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Jns yBenuuenuss Huskor 3¢dextuBHOCTH Y D-J1a3epHOil aOJsIMU MPO3PAYHOro IIEIIOYHO-
CHIIMKATHOTO CTeKNIa ero obmydann y-keantamu °Co 10 103 10°-107 T'p ¢ nensio mHIyIupo-
BaHUs MHTEHCHBHOTO OKpamnBanus B Y®-uaumoii obnacti. Bapbupys 3HEpPruio mUKoce-
KyHIHbIX uMITy6coB Nd:Y AG-nazepa Ha 4-if rapmoHuKke 266 HM B nipefenax 1-9 m/Ix u uuc-
JIO UMIYJbCOB, CBEPJIMIN JUHEHKU U PEIIETKH CKBO3HBIX OTBEpPCTUH nuamerpoM oT 9 mo 40
uM Ha mromamu g0 1x1 cm’. TIpu MmIOTHOCTH 3HEpPruy cOKYCHPOBAHHOIO MMITyibca >10°
JIk/M” BOKPYT 5THX OTBEPCTHI F€HEPHPOBATHCH YIapHBIE BOTHBI 4-5 [IM OT paciIupsromeics
IUTa3MBI ¥ IPOUCXOIMIIA HAHOPa3MepHash KpUCTAIH3anus. Takke B CTOPOHE OT LEHTPAIBHOTO
MHKPOHHOTO OTBEpCTHSI 00pa3yercsi CyOMHUKpPOHHAsI JbIPKa 3a CUET T'€Hepalud BaKyyMHBIX
Y®-rapmonuk. KoMOMHHpOBaHHOE BO3AECHUCTBHE Y-O0IyUEHHS C MOCIEAYIOIINM CBEpPICHUEM
Y®-nazepoM MpUBENIO K yMEHBUICHUIO COAEPXKAHUSI KPEMHMS M KHCIOpPOJa M 00pa30BaHUIO
¢dTopa, YTO MOXKET OBITh BBI3BAHO (POTOSACPHBIMHU PEAKIIUSIMH 288i14—>19F9+33T1; 16Og—>44He:2;
16Og+3T1—>19F9. W3-3a BA3KocTH cTekia W penakcanud B TeueHune 2 mecsieB npu 300 K BeI-
XOIHOW MaMeTp MPOCBEPICHHBIX OTBEPCTUH yBENWYMICSA O pasMepa Ha Bxoje. Takue MHK-
POPCHICTKH MOT'YT OBITH MCIIOIL30BaHbI IJIA cerapaiu XUAKUX cMeceH WIM OYMCTKU BOJBbI.

Kuawuesbie cioBa: raMMa-uHAYIIUPOBAHHOC OKpalIWMBAaHUE, JIa3€PHOC CBEPJIICHUE CTCKIIA, yAapHas BOJI-
Ha I1a3MBbl, (bOTOﬂI[epHaSI peaknuus.

The low efficiency of UV-laser ablation of transparent alkali-silicate glass has been increased
by means of irradiation by “°Co y-quanta to doses 10*~10” Gy to induce intensive UV-visible
coloration. Varying the picosecond pulse energy of Nd:YAG laser at 4-harmonics 266 nm
within 1-9 mJ and pulse number, arrays and grids of holes were drilled with diameters from 9
to 40 um on area up to 1x1 cm?. Shock waves of 4-5 um were generated by expanding plasma
around ablated holes at focused pulse energy density >10* J/m* and nanoscale crystallization
occurred there. Besides, a submicron hole was drilled aside the central micron hole due to gen-
eration of vacuum UV harmonics. The combined effect of y-irradiation followed by UV laser
drilling has resulted in decrease of silicon and oxygen contents, and generation of fluorine that
may be caused by photonuclear reactions BSi,,0 Fot 3°T,; *0g—>4*He,; 0T —"F,.
Because of glass viscosity and relaxation during 2 months at 300 K, the exit diameter of drilled
holes has increased up to the entry one. Such micro-scale grids can be used for separating lig-
uid mixtures or cleaning water.
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I. Introduction The earliest report on nanosecond and femtose-
cond excimer laser ablation of fused silica under con-
dition of intensive UV-absorption was in 1992 [1].
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Then femtosecond (fs) optical breakdown in dielec-
trics was discussed in [2]. Some years later commer-
cial applications of micromachining of fused silica
with 1 picosecond laser were reported in [3]. Particu-
lar morphology of surfaces of borosilicate glass and
other transparent materials ablated with fs-laser was
found in [4-6]. Then nanogratings were fabricated in
fused silica with the morphology depending on fs-
pulse duration [7]. The fs-laser induced changes in
the refraction index n of boron-silica, alumina-silica
and glasses doped with heavy metal oxides were ex-
amined in details in [8]. One should mention that lo-
cal An=0.01 is enough for application in 3D-optical
memory of high density. The laser-induced near-
subwavelength ripples were attributed to interference

between surface plasmons and incident laser wave [9].

