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RockingQurve

A rocking curven the SmartLab S&a high resolutioX ray diffraction measurement used to assess the
crystalline quality of thin films. Rocking curves are indispensable for evaluating epitaxial film quality,
optimizing growth conditions, and diagnosing structural imperfections in advanced matByals.
combining precise control over *° ~ and , rocking curves reveal mosaic spread, strain, and defect
density through the width and shape of the resulting intensity peak.

. 2 Attachment

The. 6 O0OKAU | YR . omtHelRigaku Smaértldb SKg6i8oyhéter provide the extra degrees of
freedom needed for higprecision rocking curve measurements. The Itiliskh& sample about a
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axisrotates the sample about its surface normal, enabling inplane orientation adjustments for
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position the crystal lattice in all three dimensions, ensuring that the detector sees only the intended

Bragg reflection and yielding sharper, more accurate rocking curves.
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Here is an explanation of the angigK SG -0 §SOE @ H

> H'X .2 .X

1. ¢KSGF o6 0Y

This is the angle between the incidenta§ beam and the sample surfade.BraggBrentano
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2. 2¢ KSGI 6H0OY

This is the total diffraction angle between the incident and diffracted bedtnscommonly used in
powder diffractionand represents the angular position of diffraction peaks.

3. hyS3al 6.0Y

This is the angle between the incidertNd @ 06 Sl Y | yR GKS &l Mdwever, irh dzNF I OS

rocking curve measuremenss . Aa @ NASR ¢gKAfS {SSLAyYy3a H*
misorientation.. & Ol y 6 NR O |is\pgrdrmeéidaNEtking Eh©dayiple while keeping the
detector fixed.

4. | KA 6.0Y

This is thdilt angle of the sample, allowing analysis of affis planes in singlerystal diffractionlt
is used in texture analysis and pole figure measurements to determine grain orientation.

5. t KA 6.0Y

This is theotation angleof the sample around its normal axis. Used to studglane symmetry and
orientation of crystalline materials.
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Sample: Gold filmon Glass

XRD of Gold Film without Ge (22@)monochromator with experimental conditions

Profile / Gold Film XRD step 0.02 1h 21 min_001/1

Sample name . Scan axis :8/20 Selection slit :PB
Comment : Scan mode : 1D(scan) Incident optics unit : IPS adaptor
Date of measurement: 2025-03-25 12:23:07  Scan range : 10.0000 - 90.0000 ° Incident Soller slit : Soller slit 2.5°
Operator name : Administrator Scan step :0.0200 ° Incident slit box : 1.000mm
X-ray 140 kV, 45 mA Scan speed: 1.0000 °/min Length-limiting slit 10 mm
Wavelength : Cu-Kot/ 1.54186 A X :0° Receiving slit box #1 : 1.000mm
Goniometer : Standard Goniometer Filter 1 : None
Attachment base : Universal Z attachmen Receiving optics unit #1 : PSA open
Attachment head 1 X attachment Receiving Soller slit : Soller slit 2.5°
Detector : D/teX Ultra 250 Receiving slit box #2 :1.125mm
Optics attribute :PB Receiving Attenuator : Open
Memo : Detector monochromator: None
Detector slit : None

20 1ULe, o TUT 353837, U SUoU|
| Gold Film XRD step 0.02 1h 21
min_001/1
. i
o 5000—
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| i 1 | =
20 40 60 80
e/2e, ©
Peak list
No. Name B8/28, ° Intensity, cps FWHM, ° Method

1 Gold Film XRD step...  38.1028 8107.9549 0.9060 Sequential center of...



XRD of Gold Film with Ge (22@)monochromator with experimental conditions

Profile / Gold Film XRD step 0.02 1Th 21 wih monchromator_001/1

Sample name Scan axis :6/20 Selection slit :PB
Comment : Scan mode : 1D(scan) Incident optics unit 1 Ge(220)x2
Date of measurement: 2025-03-26 09:59:48  Scan range : 10.0000 - 90.0000 ° Incident Soller slit : Soller slit open (she
Operator name : Administrator Scan step :0.0200 ® Incident slit box 1 1.000mm
X-ray 140 kV, 45 mA Scan speed: 1.0000 °/min Length-limiting slit 10 mm
Wavelength : Cu-Kal / 1.54059 A X :0° Receiving slit box #1 1 1.000mm
Goniometer : Standard Goniometer Filter 1 :None
Attachment base : Universal Z attachmen Receiving optics unit #1 : PSA open
Attachment head 1 X attachment Receiving Soller slit : Soller slit 2.5°
Detector : D/teX Ultra 250 Receiving slit box #2 :1.125mm
Optics attribute : PB-Ge(220)x2 Receiving Attenuator : Open
Memo : Detector monochromator: None
Detector slit :None
] (38.0588, 722.3565, 0.8256] Gold Film XRD step 0.02 1h 21 wih
4 monchromator_001/1
2]
2 500 |
2]
c
8]
£ I
| | l
0 - et N ) LN
| I I I |
20 40 60 80
8/28, °
Peak list
MNo. MName 8/28, ° Intensity, cps FWHM, *® Method
1 Gold Film XRD step...  38.0588 722.3565 0.8256 Sequential center of...

ParallelBeam (PB) Optics Alignment (Customize Panel)

2 K8y &SiGdAy3
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a highly parallel, monochromatic beam. Sel8otler slit open (shortpn the incident side andm n
length-limiting slit, Ensure thestandard attachment heads mounted on thestandard baseand

chooseslit as the receiving optic with 25° Soller slitthe5 k (i S -
.Yhislconfiguration delivers a clean, parallel beam ideal forftmmhighresolution

(150co n n

| detiédttl at afrge mistance

scans The pictures below explain the optic alignment process.
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(7 General (BB)
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EI Pole Figure
@ Reszidual Stress
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@ Rocking Curve
1 RS
Jility
[ DfteX Adjustment
@ Attenuator Correction
@ Maintenance
Administrator

Plugins

t'? PB & Sample Alignment with Standard Attachment

[L'E‘I BB & Sample Alignment with ASC Attachment
rz" PB & Sample Alignment with ASC Attachment
["51 PB & Sample Alignment with with x-p attachment

[ asif

(71 SALMAN PB
[ Salman BB
[ XRR Mudassir

<

f.'? BB & Sample Alignment with Standard Attachment (PB settings)

["_:1 XRR Optic Alignment with PE + Sample alignment + Meas|
@ Rocking Curve PB and Sample alignment and measu

>

art Activities

R

[a]

4 Alignment Activity

o Optics Alignment (BB)

O Optics Alignment (PB)

0 Optics Alignment (pseudo PE)

I
I
I
I
I
-10 Sample Alianment (Powder. Bulk)

-

] Rocking Curve PB and Sample alignment...

i1 Optics Alignment (PE)

11 Sample Alignment (Thin Filrm)

ﬁ Rocking Curve Pre-Measurement

ﬁ Rocking Curve Measurement

)

)

)

)
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ﬁ Recking Curve PB and Samplff alignme

+0 Optics Alignment (PE)
5

-—:El Sample Alignment (Thin Film})
v

H Rocking Curve Pre-Measurement
v

H Recking Curve Measurement
v

Optics Alignm

ent (Pé)

Optical settings

]

L]

() Use default optics (@ Customize optics

Run alignment for vertical transmission ¢

Customize..

ametry

Alignment conditions

@) Full

Quick (Only receiving optics)

Registration destination

Optics attribute: PE-Ge(220)x2

P -
I User settings

|:|| Mew...

