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XRR Alignment and Measurements and Analysis with Rigaku SmartLab SE 

Introduction 
XRD primarily analyses crystal structures, phase identification, and crystallographic properties, XRR is an 

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 coatings. X-ray Reflectivity (XRR) measurement on the Rigaku SmartLab SE 

involves a few key steps: optic alignment, sample alignment, measurement, and data analysis. First, 

optic alignment ensures that the X-ray beam and detector are correctly configured to optimize 

reflectivity measurements. This includes setting up slits and Soller slits to control beam divergence. 

Sample alignment is critical for accurate XRR, involving adjustments to ensure the sample surface is 

perfectly parallel to the X-ray beam. The measurement process involves scanning over a low-ŀƴƎƭŜ нʻ 

range to capture reflected X-rays and generate a reflectivity curve that contains oscillations (Kiessig 

fringes) related to film thickness, density, and roughness. Finally, data analysis is performed using 

wƛƎŀƪǳϥǎ ǎƻŦǘǿŀǊŜΣ ǿƘƛŎƘ Ŧƛǘǎ ǘƘŜ ǊŜŦƭŜŎǘƛǾƛǘȅ ŎǳǊǾŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎŀƳǇƭŜΩǎ ǎǘǊǳŎǘǳǊŀƭ ǇǊƻǇŜǊǘƛŜǎΣ ǎǳŎƘ 

as film thickness, density, and surface/interface roughness, through model-based fitting techniques like 

Levenberg-Marquardt or genetic algorithms. 

XRR Optic Alignment 
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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Attachment for general measurements 
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Adjust the mark of the detector adapter to 361.5 mm 
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XRR Sample Alignment 
Here we need to select the attachment. 

 

 

 

 



13 
 

Part1. Attachment 4-inch wafer sample plate. We need to add parameters of thickness, width and 

height of sample wafer and film density. 
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Part2. ̝  ˒attachment. We need to add parameters of width and height of sample wafer. 
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Replace standard attachment with the ̝˒ attachment. 
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Monochromator Ge(220)*2 
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Remove gauge and set sample position as defined in picture. 

 

 

Sample alignment will take about an hour. 
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Flow sequence completed. 

 

 

XRR Measurements 
Press Reflectivity measurements 

 

 

 

 

 



22 
 

 

Press Customize for set measurement conditions 

 

 

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

 

 

 

Default values or Recommended values 
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The better results of the Gold film are achieved with these parameter settings of higher resolution  

 

More Gold Results 

XRR Data Analysis XRR 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/cm3 

b. Low (1.0 ~ 2.5 g/cm3 

c. Medium (<2.5 ~ 4 g/cm3 

d. High (>4 g/cm3 

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 II database, please provide the necessary 

information about the film to proceed with the analysis. For details follow the topic (Handling 

Materials Not in the Database). 

https://pern-my.sharepoint.com/:f:/g/personal/ghulam_sarwar_lums_edu_pk/EkLlq4pEdSREk0x88ji6k3sBg0J4VLonhGokWGLd_XN5Hg?e=6lzY4Y
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Summary of XRR measurements and Analysis 
CƛƭƳ ¢ƘƛŎƪƴŜǎǎ wŀƴƎŜ LƴǘŜǊǇǊŜǝƴƎ ǘƘŜ нʻ wŀƴƎŜ CƛǩƴƎ aŜǘƘƻŘǎ 

