Analysith Rigaku SmartLab SE

Introduction

XRD primarily analyses crystal structures, phase identification, and crystallographic propertiearXRR is
advanced feature in XRD used to characterize thin film thickness, density, and surface/interface
roughness. This makes XRR a valuable complement to XRD for advanced material analysis, particularly
for thin films, multilayers, and coating&ray Reflectivity (XRR) measurement on the Rigaku SmartLab SE
involves a few key steps: optic alignment, sample alignment, measurement, and data analysis. First,
optic alignmentensures that the Xay beam and detector are correctly configured to optimize
reflectivity measurements. This includes setting up slits and Soller slits to control beam divergence.
Sample alignments critical for accurate XRR, involving adjustments to ensure the sample surface is
perfectly parallel to the Xay beam. Theneasurementprocess involves scanning over alowy 3t S H
range to capture reflected-Kays and generate a reflectivity curve that contains oscillations (Kiessig
fringes) related to film thickness, density, and roughness. Fimktg, analysids performed using

WAl {dzla az2Fdgl NBEZ gKAOK FAdGa (GKS NBFTtSOGAGAGE Odz
as film thickmess, density, and surface/interface roughness, through mbdskd fitting techniques like
LevenbergMarquardt or genetic algorithms.

XRROpticAlignment
XRR Configuration settings

1. Turn OFF XRD unit and Turn OFF SmartLab SE Software
2. Replace Soller Slit 2.5 deg and IPS adapter with Monochromator Ge(220)x2
3. Turn ON XRD unit and Turn ON SmartLab SE Software

a. Click Hardware Configuration

b. Select incident optical unit as shown in arrows

c. Change IPS adapter with Ge(220)x2 and press Apply
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Or use this
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Optics Alignment (PB)

Optical settings

Incident mumd’lromatar:| Ge(220)=2

Receiving optics:

[ Run alignment for ver

(@) Use default optics ()

Alignment conditions

(®) Full {_} Quick (Only receiving optics)

Registration destination

Optics attribute: | PE-Ge(220)x2

(@) User settings | User defined settings

M

i

() System settings

Registration date: | 2024-05-20 13:39:4

2

Post alignment

[ ] Print out results

OK

Cancel




al x|

Optics Alignment (PB)

Optical settings

EIE]

Customize - Optics Alignment (PB)

Run alignment fo

Optical settings

t metry
() Use default optics (@) Customize optics

Quick (Only receiving optics)

Alignment conditions

(@) Full

Registration destination

Optics attribute: | PB-Ge(220)x2

B[ e |

(®) User settings | User defined settings

() System settings

Registration date: | 2024-05-20 13:39:42

Post alignment

Incident monochromator:| Ge(220)x2

Incident Soller slit: Soller slit open (short)

Length-limiting slit: 5 mm

Attachment base: Standard attachment

Attachment: Standard attachment head
eiving optics: Slit

Recer Soller slit: Soller slit 2.5°

Detector: DyteX Ultra 250

Meonochromator:

Run alignment fol

\s; : geometry
| Set Current Optics || Set Default Optics |

®
N EEEEEE H

D Print out results

[ ok

Cancel

‘ Intensity FWHM

Optics Alignment (PB)

Ql x |

Optical settings

B

]

Run alignment for vertical transmission geometry

':::' Use default optics @:' Customize optics | Customize...

Alignment conditions

(®) Full () Quick (Only receiving optics)

Registration destination

Optics attribute:

P

|\_z| U

|:|| Mew...

(®) System settings
Registration date:

Post alignment

|:| Print out resu

oK | Cancel

T T T ToF o TTLr T




Smart Message

Install standard attachment base in diffractometer.

fOf) = [EEHE

Install standard attachment head in standard attachment base.

fef) = IREHY

Install Height reference sample plate in standard attachment head.

fres) = 1RRHY

Insert center slit in Height reference sample plate.

fPef) = (EEHE

Attach the detector plane of DfteX Ultra 250 to 3211.5 mm.
(Adjust the mark of the detector adaptor to 361.5 mm)

BT

= - =

- #

[ | Hide figures

OK ol

Stop




Attachment forgeneral measurements
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Adjust the mark of the detector adapter to 361.5 mm

== PSA open

= ROD adaptor

® Liekx
R RPS adaptor J/I/.vlfﬂ

or adaptor

/SmartLab

X-RAY DIFFRACTOMETER
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Smart

X-RAY DIFFRACT
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Regisration destmat s
i £
HEGS
B .5 i f‘“
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XRR Sample Alignment

Here we need to selet¢he attachment.

