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ASC Configuration & Measurements (with 
PB or BB Alignment) 
Introduction & Purpose 
The Automatic Sample Changer (ASC) is an integrated accessory of the Rigaku SmartLab SE X-ray 

diffraction system, designed to automate sequential measurements of multiple samples under 

independent measurement conditions. It enables unattended operation for up to six samples, thereby 

improving laboratory efficiency, repeatability, and throughput in routine and advanced characterization 

tasks. This document serves as a comprehensive guide for the configuration, operation, and 

optimization of the ASC unit. It provides detailed instructions for setting up measurement parameters, 

executing sequential runs, and troubleshooting operational anomalies. The purpose of this manual is to 

establish a standardized procedure that ensures consistent measurement quality, minimizes operator 

intervention, and facilitates reproducible results across different users and experimental conditions. 

During the validation process, it was observed that powder particle size significantly influences 



measurement reproducibility across ASC positions, emphasizing the importance of fine and uniform 

sample preparation for reliable data. 

 

 

Preliminary Alignment Procedures 
Before initiating ASC configuration or automated measurements, two essential alignment steps must be 

performed: optics alignment and sample alignment. These procedures ensure accurate beam 

positioning, optimal intensity, and consistent diffraction geometry. The alignments are conducted 

separately for both Bragg–Brentano (BB) and Parallel Beam (PB) geometries, as each configuration 

utilizes distinct optical paths and slit assemblies. Proper optics alignment establishes the correct beam 

focus and divergence, while sample alignment ensures that the specimen surface lies precisely on the 

diffracting plane. Performing these alignments prior to ASC operation is critical for achieving reliable 

data consistency across all six sample positions. 

Bragg–Brentano (BB) Alignment 
In Bragg–Brentano (BB) geometry, alignment ensures the incident and diffracted beams meet precisely 

at the sample surface on the focusing circle. This involves adjusting the divergence and receiving slits, 

then fine-tuning sample height and tilt to achieve maximum reflected intensity and accurate peak 

positions. 



 

 

 

 



 

 

 

Parallel Beam (PB) alignment 
In Parallel Beam (PB) alignment, the optics are configured to produce a highly collimated beam 

independent of sample height variations. Alignment focuses on optimizing the incident beam parallelism 

and detector positioning to achieve uniform intensity and accurate peak shapes, especially for thin films 

and irregular surfaces.  

Sample alignment 
Sample alignment ensures the specimen surface lies exactly on the diffracting plane for accurate peak 

positioning and intensity. It involves optimizing sample height, tilt, and centering using alignment scans 

until the maximum and symmetric reflection profile is achieved. 

 



  

 

 



 

 

 

ASC Measurements (Auto Sample measurements) 
Press ASC measurement under Part Activities. 

 

Press ASC measurement to enter parameters. 



 

 

 

 

Create a new flow for the sample at position 1. 

 



New Package Part window opens 

 

Under Measurement Activity press General Measurement (BB) 

 

Press General Measurement to set parameters for the sample at location 1 



 

Set values according to the requirements. 

 

Save the file 



 

Set the location to the save the Flow setting (BB measurement settings for location1) 

 



Enter the sample name and the location to save the measurement data 

 

RUN the flow 

 

The XRD measurement plot 



 

Similarly we can edit for all the 6-location of ASC 

 



 

 

 

Findings 

Effect of Particle Size on Measurement Reproducibility in ASC-Based XRD Measurements 
Observation: 

During multi-sample XRD measurements of NaCl using the Rigaku SmartLab SE (ASC-6), minor variations 

in peak intensity and slight peak shifts (<0.1° 2θ) were detected between different ASC sample positions, 

despite identical measurement parameters. 



Cause Identification 

The variations were traced to differences in particle size of the NaCl powder. Coarse-grained samples 

caused inconsistent diffraction intensities and angular deviations, indicating non-uniform surface 

distribution and variable beam interaction at different ASC positions. 

