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Demonstration of exterm3 
Four examples of the deconvolutional treatment implemented in the preprocessor application 
“exterm3” are demonstrated in this document.  

Section number / data folder / sample / measurement system, are shown below.

§1 / 20160715-002 / Si (NIST SRM640c) / Panalytical X’Pert Pro

§2 / 20181012-001 / Si (NIST SRM640d) / Rigaku RAD-2C (modified)

§3 / 20191111-001 / Si (NIST SRM640d) / Rigaku MiniFlex 600-C

§4 / 20200613-001 / LaB  (NIST SRM660c) 5 mm-width / Rigaku MiniFlex 600-C

§4 / 20200614-001 / LaB  (NIST SRM660c) 10 mm-width / Rigaku MiniFlex 600-C

§4 / 20200615-001 / LaB  (NIST SRM660c) 20 mm-width / Rigaku MiniFlex 600-C

1. Si (NIST SRM640c) / Panalytical X’Pert Pro (←)
The source data “00raw.csv” and configuration files (“dct.cfg”, “xray.cfg”, “cntmn.cfg”) 
for the deconvolutional treatment, described in this section, are located in the “20160715-002” data 
folder.

Powder diffraction data of Si powder (NIST SRM640c) were collected with a powder diffractometer 
(Panalytical X’Pert Pro MTD) with a silicon-strip X-ray detector (Panalytical, X’celerator).  A shield 
tube (Panalytical, Empyrian Tube Type 9430-033-7310, fine focus) was used as the X-ray source.  
Further details about the experimental condition are described in literatures (Ida et al., 2018a, 2018b, 
2018c), and “00memo.txt” file in the “20160715-002” data folder.  

Figure 1.1    Overall intensity profiles of Si (NIST SRM640c) data collected with Panalytical X’Pert Pro, and 
the deconvolutionally treated (DCT) data.  

Overall intensity profiles of the observed data and the deconvolutionally treated (DCT) data are shown 
in Figure 1.1.  
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It is confirmed that no extraordinary change in the background profile is introduced by the 
deconvolutional treatment with exterm3.  The Cu  peaks, separated from Cu  peaks at the 
higher diffraction angles are removed (or reduced) by the treatment with exterm3, as can be seen in 
Figure 1.1.

Figure 1.2 shows the changes of the Si 111, 422, and 533 peak profiles on the deconvolutional 
treatment (DCT).  The information values of the peak positions at 22.5ºC, calculated for Cu  X-
ray, , listed in the NIST SRM640c certificate (Freiman & Trahey, 2000), are 
indicated by arrows in each panel of Figure 1.2.  

 

　
Figure 1.2    Si (a) 111, (b) 422, and (c) 533 peak profiles in the raw data (Panalytical, X’Pert Pro) and the 

deconvolutionally treated (DCT) data.  The information values about the peak diffraction angles at 
22.5ºC, listed in the SRM640d certificate, are indicated by arrows on each panel.  

The deconvolutionally treated 111 peak data in Figure 1.2 (a) is located at the angle higher than the 
expected value by about .  The reason is not known at this moment.  Apparent shift of the 
experimental data from the deconvolutionally treated data about  of the 422 peak is naturally 
assigned to the sample-transparency effect (Figure 1.2 (b)).  Asymmetry of the 533 peak profile 
(Figure 1.2 (c)), having longer tail on the higher angle side, is assigned to the effect of the axial 
divergence aberration of Bragg-Brentano geometry.  The data treated by the deconvolutional method 
certainly show more symmetric peak profile.  

Figure 1.3 demonstrates how the application exterm3 for deconvolutional treatment can clean up the 
background profile of the observed powder X-ray diffraction data.  The series of small   peaks, 
step like structures caused by the  -absorption edge, and the two series of   peaks, the 
emitting points of which are likely to be located to be  apart from the center of the  target, 
are all removed or reduced by the deconvolutional treatment.  

It is suggested that the misplaced  X-rays should be emitted from a metallic part made of Ni-
alloy that supports Cu target in the shield X-ray tube (Ida, 2020b).  
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Figure 1.3    Background intensity profiles of the raw data (Panalytical X’Pert Pro) and the deconvolutionally 
treated (DCT) data. 

(←)

2. Si (NIST SRM640d) / Rigaku RAD-2C (←)
The source data “00raw.csv” and configuration files (“dct.cfg”, “xray.cfg”, “cntmn.cfg”) 
for the deconvolutional treatment, described in this section, are located in the “20181012-001” data 
folder.

Powder diffraction data of Si powder (NIST SRM640d) were collected with a powder diffractometer 
(Rigaku RAD-2C) with a scintillation counter.  A shield tube (Phillips, 2233/20, normal focus) was 
used as the X-ray source.  Further details about the experimental condition are described in a literature 
(Ida, 2020b).  