Sample Alignment (Thin Film)

Q] x |

Sample infarmation

Alignment conditions

Attachment and sample plat@| xup attachment

Standard attachment head + 4-inch wafer sample plate
¥ip attachment

Direct beam half cut alig

Surface density: | High (> 4.0 g/crf

Put a sample when the sample alignment starts

) 'y - - .
@ Run recommended sequence | Customize conditions  Customize..

ok |

Cancel
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Partl. Attachment 4nch wafer sample plate. We need to add parameters of thickness, width and

height of sample wafeand film density
| |

Sample Alignment (Thin Film)

Q |

Sample information

(21 Reflectivity 0

7

«if] Optics Alignment (PB) =

v

-+C| Sample Alignment (Thin Film) ®

v

|4\ Reflectivity Measurement o7

N

A ent and sample plate: | Standard attachment head + 4-inch wafer sample plate |
7| Direct beam half imment Surface normal alignment
Alignment criteria:| Standard
: Surface depsi Low (1.0 - 2.5 g/cm3)
i Putas ple alignment starts
(®) Run recommended sequence () Customize conditions ~ Customize..
oK | Cancel

ot = =

Sample Alignment (Thin Film)

Sample informaticn

Alignment conditions

Attachment and sample plate:| ¥ attachment

! Direct beam half cut alignment |¥| Surface normal alignment

Alignment critenia:| Standard

Surface density:

High (> 4.0 g/cm3)

Put a sample when the sample alignment starts

P oy - -
@ Run recommended sequence | Customize condition

Very low [<1.0 g/cm3)
Low (1.0 - 2.5 g/cm3)
Medium (2.5 - 4.0 g/cm3)
High (> 4.0 g/cm3)

. OK | Cancel

T YTLFFT
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HLLviLY Sample Alignment (1hin Him) £ I | - - - - —
Sample information :
Smart Message
Alignment conditions Install sample spacer 0-3 mm in standard attachment head.
P, Install 4-inch wafer sample plate in sample spacer 0-3 mm.
® Run recommended sequence () Customize conditions  Customize... I | %* ﬁ i%%*in
b
o Run
PSS (D]
- Place wafer sample in 4-inch wafer sample plate.
ties | % || Q ; . in il <
~1 Sample Alignment (Thin Film}) F%i i#%il! \\/ T
nt Activity v }
—— |\ Reflectivity Measurement
Hardware Control | v
| [ Hide figures |E| | Stop
|| Sample Ali it (Thin Fil ing. ]
ample Alignment (Thin Film) running W TUTUT_SCaNZUZFMEy30- 133355 =3.Z000873 5Z7903.3526
{ 4 [V 200w
| 0001_Scan2024May30-155509 | 04612 51709.9827
; 4
Running Smart message...
0001_Scan2024May30-155542 -1.4143750 474357522
| 4 |V28
|
0001_Scan2024May30-155623 | 0.4610 37675.2517
4 Mzr
ity Stop 0001_Scan2024May30-155719 | 0.0350000 36172.8811
]

Part2.. .attachment. We need to add parameters of width and height of sample wafer.

14



Sample Alignment (Thin Film)

Q x |

Sample infarmation

Alignment conditions

Attachment and sample plate:| X attachment

M

Direct beamn half cut alignment |v Surface normal alignment

Alignment criteria:| Standard

2

Surface density: | High (= 4.0 g/cm3)

o

Put a sample when the sample alignment starts

) Y - - .
@ Run recommended sequence | Customize conditions  Customize..

QK

” Cancel

Replace standard attachment with the.attachment.