Verification 

When the coarse NaCl powder was replaced with a finely ground, uniform powder, all ASC positions 

produced consistent 2θ values and identical peak intensities, eliminating positional discrepancies. 

Conclusion 

These results confirm that particle size directly influences measurement reproducibility in ASC-based 

XRD analysis. Fine and uniform powders yield consistent diffraction results across all sample positions, 

ensuring data reliability and precision. 

Recommended Powder Preparation Parameters 

• Grain size: below 10–20 µm (uniform distribution) 

• Surface: flat, smooth, and level with holder rim 

• Loading method: lightly pressed or back-loaded 

• Surface texture: mirror-like, free from cavities or roughness 

Adherence to these preparation guidelines ensures high reproducibility and minimizes geometric or 

intensity variations across ASC measurements. 

Supporting Evidence 

To validate the observed relationship between particle size and measurement reproducibility, XRD 

patterns of NaCl were recorded at two ASC positions under identical measurement conditions. 

Figures : XRD patterns of NaCl with coarse grains, showing variation in peak intensities and minor 2θ 

shifts among different ASC positions. 

NaCl ASC-3 20251107 

 

NaCl ASC-4 20251107 



 

NaCl ASC-5 20251107 

 

 

 



 

 

Figures : XRD patterns of Si powder fine grinding, demonstrating complete alignment of peaks and 

uniform intensity across all positions. Fine-grained powders maintain stable and reproducible diffraction 

profiles. The evidence directly supports the conclusion that particle size is a key factor influencing ASC-

based XRD measurement uniformity. 

 

Si (same sample with same holder) at ASC-1

 

Si (same sample with same holder) at ASC-2 

 



 

 

 

Effect of Surface Flatness on Measurement Accuracy in ASC Measurements 

If the same Si powder is not positioned uniformly or the surface is uneven, noticeable variations in peak 

intensity and position may occur. Therefore, the powder surface must be perfectly flat and level to 

ensure accurate and reproducible measurements. 

Si (same sample with same holder but not properly placed to see the effect) at ASC-2 

 

 

 



 

 

Optimization of Sample Holder Volume for Limited Sample Quantities 
Observation: 

The standard sample holder supplied with the ASC system accommodates approximately 905 mm³ of 

powder, which often exceeds the available quantity for most research samples. This limitation made it 

difficult to perform reproducible measurements when only small amounts of material were available. 

Finding: 

Detailed inspection using a vernier caliper revealed that the back side of the same sample holder 

possesses a height precisely compatible with the ASC optical alignment system, allowing it to hold a 

reduced sample volume of approximately 227 mm³. Despite the smaller quantity, diffraction 

performance and alignment integrity remained fully maintained. 

Conclusion: 

This discovery provides a practical and efficient solution for performing accurate XRD measurements 

with limited sample quantities. It eliminates the need for additional sample preparation accessories, 

enhances flexibility in routine measurements, and significantly improves the usability of the ASC system 

for research samples of restricted availability. 

Sample Holders ASC Measurements 
Automatic Sample Changer (ASC) system employs two distinct holder configurations optimized for its 

optical geometry and analytical precision. The standard holder accommodates approximately 905 mm³ 

of powder, suitable for routine and bulk measurements. However, it was recently discovered that the 

back side of the same holder perfectly matches the ASC optical alignment and can reliably hold a smaller 

sample volume of about 227 mm³. This finding provides an effective solution for performing accurate 

XRD measurements on limited or valuable samples while maintaining full compatibility, accuracy, and 

reproducibility across the ASC system 

The minimum volume required for each is described. 

Smaller holder dimensions (radius × depth) 12 mm × 0.2 mm = 227 mm3 

Larger holder dimensions (radius × depth) 12 mm × 2 mm = 905 mm3 

 

 



Sample Holders General Measurements 
Two types of sample holders are available for general XRD measurements, each designed to 

accommodate different powder quantities depending on the experimental requirements and 

instrument configuration. 

The minimum volume required for each is described. 

