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Rocking Curve 
A rocking curve on the SmartLab SE is a high resolution X 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 materials. By 

combining precise control over нʻΣ ˖Σ ˔Σ and ˒ , rocking curves reveal mosaic spread, strain, and defect 

density through the width and shape of the resulting intensity peak. 

˔Σ ˒ Attachment 
The ̝  όŎƘƛύ ŀƴŘ ˒ όǇƘƛύ ŀǘǘŀŎƘƳŜƴǘǎ on the Rigaku SmartLab SE goniometer provide the extra degrees of 

freedom needed for high precision rocking curve measurements. The ˔ ŀȄƛǎ tilts the sample about a 

ƘƻǊƛȊƻƴǘŀƭ ŀȄƛǎΣ ŀƭƭƻǿƛƴƎ ȅƻǳ ǘƻ ŀƭƛƎƴ ǘƘŜ ƭŀǘǘƛŎŜ ǇƭŀƴŜǎΩ ƻǳǘƻŦǇƭŀƴŜ ŀƴƎƭŜ ǿƛǘƘ ǘƘŜ ƛƴŎƛŘŜƴǘ ōŜŀƳΦ ¢ƘŜ ˒ 

axis rotates the sample about its surface normal, enabling inplane orientation adjustments for 

ŀǎȅƳƳŜǘǊƛŎ ǊŜŦƭŜŎǘƛƻƴǎ ƻǊ ǘŜȄǘǳǊŜ ŀƴŀƭȅǎŜǎΦ .ȅ ŎƻƳōƛƴƛƴƎ ˔ ŀƴŘ ˒ ǘƛƭǘǎ ǿƛǘƘ ˖ ǊƻŎƪƛƴƎΣ ȅƻǳ Ŏŀƴ ǇǊŜŎƛǎŜƭȅ 



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. 

ʻΣ нʻΣ ˖Σ ˔Σ ˒ 
Here is an explanation of the angles ǘƘŜǘŀ όʻύΣ н-ǘƘŜǘŀ όнʻύΣ ƻƳŜƎŀ ό˖ύΣ ŎƘƛ ό˔ύΣ ŀƴŘ ǇƘƛ ό˒ύ. 

1. ¢ƘŜǘŀ όʻύΥ  

This is the angle between the incident X-ray beam and the sample surface. In Bragg-Brentano 

ƎŜƻƳŜǘǊȅΣ ʻ ƛǎ ƘŀƭŦ ƻŦ ǘƘŜ ǘƻǘŀƭ ŘƛŦŦǊŀŎǘƛƻƴ ŀƴƎƭŜ όнʻύΦ 

2. 2-¢ƘŜǘŀ όнʻύΥ 

This is the total diffraction angle between the incident and diffracted beams. It is commonly used in 

powder diffraction and represents the angular position of diffraction peaks. 

3. hƳŜƎŀ ό˖ύΥ 

This is the angle between the incident X-Ǌŀȅ ōŜŀƳ ŀƴŘ ǘƘŜ ǎŀƳǇƭŜ ǎǳǊŦŀŎŜΣ ǎƛƳƛƭŀǊ ǘƻ ʻΦ However, in 

rocking curve measurementsΣ ˖ ƛǎ ǾŀǊƛŜŘ ǿƘƛƭŜ ƪŜŜǇƛƴƎ нʻ ŦƛȄŜŘ ǘƻ ŀƴŀƭȅȊŜ ŎǊȅǎǘŀƭ ǉǳŀƭƛǘȅ ŀƴŘ 

misorientation. ̟  ǎŎŀƴ όǊƻŎƪƛƴƎ ŎǳǊǾŜ ǎŎŀƴύ is performed by rocking the sample while keeping the 

detector fixed. 

4. /Ƙƛ ό˔ύΥ 

This is the tilt angle of the sample, allowing analysis of off-axis planes in single-crystal diffraction. It 

is used in texture analysis and pole figure measurements to determine grain orientation. 

5. tƘƛ ό˒ύΥ 

This is the rotation angle of the sample around its normal axis. Used to study in-plane symmetry and 

orientation of crystalline materials. 