: Hardware Control

anager | DB Manager | Materials Manager > |

Sample Alignment (Thin Film) running.

Display Area

mm|Ts|29fw|B|29‘|Zr“

Running Smart message..

Stop

3 KRR (measurements) PB + Sample align...

W
01 Optics Alignment (PB)

—

A
—:EI Sample Alignment (Thin Film])

W
|4\ Reflectivity Measurement

W

Smart Message

Remove the standard attachment base.

g} == RN

s} = PEEHY

Place wafer sample in 3¢ attachment.

fres) = 1EEHY

[] Hide figures

Stop

15
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Monochromator Ge(220)*2

Smart Message
) Install the dial gauge to the yp attachment.
Loosen the Z-axis fixing screw.
Set the dial gauge onto the sample surface, and adjust the Z axis so that the dial gauge indicates 0.
After adjusting the 7 axis, tighten the Z-axis fixing screw to secure the Z axis into place.
Remove the dial gauge.
[ ] Hide figures 0K v Stop

18
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Remove gauge and set sample position as defined in picture.

Sample alignment will take about an hour.

XRR HRYRD Pou |

7 —ox
Sample Alignment (Thin Film) running.

Janager % | DB Manager % | Materials Manager |
Display Area : e
wm | HeaderInformation | Ts | 26/w | zs | 28 | zr “T‘ -

(-2.8782%, 0,000 cps)

[ ] Remaining time: 00 : 49 ; 35 510"
Scanning w axis..
Scan mode: 0D{continuous)
Start: -3.0500 °
Stop: 30500°*
Step: 0.0002 * o
Speed: 01200 */min
top
Sample Aligngfient (Thin Film) @

Sample information

Alignment conditions

® Run recommggfld

— 0002_Scan
20245ep06
-132456

— 0001 Scan
20245ep06
-120985

Position

Intensity

? =DOx

FWHM Method

20



Flow sequence completed.

Chart 5 Scale/Ais Operations Markers Image

R | RRD | oy e onager > | DB Wanager | Mt Mamager > |

? —Ox

i 2o |
Sample Alignment (Thin Film) has been completed. Display Area : {
R IR wm | Headerlnformation | Ts | 28/w | s | 28 | Zr “ z [ x | -l

Remaining time: 00 : 00 : 00 N

[0:2962, 26923625387, 0.0137)

Shutter close.

1105
— 0006 Scan
20245ep06

-140608
Stop — 0005 Scan
202452006

i -140413
. XRD Measurement — 0004 Sean ||

Sample Alignment (Thin Film) @ 20245ep06]
140214

Sample information — 0003 Scan
Flow sequence completed. 20245ep06

-135210

— 0002_Scan
Alignment conditions 20245006,
132456 |
— 0001 Scan
202452506,
120045

® Run recommended sequence () Customize conditions | Customize w,°

Run oK Cancel

Position Intensity FWHM Method

XRR Measuremés

Press Reflectivity measurements

Reflectivity Measurement @

uested scan duration

I:I Return to Default Value
®) Customize conditions

() Run recommended sequence

Save measured data

=
- Fil : D Id fil -1.
] ¥RR (measurements) PE + Sample align... e name: | \gq\gold film xrr-1.rasx |
— Sample name:
-l Optics Alignment (PE) @ Meme:
v Calculated scan duration: 25min
.—:|:| Sample Alignment (Thin Film) ®
|\ Reflectivity Measurement @
.\_/ 1 100 L T T T T ] L)
: nAE e n !.