(@) System settings

2025-03-26 11:49:03

Registration date:

Post alignment

|:| Print out results

OK Cancel

Optics Alignment (PB)

OER/

Optical settings

Cust

olEN

omize - Optics Alignment (PB)

Optical settings

Incident monochromator:

transmissio

Incident Soller slit:

Length-limiting slit:

Attachment base:

Alignment conditions

Attachment:

(@) Full () Quick {Only receiving optics)

ceiving optics:

(L] Rocking Curve PB and Sample alignmg Registration destination

Ge(220)x2

Soller slit open (short}

10 mm

Standard attachment

Standard attachment head
Slit
Soller slit 2.5%

DyteX Ultra 250

< I e

v Optics attribute: PB-Gi
| 7 g -
10 Optics Alignment (°B) Usersetings BE &
7 System settings Run alignment for v
o—}u Sample Alignment (Thin Film) Registration date; 03-26 11:48:03 Set Current Optics. ” Set Default Optics ‘
.
. Cancel
|4\ Rocking Curve P Post alignment
v D Print cut results
|\ Rocking Curve I
Intensity FWHM
v
28256.5477 0.0945
7 AR CoanINTIERA-IE 173630 | AT IVAASAG 300 AntoE



Customize - Optics Alignment (PB)

Optical settings

Incident monochro matc:r".| Ge(220)=2

Incident Soller shit: | Soller slit open (shert)

Length-limiting slit | 10 mm

Attachment base: | Standard attachment

Attachment: | Standard attachment head

Receiving optics: | Slit

Receiving Soller sht: | Soller slit 2.5°

Detector: | DvteX Ultra 250

Monochromatar: | Mone

- e e .
Cre S - T
ec | 1o - U

Run alignment for vertical transmission geometry

/ | SetCurrent Optics | Set Default Optics |
| ||

QK

Cancel




Optics Alignment (PB) @

Optical settings

| Ge220p2 V]
ED B

Run alignment for vertical transmission geometry

() Use default optics (® Customize optics

Alignment conditions

m

(@) Full () Quick (Only receiving optics)

Registration destination

Optics attribute: PE-Ge(2200x2

Pt - c
() Usersetiings | User defined settings |:|| MNew...

(@) System settings
Registration date: | 2025-03-26 11:49:03

Post alignment

|:| Print out results

ok | con




? = Smart Message

<)
Install standard attachment base in diffractometer.
Optics Alignment (PB) running.
Install standard attachment head in standard attachment base.
e frSf] = [BELE
i

Install Height reference sample plate in standard attachment head.

10 Optics Alignment (PB) @ ﬁ-gf = tTTitll \ 1

-{El Sample Alignment (Thin Film)

Insert center slit in Height reference sample plate.

R = [BElEF .

|4\ Rocking Curve Pre-Measurement
|4\ Rocking Curve Measurement [1]

Attach the detector plane of DfteX Ultra 250 to 311.5 mm.
(Adjust the mark of the detector adaptor to 361.5 mm)

[] Hide figures OK i Stop

Sample Alignment (Thin Film)

Before anythin-film measurement on the SmartLgb9 3 crificél @ @erform a precise sample

FEAIYYSY(d dzaiy3a GKS a{lYLIS !'tftA3ayYSyl 6¢KAY CAfYD
width, and height so the software can calculate the correct beam footprint. Next, select the appropriate
mounting atachment & dzOK | & { K St and enablé botiDiréctBSamiHalfCut Alignment

and Surface Normal AlignmentChoose thé&tandardalignment criteria and set the surface density to

High (>4.0/cm3) T2 NJ RSy aS TFAfYa (2 Sy adziBa sampléiwhenithe sadpdey & A G A ¢
FfAIYYSYyid adFNIaé¢ gAft NBYAYR €&2dz 02 RuBIR GKS aly
Recommended Sequender an automated alignment process, or switchGastomize Conditiong you

need to tailor scan ranges, axes, or slit settings for specialized sample geometries.



Sample Alignment (Thin Film)

Sample information

Alignment conditions

Attachment and sample plate:| X attachment

ﬁ Recking Curve PB and Sample alignment... Direct beam half cut alignment Surface normal alignment

v

Alignment criteria| Standard

~{0 Optics Alignment (PB)

Surface density:

High (> 4.0 g/cm3)

v

Put a sample when the sample alignment starts

.—:u Sample Alignment (Thin Film)

7 I Customize conditions

= .
@) Run recommended sequence Customize.

m Rocking Curve Pre-Measurement

o

@@@\@
) |

QK Cancel

m Rocking Curve Measurement

Name Position

o

(&l AnnT ©oooaANELI_ZTE 470 | AnTIn

Intensity

AnncE caTT

Sample Alignment (Thin Film)

@ x |

Sample infarmation

Height, mm:

@

Alignment conditions

Attachment and sample plate:| ¥ attachment

2

Direct beamn half cut alignment |¥| Surface normal alignment

Alignment criteria:| Standard

2

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

2

Put a sample when the sample alignment starts

_ - . " _
® Run recommended sequence [ Customize conditions  Customize..

OK

Cancel




Hardware Control

Sample Alignment (Thin Film) running.

Running Smart message...

Smart Message

Remove the standard attachment base.

Install y¢ attachment in diffractometer.

s} = |EElE

fROf) = JEEHY

Stop
0 Optis Alignment (°8) Q
. _v_ Place wafer sample in x¢ attachment.

{0 Sample Alignment (Thin Film) @

7
|4\ Rocking Curve Pre-Measurement @) F%* ﬁ *;;**! ’

4
|#\ Rocking Curve Measurement [ 16

7 D Hide figures | Stop

1 1 I A |

Smart Message

@ Instzll the dial gauge to the yp attachment.

Loosen the Z-axis fixing screw.

Remove the dial gauge.

After adjusting the Z axis, tighten the Z-axis fixing screw to secure the 7 axis into place.

Set the dial gauge onto the sample surface, and adjust the Z axis so that the dial gauge indicates 0.

[ | Hide figures

OK

e Stop




Rocking Curve Premeasurements

Before running a full rockingurve scan, th&®ocking Curve Preasurementroutine in SmartLab

{GdzRA2 LL £ Si-#&uneycudaligon$eNRariE dptids.ynRhe main/dilog you choose between

Run Recommended Sequercg KA OK | LILJX A Sa (KS a2 7T aolCNsRize RSTFI dA
Conditions where you can enable LJ( A Y Xolfi®l the &xact Bragg peak, chekkis Realignment

F FGSNI v'  tolrdd X AATIYT G A2 v = | Bfdvious AlignmghRReddlis F I NJI2 [d3085 S

changed samples. Und&fanual Exchange Slit Conditiongou confirm your incident Soller slit,

lengh-limiting slit, receiving optics, and Soller slit settings. Akis Alignment Conditionsection then
RSTAYySa 6KAOK FEA& o6. 2N .0 (2 alaénsily Thiesh@dnNBt I G A O3S
counts per second for peak detection. Finally, BestMeasurement2 LJG A 2y &/ KIFy3aS . 27FFa
L2aAdGAzy 6S02YSa I KIfF 2F H' LRaAGAz2yé SyadaNBa @
Together, these preneasurement checks guarantee that your rockingve data will be centered,

sharp, ad reproducible.

The pictures below demonstrate the ‘the total diffraction angle between the incident and diffracted
beams. the angle between the incident-¥ay beam and the sample surfacethe tilt angle of the
sample . the rotation angleof the sample around its normal axis.

Orverview of Key Angles in XRD Measurements: 28, @, 3. and ¢

In XRI} measurements, 28 is the angle between the incident and diffracted beams, o is the I
angle of the incident beam relative to the sample siurface, ¥ is the tilting angle of the sample.

| and i is the angle of rotation of the sample 28 38, 0588
. E i 19,0294 I
| A X 0,000
e ot 0. 000 I
ey AL [ 0. 000
ey N
| "y _" .hrﬂf',- l’.‘_."-","-
. "% Dey .-6{?*
: O o I
! o= 1902994 26k I
- |



Orverview of Key Angles in XRID Measurements: 26, w, 3. and @ I

! | Changing - 260 || In XRD measurements, 26 is the angle between the incident and diffracted beams | |

| 28 0.000 :
. @ 18.0284 |
I % 0.000 .