Document mentioned ̟ Σ нʻκ˖Σ ŀƴŘ ˖κнʻ ǎŎŀƴǎ. 

 

 

 

 

 

 

 

 

 



Sample : Gold film on Glass 

XRD of Gold Film without Ge (220) ×2 monochromator with experimental conditions 

 

 

 

 

 

 

 

 

 



 

XRD of Gold Film with Ge (220) ×2 monochromator with experimental conditions 

 

 

 

 

Parallel-Beam (PB) Optics Alignment (Customize Panel) 

²ƘŜƴ ǎŜǘǘƛƴƎ ǳǇ t. ƻǇǘƛŎǎ ƻƴ ǘƘŜ {ƳŀǊǘ[ŀō {9Σ ǳǎŜ ǘƘŜ Ge(220)×2 incident monochromator to generate 

a highly parallel, monochromatic beam. Select Soller slit open (short) on the incident side and a мл ƳƳ 

length-limiting slit, Ensure the standard attachment head is mounted on the standard base, and 

choose slit as the receiving optic with a 2.5° Soller slit, the 5κǘŜ· ¦ƭǘǊŀ нрл detector at a free distance 

(150ςолл ƳƳύ. This configuration delivers a clean, parallel beam ideal for thin-film high-resolution 

scans. The pictures below explain the optic alignment process. 



 

 

 



 

 

 

 



 

 



 



 

 

Sample Alignment (Thin Film) 
Before any thin-film measurement on the SmartLab {9Σ ƛǘΩǎ critical to perform a precise sample 

ŀƭƛƎƴƳŜƴǘ ǳǎƛƴƎ ǘƘŜ ά{ŀƳǇƭŜ !ƭƛƎƴƳŜƴǘ ό¢Ƙƛƴ CƛƭƳύέ ǊƻǳǘƛƴŜΦ .ŜƎƛƴ ōȅ ŜƴǘŜǊƛƴƎ ȅƻǳǊ ŦƛƭƳΩǎ ǘƘƛŎƪƴŜǎǎΣ 

width, and height so the software can calculate the correct beam footprint. Next, select the appropriate 

mounting attachmentτǎǳŎƘ ŀǎ ǘƘŜ ˔˒ ŀǘǘŀŎƘƳŜƴǘτand enable both Direct Beam HalfCut Alignment 

and Surface Normal Alignment. Choose the Standard alignment criteria and set the surface density to 

High (>4.0 g/cm³) ŦƻǊ ŘŜƴǎŜ ŦƛƭƳǎ ǘƻ ŜƴǎǳǊŜ ƻǇǘƛƳŀƭ ǎŜƴǎƛǘƛǾƛǘȅΦ /ƘŜŎƪƛƴƎ άtut a sample when the sample 

ŀƭƛƎƴƳŜƴǘ ǎǘŀǊǘǎέ ǿƛƭƭ ǊŜƳƛƴŘ ȅƻǳ ǘƻ ƭƻŀŘ ǘƘŜ ǎŀƳǇƭŜ ōŜŦƻǊŜ ǘƘŜ ǊƻǳǘƛƴŜ ǊǳƴǎΦ CƛƴŀƭƭȅΣ ŎƭƛŎƪ Run 

Recommended Sequence for an automated alignment process, or switch to Customize Conditions if you 

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



 

 

 



 

 

 

 



Rocking Curve Premeasurements 
Before running a full rocking-curve scan, the Rocking Curve Pre-Measurement routine in SmartLab 

{ǘǳŘƛƻ LL ƭŜǘǎ ȅƻǳ ǾŜǊƛŦȅ ŀƴŘ ŦƛƴŜ-tune your alignment and optics. In the main dialog you choose between 

Run Recommended SequenceτǿƘƛŎƘ ŀǇǇƭƛŜǎ ǘƘŜ ǎƻŦǘǿŀǊŜΩǎ ŘŜŦŀǳƭǘ ŀƭƛƎƴƳŜƴǘ ǎǘŜǇǎτor Customize 

Conditions, where you can enable hǇǘƛƳƛȊŜ нʻ to find the exact Bragg peak, check Axis Realignment 

