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Chapterr 5 

TheThe Broad-Energy X-ray Band 

TfiisTfiis Chapter is bused upon lite articles: H. Graaf sma, G.W.J.C. Hennen and C. Schidzx'. J. Appl. Cryst. 

31,414-422(1998}. 31,414-422(1998}. 

G.W.J.C.G.W.J.C. Hennen. A. Ping-Molina. S.H.W. Scheres. C. Schulzc. 

D.D. Bourgeois and H. Gmafsmu. Proc. SPIE Vol. 3448, Crystal 

andand Mutlilayer Optics. Editors: A. T. Macrander, A. K. Freund, T. 

IshikawaIshikawa and D. M. Mills. 166-175 (199H). 

5,15,1 Introduction 

Thee previous two chapters discussed a modulation method based on a monochromatic beam. A 

monochromaticc beam is perfectly adapted for the determination of Ad and subsequently the 

piezoelectricc tensor elements. However, to obtain A/ by means of a modulation method using a 

monochromaticc beam is very time consuming, since scanning of the mosaic spread through the 

Ewaldd sphere is obligatory. Even with the newly developed detection system (Chapter 4) rocking 

curvee scans are needed, although the data-collection time is decreased slightly. 

AA solution is to modify the way of measuring by altering the X-ray beam characteristics. In order to 

eliminatee the need to perform rocking curve scans, a polychromatic X-ray beam can be used 

togetherr with the modulation method. This would permit very fast data acquisition. 

Thiss chapter wil l discuss a new method based on a broad-energy X-ray band, i.e. a polychromatic 

X-rayy beam (§5.2). To generate a broad-energy X-ray band beam two different types of X-ray 

optics,, a bent-Laue monochromator (Part A. §5.3-5.7) and a multi-layer (Part B, §5.8-5.15). were 

investigated. . 
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5.25.2 Broad-energy X-ray band 

Ass is clear from the previous chapters, measuring changes in integrated intensities for several 

hundredss of reflections consume a large amount of (precious) beam time at a synchrotron source. 

Ann experiment based on a monochromatic X-ray beam needs a rocking curve scan so that the 

integratedd intensity can be calculated. Obtaining the integrated intensity directly from an 

experimentt without measuring a rocking curve scan, and therefore decreasing the experimental 

data-collectionn time, would be strongly preferred. This is, however, not possible via a 

monochromaticc X-ray diffraction experiment, because a rocking curve is always required since the 

mosaicc spread of a particular reflection is, in general, larger than the thickness of the Ewald sphere. 

Consequently,, if the thickness of the Ewald sphere could be increased sufficiently (Ewald shell), by 

creatingg a broad-energy X-ray band by means of a polychromatic X-ray beam, the mosaic spread 

wouldd lie completely within the Ewald shell boundaries. As a result, the integrated intensity can be 

determinedd by a single data-point measurement. 

Figuree 5-1 shows the difference between the monochromatic and broad-energy X-ray band 

diffractionn technique. In the monochromatic beam technique the mosaic spread is scanned though 

thee Ewald sphere (Fig. 5-la) whereas for the broad-energy X-ray band technique a scan is 

performedd through the Ewald shell (Fig. 5-lb). The corresponding rocking curve profiles for both 

monoo and polychromatic beam techniques are shown in Figures 5-lc and 5-Id, respectively. To 

obtainn the integrated intensity from the rocking curve of Figure 5-lc an integration of the curve has 

too be performed. For the broad-energy X-ray band technique, the integrated intensity is given by 

pointt A since the whole mosaic spread lies within the Ewald shell. However, performing a rocking 

curvee scan results in a similar curve as in Figure 5-lc with the exception that the top part of the 

rockingg curve is flat. This is the 0 region where the mosaic spread is within the Ewald shell. For 

comparison,, the rocking curve profile of Figure 5-lc is inserted into Figure 5-Id and illustrates that 

thee integrated intensity of the curve of Figure 5-lc equals the intensity of point A. 

Itt should be noted that the flat-topped part of the rocking curve of Figure 5-Id occurs only under the 

conditionn that the Ewald shell has a homogeneous intensity distribution. Furthermore, a distinction 

hass to be made for both techniques concerning the intensity /. When a monochromatic technique is 

usedd the measured intensity has to be integrated in order to obtain the integrated /. whereas the 

measuredd intensity in the broad-energy X-ray band technique is actually the integrated /. 

5.2.11 Piezoelectric effect and broad-energy X-ray band technique 

Applyingg the broad-energy X-ray band technique to piezoelectric crystals in an electric field 

decreasess the data-collection time significantly when compared to the classic modulation method 

andd detection method (Chapter 3 and 4, respectively). This wil l be clear when continuing from the 

previouss figure. 

AA comparison of a two-step version of the modulation method using a monochromatic X-ray beam 

(Chapterr 3) and a broad-energy X-ray band beam is shown in Figure 5-2. Two rocking curves 
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correspondingg to the two states of the applied electric field are shown in Figure 5-2a and 5-2b for 

thee monochromatic modulation method and the broad-energy X-ray band modulation method, 

respectively.. Here, only two electric-field-induced effects. A/ and A0 are considered, since changes 

inn mosaicity (peak broadening) are assumed to be negligible when compared to the other two. 

