JlazepHasi 3an11Ch HAHOPa3MePHBIX CTPYKTYP HA MJIEHKAX MUPKOHUSA
Laser writing of nanoscale structures on zirconium films
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ITokazaHo, 4TO TOHKME MJICHKU LIUPKOHUS, HAIIBIJICHHBIE HA MOJIOKKHU U3 IUIaBJIEHOTO KBapLa
U IOJBEPrHYTHIE JIa3€PHO-MHIYLIUPOBAHHOMY OKHCIIEHUIO, SIBISIOTCSA NEPCHEKTHUBHOM Cpemoi ams
CO3JIaHMsI HAHOPEUIETOK ¢ KOHTPOJIUPYEMBIM meproAoM. [Ipu mocTpouHoOM CKaHMPOBAaHUU C(HOKYCH-
POBaHHBIM J1a3€pHBIM ITydKoM quameTpoM 700 HM 1uieHOK nupkoHus ToamuHon 80—110 Hwm, 3aperu-
CTpUPOBAaHO (hOPMHUPOBAHHE PEIIECTOK U3 TOpokek ¢ mupuHoi 70—100 M (puc. 1, a) u ¢ mepuoaoMm,
PaBHBIM LIary CKaHUPOBaHMs. DKCIEPUMEHTAJIbHO YCTAHOBIIEHO, YTO AOPOXKKH B BUJE TPEIIMH WU
nedopMannii BOZHUKAIOT MO0 KOHTYPY IPOCTPAHCTBEHHOTO PACIPEICICHUsT TeMIepaTypbl, HHIYIIH-
POBAaHHOTO MYYKOM HENPEPBIBHOIO JIa3epHOT0 U3nydeHus (puc. 1, 6 u 6). Ilpu BkIroueHuM nsnmyde-
HUS, 3TOT KOHTYP MOCTENIEHHO CMEIIAETCs OT IIEHTpa MATHA K nepruepruu ocie pacuIupeHus Harpe-
Toi obnactu (puc. 1, g). TpeumHbl win aehopMaluy BOSHUKAIOT MOJ] JCUCTBUEM TEPMOMEXaHUYe-
CKUX HAaNpsHKEHUM Ha IpaHUlE IUIEHKM MEeTaljla M OKCHJIHOM JTOpOXKKH, TOJIIMHA KOTOPOH pPE3KO
pacTeT B IPOLIECCE OKUCIECHUS METAILIA.

It has been shown that thin zirconium films deposited on fused silica substrates and subjected
to laser-induced oxidation are promising media for creating controlled-period nanogratings. The for-
mation of gratings from 70-100 nm wide tracks and with a period equal to the step of line-by-line
scanning of the focused laser beam with a diameter of 700 nm was observed at 80-110 nm thickness
of the Zr films (fig. 1, a). It was experimentally established that tracks in the form of cracks or de-
formations arise along the contour of the spatial distribution of temperature induced by a continuous
laser beam (fig. 1, b and ¢). When the radiation is turned on, this contour is gradually shifted from the
spot center to the periphery after expansion of the heated region (fig. 1, ¢). The cracks or defor-
mations occur under the influence of thermomechanical stresses at the boundary between the metal
and the oxide whose thickness increases sharply during metal oxidation.
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Puc.1. Peuretku, 3anucannbie ¢ nepuogoM 300 HM: u300paxenue ckoia (a) u parMeHThl HAHOCTPYKTYPhI
TIPH BBIKJIFOYECHUU (6) U BKITIOYCHHH (8) JIa3epHOTO MyYKa, JIBIXKYIIETOCS CIIpaBa HaJIeBO

Fig. 1. SEM images of the gratings recorded with a period of 300 nm: a chip cleavage (a) and fragments of the
nanostructure formed with the laser beam moving from right to left being turned off (b) and on (c)
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