ŀŦǘŜǊ нʻ hǇǘƛƳƛȊŀǘƛƻƴ to re-ŀƭƛƎƴ ˖Σ ˔Σ ŀƴŘ ˒Σ ŀƴŘ ŎƭŜŀǊ ŀƴȅ Previous Alignment Results ƛŦ ȅƻǳΩǾŜ 

changed samples. Under Manual Exchange Slit Conditions, you confirm your incident Soller slit, 

length-limiting slit, receiving optics, and Soller slit settings. The Axis Alignment Conditions section then 

ŘŜŦƛƴŜǎ ǿƘƛŎƘ ŀȄƛǎ ό˔ ƻǊ ˒ύ ǘƻ ǎǘŜǇΣ ǘƘŜ ǊŜƭŀǘƛǾŜ ǎǘŀǊǘκǎǘƻǇκǎǘŜǇ ŀƴƎƭŜǎΣ ŀƴŘ ǘƘŜ Intensity Threshold in 

counts per second for peak detection. Finally, the Post-Measurement ƻǇǘƛƻƴ ά/ƘŀƴƎŜ ˖ ƻŦŦǎŜǘ ǎƻ ǘƘŀǘ ˖ 

Ǉƻǎƛǘƛƻƴ ōŜŎƻƳŜǎ ŀ ƘŀƭŦ ƻŦ нʻ Ǉƻǎƛǘƛƻƴέ ŜƴǎǳǊŜǎ ȅƻǳǊ ˖ ǘƛƭǘ ǇŜǊŦŜŎǘƭȅ ƳŀǘŎƘŜǎ ǘƘŜ ƻǇǘƛƳƛȊŜŘ нʻΦ 

Together, these pre-measurement checks guarantee that your rocking-curve data will be centered, 

sharp, and reproducible. 

The pictures below demonstrate the н  ̒the total diffraction angle between the incident and diffracted 

beams, ̟  the angle between the incident X-ray beam and the sample surface, ̝   the tilt angle of the 

sample, ˒   the rotation angle of the sample around its normal axis. 

 



 

 



 

 

Pre Alignment Methods 

 

 1. Without Axis Alignment 

¶ What it means: No axis alignment is performed. 

¶ Use Case: 



o Only applicable if the sample has already been aligned earlier. 

o Saves time when re-measuring 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). 

 

 2. Quick Axis Alignment 

¶ What it does: 

o Performs a fast alignment of the ̟  ŀȄƛǎ όǎŀƳǇƭŜ ǘƛƭǘύ using minimal steps. 

o Typically based on a single or very few data points. 

¶ Use Case: 

o Good for preliminary scans or when time is limited. 

o Can be used when only minor adjustments are needed. 

¶ Limitation: 

o Less precise than recursive method. 

o May not be sufficient for high-resolution measurements like rocking curves of epitaxial 

films. 

 

 3. Recursive Axis Alignment 

¶ What it does: 

o Performs a stepwise iterative alignment ƻŦ ǘƘŜ ˖ ŀȄƛǎΦ 

o Refines the peak position and intensity repeatedly until optimal alignment is achieved. 

¶ Use Case: 

o Best for high-precision measurements, especially rocking curves, where: 

Á Peak sharpness (FWHM), 

Á Peak symmetry, 

Á 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 

Alignment 

Very 

Fast 

Depends on prior 

alignment 
Sample already aligned earlier 

Quick Axis Alignment Fast Moderate Routine checks, time-limited scans 

Recursive Axis 

Alignment 
Slower High 

Rocking curve, epitaxial films, high-accuracy 

needs 

 

Default Setting 

 

 

 

 

 

 



Press customize 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Default settings 

 

 

 

 

 

 

 



Change settings to 

 

 

 

 

 

 

 



Without Axis alignment 
Entre values of н  ̒ŀƴŘ ˖ as measured for the thin film. This will set the position of incident and detector 

beam. Press RUN 

 

 

 

 

 

 

 

 

 



After runing the status of hardware settings 

 

 

 

 

 

 

 

 

 

 

 

 



For customised setting 

 

  