Overall intensity profiles of the observed data and the deconvolutionally treated (DCT) data are shown 
in Figure 2.1.  The intensity data shown in Figure 2.1 are the integration of 100 scans with the step 
interval of 0.02º and measurement time of 1 s.  The effective scan rate is estimated at 0.012º / min.  
The total measurement time was about 9 days.  

Figure 2.1    Overall intensity profiles of Si (NIST SRM640d) data collected with Rigaku RAD2-C, and the 
deconvolutionally treated (DCT) data.  

The Lorentzian that corresponds to the hypothetically symmetric Cu  peak to be convolved was 
adjusted to larger value than that used in the deconvolution process, to suppress intensity 
fluctuation in the low angle region of the treated intensity data.  The Cu  peak width is indicated in 
one of the configuration files, “xray.cfg”.  The background profile of the DCT data certainly appear 
to become smooth, when the data are treated in such a way.  The Cu  peaks, separated from Cu 

 peaks at the higher diffraction angles are removed or reduced by the treatment,  as can be seen in 
Figure 2.1.
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Figure 2.2 shows the change of the Si 111, 422, and 533 peak profile on the deconvolutional treatment.  
The information values of the peak positions at 22.5ºC for Cu  X-ray, , listed in 
the NIST SRM640d certificate (Kaiser & Watters, 2010) are indicated by an arrow on each panel of 
Figure 2.2.  

 

　
Figure 2.2    Si (a) 111, (b) 422, and (c) 533 peak profiles in the raw data (Rigaku, RAD-2C) and the 

deconvolutionally treated (DCT) data.  The information value about the diffraction angle, listed in 
the SRM640d certificate, is indicated by an arrow on each panel.  

The peak locations of 111, 422, and 533-reflections of the DCT data appear to be shifted by about 
 to higher angle side from the expected locations, as commonly seen in Figure 2.2 (a), (b) and (c).  

It is likely that the shift is mainly caused by the zero-offset error, probably induced by inappropriate 
adjustment of the measurement system.    Apparent shift about  of the observed 422 peak from 
that in the DCT data is naturally assigned to the sample-transparency effect (Figure 2.2 (b)).  
Asymmetry of the 533 peak profile (Figure 2.2 (c)), having longer tail on the higher angle side, is 
mainly assigned to the effect of the axial-divergence aberration of Bragg-Brentano geometry.  The data 
treated by the deconvolutional method certainly show more symmetric 533 diffraction peak profile.  

Figure 2.3 demonstrates how the application exterm3 cleans up the background profile of the data, 
even in the case that the  target is heavily contaminated by sputtered tungsten ( ).  All the 
observed small peaks other than   and misplaced   peaks can be assigned to  
emissions.  The series of small   peaks, step like structures caused by the  -absorption edge, 

 peaks, and the two series of   peaks, the emitting points of which are likely to be 
located to be  apart from the center of the  target, are all removed or reduced by the 
deconvolutional treatment.  

It is suggested that the misplaced  emissions should be from metallic parts made of Ni-alloy that 
supports Cu target in the shield X-ray tube (Ida, 2020b).
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Figure 2.3    Background intensity profiles of the raw data (Rigaku, RAD-2C) and the deconvolutionally 
treated (DCT) data. 

(←)

3. Si (NIST SRM640d) / Rigaku MiniFlex 600-C (←)
The source data and configuration files for the deconvolutional treatment, described in this section, are 
located in the “20191111-001” data folder.

Powder diffraction data of Si powder (NIST SRM640d) were collected with a powder diffractometer 
(Rigaku MiniFlex 600-C) with a silicon-strip X-ray detector (Rigaku D/teX Ultra-2).  A shield tube 
(Canon Electronic Devices, A-21 Cu, normal focus) was used as the X-ray source.  The scan rate of 
the measurement was .  All the data were collected within . Further details about the 
sample preparation and measurement conditions are described in “00memo.txt” file in the 
“20191111-001” folder.  

Overall intensity profiles of the observed data and the data treated with exterm3 are shown in  
Figure 3.1.  

Figure 3.1    Overall intensity profiles of Si (NIST SRM640d) data collected with Rigaku MiniFlelx 600-C, and 
the deconvolutionally treated (DCT) data.

The Lorentzian that corresponds to the hypothetical Cu  peak to be convolved was set to slightly 
larger value (0.0003) than that used in the deconvolution process (0.000286).  The values of the 
Lorentzian widths for deconvolution/convolution treatments are indicated in one of the configuration 
files “xray.cfg” for the exterm3 application.  Fluctuation of the background intensity profile 
appears near the lower edge of the data treated with exterm3.  The Cu  peaks, separated from Cu 

 peaks at the higher diffraction angles are removed or reduced by the treatment as can be seen in 
Figure 3.1.