21



PresQustomize for set measurement conditions

scan duration L~
Requested scan duration, g™ 25.0 Return to Default Value

Requested scan duration -

Wengahefhange sit cenditions
Retum to Default Value _~
o ncident Scller sit: [Sollerslitopen (short)  [v]| Receiving optics: | Slit
) Run recommended sequence @ Customize conditions Length-limiting 5‘“‘_ Receiving Soller st Soller siit 2.5° E\ | Read Current Optics

Scan conditions

Scan made:| D{continuous)

‘ l Customize — Reflectivity Measurement @7
Reflectivity Measurement

Save measured data

File name: | DAq\gold film xrr-.rasx )
Sample name: | Eec.  Sean Axis Range Start, © Stop, * Step,” | Speed, “/min L’:;dE"t Sir, E’;’f:‘mg Stit Rel‘e“'i“g S Attenuator
Meme: | 20w Absolute  0.0000 100000 00040 0400 0050 0.150 [ 0225 Mate ¥ i
Calculated scan duration: 25min g
oK Cancel O
’ O
|4\ Reflectivity Measurement @
Il ~ 1o, Calculated scan duration: 25min | -
& Set dedValues | Ok || Cancel

Press read current optics and press default values if default values are suitable for the analysis

Customize — Reflectivity Measurement @

Requested scan duration

Requested scan duration, min: 25.0 @” Return to Default Value | ‘__

D

Manual exchange slit conditions

Incident Soller slit: | Soller slit open (short) ﬂ Receiving optics: | Slit ﬂ

Length-limiting slit:| 10 mm E| Receiving Soller shit| Soller slit 2.5° | Read Current Optics

Scan conditions

Scan mode: | 0D{continuous) E

Exec. Scan Axis Range Start, ° Stop, ° Step, © Speed, “/min

Incident Slit, | Receiving Slit Receiving Slit
#1, mm #2, mm

28/w Absolute 00000 10,0000 00040 0400 0050 0.150 | 0225 [v] acte  [v]

Attenuator

ooooOox

Calculated scan duration: 25min

Set Recommended Values ” OK ” Cancel

22



Or press read current optics and press set recommended values

Customize — Reflectivity Measurement

Q] x|

Requested scan duration

Requested scan duration, min: 25.0 @” Return to Default Value |

Manual exchange slit conditions

Incident Soller slit: ﬂ Receiving optics: | Slit

Soller slit open (short)

Length-limiting slit:| 10 mm E| Receiving Soller shit| Soller slit 2.5°

&
M

| Read Current Optics

Scan conditions

N\

Scan mode: | 0D{continuous) E

Exec. Scan Axis Range Start, ° Stop, ° Step, © Speed, “/min Incnident Slit i:lc:\:_lng it i;.c::;ng St Attenuator
28/w Absolute 00000 6.0000 00040 0240 0050 0.150 | 0225 [v] Auto
a
|
a
|
’ Calculated scan duration: 25min
Set Recommended Values ” OK ” Cancel

Default value®r Recommended values

Customize — Reflectivity Measurement @
Requested scan duration
Requested scan duration, min: 15.0 ” Return to Default Value |
Manual exchange slit conditions ﬂ
y 4
Incident Soller slit: | Soller slit open (short) / ﬂ Receiving optics: | Slit ﬂ
Length-limiting slit 10 mm [/ [V] Receiving Soller slit Soller siit 2.5° [v] | Read current Optics
y 4
Scan conditions
Scan mode:| 0D{continuous) |E|
. . - . - Incident Slit, Receiving Slit Receiving Slit
Exec Scan Axis Start, Stop, Step, Speed, */min i £ mm £2 mm Attenuator
26/u A 0.0000 6.0000 0.0040 0400 0050 0.150 | 0225 M aco  [v]
LI
O
O
]
\’ Calculated scan duration: 13min
| Set Recommended Values ” OK ” Cancel |

23



The better result®f the Goldfilm are achieved with thesparameter settings ofigher resolution

Customize — Reflectivity Measurement @
Requested scan duraticn
Requested scan duration, min: 200.0 |C||| Return to Default Value
Manual exchange slit conditions
Incident Soller slit: | Soller slit open (short) ~| Receiving optics: Slit b
Length-limiting slit:| 10 mm ~| Receiving Soller slit:| Soller slit 2.5 v Read Current Optics
Scan conditions
Scan mode:| OD{continuous) |¥
Exec. Scan Axis Range Start, ° Stop, ° Step, * Speed, /min fncident Slit, Becewlng Stit Recewlng St Attenuator
mm #1, mm #2 mm
28/w Absolute 0.0000 8.0000 0.0040 D.[Ml 050 0.150 0.225 ¥ Auto bt
L]
]
]
]
Calculated scan duration: 3h 20min
Set Recommended Values OK Cancel