 

 

 

 



Quick axis alignment 
 

 

 

 

 

 

 

 

 

 

 

 

 



New values after running 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Customizes setting 

 

 

 

 

 

 



Recursive axis alignment 
 

 

 

 

 

 

 

 

 



New values after running 

 

 

 

tǊŜǎǎ άwŜŀŘ /ǳǊǊŜƴǘ ±ŀƭǳŜǎέ 

 

 

 

 

 



Customized values may be entered 

 

Rocking Curve Measurements 

-̟scan 
н  ̒remains fixed while ̟  changes with ±5, omega starts from 14.0294 to 29.0294 

 



 

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

 

 

 

 



Change settings in customized window 

 

 



 

 



нʻκ˖-scan 
н  ̒changes with ±5, ̟  ŀƴŘ нʻ ƳƻǾŜ similarly to that in XRD measurements. 

 



 

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

 



˖κнʻ -scan 
˖ changes with ±5, ̟  ŀƴŘ нʻ ƳƻǾŜ similarly to that in XRD measurements. 

 

 



 

Rocking Curve Analysis 
A rocking curve is a high-resolution X-ray diffraction technique used to characterize crystalline materials. 

It involves rotating a crystal sample through a small angular range while measuring the intensity of 

diffracted X-rays. The resulting plot of intensity versus angle provides valuable information about the 

crystal's quality, composition, and structure. Rocking curves can reveal defects, strain, lattice 

mismatch, and layer thickness in epitaxial structures. They are particularly useful for analyzing thin 

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 crystal orientation, 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 surface-level analysis, providing detailed information 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 

quality. Moreover, rocking curves necessitate precise alignment of the sample and X-ray beam, a 

process that demands significant expertise and can be time-intensive. This requirement for meticulous 

setup and execution potentially renders the technique less suitable for high-throughput industrial 

applications where rapid analysis of multiple samples is often essential. The time-consuming 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 peak profiles 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 X-ray scattering. This complexity can make it challenging for non-experts 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 analytical techniques alongside rocking curves. These may 

include transmission electron microscopy (TEM) for direct visualization of crystal defects, X-ray 

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 in crystal 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 

consider 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 II, it is essential to 

select appropriate sample types. Epitaxial thin films grown on crystalline substrates such as GaN/Si, 

InGaAs/GaAs, or ZnO/Sapphire are ideal, especially when the film and substrate planes (e.g., (004) 

reflection) are closely aligned. These 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 layers. In contrast, amorphous 

films, random polycrystalline powders, and highly defective or disordered crystals are not suitable for 

rocking curve measurements, as they lack well-defined Bragg peaks or produce excessively broad, noisy 

profiles. Additionally, sampƭŜǎ ǿƛǘƘ ǊƻǳƎƘ ǎǳǊŦŀŎŜǎ ƻǊ ǾŜǊȅ ǘƘƛƴ ŦƛƭƳǎ όǘȅǇƛŎŀƭƭȅ ғр ƴƳύ Ƴŀȅ ǎǳŦŦŜǊ ŦǊƻƳ 

low intensity or poor resolution unless 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 single-crystal 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 is, if it has 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 rather than a 

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 

near-perfect alignment, resulting in very narrow, high-resolution 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 



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 

quality. However, films on wafers are more appropriate when 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 relaxation in layered 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 wafer or a film on a 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 specialized X-ray diffraction 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 information about 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, 

making it 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 quality.  Unlike 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 the 

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 high-quality 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, or lattice mismatches. 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. 

Comparing 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 expressed as FWHM, directly correlates with mosaic spread. A narrow rocking 

curve peak όǎƳŀƭƭ C²Iaύ ƳŜŀƴǎ ƭƻǿ ƳƻǎŀƛŎ ǎǇǊŜŀŘ Ҧ ƘƛƎƘ-quality crystal. A broad rocking curve peak 

ƳŜŀƴǎ ƘƛƎƘ ƳƻǎŀƛŎ ǎǇǊŜŀŘ Ҧ ǇǊŜǎŜƴŎŜ ƻŦ ƳƛǎŀƭƛƎƴŜŘ ŘƻƳŀƛƴǎ ƻǊ ƛƴǘŜǊƴŀƭ ǎǘǊŀƛƴǎΦ Mosaic spread refers 

to the small angular misalignments between 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 materialsτespecially thin films and imperfect single crystalsτthis is rarely the case. Understanding 



and controlling mosaic spread is crucial in fields such as optoelectronics and high-performance 

materials, where crystal perfection directly affects device efficiency and functionality. 