[ƻǿŜǊ [ƛƳƛǘΥ !ǎ ƭƻǿ ŀǎ мπн 

ƴƳΣ ƛŘŜŀƭ ŦƻǊ ǳƭǘǊŀǘƘƛƴ ŬƭƳǎ 

ƭƛƪŜ ƳƻƴƻƭŀȅŜǊǎΦ 

[ƻǿπ!ƴƎƭŜ wŜƎƛƻƴ όлΦмϲ ǘƻ мϲύΥ 

/ǊƛǝŎŀƭ ŦƻǊ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ 

ŀƴŘ ŘŜƴǎƛǘȅΣ ǿƛǘƘ ǘƘŜ ŎǊƛǝŎŀƭ 

ŀƴƎƭŜ ǾƛǎƛōƭŜ ƘŜǊŜΦ 

[ŜǾŜƴōŜǊƎπaŀǊǉǳŀǊŘǘ ό[aύΣ 

DŜƴŜǝŎ !ƭƎƻǊƛǘƘƳ όD!ύΣ {ƛƳǳƭŀǘŜŘ 

!ƴƴŜŀƭƛƴƎ ό{!ύΣ tƻǿŜƭƭΩǎ aŜǘƘƻŘΣ 

¦ǇǇŜǊ [ƛƳƛǘΥ ¦Ǉ ǘƻ ŀ ŦŜǿ 

ƳƛŎǊƻƳŜǘŜǊǎΣ ǿƛǘƘ 

ƭƛƳƛǘŀǝƻƴǎ ƻƴ ǘƘƛŎƪŜǊ ŬƭƳǎ 

ŘǳŜ ǘƻ ǊŜŘǳŎŜŘ ƻǎŎƛƭƭŀǝƻƴ 

ǾƛǎƛōƛƭƛǘȅΦ 

aƛŘπ!ƴƎƭŜ wŜƎƛƻƴ όмϲ ǘƻ оϲύΥ 

/ƻƴǘŀƛƴǎ YƛŜǎǎƛƎ ŦǊƛƴƎŜǎ 

ŜǎǎŜƴǝŀƭ ŦƻǊ ŀŎŎǳǊŀǘŜ 

ǘƘƛŎƪƴŜǎǎ ŘŜǘŜǊƳƛƴŀǝƻƴΦ 

 

 wŜŎƻƳƳŜƴŘŜŘ wŀƴƎŜΥ 

¢ȅǇƛŎŀƭƭȅ лΦмϲ ǘƻ пϲπрϲ ŦƻǊ 

ƻǇǝƳŀƭ ǊŜǎǳƭǘǎΣ Ǉƻǎǎƛōƭȅ 

ŜȄǘŜƴŘƛƴƎ ǘƻ уϲπмлϲ ƛŦ ƴŜŜŘŜŘΦ 

 

 

Analysis Steps 
Load XRR Measured Data 
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Press Configure sample model 

 

 

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

optional) 
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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 

 

Select Oscillation Analysis and then Run Analysis + Optimize and Apply to Sample 
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Set Simulation Parameters => Simulation Parameters => Auto 

 

 

Select Instrumental Function and set Parameters and values ( Gauss Width 1.00e-002) as given in arrows 

ŀƴŘ ǇǊŜǎǎ ά{Ŝǘ CƛǘǘƛƴƎέ 
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Select Fit Parameters from Genetic Algorithm, Newton Gaussian method, Nelder-Mead method and 

Parallel Tempring method 

 

/ƘŀƴƎŜ άCƛǘ aŜǘƘƻŘ tŀǊŀƳŜǘŜǊǎέ ŦǊƻƳ рл ǘƻ рр ƻǊ ǘƻ прΣ ŀƴŘ ǇǊŜǎǎ CƛǘΣ ƛǘ ǿƛƭƭ ƛƳǇǊƻǾŜ ǘƘŜ ŦƛǘƴŜǎǎΦ 
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Run Fit with Genetic Algorithm (Select different Fit methods to improve the fitness) 

 

 

Continue fitting till R-factor is minimized 
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Create Report 

 

 

XRR Theory and Concepts 
The Rigaku SmartLab SE can accurately measure thin films with thicknesses ranging from a few 

ƴŀƴƻƳŜǘŜǊǎ όƴƳύ ǘƻ ǎŜǾŜǊŀƭ ƳƛŎǊƻƳŜǘŜǊǎ ό˃Ƴύ ǳǎƛƴƎ ·-ray reflectivity (XRR). 

Typical Measurement Ranges: 
¶ Lower Limit: For ultrathin films, XRR can accurately measure thicknesses as low as 1-2 nm. This 

is ideal for characterizing monolayers, ultra-thin coatings, and nanostructures. 

¶ 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: 
¶ Surface Roughness: Higher surface roughness can reduce the accuracy of thickness 

measurements. 

¶ Density and Composition: The film's density and composition also play a role in determining the 

measurement range and accuracy. 

¶ Instrument Calibration: Proper calibration and alignment of the SmartLab SE are crucial for 

achieving accurate results. 

 

Thickness limit of the film for Accurate XRR measurements 
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In X-ray 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 

¶ Thin Films up to ~200 nm: XRR is well-suited 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 roughness. 

¶ 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 can be analyzed if the material 

has very sharp interfaces and low roughness, but accuracy decreases with increasing thickness. 