More Gold Results

XRRDataAnalysisKRR measurement requirements:
1. The Wafer Size (film + Substrate)
a. Length (mm) =
b. Width (mm)=
c. Thickness optional (mm) =
2. Mark the density of the film (expected)
a. Very Low (<1.0 g/cfn
b. Low (1.0 ~ 2.5 g/ctn
c. Medium (<2.5 ~ 4 g/cfn
d. High (>4 g/crh

XRR analysis requirements:
1. Material of the Film & Substrate e.g. Gold film on Glass.
2. Estimated thickness of the film.
3. If the structure of the film is multilayer, then mention
a. No.of layers.
b. Material of each layer.

If the material is not available in the SmartLab Studio Il database, please provide the necessary
information about the film to proceed with the analysigzor detailsfollow the topic (Handling
Materials Not in the Databaje
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Summary of XRR measurements and Analysis
CAfY ¢CKAOIYYLYGSNIINBawyFIS|CAkyd aSlikz2RaA

[26SNI [AYAmY/ [ 2y 3t S wS3IA2|[ SOSyacrSWjHIzZE NR{ ¢
YYS ARSIt F2// NAaOlIf F2NJ &a|DSySa0O !t 3I2NAGK
fA1S Y2y2ftleétyR RSyaixtez |[lyySFIfAy3a o{!0Z
y3tS @GArarofs
PLILISNI [ AYAGYaARyIES wS3IA 2|
YAONRYSGSNRBRZ/ 2ydlAya YASA
tAYAGlLoa2ya 2/SddSyalt F2NJ
u

RdzS§ (2 NBRdAzQUKAOlySaa RS
GAaAaAOAfAGEOD

wSO2YYSYRSR w
¢ & LIAOPNdRG 2 Tt
2LJo Yt NBadz# i
SEGSYRMNT AT

AnalysisSteps
Load XRR Measured Data

o} - s Smartlab Studio Il <64 V464260 > >logged in 25 Administrator from Administrators group ! -8 x

Clear analysis

XA8| Data i completch | mmmmm—| DESXTOP- 65OV At
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Press Configure sample model

- Tree  Sample SmartLab Studio Il x64 v4.6.426.0 >>logged in as Administrator from Administrators group ? - 8 X
Home  View Tree = Sample N
Uniform Super Lattices Column Auto Expand
* Set Fit Boundaries, % | 50 [& Error Adopted Values Format  Layers Colors +
- View Mode: |Compact v
Layer Group Other Parameters View
HRXRD * | Powder XRD * | Data Manager * | Logging * | UserManager * | DBManager * | Materials Manager -
7 R x 7w ;e
£
8 Storage: ® File system () Database T T T T T Run Analysis S
2 Project 1-10% ‘
] Constructed multi-layer structure:
Dataset: (] ] s 1, cons on the basis of f
: )
& § ) : . > 1_AuSi Layer Thickness, Roughnes Density... E density,
Oscillation Analysis + Fit % 1102 o
g
Replace data =
1-100
T T T T T
Load template i 5 2 25 3 35 H
28,°
Profile Plot  Oscillations  FFT  Sample Profile
Configure sample model
i ] mpl
illati i i Layer Residual oscillation components:
Oscillation analysis (optional) . M\‘mm- Material Thickness, nm <th> Density, g/cm’<d> Roughness, nm<rgh= ¢ s that could not be interpreted
Set simulation s b [si 232924 Thickness, nn Roughness, n Density, gf.. E density, 1/r
Set optimization algorithm and run fit
v
Fit
Multistage Analysis 2
9 y Sample Parameters  Measurement Conditions  Peak List Show hidden icons

