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IONIC CRYSTAL DECOMPOSITION WITH LIGHT� ��M. Szymonski, P. Struski, A. Siegel, J.J. Kolodziej, B. SuhP. Piatkowski, P. CzubaM. Smoluhowski Institute of Physis, Jagellonian UniversityReymonta 4, 30-059 Kraków, Polandand F. KrokRegional Laboratory for Physiohemial Analysesand Strutural Researh, Jagellonian UniversityIngardena 3, 30-060 Kraków, Poland(Reeived June 14, 2002)We report on RbI rystal deomposition due to eletroni exitations ina viinity of the top of the rystal band gap by UV photon irradiation. Dy-nami fore mirosopy (DFM) studies reveal that randomly spread ret-angular pits of monolayer depth in the topmost layer of the rystal areformed during irradiation. Growth and oalesene of the pits lead toalmost `layer-by-layer' desorption mode. Similarly to eletron stimulateddesorption, periodi hanges of surfae topography were found to have aprofound e�et on the desorption proess. Sine exited F-entre reombi-nation with alkali atom emission was possible exlusively at low-oordinatedsites the desorption yields were found to go hand in hand with the numberof low-oordinated sites on the surfae. Furthermore, simultaneous irradi-ation of the rystal by UV photons and visible light within the F-entreabsorption band inreases average F-entre mobility whih has a profounde�et on proess e�ieny. Suh proesses ould be applied in ontrolledsurfae nanostruturing.PACS numbers: 61.16.Ch, 61.72.C, 61.72.Ff, 61.72.Ji
� Presented at the Photons, Atoms and All That, PAAT 2002 Conferene, CraowPoland, May 31�June 1, 2002.�� This work was supported by the Polish State Committee for Sienti� Researh undergrants no. 2 P03B 134 19 and 5 P03B 070 21.(2237)



2238 M. Szymonski et al.1. IntrodutionThe phenomenon of desorption indued by eletroni transitions (DIET)of ioni insulators due to interation with ionising radiation has been investi-gated for a long time [1℄. Most of the work, however, was foused on detailsof what is emitted (desorbed) from the surfae rather than on the surfaemodi�ation. It is well established that projetiles (eletrons, photons) ofenergy exeeding the bandgap hitting the ioni rystal reate the asadeof exitations, mainly in the form of pairs of ondution band eletrons andvalene band holes as well as phonons. The exitations undergo the proessof trapping, whih ultimately leads to reation of Frenkel defets (F- andH-entres) in the bulk [2, 3℄. An H-entre is formed by a halogen atom ina interstitial position, whereas an F-entre is formed by a halogen vaanywith an eletron bound in. Subsequent evolution of the defets (di�usionand reombination with the surfae) leads to surfae erosion.Reent work onerning eletron stimulated desorption (ESD) of alkalihalides has shown that due to a ompliated way of interation between F-entres and the surfae, its topography has a profound e�et on the proessof desorption [4℄. The e�ieny of the desorption was found to be dependenton the density of low-oordinated sites (edge and kink atoms) on the surfae.Sine the surfae was eroded in `layer-by-layer' sheme the number of low-oordinated sites was hanging periodially. As the result, desorption yieldsof both rystal omponents (alkali and halogen atoms) were found to varyaording to hanges in the surfae topography.Similar experiments were previously performed for photon indued des-orption (PSD) of alkali halides [5℄. However, despite the fat that the authorsalso found `layer-by-layer' erosion of the rystal surfae, they onluded thatthe topography hange did no a�et the e�ieny of the desorption proess,whatsoever.The experiments desribed in this paper were aimed at larifying thedisrepany between the results for ESD and PSD and at explaining therole of F-entres in the proess of alkali halide desorption.2. ExperimentalThe experiment was arried out in a UHV hamber with a base pressureof the order of 10�10 Torr. RbI rystals were leaved in air and subse-quently mounted on a sample holder in the hamber whih temperatureould be hanged between room temperature and 700K as measured by athermoouple. Desorption and surfae modi�ation was stimulated by UV-light (200�250 nm) generated by a deuterium lamp. The yields of emittedatoms were measured by a quadrupole mass spetrometer for both rystalomponents, or alternatively, a surfae ionisation detetor for alkali atom