Smaller holder dimensions (length × width × depth) 20 mm × 20 mm × 0.2 mm = 80 mm3 

Larger holder dimensions (length × width × depth) 20 mm × 20 mm × 0.5 mm =200 mm3 

 

Comparison of ASC and General measurements with BB alignment 

 

 



using less than the recommended ~100 mm³ powder volume on the Rigaku SmartLab SE will affect 

measurement quality, but the severity depends on how much less, the sample’s absorption/scattering 

power, and the measurement objective (phase ID vs. Rietveld refinement). 

Below is a practical, instrument-realistic breakdown. 

1. Why 100 mm³ Is Specified (Instrument Physics View) 

For a Bragg–Brentano θ–2θ geometry (which SmartLab SE typically uses): 

• The illuminated area is fixed by: 

o Divergence slit 

o Axial optics 

o Incident beam footprint increasing at low 2θ 

• The effective diffracting volume must be large enough to: 

o Fully intercept the beam 

o Provide sufficient crystallites for good powder statistics 

o Maintain constant irradiated volume across 2θ 

If the volume is below ~100 mm³, one or more of these conditions fail. 

2. What Exactly Degrades When Volume < 100 mm³ 

(A) Peak Intensity ↓ (Most Immediate Effect) 

• Fewer crystallites in the beam → lower diffracted intensity 

• Signal-to-noise ratio (SNR) drops 

• Weak phases may disappear completely 

Practical symptom: Noisy background + weak peaks even at high tube current. 

(B) Poor Powder Statistics → Intensity Fluctuations 

With small volume: 

• Preferred orientation artifacts increase 

• Random crystallite averaging becomes insufficient 

• Relative peak intensities become unreliable 

This directly affects: 

• Phase quantification 

• Rietveld refinement 



• Texture-free structural analysis 

C) Peak Shape Distortion 

If the sample does not fully cover the beam footprint: 

• Peak asymmetry appears 

• Low-angle peaks distort first 

• FWHM becomes unreliable → false crystallite size/strain estimates 

(D) Increased Background & Fluorescence Effects 

With thin or sparse powder layers: 

• Substrate signal leaks into the scan 

• Sample holder scattering increases 

• If your material fluoresces (Fe, Co, Ni with Cu Kα), noise worsens dramatically 

(E) Phase Detection Limit Worsens 

Typical detection limits: 

• Normal volume (≥100 mm³): ~1–2 wt% 

• Sub-minimum volume: often >5–10 wt% 

So minor impurity phases become invisible. 

3. When Can You Still Measure Below 100 mm³? 

You can go below 100 mm³ with acceptable results only if: 

Condition Acceptable? 

High-Z, strong scatterer (e.g., oxides of heavy metals)    

Only qualitative phase ID needed    

Long counting time allowed    

Transmission geometry available    

Amorphous-rich or light-element material   

Quantitative Rietveld refinement desired   

Microstructural analysis (size/strain)   

 



4. Quantitative Estimate of “How Bad It Gets” 

Very realistic expectation on SmartLab SE: 

Volume Used Expected Data Quality 

100 mm³ (recommended) Excellent 

70–100 mm³ Good (minor SNR loss) 

40–70 mm³ Usable for phase ID only 

20–40 mm³ Weak peaks, poor reliability 

<20 mm³ Often not publishable 

 

5. How to Compensate If You Must Use Less Than 100 mm³ 

If sample quantity is limited, you can partially recover data quality: 

(A) Increase Counting Statistics 

• Slower scan speed 

• Longer step dwell time 

• Multiple scan accumulation 

(B) Optimize Optics 

• Use smaller divergence slit 

• Use Soller slits to reduce axial divergence 

• Use parallel beam optics if available 

(C) Improve Sample Packing 

• Back-load to avoid surface roughness 

• Ensure complete surface coverage 

• Avoid voids or transparency 

(D) Use Zero-Background Holder (Si single crystal) 

Reduces holder contribution when sample layer is thin. 