Add Layer and define material (and set it parameters of thickness, density and roughness. This step is
optional)

g5 - 5 P ToE
Wome  View | Sample .
?+ @x o Duplicate Layer ayer Layer Division: | 3 2 Unifarm Super Lattices Column Auto Expand
St it Boundari 3 Error Adopted Vakues Forma | Layees Colors =
P et it Boundiaries. % |_ 50 [0 o e
Colr ViewMode: [Compsa__ [~
Layes Grove Other Pucameters View
RD Messurement m HRARD = | Powder XRD * | Data Mansger * | Logging | User Manager = | DB Manager x | Materials Manager -
rax 1 ? a
Progins ® File system (O Database [rop— n .
Project
4 Constructed multi-layer structure:
Dataser o) ri0td . S R
Layes Thicknass, nm Roughness, nm £ density. Vnm*
£ o
g
H
1100
T T T T T T
1 s H Js 3 i
e Residual oscillation components:
Profde Plot Oscllations  FFT  Sample Profie Thickness,nen Roughness, nm Density,grem® E density, Ve
Save results .
® Soluton ) Sample template —_—
7 e Material Thickness, nm<th> Doty g cd> | Roughess, rercigho
Lo O
Create report [ician
Hs
Clear analysis
t
< >
Multistage Analysis
. g by Sample Pacameters | Maasursment Conditions  Pesk List
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Here we can define thickness and the range of thickness and set this range by defining a minimum and
maximum values
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Set Simulation Parameters => Simulation Parameters => Auto
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Select Fit Parametefsom Genetic Algorithm, Newton Gaussian method, Neldkerad method and

Parallel Tempring method
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Run Fit with Genetic Algorithm (Select different Fit methods to improve the fitness)
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XRR Theory and Concepts

The Rigaku SmartL&E can accurately measure thin films with thicknesses ranging from a few
YIEY2YSUSNAE o6yYO G2 aSsosayteflectipa(®RRRYSGSNAR o0>Y0 dzaAy3
Typical Measurement Ranges:

1 Lower Limit For ultrathin films, XRR can accurately measure thicknesses as le@vram.IThis
is ideal for characterizing monolayers, ulttan coatings, and nanostructures.

1 Upper Limit XRR can also measure films up to a few micrometers thick, depending on the
material and the quality of the measurement setup. For films thicker than this, the reflectivity
may become difficult to analyze due to reduced oscillation visibility.

Factors Affecting Accuracy:

1 Surface Roughnessligher surface roughness can reduce the accuracy of thickness
measurements.

1 Density and CompositionThe film's density and composition also play a role in determining the
measurement range and accuracy.

1 Instrument Calibration Proper calibration and alignment of the SmartLab SE are crucial for
achieving accurate results.

Thickness limitof the film for Accurate XRR measurements
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In xray Reflectivity (XRR) measurements, the thickness of the thin film plays a significant role in
achieving clear and accurate data. For the Rigaku SmartLab SE, the optimal thickness range is typically as
follows:

Ideal Thickness Range for XRR on SmartLab SE

1 Thin Films up to ~200 nm: XRR issaited for films with thicknesses from a few nanometers
up to around 200 nm. In this range, the reflectivity oscillations (fringes) are clearly visible,
allowing for precise measurement of thickness, density, and megh

71 Limitations Beyond ~200 nm: As the film thickness increases beyond approximately 200 nm, the
reflectivity fringes become closely spaced and harder to distinguish, making it challenging to
perform accurate measurements. In some cases, up to 500 nm carebeead if the material
has very sharp interfaces and low roughness, but accuracy decreases with increasing thickness.

Factors Impacting Thickness Limits

z A

1. 5Syairte /2yiGNraGy LT GKSNBQa | aidNry3d RSyaarGe
XRR can handle slightly thicker films.

2. Surface and Interface Roughness: Higher roughness blurs the fringes and limits the maximum
measurable thickness.

3. Instrument Settings and Resolution: Using fine slits or a monochromator can enhance
NEBa2fdziAzys LROGSydGAlLtte ft2gAy3 YSIadaNBYSyia

If your films are significantly thicker and you want structural information, switchingray Xiffraction

(XRD) might offer better insight into phase and crystallographic structure. For finer control on SmartLab
{9 LQR NBO2YYSyYR ranehtdNd see/ifdringed aieisiiieSadindjugtidd pardmeters
accordingly.