Ioni Crystal Deomposition with Light 2239detetion. The white light for F-entre band exitation was provided by a150W halogen bulb. Dynami fore mirosopy (DFM) was used to imageirradiated surfaes. In DFM a sharp tip is mounted on a antilever whih isdriven in its resonant frequeny just over the sample. The surfae topogra-phy is measured by analysing the hange in antilever frequeny due to tipinteration with the surfae. PSI VP2 mirosope with Nanosurf easyPLLdemodulator was used in the experiment. The antilever resonant frequenywas 173 kHz and applied detunings were not larger than 100Hz.Rapid annealing of the rystals to 600K for a period shorter than aminute was found to be an e�ient way of removing surfae modi�ationintrodued by UV-light. That proedure was applied routinely before everyirradiation in order to assure the same starting experimental onditions.3. Results and disussion
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Fig. 1. Rb desorption yield from the RbI rystal due to UV irradiation.In Fig. 1 the osillatory dependene of Rb desorption yield emittedfrom a RbI rystal on the time of UV irradiation is presented. Similarlyto ESD experiments reported earlier, the osillatory dependene is dumpedand disappears after a ertain number of yles. Every yle of e�ienyof the proess orresponds to removal of a single monolayer and the `layer-by-layer' erosion proess is observed as heked by DFM. However, thereis some damage in the deeper layer reated before the upper one is om-pletely removed. Therefore, after several yles the well de�ned periodiityin the surfae topography is lost and as the result, the hanges in desorptione�ieny are no longer observed [6℄.
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a) b)Fig. 2. 300�300 nm2 DFM images of RbI rystal irradiated with UV-light; (a)irradiation was stopped at the maximum of the �rst yle; (b) irradiation wasstopped at the minimum of the �rst yle.The surfae topography altered by UV-light is presented in Fig. 2. Freshlyleaved rystals have large (up to 1�1 �m2) terraes. Under irradiation ret-angular pits of monolayer depth with edges oriented along the main rystal-lographi diretions are reated on the surfae. During surfae erosion theygrow and oalese leading to `layer-by-layer' desorption. In Fig. 2(a) thetopography of the rystal whih irradiation was stopped in the �rst maxi-mum of the desorption e�ieny is presented. The islands remained fromthe topmost layer an be observed. In ontrast, the surfae of the rystalirradiated by the dose required to remove a single monolayer is presented inFig. 2(b). The main features observed are pits reated in the seond layer,whereas no islands an be seen. The most important di�erene between thetopographies in these two stages of desorption is a muh higher density ofsteps present on the surfae when the desorption e�ieny is maximal inomparison to the surfae exhibiting low e�ieny.The presene of visible light within the spetral range orresponding toF-entre band absorption was found to have a very strong e�et on thedesorption proess. In Fig. 3 the yield of Rb atoms emitted from the RbIsurfae due to UV-photon irradiation is presented. After removal of 1.5monolayer (i.e. in the maximum of the seond yle of osillations of theyield) the F-band light was turned on. As the result, an instant desorptionsignal inrease is reorded, as well as derease of the period of osillatorydependene. Both those e�ets our as a result of onsiderable inrease ofthe desorption yield.Our previous work on ESD of ioni surfaes demonstrated that suh pro-esses are ontrolled by dynamis of Frenkel defets [7℄. Surfae modi�ation
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Fig. 3. Dependene of Rb desorption signal on time of UV-photon irradiation forRbI (001) surfae and simultaneous o-exitation by F-band light. The momentsof turning on and o� F-band light are shown by arrows.is exlusively due to surfae reombination of F-entres sine H-entres areessentially interstitials and their reombination leaves the surfae strutureintat. Moreover, ground state F-entres are not only immobile in the rys-tal but also have insu�ient energy to indue emission of alkali atoms [8℄.It is only 2p exited state F-entre whih an di�use e�iently [9℄ and if itmakes for a low-oordinated site (a kink, an edge) it an indue emissionof an alkali atom. Emission from the perfet surfae, however, is virtuallyimpossible due to de�ieny of energy, therefore an exited F-entre, unlessit gets to a low-oordinated site, is re�eted bak to the bulk and it deexitesthere to its ground-state, immobile form. F- and H-entres an reombine inmutual reombinations. Therefore, the population of aumulated ground-state F-entres form traps for H-entres and alternate the desorption yield ofhalogen atoms. Sine the density of low-oordinated sites is hanging peri-odially during irradiation (reahing its maximum if approximately a half ofthe layer is still present on the surfae and its minimum if approximately aomplete layer is removed) so does the probability of F-entre reombinationon a low-oordinated site and subsequent alkali atom desorption.The profound e�et of o-exitation by F-band, visible light stronglysupports desribed mehanism in ase of PSD, as well. The light onverts aertain part of stored F-entres into exited form enhaning their e�etivedi�usion rate. Therefore, reated defet an faster reah the sites fromwhere they an indue dosorption and as the result, an instant inrease ofdesorption yield is observed.



2242 M. Szymonski et al.4. ConlusionsUV-photon irradiation of the ioni surfaes leads to their erosion in `layer-by-layer' mode by reation, growth and oalesene of retangular pits in thetopmost layer of the rystal. In ontrast to previous reports, however, wefound that the periodially varying surfae topography had a profound e�eton the desorption proess itself. The desorption yields of atoms emittedfrom the surfae were found to exhibit osillatory dependene on the dosewith a period orresponding to removal of a single monolayer. Furthermore,the desorption was strongly enhaned by o-exitation by visible light ofwavelength within the F-entre absorption band.All these phenomena an be understood in terms of the model proposedreently for eletron stimulated desorption. Kinetis of F-entres and peri-odially varying density of low-oordinated sites on the surfae are the keyfators in understanding the proess.REFERENCES[1℄ M. Szymonski, Kgl. Dan. Vid. Selsk., Mat.-Fys. Medd. 43, 495 (1993).[2℄ K.S. Song, R.T. Williams, Self-trapped exitons, Springer, Berlin 1993.[3℄ N. Itoh, A.M. Stoneham, Materials Modi�ation by Eletroni Exitation,Cambridge University Press, Cambridge 2000.[4℄ B. Suh, J. Kolodziej, P. Czuba, P. Piatkowski, P. Struski, F. Krok,M. Szymonski, Phys. Rev. Lett. 85, 2621 (2000).[5℄ H. Höhe, J.P. Toennies, R. Vollmer, Phys. Rev. B50, 679 (1994).[6℄ M. Szymonski, J. Kolodziej, B. Suh, P. Piatkowski, P. Struski, P. Czuba,F. Krok, Prog. Surf. Si. 67, 123 (2001).[7℄ J.J. Kolodziej, B. Suh, P. Czuba, F. Krok, P. Piatkowski, P. Struski,M. Szymonski, R. Bennewitz, S. Shär, Surf. Si. 482, 903 (2001).[8℄ V. Puhin, A. Shluger, Y. Nakai, N. Itoh, Phys. Rev. B49, 11364 (1994).[9℄ O. Salminen, P. Riihola, A. Ozols, T. Viitala, Phys. Rev. B53, 6129 (1996).