0.000 I

Orverview of Key Angles in XRD Measurements: 28, w, 3, and @ I

! | Changing 2 ® | | o is the angle of the incident beam relative to the sample suface |

| { 28 38.0588
. @ 0. 000 |
| .

| g -
Incident X-ray beams ¢ = (.000 i

X 0.000
0.000 |

[~
Sl




Orverview of Key Angles in XRID Measurements: 26, w, 3. and @ I

! | Changing =2 y | | 1 15 the tilting angle of the sample |

| 28 38,0588 :
. @ 18,0294
| ] ¥ 10.000
0.000

Orverview of Key Angles in XRD Measurements: 28, w, 3, and @

! |C‘hanging 2 (p| | i 15 the angle of rotation of the sample |

| 28 38.0588
. @ 16,0284
I

0.000

20.000 |

=3

b -]

PreAlignment Methods

1. Without Axis Alignment
f  What it means No axis alignment is performed.

1 Use Case



N

o Only applicabléf the sample has already been alignedrlier.
o Saves time when rmeasuring a previously aligned sample.
Risk

o If sample height or orientation has shifted even slightly, results may be inaccurate (peak
shifts, low intensity, broadened FWHM).

. Quick Axis Alignment

What it does
o Performs dast alignmentofthe. | EA & 0 &sing/mhiffin®l siégsf (0
o Typically based on a single or very few data points.

Use Case
o Good forpreliminary scanor when time is limited.
o Canbe used when only minor adjustments are needed.

Limitation:
o Less precise than recursive method.

o May not be sufficient fohigh-resolution measurementsike rocking curves of epitaxial
films.

. Recursive Axis Alignment
What it does
o Performs astepwise iterative alignmen2 ¥ (G KS . | EA&®
o Refines the peak position and intensity repeatedly wytimal alignmentis achieved.
Use Case
o Best forhigh-precision measurementsespeciallyocking curveswhere:
A Peak sharpness (FWHM),
A Peak symmetry,
A And exact alignment are critical.
Time Cost

o Takes longer, but provides the most accurate alignment.



Summary Table

Method Speed ||Accuracy When to Use
Without Axis Very Depends on prior . .
. ) le al I I
Alignment Fast alignment Sample already aligned earlier
Quick Axis Alignmeni|Fast Moderate Routine checks, timémited scans
Rgcursive AXis Slower |High Rocking curve, epitaxial films, highcurac
Alignment needs
Default Setting

;‘I Rocking Curve PB and Sample alignment...

-:|:| Optics Alignment (PB)

-0 Sample Alignment (Thin Film)

|\ Rocking Curve Pre-Measurement

|4\ Rocking Curve Measurement

Run

Rocking curve pre-measurement conditions

Run recommended sequence @ Customize conditions | Customize..

Post measurement

Caleulated scan duration: Os

OK Cancel




Press customize

a = = 'F‘ {_‘1_ R P T S : L v | -~ng |l % | an | =
> [ L=e s + .
= Rocking Curve Pre-Measurement @“

Rocking curve pre-measurement conditions Move to arigin
Vot s | 120 <[]
Cptimize 28 7 w, = [ 345640
v x 0

[From w to x(e M \/p ;:::

() Run recommended sequence @ Customize conditions

- v/| Save measured dat
] Recking Curve 0 s N
e |
-0 Optics Alignment (PB) @ |
4 |
0 Sample Alignment (Thin Film) @
~7 Post measurement
|H Rocking Curve Pre-Measurement ® | Change w offset so that w position becomes a half of 28 position
~
m Recking Curve Measurement (1] ® Calculated scan duration: Os

v x| s




Default settings

Customize — Rocking Curve Pre-Measurement @"
4 Rocking curve pre-measurement conditions [ Mave ta origin
L
Alignment method: | Without axis alignment E| v EEE
1 Cptimize 28 | L
| Axis realignment after 28 optimization W v ®
| From w to x(p | v o,
Clear previous alignment results Read Current Positians
[] Manual exchange slit conditions
[10mm Soller slit 2.5° ]
Read Current Optics
Axis alignment conditions
Step Axis Range Start to Step Peak Search Method
Scan Axis Range Start tc Step Speed, */m Peak Search Method
Relative
Post measurement
Change w offset so that w position becomes a half of 28 position
Calculated scan duration: Os
Set Recommended Values || OK || Cancel

¥ UUUT_ SO O T T T T3
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Change settings to

o .l s = e e

ore ) - o

Customize — Rocking Curve Pre-Measurement

Rocking curve pre-measurement conditions

Move to origin

Alignment method: | Without axis alignment

[4 =)

Optimize 2

Axis realignment after 28 optimization

v 28, =|38.0588
w, ™ (19,0204
¥ % | 0,000

[” = | 0.000

Clear previous alignment results

Read Cu sitions

Manual exchange slit conditions

Incident Soller slit: | Soller slit open (short)

E| Receiving optics: |Slit E|

Length-limiting slit:| 10 mm

|v| Receiving Soller siit: Soller slit 2.5° [v]

| Read Current Optics

Axis alignment conditions

i
i
m

Post measurement

Change w offset so that w position becomes a half of 28 position

Calculated scan duration: Os

Set Recommended Values ” 0K ” Cancel




Without Axis alignment
Entre values ot ‘I Y Ras measured for the thin film. This will set the position of incident and detector
beam.Press RUN

T TR P S| N T — X 1

Rocking Curve Pre-Measurement @“'

Rocking curve pre-measurement conditions Move to origin
Alignment method: | Without axis alignment |E|| 29, =
Optimize 29 D.I-, =
Axis realignment after 28 optimization K
[Fonoic J || @

Read Current Positions

= ) - - -
® Run recommended sequence | Customize conditions Customize..

w'| Save measured data

|_ - e - - - . |

Post measurement

Change w offset so that w position becomes a half of 28 position

Calculated scan duration: Os

oK | oo




After runing the status of hardware settings

08 i Data Browser Chart Smartlab Studio | x64 v4.6.426.0 >>logged in as Adn

I8 - File Home View Data Browser Chart

‘f LvJ LJ El EL-I* [-—I’ @,‘ g q!.‘ E’: (;’ EI‘:_ t'!‘_-? Pro Control ":O.Optics Manage:

G Initialize
Wizard Mew Open Save  Save Run Load DB Create Package Startup/ Data H/W Display ‘_'P
Flow Flow~ Flow~ Flow As~ Flow~ Data~ Browser Report Part  Shutdown Browser Status Area “3 %G Control
Package Operations | Database | Print/Report Showing Controls and Status
g P! P ng
XRD Measurement X EEGUSEES | HRXRD | Powder XRD  x ‘ Data Manager | Logging | User Manager | DB Manager | Materials Manager >
Status T -8 Flow Editor 7 =0 X Display Area
*][0] B B el - PN
Name Status Rocking Curve Pre-Measurement “
4 Axis Rocki t condits i
» 920 38,0588 ° ing curve pre-measurement conditions Move to origin
4 .’ w 19.0294° Alignment method: | Without axis alignment | 3, 38,0588
» Sy 0.000
' 5 0,000 w, *: | 19.0204
sample X 7 | 0.000
4 Optics | = @ | 0,000
<:@;ﬂ\ttachrment base Universal Z attachment ezn] Te: Pad Fane
<:@;\3\ttachrment head X attachment
<@;Mtachrment option MNone v
4 Detector (@) Run recommended sequence [ Customize conditions  Customize..
=1] Detector Dy/teX Ultra 250
" 4 X-ray generator ured data
@ m
= Taa Vacuum -
n—:"_ () X-ray COn
'—I Shutter Close
¢#Tube voltage 40 kV
£33 Tube current 45 mA
'+5 -
731G voltage 1.00E-5 Pa Post measurement
¢33 Operating time of the X-ray ON 873.73 H
4 Operating time Change w hat w position becomes a half of 28
¢ Operating time of the X-ray ON 87373 H
(7 Operating time of the high volt: - Calculated scan duration: Os

4 WTEhanment




For customised setting

Customize — Rocking Curve Pre-Measurement @“
Rocking curve pre-measurement conditions Move to origin
Alignment methad: | Without axis alignment E| 7| = 380588

Optimize 28 w, % | 19,0204
Axis realignment after 28 optimization ¥ | 0.000
| From w to x(p D| @, ™ | 0.000