Why Oscillations Appear in XRR

The oscillations you see irrXy reflectivity (XRR) measurements, knowrKassig fringesoccur due to
constructive and destructive interference betweenays reflected from different interfaces in a thin
film structure.

Mechanism of Kiessig Fringes:

1. Incident xray Beam When Xrays strike a thin film at a low angle, part of the beam is reflected
from the top surface, and part penetrates the film and reflects from the interface between the
film and the substrate (or from internal layers in the case of multilayer strasjur

2. Interference The two reflected beams (from the top surface and the internal interface) can
interfere with each other. Depending on the phase difference between them, this interference
can be constructive (resulting in a higher reflected intensity) or destructivel(ies in a lower
reflected intensity).
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3. Oscillations As the angle of incidence (and hence the path difference between the reflected
beams) changes, this interference leads to oscillations in the reflected intensity, which manifest
as the Kiessig fringes in the XRR pattern.

Information from Oscillations:

T Film ThicknessThe period of the oscillations is directly related to the thickness of the film.
Thicker films produce more closely spaced oscillations.

1 Density and Roughnes3he amplitude and decay of the oscillations can provide information
about the film's density, surface roughness, and interface quality.

2 Ke haOAtftlraAz2ya .SO2YS b2AaasS G I ATKSNI H
l'a @2dz Y20S (2 KAIKSNI W' Fy3atsSa Ay -ww YSIFadaNBYSy
becoming less distinct and eventually appearing as noise:

1. Decreasing Intensity

o As the angle increases, the intensity of the reflecte@dy§ decreases exponentially due
to the reduced reflectivity at higher angles.

o With lower signal intensity, the fringe visibility diminishes, making the oscillations
harder to distinguish from noise.

2. Instrumental Limitations

o The signato-noise ratio decreases at higher angles due to limitations in the detector
sensitivity and the Xay source's intensity.

o Background noise and scattered radiation become more prominent, masking the weaker
oscillations.

3. Surface and Interface Roughness

o Roughness at the film's surface or interfaces causes scattering, which can blur the
fringes at higher angles.

o If the roughness is significant, it can cause the oscillations to decay more rapidly and
merge into the noise.

4. Multiple Reflections and Complexity

o At higher angles, multiple reflections and refractions within the film can lead to complex
interference patterns that are difficult to resolve, further contributing to the noise.

For optimal data analysis, it's essential to focus on the range where the oscillations are clear and
distinct, typically in the lower to midngle regions of the XRR spectrum.

It is generally advisable to focus on the area where the Kiessig fringes are clear and exclude the noisy
region for XRR calculations when using the SmartLab SE. Here's why and how to approach this:
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Why Focus on the Clear Kiessig Fringes?
1. Accuracy of Data

o The clear Kiessig fringes represent the reliable interference pattern that corresponds
directly to the film's thickness, density, and roughness.

o Using this weltlefined region ensures that the fitting models accurately represent the
physical characteristics of the film.

2. Signalto-Noise Ratio

o Including the noisy regions in the calculation can degrade the signadise ratio,
leading to less accurate parameter determination.

o Noise can introduce artifacts in the data analysis, leading to incorrect conclusions about
the film properties.

3. Model Fitting:

o The fitting algorithms used in XRR analysis, such as those in the SmartLab SE software,
work best with clear, welllefined oscillations.

o Excluding the noisy data allows the algorithm to focus on the meaningful data,
improving the fit quality and the accuracy of the extracted parameters.

How to Focus on the Kiessig Fringes in SmartLab SE:
1. Data Trimming

o SelectRangé 2 KSy aSGdAy3a dzJ €2dzNJ Fylféearax asStsS
Kiessig fringes. This typically involves starting from the critical angle and extending
through the region where the fringes are distinct.

o Exclude NoiseCut off the data at the point where the oscillations become
indistinguishable from noise.

2. Fitting the Data
o 'aS GKS {YINI[lI0 {9Qa az2Fi¢lNB G2 FAd GKS

o The software may allow you to manually adjust the fitting range, ensuring that the focus
remains on the usable data.