Figure 3.2 shows the changes of the Si 111, 422, and 533 peak profile on the deconvolutional 
treatment.  The information values of the peak positions at 22.5ºC for Cu  X-ray, 

, listed in the NIST SRM640d certificate are indicated by arrows in each of the 
figures.  
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Figure 3.2    Si 111, 422, 533 profiles of the raw data and the deconvolutionally treated data (DCT).  The 
information value about the diffraction angle, listed in the SRM640d certificate, is indicated by an 
arrow on each panel.  

The peak locations of 111, 422, and 533-reflections appear to be coincided within  with the 
expected locations.  The observed 422 peak is shifted by  from the expected location, and it is 
naturally assigned to the sample-transparency effect (Figure 3.2 (b)).  The observed 533 peak profile 
(Figure 3.2 (c)) is almost symmetric, and it is naturally caused by the unusually narrow open angle 
( ) of the Soller slits used for the measurement.   The data treated by the deconvolutional method 
do not show significant change in the 533 peak profile.  

The background profile of the data are shown in Figure 3.3.  The series of small   peaks and step 
like structures caused by the  -absorption edge have been removed or reduced by the 
deconvolutional treatment.  

Misplaced  emission peaks, observed for Panalytical (§1) and Philips (§2) X-ray tubes have not 
been found in the data collected with an X-ray tube of Canon Electronic Devices. 

Figure 3.3    Background profiles of the raw data (Rigaku MiniFlex) and the deconvolutionally treated (DCT) 
data. 

The lost intensities caused by the “spill-over” and “pass-through” effects are automatically recovered 
by default in the current version of exterm3 application.  The application can also offer the data of 
intensity correction and the first to fourth-order cumulants of the instrumental aberration functions, as 
optional outputs as “cumulants_xxx.csv” (comma separated values) file for each of the 
instrumental aberrations.  The reported values are “ , , , , , ”, where 

 is the apparent diffraction angle,  is the ratio of the observed intensity to the hypothetical 
value expected for an infinitely wide and thick specimen, and  is the -th order cumulant of each 
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aberration function and the “reduced cumulants” for the -th order cumulant, , (Ida et al., 2018c) 
are defined by 

. (3.1)

Figure 3.4 shows the relative intensities affected by the “spill-over” and “pass-through” effects.  It is 
confirmed that the Si 111 peak is not affected by the spill-over, and the intensity loss caused by the 
pass-through effect is less than 1% at the highest angle, while exterm3 automatically recovers the 
lost intensity by default.  

Figure 3.4    Relative intensities that remain from the spill-over and pass-through effects, offered as optional 
output from exterm3. 

Figure 3.5 shows the first-order cumulant  of each aberration function, which is identical to the 
average peak shift.  The deconvolutional treatment with exterm3 automatically corrects the average 
peak shift caused by those aberrations.  It would not be easy to model or correct the peak shift, 
particularly for the component caused by the equatorial aberration about CSI-SSXD data, because the 
appearance of the spill-over effect is complicated for mathematical formulation, while the current 
version of exterm3 numerically evaluates the values of cumulants, based on the exact geometrical 
relation (Ida, 2021).  

Figure 3.5    The first-order cumulants (average peak shift) of axial-divergence, equatorial, and sample-
transparency aberrations and total peak shift. 

Figure 3.6 shows the square root of the second-order cumulant  (standard deviation) of each 
aberration function, which can directly be related to the instrumental broadening.  The deconvolutional 
treatment with exterm3 do not change the values of even-order cumulants, while non-
deconvolutional part of the treatment, that is, the treatment about the truncation effect of the finite 
thickness of the sample, may change the even-order cumulants.  One should know the values of the 
second-order cumulants anyway, if the treated data are used for peak profile analyses.  It would not be 
easy to model the instrumental broadening, particularly for the component caused by the equatorial 
aberration about CSI-SSXD data, either.  

k κ (1/k)
k

κ (1/k)
k ≡ sign(κk) |κk |1/k

1.00
0.98
0.96
0.94
0.92
0.90R

el
at

iv
e 

in
te

ns
ity

140130120110100908070605040302010
2Θ (º)

 Relative intensity affected by spill-over effect
 Relative intensity affected by pass-through effect

κ1

-0.06

-0.04

-0.02

0.00

Av
er

ag
e 

sh
ift

, κ
1 (

º)

140130120110100908070605040302010
2Θ (º)

 Axial divergence;   Equatorial;   Sample transparency;   Total

κ 1/2
2

 / 7 12



Figure 3.6    The square roots of the second-order cumulants (instrumental broadening) of axial-divergence, 
equatorial, and sample-transparency aberrations and total peak broadening. 