Why Does Mosaic Spread Occur? 

Mosaic spread arises due to: 

1. Crystalline Defects ς such as dislocations, stacking faults, or grain boundaries, which locally tilt 

the lattice planes. 

2. Strain or Stress ς thermal mismatch, lattice mismatch (between film and substrate), or growth 

stress can distort the crystal and introduce angular deviations. 

3. Growth Conditions ς rapid or non-uniform crystal growth may result in slightly misoriented 

domains. 

4. Tilted Grains or Domains ς particularly in textured or polycrystalline thin films, even if grains 

have preferred orientation, small tilts cause a mosaic-like structure. 

Mosaic spread is indeed a result of crystal imperfections, strains, or misalignments within what would 

otherwise be a perfect crystal. It's a key indicator of crystal quality, especially in epitaxial thin films. A 

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. 

ǿƛŘŜǊ ƻǊ ǎƘŀǊǇŜǊ ˖ ǎŎŀƴ 

In X-Ǌŀȅ ŘƛŦŦǊŀŎǘƛƻƴ ŀƴŀƭȅǎƛǎΣ ǘƘŜ ˖ ǎŎŀƴΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ǘƘŜ ǊƻŎƪƛƴƎ ŎǳǊǾŜΣ ǇǊƻǾƛŘŜǎ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ 

ŎǊȅǎǘŀƭ ǉǳŀƭƛǘȅ ŀƴŘ ǎǘǊǳŎǘǳǊŀƭ ǇŜǊŦŜŎǘƛƻƴ ƻŦ ŀ ǎŀƳǇƭŜΦ ! ǿƛŘŜǊ ˖ ǎŎŀƴ ǘȅǇƛŎŀƭƭȅ ƛƴŘƛŎŀǘŜǎ ƭƻǿŜǊ ŎǊȅǎǘŀƭ 

quality or the presence of defects in the crystal structure. This broadening can be attributed to various 

ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ƳƻǎŀƛŎ ǎǇǊŜŀŘΣ ŘƛǎƭƻŎŀǘƛƻƴǎΣ ƻǊ ǎǘǊŀƛƴ ǿƛǘƘƛƴ ǘƘŜ ŎǊȅǎǘŀƭ ƭŀǘǘƛŎŜΦ /ƻƴǾŜǊǎŜƭȅΣ ŀ ǎƘŀǊǇ ˖ 

scan indicates a high-quality crystal with minimal defects and a more uniform lattice structure. The 

narrower the rocking curve, the better the crystalline quality, as it implies a more precise alignment of 

ǘƘŜ ŀǘƻƳƛŎ ǇƭŀƴŜǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎŀƳǇƭŜΦ ¢ƘŜ ǿƛŘǘƘ ƻŦ ǘƘŜ ˖ ǎŎŀƴ ƛǎ ƻŦǘŜƴ ǉǳŀƴǘƛŦƛŜŘ ǳǎƛƴƎ ǘƘŜ Ŧǳƭƭ 

width at half maximum (FWHM) value, which serves 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. 

ǿƛŘŜǊ ˖ ǎŎŀƴ ƻŦ ǎƘŀǊǇ ȄǊŘ ǇŜŀƪ 

! ǿƛŘŜǊ ˖ ǎŎŀƴ ƻŦ ǘƘŜ ǊƻŎƪƛƴƎ ŎǳǊǾŜ ŎƻƳōƛƴŜŘ ǿƛǘƘ ŀ ǎƘŀǊǇ нʻκʻ ·-ray diffraction (XRD) measurement 

provides valuable insights into the crystalline quality and structural properties of a material. The broader 

