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Summary y 

Experimentall  studies of the underlying microscopic effects in piezoelectric crystals have long been 

limitedd to select cases and were, in general, not complete, mainly due to large data-collection times. 

Thiss thesis describes the development of new experimental methods for perturbation 

crystallography,, opening the possibility to perform faster, more complete studies. These methods 

havee been tested and applied in single-crystal X-ray diffraction studies on piezoelectric crystals in 

quasi-staticc electric fields. 

AA general overview of piezoelectricity, its properties in relation to X-ray diffraction as well as the 

theoryy of X-ray sources, in particular the ESRF, are given in Chapter 2. Here, the direct and 

converseconverse piezoelectric effects are discussed with their tensor and matrix notations. The application 

off  an external electric field upon a piezoelectric crystal induces three distinct effects, i.e. a change 

inn unit-cell parameters, a change in the crystal structure and a change in crystal perfection. These 

threee effects can be observed in a X-ray diffraction experiment as an alteration in the Bragg angle, 

changess in integrated intensities and changes in the width of a rocking curve profile, respectively. 

Thee conventional X-ray diffraction method to study the piezoelectric induced effects is introduced 

inn Chapter 3. This method is based on a synchronous modulation-demodulation technique which 

hass the property that the modulation frequency is singled out (lock-in detection), eliminating the 

influencee of fluctuations at different frequencies in the experiment. The used modulation may be 

eitherr a two or three-step modulated wave. The method was used successfully for the determination 

off  the piezoelectric constants of LiNb03 (^33=7.5(2)-10 12 CN '), AgGaS2 (d|2:j,=4.8(3H0~12 CN"1), 

KH2PO44 (</36=20.9(3)-10 l2 CN"1) and KD2P04 (^6=53(3)1012 CN"1) which are in agreement with 

piezoelectricc constants determined either by a conventional mechanical manner or by previous X-

rayy diffraction experiments. A study of the change in integrated intensity was performed on AgGaS2 

forr the (-2-2-4) reflection using a rotating anode. The A/// effect was of the order of 0.1%. 

However,, the experiment showed that to obtain good counting statistics, repetitive scans for about 

300 hours are needed per reflection, which limits the application of the method. 

AA modulation method based on a new detection system, a Ge-detector combined with a lock-in 

amplifier,, is addressed in Chapter 4. The new detection system allows the measurement of changes 

inn the Bragg angle and in integrated intensity much faster than the conventional modulation method. 

Thiss detection system, an IR detector based on a cooled germanium photo detector, has been tested 

forr application in perturbation crystallography. The detector can be used simultaneously in photon-

countingcounting mode and current mode giving a dynamic range from <1 to 110M photons s'1. Since Ge is 

usedd as the photon detector, its efficiency at energies above 25 keV is much better than the silicon 

equivalents.. The detector proved to be highly linear both in the low-flux region (<M05 photons s"') 

wheree photon-counting can be used and in the high-flux region (>1105 photons s 'j where the 
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detectorr is used in current mode. The response time of the detector is of the order of 1 |is whereas 

thee dead time of the detector is 1.9 (is, making it suitable for studies in perturbation crystallography, 

especiallyy when coupled to a lock-in amplifier. The detection system was tested in the 

determinationn of the temperature dependence (between 100 and 220 K) of the piezoelectric constant 

off  KTiOP04. The d^ was found to be 15(2)10 12 CN ' at 100 K and no anomaly in the d^ tensor 

elementt is observed at the insulator to conductor transition at 150 K. A feasibility study, concerning 

thee changes in integrated intensity, was performed on a KD2PO4 sample. 

Chapterr 5 discusses a newly developed diffraction technique based on a broad-energy X-ray band 

beam,, allowing changes in integrated intensities to be measured more quickly than with previous 

techniques.. The broad-energy X-ray band beam generates a thick Ewald sphere, i.e. Ewald shell. If 

thee mosaic spread of a particular reflection lies completely within this shell, one can obtain the 

integratedd intensity from a single data-point measurement, hence eliminating the necessity of 

performingg rocking curve scans as in the case of monochromatic X-ray diffraction experiments. To 

generatee a broad-energy X-ray band beam, a wiggler or bending-magnet source is needed together 

withh a curved Si monochromator. The monochromator can either be in Bragg or in Laue geometry. 

However,, the latter geometry has been used because of its larger angle of incidence, which offers 

severall  advantages, including less power absorption by the monochromator crystal and a smaller 

bendingg radius. Energy analyser scans revealed that phase-contrast was present in the broad-energy 

X-rayy band, when the method was used at the Materials Science beam-line of the ESRF. However, 

thee phase-contrast can be eliminated in principle by changing some of the beam-line components 

suchh as using polished, instead of unpolished, Be-windows and removing the C absorber. The 

broad-energyy X-ray band beam had an AE/E of 1.8%, which can be adjusted easily by selecting a 

differentt part of the white beam by changing the slit size and/or slit position. 

Inn order to measure the changes in integrated intensities the newly developed detection system was 

incorporatedd into the method. Instead of taking a single data-point, rocking curve scans were 

performedd in order to account for the statistical errors induced by the phase contrast. Several 

experimentss with piezoelectric crystals showed that the method performed well in obtaining 

changess in integrated intensities, down to 1-10 Vo for the (0,0,30) reflection of LiNbCh upon 

applicationn of an electric field of 5104 Vm'. The speed and accuracy of these measurements were 

increasedd by more than two orders of magnitude compared to the conventional (monochromatic) 

modulationn method. 

Furthermore,, a change in mosaicity was observed in a KD2PO4 sample, which occurred at a longer 

time-scalee than the other electric-field-induced effects. 

AA second method for generating a broad-energy X-ray band beam is based upon multi-layer optics 

inn Bragg geometry. Although the broad-energy X-ray band is in the order of 1% (AE/E), the method 

iss less flexible in its application, for example when changing the AE/E. However, the multi-layer 

methodd allowed the determination of piezoelectric constants as well as changes in integrated 

intensities.. The piezoelectric constants of AgGaS: corresponding to the [221 j direction and d^ were 
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determinedd as 4.8( 1)-10 !1CN"! and 8.9(9)10 l 2CN ', respectively. The ^221] is 10 times larger than 

aa previously determined value, whereas the d^ agrees well to the reported literature value. Fine 

structure,, present on the difference curves, implied that a change in mosaicity occurred. 

Thee broad-energy X-ray band method generated by a bent-Laue monochromator was applied to 

determine,, via a refinement procedure, the structural changes in a LiNbOi crystal with an electric 

fieldfield of 1.5-10' Vm (Chapter 6). The theory of refinement is briefly discussed and the results of the 

refinementt are presented. However, since only a few reflections were measured, no significant 

physicall  conclusion can be drawn. 
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