Femtosecond laser-induced periodic surface struc-
tures were found in [10]. Micro-holes were drilled in
silicon above the forbidden gap Ey with 355 nm pico-
second and nanosecond pulses, and threshold for
plasma generation was about 3x10° Wt/cm® [11].
Generation of higher harmonics due to non-linear
processes at high power density conditions was con-
sidered in details in the review [12]. Ultrafast laser
pulses of a pJ energy tightly focused inside the bulk
of a transparent solid have the MJ/cm’ energy density
within a micro-scale focal volume significantly above
the threshold for optical breakdown and material ab-
lation, and are used for micro-patterning (grooves) of
surface of glass substrates [13]. UV fs-lasers are used
also for extruding glass fibers of nano- and submi-
cron diameters [14]. Excimer laser (193 nm) illumi-
nation through a mask allows parallel drilling of 1000
through holes in 30-100 pum thin glass interposers for
2.5D and 3D packaging small consumer electronics
[15]. Multilayer dielectric gratings were made with
picosecond laser in vacuum [16]. Few-cycle pulse la-
ser induced damage threshold was determined in ul-
tra-broadband optics [17]. Collimated relativistic
electron transport was detected in dielectric BK7
glass, which was driven by high intensity contrast
>10"" Wt/cm® of fs and picoseconds (ps) laser pulses,
followed by plasma expansion in vacuum for tens
picoseconds [18].

This literature analysis has shown that just a few
paper deal with ps-laser micromachining of glasses,
although ps pulses have much higher energies (~mJ)
than fs ones (~pJ) [3, 11, 13, 16, 18]. The available
papers do not mention about relaxation of the drilled
or micro-patterned glass, which is quite possible due
to the well known viscosity of glass. New phases and
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new materials are formed in strongly non-equilibrium
conditions of confined micro explosion. Glass mate-
rials can exist in two different states (amorphous and
polycrystalline) and transit between them. Besides
microscopic control, any laser drilling glass technol-
ogy should be monitored with structure sensitive
analyses.

The aim of this research was to study mechan-
isms of drilling micro- and nano-size holes in optical-
transparent alkali silica glass with picosecond UV-
laser and (for the first time) the effects of y-
irradiation induced coloration of the glass before
drilling and the following time relaxation of the
drilled holes.

II. Experiment

Pure quartz glass (KI, KU) does not absorb UV
harmonics (266 nm) of short-pulse solid Nd:YAG
lasers. Therefore optical alkali silicate K8 glass was
chosen, which contains the network of 51% O and
29% Si, and 11% of Na modifier (and 1% of Mg, Ca,
Al) responsible for strong UV absorption band below
270 nm. Optically polished slabs had 1 mm thickness
and roughness <l pum comparable with a laser wave-
length. The UV laser source was diode pumped
Nd:YAG laser (PL2231-50, Ekspla, Litvania) operat-
ing at the 4-th harmonic (line at 266 nm) within 20 ps
pulse energy range 0.1-9 mJ (5 pulses in each train)
at the repetition rate 50 Hz. Achromatic quartz lens
with the focal length 75 mm was used for focusing
UV laser beam to 4 pm diameter on the glass target
surface. This focusing provides an energy density
>10* J/m* enough for evaporating enthalpy and ignit-
ing dense plasma, so as to drill cylindrical holes in
the percussive pulse mode [3, 11]. This complicated
process includes a sequence of interconnected stages:
non-linear optical absorption of a few photons of la-
ser beam in the focal spot, avalanche ionization and
energy transfer from electrons to ions, conversion of
solid material into plasma, melting and evaporation
by the extra heat conduction, hydrodynamic dense
plasma expansion, generation of strong shockwave
propagating into the surrounding cold material [13].
Surface morphology of the obtained micro- and nano-
structures was investigated with scanning electron
microscope (SEM-EVO-MA10, Zeiss, Germany) and
X-ray diffraction with phase analysis (Empyrean,
PAnalytical). Possible changes of local chemical
composition of the laser affected volume were stu-
died with energy dispersion system Aztec INCA at
the SEM. In order to increase the absorption of laser
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emission at 266 nm the optical transparent glass sam-
ples were irradiated with “°Co gamma quanta at the
Institute of Nuclear Physics to deposited doses from
4x10* Gy to 10’ Gy so as to induce coloration due to
saturated UV absorption up to optical density OD>6,
which is related to charge transfer between alkali
metal and oxygen ligand. Optical absorption spectra
of glass prior and after the y-irradiation were meas-
ured at double beam spectrophotometer (UV3600,
Shimadzu, Japan) in the wavelength range of
200-1000 nm. Infra-red spectra were scanned at
FTIR spectrometer (iS50 Nicolet, Thermoscientific)
in the attenuated total reflection (ATR) mode from 10
micron subsurface layer and in the transmission mode
(mst) from the whole thickness1 mm within the wave
number range of 4000-400 cm™'. The program trans-
forms reflection and transmission to the absorptionin