Clear previous alignment results Read Current Positions

Manual exchange slit conditions

Incident Soller slit: | Soller slit open (short) E” Receiving optics: | Slhit |E||
Length-limiting slit:| 10 mm ] Receiving Soller slit| Soller siit 2.5° ]
| Read Current Optics |

Axis alignment conditions

1
1
' Relative
! Relative
1000
Post measurement
I Change w offset so that w position becomes a half of 28 position

Calculated scan duration: Os

Set Recommended Values || QK || Cancel




Quick axis alignment

08 b4 Data Browser Chart
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Flow Editor 7 —ox Display Area

Status
38.0588 °
19.0294 =
0.000 *
0.000 *
sample
4 Optics
<:a;ﬂ\t'l:achment base Universal Z attachment
<:9At'l:achmer1t head xip attachment
<:9At'l:achmer1t opticn MNone ~
4 Detector
=0 Detector D/teX Ultra 250
- 4 X-ray generator
g‘ l'l'.'l._.\"acuum -
5 @X—ray Cn
—I Shutter Close
73 Tube voltage 40 kV
73 Tube current 45 mA
£331G voltage 1.00E-5 Pa

¢ Operating time of the X-ray ON 873.80 H
4 Operating time

¢ Operating time of the X-ray ON 873.80 H

£ Operating time of the high valti -

& x|

Rocking Curve Pre-Measurement

Rocking curve pre-measurement conditions

Move to origin

Alignment method: | Quick axis alignment |E|| 26 =| 38.0588
[] Optimize 28 w, % | 10,0204
Mo ignme optimization % | 0,000
Scanning sequence:| From w to x(p) |E|| @, | 0,000

Read Current Positions

® Run recommended sequence () Customize conditions  Customize...

Save measured data

File name: ariRocking Curve’\3-Pre Alignments\Quick axis alignme standard.rasx

Sample name:

Memo:

Post measurement

[ Change w offset so that w paosition becomes a half of 28 paosition

Calculated scan duration: 3min 48s

OK Cancel




New values after running
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IE - File Home View Data Browser Chart
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JAinor Grid i— Coordinate _ “AlargerFont Vert. Offset 9 .{TJ Export Peak List _ﬂf Clea
Quick Reset
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I

sample

4 Optics
) Attachment base
<:@;\?\tl:achment head
<?;\?\tl:achment option
4 Detector
=0 Detector

S

Status

380588
190370
0.330°
0.000 *

Universal Z attachment

[al x |

Rocking Curve Pre-Measurement

Rocking curve pre-measurement conditions

Move to origin

M

Alignment method: | Quick awis alignment

28, % 38.0588

[] Optimize 28 w, % | 19,0204
Axis realignment a atior X | 0,000
Scanning sequence:| From w to x(p) |z|| @, % | 0.000

Read Current Positions

Xt attachment
None M

(@) Run recommended sequence () Customize conditions ~ Customize...

D/teX Ultra 250

Save measured data




Customizes setting

Custom

ize — Rocking Curve Pre-Measurement

Rocking curve pre-measurement conditions

Move to origin

Alignment method: | Quick axis alignment

V]

[ optimize 28

Axis realignment after 28 optimization

Scanning sequence:| From w to ¥(p)

[ Clear previous alignment results

& o
Read Current Positions

Manual exchange slit conditions

Incident Soller slit: | Soller slit open (short)

E| Receiving optics: |Slit E"

Length-limiting slit:| 10 mm

[v| Receiving Soller it Soller slit 2.5° [v]

| Read Current Optics |

Axis alignment conditions

Attenuator: Auto E
Step Axis Range Start, ©
Relative
Scan Axis Range Start, ©
Rx, Ry Relative
w Relative -0.5000
Relative 3,000
28 Relative

Intensity threshold, cps:

Incident slit, mm: 1000 | Receiving slit #1, mm:| 1,000 Receiving slit #2, mm:| 1.125 v

Stop, * Step, * Peak Search Method

Stop, * Step, * Speed, */min Peak Search Method
0.5000 0.0010 1.0000 Sequential center of gravity
3.000 0.020 8.00 Sequential center of gravity E

Post measurement

] Change w offset so that w position becomes a half of 28 position

Calculated scan duration: 3min 48s

Set Recommended Values ” 0K Cancel




Recursive axis alignment

Flow Editor 7 =B X Display Area
Rocking Curve Pre-Measurement @n

Rocking curve pre-measurement conditions Mave to origin

Alignment method: | Recursive axis alignment IE" 26, = 38.0588

[ | Optimize 28 w, % | 10,0294
Axis realignment after 28 optimization ¥ | 0.000
| From w to ¥[@ |:|| ®, = | 0.000

Read Current Positions

Pt Y - - .
@ Run recommended sequence [} Customize conditions  Customize...

Save measured data

File name:  tocking Curve\3-Pre Alignments\Recusive axis alignme standard.rasx .

Sample name:| |

Memo: | |

Post measurement

[ | Change w offset so that w position becomes a half of 28 pasition

Calculated scan duration: 153min 21s

ok | Cane

T T OO T T OT




New values after running
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4 Optics
c@;ﬂtttachment base

Status

38,0588 °
18.8635 °
0.120°
0.000 *

Universal Z attachment

Flow Editor

Display Area

Rocking Curve Pre-Measurement

g ~ |

Rocking curve pre-measurement conditions

Move to origin

Alignment method: | Recursive axis alignment

M

[] optimize 28

gnment

28, % 38.0588

M w, = | 189635

W= 0120
D| M @, = | 0.000

" | Read Current Positions




Customized values may be entered

Customize — Rocking Curve Pre-Measurement

Rocking curve pre-measurement conditions

Move to origin

Alignment method: | Recursive axis alignment

M

28, =

[ ] optimize 28

Axis

realignment after 28 optimization

w,“:
My =

E

M=

[] Clear previous alignment results

38.0588
18.9635
0120
0.000

Read Current Positions

Manual exchange slit conditions

Incident Soller slit: | Soller slit open (short)

E| Receiving optics: |Slit

M

Length-limiting slit:| 10 mm

[v| Receiving Soller it Soller siit 2.5°

M

Read Current Optics |

Axis alignment conditions

Incident shit, mm: Recening slit #1, mm:| 1.000 Receiving slit #2, mm:z| 1.125

Attenuator: Auto |E|

Step Axis Range Start, © Stop, © Step, © Peak Search Method
Relative -1.000 1.000 0.200 | Sequential center of gravity ||

Scan Axis Range Start, * Stop, * Step, * Speed, */min Peak Search Method
R, Ry Relative Sequential center of gra ﬂ
w Relative -0.5000 0.5000 0.0010 1.0000 Sequential center of gravity E

Relative Sequential center of gra DI
28 Relative F dth at half ma H
Intensity threshold, cps:
Post measurement
[ ] Change w offset so that w position becomes a half of 28 pasition
Calculated scan duration: 15min 21s
Set Recommended Values ” QK ” Cancel

Rocking Curve Measurements

+ -Scan

H ‘remains fixed while. changeswith £5, omega starts fromi4.0294to 29.0294



ﬁ Rocking Curve PB and Sample alignment.., [ 1]
7

-0 Optics Alignment (PB) @
~7

-0 Sample Alignment (Thin Film)
<7

m Recking Curve Pre-Measurement (1] ®
~

|4\ Recking Curve Measurement @

N

@

Rocking Curve Measurement

Rocking curve measurement conditions

Scan axis: w El Specify 28 position, =:| 38.0588
Receiving optics:| Slit @
Range: (@ Narrow () Normal () Wide

_ . . o ;
(®) Run recommended sequence [ Customize conditions  Customize..

Save measured data

File name: | D:\gq\Rocking Curve\ggl Rocking Curve gold film dr.|| |

Sample name:| |

Memao: | |

Calculated scan duration: 30s

0K

Cancel

It is fast scan for an assessment the actual scan was about 1h, 40min

| - 1 1. |

Rocking Curve Measurement

@

Rocking curve measurement conditions

® Marrow Mormal Wide
P — . - -
) Run recommended sequence @ Customize conditions  Customize...