˖ ǎŎŀƴ ƛƴŘƛŎŀǘŜǎ ŀ ƘƛƎƘŜǊ ŘŜƎǊŜŜ ƻŦ ƳƻǎŀƛŎ ǎǇǊŜŀd or misorientation among the crystallites, suggesting 

the presence of defects, dislocations, or strain within the crystal structure. This broadening reflects 

imperfections in the long-ǊŀƴƎŜ ƻǊŘŜǊ ƻŦ ǘƘŜ ŎǊȅǎǘŀƭΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ǎƘŀǊǇ нʻκʻ ƳŜŀǎǳǊŜƳŜƴǘ ƛƳǇlies 

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

indicates good short-range order and uniform composition. The combination of these two observations 

suggests a material with localized structural imperfections but overall consistent atomic arrangement, 



potentially pointing to a high-quality 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 in X-ray diffraction analysis provides crucial information about crystal 

quality and structure. A narrow, symmetrical curve indicates high crystal perfection, while broadening 

suggests the presence of defects or strain. The curve's full 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 and position of 

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. Analysis of 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 

·w5 ƳŜŀǎǳǊŜƳŜƴǘǎ ǊŜǾŜŀƭƛƴƎ ŀ ǇŜŀƪ ŀǘ нʻ Ґ оуΦнϲ ǇǊƻǾƛŘŜ ǾŀƭǳŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ŎǊȅǎǘŀƭ 

structure. When performing an omega scan (rocking curve) around this peak, the expectation is typically 

ŦƻǊ ǘƘŜ ǇŜŀƪ ǘƻ ŀǇǇŜŀǊ ŎŜƴǘŜǊŜŘ ŀǘ ˖ Ґ ʻΣ ǿƘƛŎƘ ƛƴ ǘƘƛǎ Ŏase would be around 19.1°. However, a shift in 

the omega scan can occur due to various factors. While ideally, the peak should appear at the center 

point of the omega range (-рϲ ǘƻ Ҍрϲ ŀǊƻǳƴŘ ǘƘŜ оуΦнϲ нʻ ŀƴƎƭŜύΣ ƛǘ ƛǎ ƴƻǘ ǳƴŎƻƳƳƻƴ ŦƻǊ ǘƘŜ ǇŜŀƪ ǘƻ ōŜ 

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 potential 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 and the substrate plays a crucial role. In cases of 

perfect lattice matching, the rocking curve typically exhibits a narrow, symmetric peak, indicating a high-

quality 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 by non-uniform strain distribution, and the appearance of 

satellite peaks resulting from periodic strain relaxation mechanisms. 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 reflected in the 

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 devices and 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 significant 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 generally resulting in more pronounced changes in the 

rocking curve characteristics. 

Film thickness by XRR and Rocking Curve Analysis 

While both XRR and HRXRD thickness 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 to the electronπdensity contrast at each 

interface and to surface/interfacial roughness. HRXRD thickness fringes, derived from the outȤofȤplane 

2 /̒  ̟ǎŎŀƴ ŀǊƻǳƴŘ ŀ .ǊŀƎƎ ǇŜŀƪΣ ƳŜŀǎǳǊŜ ǘƘŜ ŎǊȅǎǘŀƭƭƛƴŜ ƭŀȅŜǊΩǎ ǘƘƛŎƪƴŜǎǎ Ǿƛŀ ƛƴǘŜǊŦŜǊŜƴŎŜ ƛƴ ǘƘŜ 

ŘƛŦŦǊŀŎǘŜŘ ōŜŀƳΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ǊŜƭƛŜǎ ƻƴ ŀ ǿŜƭƭπŘŜŦƛƴŜŘ lattice parameter contrast (e.g. between film and 

substrate) and requires high crystalline quality. For an ideal, uniform, smooth, epitaxial film with 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 Gradients existτXRR senses the full density profile, whereas HRXRD sees only 

the crystalline portion. 

Roughness or Interface Imperfections broaden or dampen XRR fringes more strongly than HRXRD 

fringes. 

Crystalline Defects reduce the visibility of HRXRD fringes, biasing the fitted thickness toward the most 

perfect regions. 