Factors Impacting Thickness Limits 

1. 5Ŝƴǎƛǘȅ /ƻƴǘǊŀǎǘΥ LŦ ǘƘŜǊŜΩǎ ŀ ǎǘǊƻƴƎ ŘŜƴǎƛǘȅ ŎƻƴǘǊŀǎǘ ōŜǘǿŜŜƴ ǘƘŜ ǘƘƛƴ ŦƛƭƳ ŀƴŘ ǘƘŜ ǎǳōǎǘǊŀǘŜΣ 

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 

ǊŜǎƻƭǳǘƛƻƴΣ ǇƻǘŜƴǘƛŀƭƭȅ ŀƭƭƻǿƛƴƎ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘƛŎƪŜǊ ŦƛƭƳǎΣ ǘƘƻǳƎƘ ƛǘΩǎ ǎǘƛƭƭ ƭƛƳƛǘŜŘΦ 

If your films are significantly thicker and you want structural information, switching to X-ray Diffraction 

(XRD) might offer better insight into phase and crystallographic structure. For finer control on SmartLab 

{9Σ LΩŘ ǊŜŎƻƳƳŜƴŘ ǎǘŀǊǘƛƴƎ ǿƛǘƘ ǘŜǎǘ ƳŜŀǎǳrements to see if fringes are visible and adjusting parameters 

accordingly. 

 

Why Oscillations Appear in XRR 
The oscillations you see in X-ray reflectivity (XRR) measurements, known as Kiessig fringes, occur due to 

constructive and destructive interference between X-rays reflected from different interfaces in a thin 

film structure. 

Mechanism of Kiessig Fringes: 

1. Incident X-ray Beam: When X-rays 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 structures). 

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 destructive (resulting 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: 

¶ Film Thickness: The period of the oscillations is directly related to the thickness of the film. 

Thicker films produce more closely spaced oscillations. 

¶ Density and Roughness: The amplitude and decay of the oscillations can provide information 

about the film's density, surface roughness, and interface quality. 

²Ƙȅ hǎŎƛƭƭŀǘƛƻƴǎ .ŜŎƻƳŜ bƻƛǎŜ ŀǘ IƛƎƘŜǊ нʻ !ƴƎƭŜǎ 
!ǎ ȅƻǳ ƳƻǾŜ ǘƻ ƘƛƎƘŜǊ нʻ ŀƴƎƭŜǎ ƛƴ ·ww ƳŜŀǎǳǊŜƳŜƴǘǎΣ ǎŜǾŜǊŀƭ ŦŀŎǘƻǊǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ƻǎŎƛƭƭŀǘƛƻƴǎ 

becoming less distinct and eventually appearing as noise: 

1. Decreasing Intensity: 

o As the angle increases, the intensity of the reflected X-rays 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 signal-to-noise ratio decreases at higher angles due to limitations in the detector 

sensitivity and the X-ray 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 mid-angle 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 well-defined region ensures that the fitting models accurately represent the 

physical characteristics of the film. 

2. Signal-to-Noise Ratio: 

o Including the noisy regions in the calculation can degrade the signal-to-noise 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, well-defined 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 Select RangeΥ ²ƘŜƴ ǎŜǘǘƛƴƎ ǳǇ ȅƻǳǊ ŀƴŀƭȅǎƛǎΣ ǎŜƭŜŎǘ ǘƘŜ нʻ ǊŀƴƎŜ ǘƘŀǘ ƛƴŎƭǳŘŜǎ ǘƘŜ ŎƭŜŀǊ 

Kiessig fringes. This typically involves starting from the critical angle and extending 

through the region where the fringes are distinct. 

o Exclude Noise: Cut off the data at the point where the oscillations become 

indistinguishable from noise. 

2. Fitting the Data: 

o ¦ǎŜ ǘƘŜ {ƳŀǊǘ[ŀō {9Ωǎ ǎƻŦǘǿŀǊŜ ǘƻ Ŧƛǘ ǘƘŜ ·ww Řŀǘŀ ǿƛǘƘƛƴ ǘƘŜ ǎŜƭŜŎǘŜŘ ǊŀƴƎŜΦ 

o The software may allow you to manually adjust the fitting range, ensuring that the focus 

remains on the usable data. 

3. Cross-Validation: 

o After fitting, cross-validate 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 essential to understand their strengths and how to choose the 

Ƴƻǎǘ ŀǇǇǊƻǇǊƛŀǘŜ ƻƴŜ ŦƻǊ ȅƻǳǊ ǎǇŜŎƛŦƛŎ ŀƴŀƭȅǎƛǎΦ IŜǊŜΩǎ ŀ ƎǳƛŘŜƭƛƴŜ ƻƴ Ƙƻǿ ǘƻ ŀǇǇǊƻŀŎƘ ǘƘƛǎΥ 
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Understanding the Fitting Methods 
¶ Levenberg-Marquardt (LM) Algorithm: 

o Strength: This method is widely used for non-linear 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 well-known, and you need a fast, reliable fit. 