Save measured data

File name: Gold Film Rocking Curve wih

monchromator_001.rasx | | |

Sample name:|

Memao: |

Calculated scan duration: 4min

QK Cancel

oS

nt




Change settings in customized window

Customize — Rocking Curve Measurement @

Rocking curve measurement conditions

38.0588

Scan axis: w Specify 26 position, %
]

Receiving optics: | Slit

Range: () Narrow (! Normal (@ Wide 4——

I |
Manual exchange slit conditions I \
y \
Incident Scller slit: | Soller slit open (short) | Receiving Soller slit:| Soller slit 2.5°
Length-limiting slit:| 10 mm ¥ Read Current Obtics
| |
i
Scan conditions ‘
Scan mode:| 0D{continuous) | Range:| Relative |
. - . . - Incident Slit, | RecevindgSlit Receiving Slit
Exec. Scan Axis Start, Stop, Step, Speed, */min #1 mm £2 mm Attenuator
w -5.0000 5.0000 0.0040 0.2000 1000 1000 | [1125 Mawo 7]
[
]
]
[

Calculated scan duration: 50min

Set Recommended Values || oK || Cancel




Sample name
Comment

Date of measurement:

Operator name
K-ray
Wavelength
Goniometer
Attachment base
Attachment head
Detector

Optics attribute
Memo

Profile / Gold Film Rocking Curve omega wih monchromator_001-1/1

Scan axis

LW

Scan mode : 0Dicontinuous)

2025-04-10 10:12:19

: Universal Z attachment
: xtp attachment

- DyteX Ultra 250

- PB-Ge(220)x2

: Administrator Scanstep :0.0100°

240 kW, 45 mA Scan speed: 0.1000 */min
Cu-Kal / 1.54059 A 28 :38.0588 ©

: Standard Goniometer 10548

Scan range : 14.0294 - 24.0294 ©

Selection slit

Incident optics unit
Incident Saller slit
Incident slit box
Length-limiting slit
Receiving slit box #1
Filter 1

Receiving optics unit #1
Receiving Soller slit
Receiving slit box #2
Receiving Attenuator
Detector monochromator:
Detector slit

:PB

1 Ge(220)x2

: Soller slit open (short)
: 1.000mm

210 mm

: 1.000mm

: MNone

: PSA open

: Soller slit 2.5%
1 1.125mm
 Auto

MNone

: MNone

1 w‘-"’fﬂ'ﬁr\'ﬂu
N i "
] y
. n,
] a oy Gold Film
iwj 1“\1] Rocking
E’ 500 y‘f' %\‘ Curve
2 rl Wy omega wih
] ;,mr
s A *'1* manchrom
£ ,-'r(“‘ ator_001-1
] Py Mr\.\, 1
[F
..fr*"‘"a ",
o iy,
i LN
] T,
T T T f | T f I T | I T I
15 16 17 18 18 20 21 22 23 24
w,®
Profile / Gold Film Rocking Curve omega +10-10 wih monchromator_001-1/1
Sample name Scan axis T w Selection slit :PB
Comment : Scan mode : 0D{continuous) Incident optics unit : Ge(220)x2
Date of measurement: 2025-04-10 16:25:35 Scan range : 9.0294 - 29.0294 ¢ Incident Soller slit : Soller slit open (short)
Operator name : Administrator Scan step :0.0100° Incident slit box : 1.000mm
KX-ray 240 kV, 45 mA Scan speed: 0.1000 */min Length-limiting slit 210 mm
Wavelength :Cu-Kal / 1.54059 A 28 138.0588 ¢ Receiving slit box #1 : 1.000mm
Goniometer : Standard Goniometer ¥ 10.548° Filter 1 : MNone
Attachment base : Universal Z attachment Receiving optics unit #1 : PSA open
Attachment head * yip attachment Receiving Soller slit : Soller slit 2.5°
Detector : DfteX Ultra 250 Receiving slit box #2 :1.125mm
Optics attribute : PB-Ge(220)x2 Receiving Attenuator : Auto
Memao : Detector monochromator: None
Detector slit : None
Gold Film
| Rocking
Curve
E: 500 omega
4 \ +10-10
g 1 wih
b Jf manchrom
8 ¥ ator_001-1
fal
1 \\Mm_.__,__
T T T | T T T I T T T T f
10 12 14 16 18 20 22 24 26 28
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‘changeswith +5,. | Y R nsimilaNy2odifat in XRD measurements.

Customize — Rocking Curve Measurement

Rocking curve measurement canditions

Receiving optics:| Slit K |E||

- - P
Range: () Marrow () Mormal (@ Wids

Manual exchange slit conditions

Incident Soller slit: | Soller slit open (short) | Receiving Soller slit| Saller slit 2.5° |E|
Length-limiting slit:| 10 mm |E|| Read Current Optics

Scan conditions

Scan mode:| 0D({continuous) E" Range:| Relative |E||
Exec. Scan Axis Start, © Stop, ® Step, ° Speed, */min :cr;dent Siit, i‘:lc':::_lng shit i;lc':::_lng Slit Attenuator
26/w -5.0000 5.0000 0.0040 0.200 1000 1.000 1125 Ao ]
[l
0
0
U

Calculated scan duration: 50min

SetRecommended Values | OK

Cancel




| = |

Rocking Curve Measurement @

Rocking curve measurement conditions

}j| 28 position, ° I[”:|

Marrow Mormal @ Wide

LM

(8]

m
I

P a - - -
[_) Run recommended sequence @ Customize conditions | Customize...

Save measured data

File name: | DAXRD LUMS\O Dr. Ghulam Sarwar\Rocking Curve\Ge|| ... |

Sample name:| |

Mermo: | |

Calculated scan duration: 50min

It is fast scan for an assessment the actual scan was about 1h, 40min

Profile / Gold Film Rocking Curve 2theta,omega wih monchromator_001-1/1

Sample name : Scan axis  : 28/w Selection slit :PB

Comment : Scan mode : 0D{continuous) Incident optics unit 1 Ge(220)m2

Date of measurement: 2025-04-10 12:11:49  Scan range : 33.0588 - 43,0588 * Incident Soller slit : Soller slit open (short)

Operator name : Administrator Scan step 0 0.0100° Incident slit box 1 1.000mm

KX-ray 240 kV, 45 mA Scan speed: 0.1000 */min Length-limiting slit 210 mm

Wavelength :Cu-Kal / 1.54059 A w 119.0294 ° Receiving slit box #1 1 1.000mm

Goniometer : Standard Goniometer  x 10.548° Filter 1 : Mone

Attachment base : Universal Z attachment Receiving optics unit #1  : PSA open

Attachment head * yip attachment Receiving Soller slit : Soller slit 2.5%

Detector : DfteX Ultra 250 Receiving slit box #2 :1.125mm

Optics attribute : PB-Ge(220)x2 Receiving Attenuator : Auto

Memao : Detector monochromator: None
Detector slit : None

1-10%5

Intensity, cps

IJlIlTu
e

Gold Film
Rocking
Curve
2theta,om
ega wih
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ator_001-1
Jil

T | I T | T I T T
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. changeswith #5,. | Y R HsimilaNyaodifat in XRD measurements.