NonȤcrystalline Layers (oxide 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. RockingȤcurve analysis in SmartLab 

StudioII (and in XRD in general) requires a crystalline substrate because the method depends on 

wellȤdefined Bragg reflections from periodic atomic planes. An amorphous or nonȤcrystalline substrate 

has no longȤrange order, so it cannot produce the sharp diffraction peak around which you άrockέ the 

sample. Without that reference peak, the software cannot perform the Ȥ̟scan or fit a rockingȤcurve 

profile. If your film is deposited on a nonȤcrystalline substrate, consider using techniques such as XȤray 

reflectivity (XRR) for thickness and density measurements, or grazingȤincidence XRD (GIXRD) for 

inȤplane structural informationτboth of which do not require a crystalline substrate. 

 

 



Step by step Analysis 
The necessary steps required to perform the Analysis. The sample used in this analysis is selected from 

the list  

Layer 2 (Top layer) : Si 

Layer 1 : Si(1-x)Ge(x) 

Substrate : Si 

Press icon  

 

[ƻŀŘ ŜƛǘƘŜǊ ˖κнʻ ƻǊ нʻκ˖ ƻǊ ˖ 

 

 

 

 

 

 

 



 

 

 

 

Select file and press open 

 

Press Apply 



 

 

 

 

Click configuration model 

 

Sample parameters appear below the profile panel 



 

 

 

 

 

Select the required substrate  

 

Press add to add the substrate and the thin film, select the thin film from the list. 



 

 

 

 

 

Add Si  

 

 



Profiles  

Here is a brief introduction of each column in profiles. When to use fit  or constant settings and how to 

choose among Relaxation, Strain, or Mismatch in the Strain Input column. 

 

 Column Descriptions 

1. Thickness (nm) <th> 

a. The thickness of each layer in nanometers. 

b. Fit if you want to determine the exact thickness from the data (recommended for thin 

films). 

c. Const if the thickness is known and fixed. 

2. Conc.(X) <cx> 

a. Composition or concentration of the alloying element. 

 CƻǊ {ƛѕџ DŜ Σ ǘƘƛǎ ƛǎ ǘƘŜ DŜ ŦǊŀŎǘƛƻƴ όȄύΦ 

b. Fit if you want to determine composition from the measurement. 

c. Const if composition is known (e.g., from fabrication). 

3. Strain Input 

a. This tells the software how to interpret the next columns: 

i. Relaxation: Allows the layer to partially or fully relax with respect to the 

substrate. 

ii. Strain: You input strain directly. 

iii. Mismatch: Calculates strain from lattice mismatch with substrate. 

b. Usually, Relaxation is preferred for epitaxial films. 

4. Relaxation (R1) <r1> 

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

b. Fit if you're analyzing how relaxed the film is. 

c. Const if relaxation is known (rare in practice). 

5. Strain (s1) <s1> 

a. Represents in-plane strain. 

b. Fit ƛŦ ά{ǘǊŀƛƴέ ƛǎ ǎŜƭŜŎǘŜŘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ŎƻƭǳƳƴΦ 

c. Const if strain is externally known. 

6. Density (g/cm³) <d> 

a. Mass density of the layer. 

b. Usually Const unless the material is porous or its density is unknown. 

c. Can be Fit in complex cases to improve accuracy. 

 

 Recommendations for Rocking Curve/HRXRD Analysis 

Parameter 
Typical 

Setting 
Comments 

Thickness Fit Especially for thin films, use fit to derive accurate thickness. 



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

Strain Input Relaxation Most physical and intuitive; preferred in most thin-film models. 

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

substrate. 

Strain 
Leave as 

Const 
Use only if "Strain" is selected above. 

Density Const Use fit only in advanced modeling or for porous layers. 

 

 Final Advice 

¶ For routine epitaxial films: choose Relaxation, and let thickness and relaxation be fitted . 

¶ Lock in known parameters (thickness, composition) to reduce complexity and improve 

convergence. 

¶ Always cross-validate with XRR results for thickness and density. 

 

 

 

 

 

Enter parameters 50 and 25 as thickness for L1 and L2 and 0.15 for conc. 