Figure 3.7 shows the values of the reduced third-order cumulant  of each aberration function, 
which may be related to the asymmetric deformation of peak profile caused by the instrumental effect.  
The deconvolutional treatment with exterm3 automatically removes the effect.  It is not necessary 
for the users of exterm3 to know the values of the odd-order cumulants.  It would not be easy to 
model the asymmetric deformation of peak profile caused by the instrumental effects, particularly for 
the component caused by the equatorial aberration about CSI-SSXD data.

Figure 3.7    The reduced third-order cumulants (asymmetric profile deformation effect) of axial-divergence, 
equatorial, and sample-transparency aberrations and total peak broadening. 

 

Figure 3.8 shows the reduced fourth-order cumulant  of each aberration function, which may be 
related to the sharpness of the instrumental broadening profile.  The deconvolutional treatment with 
exterm3 do not change the values of even-order cumulants, while non-deconvolutional part of the 
treatment, that is, the treatment about the truncation effect of the finite thickness of the sample, may 
change the even-order cumulants.  One should know the values of the fourth-order cumulants, if the 
treated data are used for peak profile analyses with a model incorporating the second and fourth-order 
cumulants of the instrumental effect.  It would not be easy to model the sharpness of the instrumental 
broadening profile, particularly for the component caused by the equatorial aberration about CSI-
SSXD data.  

Figure 3.8    The reduced fourth-order cumulants (symmetric profile deformation effect) of axial-divergence, 
equatorial, and sample-transparency aberrations and total peak broadening. 
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4. LaB6 (NIST SRM660c) / Rigaku MiniFlex 600-C (←)
The source data and configuration files for the deconvolutional treatment, described in this section, are 
located in the “20200613-001”, “20200614-001”, and “20200615-001” data folders.

Powder diffraction data of LaB  powder (NIST SRM660c) were collected with a powder 
diffractometer (Rigaku MiniFlex 600-C) with a silicon-strip X-ray detector (Rigaku D/teX Ultra-2).  
Three specimens with different widths, , , and , were prepared to test the spill-over 
effect on the observed data and the deconvolutional treatment.  Continuous-scan integration of a 
silicon-strip X-ray detector (CSI-SSXD) induces complicated angular dependence of the loss of 
intensity and deformation of the equatorial aberration function, while a static mathematical formula of 
the instrumental function has recently been derived by the author (Ida, 2020a).   Further details about 
the experimental condition are described in a literature (Ida, 2021), and “00memo.txt” files. 

Overall intensity profiles of the observed data and the data treated with the exterm3 application are 
shown in Figure 4.1.  

Figure 4.1    Overall intensity profiles of LaB  (NIST SRM660c) data collected with Rigaku RAD2-C, and the 
data treated with exterm3.  

Figure 4.2 shows the change of the LaB  100, 321, and 500 peak profile on the deconvolutional 
treatment.  The information value of the peak positions fo for Cu  X-ray, , listed 
in the SRM640d certificate, is indicated by arrows in each of the panels.  
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Figure 4.2    LaB  100, 321, and 500 profiles of the raw data and the deconvolutionally treated data (DCT) for 
the specimen widths of .  The information value about the diffraction angle, 
listed in the SRM660c certificate, is indicated by arrows on each panel.  

The deviations of the 100 and 321 peak positions of the deconvolutionally treated data of 
 specimens from the expected values, which can be seen in Figure 4.2 (a), (c), (d), and 

(f), are likely to be caused by the normal displacement of the specimen face from the rotation axis of 
the goniometer, because the specimen displacement error should be proportional to  and more 
pronounced at lower angles.  Asymmetric 500 peak profiles (Figure 4.2 (g), (h), (i)), having longer tail 
on the higher angle side, are assigned to the effect of the axial divergence aberration of Bragg-
Brentano geometry.  The data treated by the deconvolutional method show more symmetric peak 
profiles of 500 diffraction peak.  
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The background profile from the LaB  (SRM660c) powder specimen of the width , 
recorded with a silicon-strip X-ray detector measurement system (Rigaku, MiniFlex 600-C) is shown 
in Figure 4.3.  

  

Figure 4.3    Background intensity profiles of LaB  (NIST SRM660c) powder specimen of the width 
, collected with a powder diffractometer Rigaku MiniFlex 600-C. 

Geometrical correction factor for the continuously scanned integration data are shown in Figure 4.4.

  

Figure 4.4    Intensity corrections of LaB  (NIST SRM660c) powder specimen of the width 
, collected with a powder diffractometer Rigaku MiniFlex 600-C.

(← )
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