OD scale up to 6.
II1. Results and discussion

Figure 1 shows optical absorption spectra of
glass prior and after y-irradiation to 10’ Gy.
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Figure 1. Optical absorption spectra of K8 glass: curve 1 —
non-irradiated, curve 2 — after “°Co y-irradiation to the dose
107 Gy.

The absorption edge of non-irradiated glass is at
270 nm, which is the same as the 4-harmonics of la-
ser. After y-irradiation to 10" Gy the absorption edge-
shifts to 350 nm, the refraction index n increases and
there appears intensive brown color. The broad band
with the maximum near 500 nm overlapped with the
shifted absorption edge looks like the extinction spec-
tra of spherical metal nanoparticles inalkali halide
crystals (Na nanocolloids in NaCl), glass or dielectric
solution, which size is estimated by simplified G. Mie
formula L = 0.1A/mt as ~16 nm [19]. The y-irradiation
causes metallization of the modifier ions by trapping

electrons and self-assembling inside cages of silica
carcass. Therefore the laser line at 266 nm becomes
more effective for ablation of y-irradiated glass with
the induced color centers absorbing this line and also
the increased refraction index n causing a better light
focusing with higher numeral aperture NA=nsin0.

Nanoparticles made from low absorbing dielec-
trics having large permittivity values [13, 14], and al-
so alkali metal nanocolloids with very high absor-
bance [19] and surface plasmons [9] can be resonant-
ly excited by external electromagnetic fields.

E'-centers absorbing at 215 nm appear in pure
silica glass KU-1 after irradiation to y-dose 10* Gy
and neutron fluency 10'” cm™ [20]. They are generat-
ed in the alkali glass too and can absorb the Nd-laser
emission at the 5-th harmonics at 215 nm. When the
glass is irradiated with “°Co y-quanta at 670 R/s
(6x10" g/cm®s) to doses within 10*~10°* Gy, the con-
centration of E’ centers saturates at the dose 10’ Gy
(6x10*" g/em?) [21].

The most intensive y-excited luminescence band
at 460 nm saturates in KU-1 glass after “°Co-y-dose
10’-10® Gy or neutron fluency 10" cm™ in WWR-SM
reactor [21]. It can also be induced by 2 MeV elec-
trons and ascribed to Cl impurity [22, 23], by fast
neutrons of DT-generator and attributed to self
trapped exciton emission at oxygen vacancies [24],
and by neutron+gamma spectra of pulse nuclear reac-
tor and related to e-h recombination at oxygen vacan-
cies [25].

Figure 2 shows FTIR absorption spectra (meas-
ured in transmission and reflection modes) of alkali
glass prior and after y-irradiation to 4x10* Gy.
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Figure 2. FTIR absorption spectra of K8 glass scanned in
transmission (a) mode: curvel — non-irradiated, curve 2 —
after®Co y-irradiation to the dose4x10* Gy.
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Plato 3600-2400 cm™' relates with single
M-O-M vibrations M'* alkali ion impurities. More in-
tense absorption bands in the range 2400—1100 cm™
are attributed to double Me=O vibrations in Me”" and
Me*" oxides. No significant change was found in the
range of basic vibrations of silica network in the
transmission (A), while there observed decrease in
the magnitude of stretching Si-O bonds at 1050 and
800 cm ™' and O-Si-O bending angle at 700500 cm ™'

Figure 3 shows 7 holes drilled in the glass after
y-irradiation to 4x10* Gy with up to 400 laser pulses
of energy increasing from 0.45 to 4.05 mJ, which are
from 5 to 45% of maximal pulse energy. Light halo
around each hole is due to ignited plasma and its area
is proportional to the total pulse energy [26]. Besides,
at pulse energy ~2 mJ focused to 4x10° Wt/cm* that
is above the threshold of igniting hot plasma [12, 13,
26], radial shock waves appear around the drilled
holes, which were called as periodic structures (pat-
terning) in earlier papers [3, 4, 10]. Provided the
same laser pulse energy and focusing lens, after y-
irradiation the hole diameter is less than one in non-
irradiated glass. It can be attributed mainly to increas-
ing in the refraction index n at the y-induced absorp-
tion band 200—-300 nm and the related narrowing the
focal area d=4Af/zD [12, 13].