Customize — Rocking Curve Measurement

Rocking curve measurement conditions

Scan axis:

V| Specify 26 position =:

Receiving optics:| Slit

Range: ':::' Marrow :::' Mormal iii Wide

Manual exchange slit conditions

Incident Soller slit: | Soller slit open (short) | Receiving Soller slit:| Soller slit 2.5 IE"
Length-limiting slit:| 10 mm | Read Current Optics

Scan conditions

Receiving Slit

#2 mm

Attenuator

| 1125

Mo v

Scan mode:| 0D{continuous) | Range:l Relative |
Exec. Scan Axis Start, © Stop, © Step, ® Speed, °/min L:cr:‘dent St iic.::;ng Slie
w/2g -3.0000 3.0000 0.0040 0.2000 1.000 1.000
O
O
O
L

Calculated scan duration: 50min

Set Recommended Values ||

ok || Cancel




Profile / Gold Film Rocking Curve omega,2theta wih monchromator_001-1/1

Sample name Scan axis  : w/28 Selection slit :PB
Comment : Scan mode : 0D{continuous) Incident optics unit 1 Ge(220)x2
Date of measurement: 2025-04-10 14:41:49 Scan range : 14.0294 - 240294 *  Incident Soller slit : Soller slit open {short)
Operator name : Administrator Scan step 0 0.0100° Incident slit box : 1.000mm
KX-ray 240 kV, 45 mA Scan speed: 0.1000 */min Length-limiting slit 210 mm
Wavelength : Cu-Kal / 1.54059 A x 10548 Receiving slit box #1 : 1.000mm
Goniometer - Standard Goniometer Filter 1 : None
Attachment base : Universal Z attachment Receiving optics unit #1  : PSA open
Attachment head © yip attachment Receiving Soller slit : Soller slit 2.5%
Detectar - D/teX Ultra 250 Receiving slit box #2 :1.125mm
Optics attribute : PB-Ge(220)x2 Receiving Attenuator : Auto
Memo : Detector monochromator: None
Detector slit : None
" Gold Film
A Rocking
1] Curve
| omega,2th
| eta wih
[ manchrom
| | ator_001-1
Eﬁ 500 [ 1
2\ |
‘W | |
g ,‘
£ f
|
0 — et e e —— - - - - - e e . e —— e
T f [ | f T | T T I
15 16 17 18 18 20 21 22 23 24
wi28, °

Rocking Curve Analysis

A rocking curve is a higlesolution Xray diffraction technigue used to characterize crystalline materials.

It involves rotating a crystal sample through a small angular range while measuring the intensity of
diffracted Xrays. The resulting plot of intsity versus angle provides valuable information about the
crystal's quality, composition, and structufeocking curves can reveal defects, strain, lattice

mismatch, and layer thickness in epitaxial structurégey are particularly useful for analyzingnth

films, semiconductor devices, and other layered materials. The width of the rocking curve peak indicates
crystal perfection, with narrower peaks suggesting higher quality. Additionally, the curve's shape and
features can provide insights into crystaiestation, mosaic spread, and the presence of multiple

phases or compositions within the sample. This technique is essential in materials science,
semiconductor manufacturing, and other fields requiring precise crystal characterization.

While rocking curves offer valuable insights into crystal structure and quality, they possess inherent
limitations that researchers and industry professionals must consider. This method predominantly
focuses on surfackevel analysis, providing detailedanmation about the uppermost layers of a crystal
sample. However, it may not adequately capture internal defects or variations deep within the crystal
structure, potentially overlooking crucial information about the material's overall composition and
guality. Moreover, rocking curves necessitate precise alignment of the sample-eaybéam, a

process that demands significant expertise and can be-tntensive. This requirement for meticulous
setup and execution potentially renders the technique less suitdslaighthroughput industrial
applications where rapid analysis of multiple samples is often essential. Thedimseming nature of
rocking curve measurements can lead to bottlenecks in production processes and research workflows,



limiting its practicality in certain contexts. Furthermore, the interpretation of rocking curve data can be
complex and nuanced, often requiring specialized expertise in crystallography and materials science. The
resulting diffraction patterns and peakgfiles contain a wealth of information, but extracting

meaningful conclusions from these data sets demands a deep understanding of crystal structures, defect
types, and their impact on-iy scattering. This complexity can make it challenging forexpeits to

utilize rocking curves effectively and may necessitate additional training or collaboration with specialists.
To overcome these limitations and obtain a comprehensive characterization of crystal samples,
researchers often employ complementary anagt techniques alongside rocking curves. These may
include transmission electron microscopy (TEM) for direct visualization of crystal defeays, X

topography for mapping strain distributions, or reciprocal space mapping for a more complete picture of
crystal lattice parameters. By combining multiple methods, scientists can build a more robust
understanding of crystal properties and overcome the inherent limitations of any single technique. In
conclusion, while rocking curves remain a powerful tool ystal analysis, their limitations in probing

internal structures, time requirements, and complexity of data interpretation highlight the need for a
multifaceted approach to crystal characterization. Researchers and industry professionals must carefully
corsider these factors when selecting analytical methods and interpreting results to ensure a
comprehensive understanding of crystal properties and quality.

Sample Requirements

For successful rocking curve measurements on the SmartLab SE with SmartLab Studio Il, it is essential to
select appropriate sample typeBpitaxial thin films grown on crystalline substratesich as GaN/Si,
INnGaAs/GaAs, or ZnO/Sapphire idea) especially when the film and substrate planes (e.g., (004)

reflection) are closely alignedrhese samples allow for detailed analysis of crystal quality, strain,
dislocations, and mosaic spread. Highly oriented thin films with strong texture can also yield usable
rocking curves, although the results may not be as sharp as with epitaxial layeostiast, amorphous

films, random polycrystalline powders, and highly defective or disordered crystals are not suitable for
rocking curve measurements, as they lack sdefined Bragg peaks or produce excessively broad, noisy
profiles. Additionally, sanipS & GAGK NRdzZZK adzNFI OS& 2NJ OSNBE GKAY
low intensity or poor resolutionnless highly optimized optics are used.

"Highly oriented thin films with strong texture can also yield usable rocking curves, although the
results may not be as sharp as with epitaxial layers."

This means that even though a thin film is not epitaxial (i.e., it is not a singd&al film grown with

atomic alignment to the substrate), it can still produce meaningful rocking curve data if its grains are
strongly aligned in one direction that i§jtihas strong texture. In such films, a significant number of
crystallites share the same orientation, allowing a distinct diffraction peak to form when the rocking
curve is measured. However, because the film still consists of many small grains hather t

continuous single crystal, the rocking curve will generally be broader and less sharp (i.e., it will have a
larger FWHM full width at half maximum) compared to that of an epitaxial film. Epitaxial layers have
nearperfect alignment, resulting in venyarrow, highresolution peaks in rocking curve measurements.

Single wafer or a film on wafer

For rocking curve measurements on the SmartLab SE, both single wafers and films on wafers can be
suitable samples, depending on the specific research objectives. Single wafers are often preferred for

T



their simplicity and uniformity, allowing for precise measurements of crystal quality and lattice
mismatch. They are particularly useful when studying bulk material properties or evaluating substrate
guality. However, films on wafers are more appropriatiean investigating epitaxial layers,
heterostructures, or thin film properties. These samples enable the analysis of film thickness,
composition gradients, and interface quality. Films on wafers can provide valuable information about
strain and relaxatiomilayered structures. It is important to note that very thick films or highly
mismatched systems may not be suitable for rocking curve measurements due to potential peak
broadening or separation issues. Ultimately, the choice between a single wafetraranfa wafer

depends on the specific material system under investigation and the desired information to be extracted
from the rocking curve analysis.

Rocking Curve vs XRD Measurements

Rocking curve measurements, a specializedyXdiffraction technique, differ from standard XRD by
focusing on a single diffraction peak and rotating the sample through a small angular range while
keeping the detector fixed. While XRD provides informagibaut the overall crystal structure, lattice
parameters, and phase composition, rocking curve measurements offer more detailed insights into
crystal quality and perfection. RC provides detailed information about crystal quality, strain, and defects,
makingit is particularly sensitive to slight variations in lattice spacing and orientation, making it ideal for
studying epitaxial layers and thin films. The full width at half maximum (FWHM) of a rocking curve is a
key parameter for assessing crystal qualinlike standard XRD, which primarily determines crystal
structure and phase composition in bulk materials, rocking curve analysis is especially useful for
examining epitaxial layers and thin films. The intensity distribution in a rocking curve reflects th
distribution of crystallite orientations and can provide quantitative information about dislocation

density and other structural imperfections. These measurements are often performed using high
resolution diffractometers for increased precision.

FWHM

A narrow FWHM indicates a higjuality crystal with minimal defects and uniform lattice spacing,
suggesting excellent crystalline perfection. Conversely, a wide FWHM suggests lower crystal quality,
potentially due to increased defects, dislocations, otidatmismatches. A broader peak may indicate
mosaic spread, strain, or compositional variations within the crystal structure. When analyzing FWHM
values, it is crucial to consider the specific material system, growth conditions, and intended application.
GComparing FWHM measurements to established standards or theoretical predictions for the given
material can help assess the relative quality of the crystal and guide further optimization of growth
parameters or processing techniques.