3. CrossValidation:

o After fitting, crossvalidate the results by considering physical parameters such as
known film density and expected thickness. This helps confirm that the fitting model
accurately reflects the sample's characteristics.

The Rigaku SmartLab SE offers four fitting methods for XRR analysis, which typically include different
optimization algorithms and approaches to model the reflectivity data. While it may be tempting to use

all four methods to cover all bases, it's essdniaunderstand their strengths and how to choose the

Y2aid FLILINBLNRFGS 2yS F2NJ 82dzNJ ALISOAFAO ylLfearao
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Understanding the Fitting Methods
1 LevenbergMarquardt (LM) Algorithm

o Strength This method is widely used for ndinear least squares optimization and is
effective for converging quickly when the initial model is close to the actual data.

o Use When Your initial parameters are wedhown, and you need a fast, reliable fit.
1 Genetic Algorithm (GA)

o Strength GA is a global optimization method that is particularly useful when you have
little information about the initial parameters or when the parameter space is large and
complex.

o Use When The model fitting may involve multiple local minima, and a broader search of
the parameter space is required.

1 Simulated Annealing (SA)

o Strength This method is another global optimization technique that is less likely to get
stuck in local minima, providing robust solutions over complex parameter spaces.

o Use WhenThe data may involve a complex landscape of solutions, and you need to
ensure that the global minimum is found.

9 t26SftfQa aSiK2R

o Strength This method is a directieset optimization technique, which can be faster but
might not always find the global minimum.

o Use WhenThe problem is welbehaved and doesn't require a global search.
Should You Use All Four Methods?
Advantages of Using Multiple Methods

1 CrossVerification: Running multiple fitting methods can provide a way to cremsfy results. If
different methods converge on similar parameters, this increases confidence in the fit.

1 RobustnessBY trying different methods, you can ensure that the solution isn't biased by the
choice of the fitting algorithm, especially in complex or poorly understood systems.

Potential Downsides

f Time-Consuming Running all four methods can be timensuming, especially if you have a
large number of samples or if some of the methods (like GA or SA) take longer to converge.

1 Overfittingy ¢ KSNXQa | Nxal 2F 20SNFAGGAY3T AT @&2dz OK;:
numerical fit without considering the physical meaning of the parameters.

Recommended Approach
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T Start with a Robust MethodBegin with a method like the Genetic Algorithm (GA) or Simulated
LYYSEFEEAY3 6{!0 AF @&2dz adzalLJSOG GKS Y2RSf Aa 0O2Y
These methods are more likely to find a global minimum.

f FineTuning with LM Once you have a general fit from a global method, use the Levenberg
Marquardt (LM) method to findune the fit, as it is faster and often more precise when close to
the solution.

1 CrossVerificationY L¥ GKS FAGOAYI A& ONRGAOIEST 2NI AT @2c
Fy23KSN) YSGK2R f-vefifiation.2 6 St t Qa FT2NJ ONR & a

1 Check ConsistencyCompare the results across methods. Consistent results reinforce the
reliability of the parameters. Significant discrepancies may indicate that the model needs
adjustment or that certain parameters are not wetinstrained.

Using all four methods can be beneficial for creaBdation, but it may not always be necessary. A
practical approach is to use a global method like GA or SA for initial fitting, followed by LM for
refinement. If the results are critical, consider usargadditional method for verification. This strategy
balances thoroughness with efficiency.

¢ KS H ‘Selbitioyfdi the bestXRResults
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Layer | Material Thickness, Density, Roughness,

Numb nm<th> g/cma<d> nm<rgh>

er

L1 Au 10.579 +0.06 | 17.64665 | +0.19 | 0.405 +0.003
Sub | Si 2.32924 1.072 +0.017
Layer | Material | Thickness, Density, Roughness,

Numb nm<th> g/cms3<d> nm<rgh>

er

L1 Au 10.609 +0.03 | 18.13896 +0.09 | 0.454 +0.005
Sub Si 2.32924 1.110 +0.01
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ability to accurately model the thin film's properties.
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