6. The Most Important Practical Rule 

If the powder layer does not completely cover the X-ray footprint at low 2θ, your data is already 

compromised—regardless of volume. 



Volume affects intensity, but beam coverage affects accuracy. 

7. Final Technical Verdict 

•    Yes, measurements below 100 mm³ are possible 

•     Yes, data quality will degrade 

•   Do NOT rely on sub-100 mm³ data for: 

o Quantitative phase analysis 

o Rietveld refinement 

o Crystallite size/strain extraction 

o Weak impurity detection 

XRD Measurements of autosampler, zero background, glass holders and 

the sample 
XRD measurement results for six autosampler holders with a depth of 2.0 mm.

 



XRD measurement results for six autosampler holders with a depth of 0.2 mm.

 

XRD measurement results for the zero-background holder and the glass holder, each with a depth of 

0.2 mm. 

 



XRD measurement results for the Cu-50 sample measured on the autosampler holder, glass holder, 

and zero-background holder, each with a depth of 0.2 mm, showing no detectable peaks originating 

from any holder. 

 

No issues were identified, and the previous results have been confirmed as correct. The Cu-50 sample 

was tested using the zero-background holder, the glass holder, and the 0.2 mm-depth autosampler 

holder, with the effective sample height kept the same for each holder to ensure comparable 

measurement conditions. XRD measurements showed no detectable peaks originating from any holder, 

confirming that a sufficiently thick and properly leveled powder layer fully absorbs the X-ray beam. 

Therefore, the SmartLab SE is functioning correctly, and the measurements accurately reflect the sample 

characteristics, providing a clean background for reliable phase identification and quantitative analysis. 

Minimum Sample Thickness to Avoid Holder Diffraction 

The auto-sampler holder itself is a crystalline diffracting material and therefore generates peaks, 

whereas the glass holder is amorphous and does not. This has been correctly verified by the empty-

holder test. 

Minimum Safe Powder Thickness for Auto-Sampler Measurements 

To avoid X-ray penetration to the holder and to suppress background peaks, all samples measured on 

the auto-sampler must be prepared with a minimum compacted powder thickness of 

0.5 mm (universal requirement for all sample types). 



Thus 0.5 mm ensures: 

• No X-rays reach the holder 

• No substrate peaks 

• Clean baseline for Rietveld, Search/Match 

• Commercial reliability 

What is X-ray Penetration Depth in Powder XRD? 

The penetration depth (δ) is the depth at which the X-ray intensity falls to 1/e (~37%) of its surface value 

due to absorption: 

‏
ρ
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where: 

• ‘= linear absorption coefficient (cmϖ¹) 
• —= Bragg angle 

This is angle-dependent and material-dependent. 

Practical Thickness Requirement for Powder in Holders 

Sample Type Minimum Safe Powder Thickness 

Light oxides 0.3–0.5 mm 

Medium oxides 0.15–0.3 mm 

Metals / heavy phases 0.05–0.15 mm 

Minimum safe powder thickness: ὸ πȢυ mm  

Do not use metal auto-sampler trays for: 

• Phase purity claims 

• Rietveld refinement 

• Quantitative phase analysis 

• Trace impurity studies 

If a lesser quantity is put, X-rays penetrate through the sample and diffract from the holder. 

Effect of Holder Depth on 2θ Offset 
The 0.63° shift between the two peaks is caused by sample-surface height displacement resulting from 

the different holder depths. The deeper 2.0 mm holder positions the powder surface lower in the beam, 

producing the observed lower 2θ value. 



If the powder surface is adjusted to the same height in both holders, the displacement error is removed 

and the 2θ offset disappears. Any remaining shift will be negligible (typically ≤0.05°) and due only to 

normal packing or alignment variations. 

Sample Holder of Auto Sampler  

Depth 0.2mm Depth 2mm Offset 

34.31 33.68 0.63 

38.13 37.51 0.62 

39.85 39.22 0.63 

44.34 43.72 0.62 

64.58 63.98 0.60 

68.97 68.37 0.60 

77.61 77.06 0.55 

 