¶ 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. 

¶ 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 When: The data may involve a complex landscape of solutions, and you need to 

ensure that the global minimum is found. 

¶ tƻǿŜƭƭΩǎ aŜǘƘƻŘ: 

o Strength: This method is a direction-set optimization technique, which can be faster but 

might not always find the global minimum. 

o Use When: The problem is well-behaved and doesn't require a global search. 

Should You Use All Four Methods? 

Advantages of Using Multiple Methods: 

¶ Cross-Verification: Running multiple fitting methods can provide a way to cross-verify results. If 

different methods converge on similar parameters, this increases confidence in the fit. 

¶ Robustness: By 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: 

¶ Time-Consuming: Running all four methods can be time-consuming, especially if you have a 

large number of samples or if some of the methods (like GA or SA) take longer to converge. 

¶ OverfittingΥ ¢ƘŜǊŜΩǎ ŀ Ǌƛǎƪ ƻŦ ƻǾŜǊŦƛǘǘƛƴƎ ƛŦ ȅƻǳ ŎƘƻƻǎŜ ǘƘŜ ǊŜǎǳƭǘǎ ǘƘŀǘ ǎƛƳǇƭȅ ƎƛǾŜ ǘƘŜ ōŜǎǘ 

numerical fit without considering the physical meaning of the parameters. 

Recommended Approach 
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¶ Start with a Robust Method: Begin with a method like the Genetic Algorithm (GA) or Simulated 

!ƴƴŜŀƭƛƴƎ ό{!ύ ƛŦ ȅƻǳ ǎǳǎǇŜŎǘ ǘƘŜ ƳƻŘŜƭ ƛǎ ŎƻƳǇƭŜȄ ƻǊ ƛŦ ȅƻǳΩǊŜ ǳƴǎǳǊŜ ŀōƻǳǘ ƛƴƛǘƛŀƭ ǇŀǊŀƳŜǘŜǊǎΦ 

These methods are more likely to find a global minimum. 

¶ Fine-Tuning with LM: Once you have a general fit from a global method, use the Levenberg-

Marquardt (LM) method to fine-tune the fit, as it is faster and often more precise when close to 

the solution. 

¶ Cross-VerificationΥ LŦ ǘƘŜ ŦƛǘǘƛƴƎ ƛǎ ŎǊƛǘƛŎŀƭΣ ƻǊ ƛŦ ȅƻǳΩǊŜ ŘŜŀƭƛƴƎ ǿƛǘƘ ŀƴ ǳƴŦŀƳƛƭƛŀǊ ƳŀǘŜǊƛŀƭΣ Ǌǳƴ 

ŀƴƻǘƘŜǊ ƳŜǘƘƻŘ ƭƛƪŜ tƻǿŜƭƭΩǎ ŦƻǊ ŎǊƻǎǎ-verification. 

¶ Check Consistency: Compare 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 well-constrained. 

Using all four methods can be beneficial for cross-validation, 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 using an additional method for verification. This strategy 

balances thoroughness with efficiency. 

 

 

 

 

 

 

 

 

¢ƘŜ нʻ ǊŀƴƎŜ Selection for the best XRR results 



37 
 

 

Layer 
Numb
er 

Material Thickness, 
nm<th> 

 Density, 
g/cm³<d> 

 Roughness, 
nm<rgh> 

 

L1 Au 10.579 ±0.06 17.64665 ±0.19 0.405 ±0.003 
Sub Si   2.32924  1.072 ±0.017 

 

 

Layer 
Numb
er 

Material Thickness, 
nm<th> 

 Density, 
g/cm³<d> 

 Roughness, 
nm<rgh> 

 

L1 Au 10.609 ±0.03 18.13896 ±0.09 0.454 ±0.005 
Sub Si   2.32924  1.110 ±0.01 
¢ƘŜ нʻ ǊŀƴƎŜ ƛǎ ŎǊǳŎƛŀƭ ƛƴ ·ww ƳŜŀǎǳǊŜƳŜƴǘǎΣ ŀǎ ƛǘ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ǊŜŦƭŜŎǘƛǾƛǘȅ Řŀǘŀ ŀƴŘ ǘƘŜ 

ability to accurately model the thin film's properties. 






