Mosaicc spread w. 

Ewaldd sphere 

a a 

Mosaicc spread 

< < 
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FigureFigure 5-1: Comparison of the diffraction technique using a monochromatic beam 
(a)(a) and a polychromatic beam (b). A scan of the mosaic spread of a 
particularparticular reflection through the Ewald sphere (a) and Ewald shell (b) 
resultsresults in a rocking curve profile (c) and (d), respectively. The flat profile of 
rockingrocking curve (d) is the region where any single measurement can be 
performedperformed to obtain the integrated intensity, giving the same result (point A) 
asas integrating the rocking curve profile of the monochromatic technique 
(inserted(inserted figure). 

Thee A/ curves, as shown in Figures 5-2c and 5-2d, can be obtained for both techniques. In the case 

off  the monochromatic technique, integration of the curve is imperative in order to obtain the change 

inn integrated intensity. Furthermore, the A/ curve of Figure 5-2d shows a flat region as in Figure 5-

2b,, where each point of the flat region represents the change in integrated intensity which is equal to 

thee integrated A/ curve of Figure 5-2c. From this it is clear that one single measurement at the flat 

regionn suffices to obtain A/ and reduces the data-collection time considerably. 
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FigureFigure 5-2: Comparison of the monochromatic modulation technique (a and c) 
andand broad-energy X-ray band modulation technique (b and d). The two 
rockingrocking curves corresponding to the two states of the electric field for both 
techniquestechniques (a and b) and their corresponding difference curves (c and d). 

FlatFlat plateau 

Inn fact, the AÖ effect influences the measured AI when the central part of the rocking profile of 

Figuress 5-lb and 5-2b is not perfectly flat. In principle, the measured A/ consists of two intensity 

effects;; the real intensity effect caused by a change in the structure, and an intensity effect caused 

byy a change in the Bragg angle. Let it be assumed that the intensity profile of the broad-energy X-

rayy band is Gaussian shaped (curve A, Fig. 5-3), and that the Bragg angle of a certain reflection of a 

samplee is aligned in the centre. Applying the electric field onto the piezoelectric crystal causes a 

changee in the Bragg angle. Since the initial Bragg angle corresponded to the maximum intensity of 

thee broad-energy X-ray band (P), the new Bragg angle corresponds to a lower intensity (P') and 

causess therefore an A/ effect. On the contrary, it' the broad-energy X-ray band beam is flat (curve B, 

Fig.. 5-3) at the centre of the intensity profile, a A0 effect would not cause an A/ effect (P") under 

thee condition that the width of the flat region is larger than A0. Since the electric field alternates, the 

Braggg angle will alternate consequently about the centre of alignment. This invokes that the flat part 

shouldd also be horizontal so that no differences in intensity occur between either sides of the centre 

off  alignment. Furthermore, since small effects are to be measured, the fluctuations at the flat part 

regionn should be minimised, preferably to a level comparable to photon-counting statistics. 
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Finally,, having a flat part in the intensity spectrum of the broad-energy X-ray band beam thus 

allowss the separation of A/and A0. where A0can be determined at the flanks of the rocking curve. 

< < 

o„„  e„ 99 [Arb. u; 

FigureFigure 5-3: Necessity of a flat-topped broad-energy X-ray spectrum. A curved 
spectrumspectrum (A) results in a change of integrated intensity (Ale) when changing 
thethe Bragg angle (AO). while the integrated intensity of a flat-topped 
spectrumspectrum (B) does not change when a change in Bragg angle occurs. 

5.2.22 Generating a broad-energy X-ray band 

AA broad-energy X-ray band can be generated by means of a bent optical element, such as a 

monochromatorr in either Bragg or Laue reflection mode. The desired features like a large 

bandwidthh in conjunction with a homogeneous intensity distribution and focusing can be achieved 

easilyy for both reflection modes. In this work a bent monochromator in the Laue reflection mode 

(fromm now on: bent-Laue case) was selected because its larger angle of incidence offers several 

advantages: : 

1.. The power absorbed by the crystal is much lower, causing less crystal 

deformation,, and requires a less sophisticated cooling scheme and 

2.. The bending radius is smaller which significantly increases the tolerable slope 

error,, hence simplifying the bending and reducing the constraints on the 

crystal-thicknesss homogeneity. 

Thee generation and application of the bent-Laue case 

sectionn (Part A). 

bee discussed in detail in the following 

71 1 



Chapterr 5 

Ann alternative technique to generate a broad-energy X-ray band, using a bent multi-layer, wil l be 

discussedd in Part B of this Chapter. 

Itt should be clear that the broad-energy X-ray band technique requires either a bending-magnet or a 

wigglerr source for their continuous energy spectrum (Fig. 2-8). Moreover, relatively high energies 

aree desired for electric field experiments, since thick samples are used with strong absorbing 

elements.. This allows the use of a Laue monochroinator, which for low energies would be too 

absorbing. . 
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