 

Press the control key and select the cells and press fitting button, notation fit will appear. 



 

 

 

 

 

 

 

 

 

Press the X-Ray parameters 



 

Enter or edit the miller indices 

 

 

 

 

 

 

 

 

 

 

Click the Instrumental Function and entre the parameters for Lorentz Fracion as 0.00 and Gaussian 

Width as 0.007 and Instrumental function as Pseudo-Voigt 



 

 

Horizontal Transform 

Click simulation parameters, click auto in the horizontal transform. The horizontal axis of theoretical 

profile is adjusted to that of the experimental profiles by referencing the substrate peak 

¢ƘŜ ƘƻǊƛȊƻƴǘŀƭ ǘǊŀƴǎŦƻǊƳ ŀƭƭƻǿǎ ŦƻǊ ŀ ŦƛƴŜ ŀƴƎǳƭŀǊ ŀŘƧǳǎǘƳŜƴǘ ƻŦ ǘƘŜ нʻ ŀȄƛǎ ƛƴ ǘƘŜ ǎƛƳǳƭŀǘŜŘ ŎǳǊǾŜΣ 

helping to align it precisely with the measured data. This shift compensates for small misalignments in 

sample positioning, goniometer calibration, or optical 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. 

 



 

 

 

Vertical Transform 

Select the vertical transform type: try different types and monitor the quality of fit. This setting defines 

how the intensity axis (vertical scale) is adjusted to better fit the measured and simulated rocking curve. 

The vertical transform in SmartLab Studio II 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, including Const, Linear, Lorentz, Lorentz and Const, and Lorentz and Linear. A constant or 

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

correction accounts for broadening due to instrumental geometry or beam divergence. The most 

comprehensive option, Lorentz and Linear, corrects for both angular-dependent background and 

instrumental broadening, making it ideal for high-resolution scans like HRXRD or rocking curve fitting 

where peak tails and background variations are significant. Choosing the correct transform improves the 

fit quality and ensures more accurate extraction of film parameters. 



 

Click auto to match the intensity scale 

 

Choose scale, Lorentz background width and Lorentz background scale and click fitting 

In the Simulation Parameters panel of SmartLab Studio II, under the Vertical Transform settings 

(specifically when "Lorentz" is selected), several parameters fine-tune the simulated background and 

intensity scaling for a better match to the measured HRXRD or rocking curve data. The Scale parameter 

adjusts the overall intensity of the simulated curve, ensuring it aligns with the measured countsτthis is 

crucial when the measured and simulated curves have the same shape but differ in magnitude. The 

Lorentz Background Width defines the broadness of the Lorentzian-shaped background peak, which 



helps model wide, low-intensity scattering effects typically seen beneath sharp diffraction peaks. A 

wider value indicates a more gradually decaying background. The Lorentz Background Scale controls the 

height or intensity of this Lorentzian background functionτhigher 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 includes both sharp peaks and diffuse intensity tails. Proper 

adjustment ensures a better residual profile and more reliable extraction of film parameters like 

thickness, strain, and mosaicity. 

   

 

Fitting Process 

In SmartLab Studio II, the fitting process for HRXRD or rocking curve data can be optimized using various 

fit methods, each with distinct strengths. The four methodsτGenetic Algorithm, Nelder-Mead, Quasi-

Newton, and Parallel Temperingτare different optimization strategies. The Genetic Algorithm is 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 fitting. Nelder-Mead is a local optimizer that 

refines fits quickly once parameters are close to the solution, making it ideal for post-processing after a 

global search. Quasi-Newton is a gradient-based method that is efficient for smooth problems but may 

get stuck in local minima. Parallel Tempering is 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 with a Genetic Algorithm to explore the parameter space broadly, 

and then use Nelder-Mead or Quasi-Newton to fine-tune the results. This multi-step strategy helps 

achieve accurate and physically meaningful fits while balancing computation time. 



 

 

 

 



Click fit to RUN fit 

 

Genetic Algorithm 

 



Nelder-Mead 

 

Quasi-Newton 

 

 

 

 

 

 

 



Parallel Tempering 

 

 

 




