Mosaic spread

Mosaic spread refers to the degree of misalignment or imperfection in a crystal structure. The width of

the rocking curve, often expressedB&HM, directly correlates with mosaic spre@dnarrow rocking

curvepeakd aY Il ff C21 av YSI ya f-qudlty ¥hyst@lAbroad réckingBurvBpelly KA 3 K
YSIya KAIK Y2alAO ALINBIR b LINBAaSy USaispreatfelessl t A 3y SR
to the small angular misalignmentbetween microscopic crystal blocks (called mosaic domains) within

what appears to be a single crystal. In a perfect crystal, all atomic planes are aligned uniformly. But in

real materials especially thin films and imperfect single crystatbis is rarely the caséJnderstanding



and controlling mosaic spread is crucial in fields such as optoelectronics angehighmance
materials, where crystal perfection directly affects device efficiency and functionality.

Why Does Mosaic Spread Occur?
Mosaic spread arises due to:

1. Crystalline Defectg such as dislocations, stacking faults, or grain boundaries, which locally tilt
the lattice planes.

2. Strain or Stresg thermal mismatch, lattice mismatch (between film and substrate), or growth
stress can distort the crystal and introduce angular deviations.

3. Growth Conditionsg rapid or noruniform crystal growth may result in slightly misoriented
domains.

4. Tilted Grains or Domaing particularly in textured or polycrystalline thin films, even if grains
have preferred orientation, small tilts cause a modiie structure.

Mosaic spread is indeed a result of crystal imperfections, strains, or misalignmeditin what would
otherwise be a perfect crystal. It's a key indicatocifstal quality, especially in epitaxial thin filma.

mosaic crystal is an idealized model of an imperfect crystal, imagined to consist of numerous small
perfect crystals (crystallites) that are to some extent randomly misoriented. Empirically, mosaicities can
be determined by measuring rocking curves.
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guality or the presence of defects in the stgl structure. This broadening can be attributed to various
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scan indicates a higguality crystal with minimal defects and a more uniform lattice stuwe. The

narrower the rocking curve, the better the crystalline quality, as it implies a more precise alignment of
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width at half maximum (FWHM) value, whiserves as a measure of crystal perfection and can be used

to compare the quality of different samples or assess the impact of various growth or processing

conditions on crystal quality.
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provides valuable insights into the crystalline quality and structural properties of a material. The broader
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the presence of defects, dislocations, or strain within the crystal structure. This broadening reflects

imperfectionsinthelongNl y3S 2NRSNJ 2F GKS ONRAGEFE ® LyiesO2y (NI &

well-defined lattice planes with consistent interplanar spacing throughout the sample. This sharpness

indicates good shontange order and uniform composition. The combination of these two observations
suggests a material with localized structural arfections but overall consistent atomic arrangement,



potentially pointing to a higlguality crystal with some mosaicity or specific types of defects that affect
long-range order without significantly disrupting the local atomic structure.

what effects the shape of a rocking curve

The shape of a rocking curve inay diffraction analysis provides crucial information about crystal

guality and structure. A narrow, symmetrical curve indicates high crystal perfection, while broadening
suggests the presence of defects or strain. Theearfull width at half maximum (FWHM) is inversely
proportional to crystal quality, with smaller values indicating better crystallinity. Asymmetry in the curve
can reveal mosaic spread or compositional gradients within the crystal. The intensity andrpokit

satellite peaks in the rocking curve can indicate the presence of superlattices or multiple crystal phases.
Additionally, the curve's shape can be influenced by factors such as sample curvature, surface
roughness, and instrumental resolution. An&ysf these features allows researchers to assess crystal
orientation, lattice mismatch, and overall structural properties, making rocking curves an essential tool
in materials science and semiconductor research.

Shift in the omega scan of rocking curve from the 38.2° for a Gold film on a Si substrate
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structure. When performing an omega scan (rocking curve) around this peak, the expectation is typically
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the omega scan can occur due to various factors. While ideally, the peak should appear at the center
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shifted or appear at different omega values. This shift can be attributed to factors such as sample
misalignment, strain in the crystal lattice, or the presence of mosaicity in the sample. To accurately

interpret the results, it is crucial to consider these gatial influences and, if necessary, perform

additional measurements or alignments to ensure the reliability of the data.

RC of matched / mismatched lattice parameters of film grown on a substrate

The growth of thin films on substrates, such as gold films on silicon, can significantly impact the
structural properties of the resulting material. When considering the effects on rocking curves, the
degree of lattice matching between the thin film andtbubstrate plays a crucial role. In cases of

perfect lattice matching, the rocking curve typically exhibits a narrow, symmetric peak, indicating a high
guality epitaxial growth with minimal strain and defects. However, when there is lattice mismatch, the
rocking curve can display several characteristic features. These may include peak broadening due to
increased mosaic spread, asymmetry caused byurgform strain distribution, and the appearance of
satellite peaks resulting from periodic strain relaxatimechanisms. The extent of these effects depends
on the magnitude of the mismatch, film thickness, and growth conditions. Lattice mismatching can lead
to the formation of dislocations, stacking faults, or other structural defects, which are reflectbd in t
broadening and potential splitting of the rocking curve peaks. Understanding these rocking curve
characteristics is essential for assessing the quality and strain state of thin film heterostructures in
various applications, including semiconductor degiand optoelectronic components.

RC of matched / mismatched planes of film grown on a substrate

Thin film growth on a substrate can significantly influence the crystalline quality and structural
properties of the film. When a film is grown on a matched plane, where the lattice parameters of the



film and substrate are similar, the resulting rocking curve typically exhibits a narrow peak with high
intensity. This indicates good crystalline quality and minimal strain in the film. Conversely, when grown
on a mismatched plane, where there is a sigaifit difference in lattice parameters, the rocking curve
often shows broadening and reduced intensity. This broadening is attributed to increased defect
density, strain, and mosaicity in the film structure. Additionally, mismatched growth may lead to the
formation of dislocations or other structural defects to accommodate the lattice mismatch, further
affecting the rocking curve profile. The degree of mismatch and growth conditions can influence the
extent of these effects, with larger mismatches genenadlulting in more pronounced changes in the
rocking curve characteristics.

Film thickness by XRR and Rocking Curve Analysis

While bothXRRand HRXRDhickness fringes can be used to determine film thickness, they do not

always give identical values for the same sample. XRR measures the total physical thickness by analyzing
Kiessig fringes in the specular reflectivity curve. It is sensitive teldutronmdensity contrastat each

interface and to surface/interfacial roughnestRXRDhickness fringes, derived from the ahtglane
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substrate) and requires high crystalline quality. Foidaal, uniform, smooth, epitaxial filmwith known

density and no amorphous cap or damage layer, the two methods typically agree within a few percent.

However, differences arise when:

Density or Composition Gradienesxistt XRR senses the full density profile, whereas HRXRD sees only
the crystalline portion.

Roughness or Interface Imperfectiofsoaden or dampen XRR fringes more strongly than HRXRD
fringes.

Crystalline Defectseduce the visibility of HRXRD fringes, biasing the fitted thickness toward the most
perfect regions.

NonZrystalline Layergoxide caps, surface damage) contribute to XRR but not to HRXRD.

In practice,both techniques complementarily: XRR for total film thickness and roughness, and HRXRD
fringes for the crystalline layer thickness and structural quality. Rogkinge analysis in SmartLab

Studioll (and in XRD in generagquires a crystalline substratbecause the method depends on
well4lefined Bragg reflections from periodic atomic planesa&mrphousor nonZrystallinesubstrate

has no longange order, so it cannot produce the sharp diffraction peak around whiclirpoi€ the
sample. Wthout that reference peak, the software cannot perform th&can or fit a rockingurve

profile. If your film is deposited on a ngmystalline substrate, consider using techniques suckdzy
reflectivity (XRRJor thickness and density measurementsgoazingdncidence XRD (GIXRf0y

inglane structural information both of which do not require a crystalline substrate.



Step by step Analysis
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Profiles

Here is a brief introduction of each column in profiles. When tofitsa constantsettings and how to
choose amondrelaxation, Strain, or Mismatchn the Strain Inputcolumn.

Column Descriptions

1. Thickness (nm) <th>
a. The thickness of each layer in nanometers.
b. Fitif you want to determine the exact thickness from the data (recommended for thin

films).
c. Constif

2. Conc.(X) <cx>
a. Composition or concentration of the alloying element.

C2NJ {Asy DS I GKAa A& GKS DS FTNIOiGAZ2Y

the thickness is known and fixed.

b. Fitif you want to determine composition from the measurement.

c. Constif

3. Strain Input

a. This tel
i.
ii.
iii.

composition is known (e.g., from fabrication).

Is the software how to interpret the next columns:

Relaxation Allows the layer to partially or fully relax with respect to the

substrate.
Strain You input strain directly.
Mismatch Calculates strain from lattice mismatch with substrate.

b. UsuallyRelaxationis preferred for epitaxial films.
4. Relaxation (R1) <r1>

a. Represents the fraction of relaxation (0 = fully strained, 1 = fully relaxed).

b. Fitif you're analyzing how relaxed the film is.

c. Constif

relaxation is known (rare in practice).

5. Strain (s1) <s1>
a. Represents iplane strain.

b. FitA ¥
c. Constif

A = 4 oA X~

G{UONFX¥Ay¢ A& aStSOGSR Ay GKS
strain is externally known.

6. Density (g/cm3) <d>

a. Massd

ensity of the layer.

b. UsuallyConstunless the material is porous or its density is unknown.
c. Can beritin complex cases to improve accuracy.

Recommendations for Rocking Curve/HRXRD Analysis

LINB @A 2 dz&

Typical
Parameter yp .ca Comments
Setting
Thickness Fit Especially for thin films, use fit to derive accurate thickness.

OEL ®

o}



Concentration|Const/Fit  |Fit if you're unsure of the exact composition.

Strain Input  |Relaxation |[Most physical and intuitive; preferred in most tHilm models.

. . Helps to determine how much the film is relaxed relative to
Relaxation Fit

substrate.
. Leave as . S
Strain Use only if "Strain" is selected above.
Const
Density Const Use fit only in advanced modeling or for porous layers.
Final Advice

1 For routine epitaxial films: choogeelaxation and letthicknessandrelaxation be fitted .

1 Lock inknown parameters(thickness, composition) to reduce complexity and improve
convergence.

1 Alwayscrossvalidate with XRR results for thickness and density.

Enter parameter$§0 and 25s thicknes$or L1 and L2nd 0.15 forconc.

Profiles Sample Profile  Sample Model View

ber T Material hickness, nm<th Conc.(X)<cx Strain Input Relaxation(R1)<r1> Strain1<s1> Density, g/cm®<d

v 2 [ls Relaxation 0.000 232924
v L1 HH sit1-Geto Relaxation 0.000 2.82965
sub  [=]si 2.32924

Press the control kegind select the celland press fittingoutton, notation fit will appear.
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Click thelnstrumentalFunctionand entre the parameterfor Lorentz Fracion as 0.00 a@@wussian

Width as0.007and Instrumentd function asPsaido-Voigt
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Set simulation parameters

Set optimization algorithm and run fit
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Create recort

ple Parameters Measurement Conditions

Horizontal Transform

Click simulation parameterslick autan the horizontal transformThehorizontal axisof theoretical
profile is adjustedto that of the experimental profiledy referenéng the substrate peak

¢KS K2NAT2yGFt GNIyaF2NyY ft26a8 F2NIF FAYyS | y3dz |
helping to align it precisely with the measured data. This shift compensates for small misalignments in
sample positioning, goniometer calibration, or agati path differences. The transform value is typically

very small (in the range of £0.01°) and can be entered manually or optimized automatically by the

software. It is especially useful when the shape of the simulated fringes or peaks closely matches the
measured data but appears slightly offset in position. Applying the correct horizontal transform

improves the overlay between simulated and experimental curves, leading to a more accurate and

visually aligned fit in rocking curve or HRXRD analyses.



Replace data
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Set X-ray parameters

oo Sample Profle  Sample Mode View
Set simulation parameters
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Save results
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Honzontal transform

S
28, ° -8.00e-003 | .
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Vertical transform

Vertical Transform

Hrx00151 SiGe 004

LATLAN D

Auto A

Select thevertical transformtype: try different typesand monitorthe quality of fit This setting defines
how the intensity axis (vertical scale) is adjusted to better fitrtteasuredandsimulatedrocking curve

The vertical transform in SmartLab Studio Il adjusts the intensity axis of the simulated curve to better
match the measured data, accounting for background and instrumental effects. Several transform types
are available, includinGonst Linear, Lorentz Lorentz and ConstandLorentz and LinearAconstantor

linear transform is suitable when the background is flat or gradually varying, whilkedrentz

correction accounts for broadening due to instrumental geometry or beam divergence. The most
comprehengse option,Lorentz and Linearcorrects for both anguladependent background and
instrumental broadening, making it ideal for higésolution scans like HRXRD or rocking curve fitting
where peak tails and background variations are significant. Choosing the correct transform intpeoves

fit quality and ensures more accurate extraction of film parameters.
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Choosescale, Lorentz baground width and Lorentz background scaded click fiting

In the Simulation Parameterpanel of SmartLab Studio Il, under tertical Transformsettings
(specifically when "Lorentz" is selected), several parameterdiine the simulated background and
intensity scaling for a better match to the measured HRXRD or rocking curve dagcalgmmrameter
adjusts the overall intensity of the simulated curve, ensuring it aligns with the measured tdbigss
crucial when the measured and simulated curves have the same shape but differ in magnitude. The
Lorentz Bakground Widthdefines the broadness of the Lorentziahaped background peak, which



helps model wide, lovintensity scattering effects typically seen beneath sharp diffraction peaks. A
wider value indicates a more gradually decaying backgroundLdtentz Background Scat@ntrols the
height or intensity of this Lorentzian background functidmnigher values raise the background
contribution in the fit. Together, these parameters refine the vertical fit of the simulation, particularly in
regions where the measured data indks both sharp peaks and diffuse intensity tails. Proper
adjustmentensures a better residual profile and more reliable extraction of film parameters like
thickness, strain, and mosaicity.

Vertical transform

Vertical transform

Type: | Lorentz v Type: | Lorentz i
Auto Set Fitting Auto [ Clear Fitting
Value, counts Value, counts
Scale 1.52E+008 Scale 4 15264008 P
Lorentz Background Position 4 5.2 p 1
I
Lorentz Background Width 0.813 Lorentz Background Position

273

Lorentz Background Width

Lorentz Background Scale

Instrumental Function

Fit Parameters = Simulation Parameters Instrumental Function Fit Parameters = Simulation Parameters

Fitting Process

In SmartLab Studio Il, the fitting process for HRXRD or rocking curve data can be optimized using various
fit methods, each with distinct strengths. The four methad&enetic Algorithm Nelder-Mead, Quast
Newton, andParallel Tempering are different optimization strategies. Tli&enetic Algorithmis a

global search method suitable for complex models with many parameters and multiple local minima; it
is often recommended as the starting point for robust fittilnglder-Mead is a local optimizer that

refines fts quickly once parameters are close to the solution, making it ideal forgrosessing after a
global searchQuastNewtonis a gradienbased method that is efficient for smooth problems but may
get stuck in local minimdarallel Temperings another global method, effective for overcoming local
minima by sampling multiple configurations simultaneously, but it can be computationally intensive. A
recommended approach is to begin witlGenetic Algorithmto explore the parameter space broadly,

and then seNelder-Mead or QuastNewton to fine-tune the results. This mulsitep strategy helps

achieve accurate and physically meaningful fits while balancing computation time.
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Click fit to RUN fit
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NelderMead
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Parallel Tempering






















