Figure 4 show several holes in the gamma-
irradiated glass at higher magnification to reveal de-
tails of laser induced damage.

The common features are: all holes are elongated
along the laser E polarization, nano-droplets around
them are caused by laser evaporation mechanism,
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in thethin subsurface layer. However, narrow impuri-
ty peaks at 1200, 850, 650, 550 and 470 cm™' have
increased after the irradiation because of metalliza-
tion of the modifier ions (NaH, Mg2+, Al Ca2+) by
trapping electrons followed by aggregation in nano-
colloids. Thus, the radiation induced changes in opti-
cal (Fig. 1) and infrared (Fig. 2) spectra agree each to
other and can be attributed to nanocolloids of modifi-
er metals (major Na colloids in this glass).

200 pm EHT = 15,00 kv

WO = 30.0 mm

Signal A = SE1
Phote Mo, = 9637

Date 27 Oct 2020
Time :17:48:33

Figure 3. SEM images: (left) 7 holes drilled in K8 glass after y-irradiation to 4x10* R with 400 laser pulses at the 4-th

harmonics (266 nm) by increasing pulse energy from 0.45 to 4.05 mJ (5-45% of power); (right) grid of 36 holes. Insets
show the total profile of the drilled membrane.

rather than by melting. Fig. 4a shows the through
hole (exit size 9 um) of triangle shape drilled at the
pulse energy 0.9 mJ. In the same conditions of non-
irradiated glass the hole has the diameter 13.5 pum.
Drilling at 1.35 mJ the hole diameter is 34 um with
hexagonal cross-section (Fig. 4b). This y-induced
narrowing of the hole diameter was discussed above
and ascribed to increasing in the refraction index.
While at 2.25 mJ there appeared radial shock waves
with the period of 5 pm (70 THz) directed normally
to the electric polarization, which move radial till
~100 um from the hole (Fig. 4c).

According to [12, 13, 17, 18, 26], shock waves
appear above the threshold of higher harmonics gen-
eration by means of the multiphoton absorption and
emission of relativistic electrons from hot plasma. It
was detected during the drilling a few cm aside the
glass target by Radioscan-701A as B-radiation and
y-radiation. In the case of higher contrast fs-laser,
long (~1 mm) relativistic fast electron streaks are
obtained at early times (~few ps) inside the target,
while the plasma expansion in vacuum becomes ob-
servable much later (~30 ps) [18].
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Figure 4. SEM images of several holes in the y-irradiated glass drilled by varying the average pulseenergy: a — 0.9 mlJ,
b —1.35 mJ, c and d — 2.25 mJ. White lines show electric polarization vector for the laser beam.Circles show the exit di-

ameter of holes and a bar marks the entry size.

The motion of a flux of charged particles inside
dielectrics is limited by space charge. But due to the
ionization by the strong space charge field itself
(breakdown field ~5x10' V/m) and the collision-
ionization processes, a lateral expansion of the plas-
ma was finally registered on-line with fast camera at
the distance ~200 pm from the laser-glass interface
[18].

However the scanning electron microscopy
shows only “frozen” post-effect of shock waves
propagating in the hot soft glass during ~30 ps of
plasma existence.

Fig. 4d shows the minimal conical nano-hole of
elliptic shape (2 and 0.5 um) and many nano-crystals
around it at 10 times higher magnification. Since the
theoretical minimum for the focal area of the 4-th
harmonic is ~3x3 pm, this nanosized hole could be

produced by vacuum UV-harmonics (50-100 nm)
focused in submicron area 0.5x0.5 pum [12]. Domi-
nating mechanisms of ionization here are multiphoton
transitions through the band gap followed by heating
of free electrons, ending up, in some beneficial cases,
in their impact multiplication at high frequency of
electron collisions with atoms [13, 18, 26]. One
should emphasis, that detecting 3- and y-radiation in
our case can not be attributed just to ionization, since
it is caused by nuclear excitation and photonuclear
reaction.

Figure 5 show front (a) and back (b) views of the
hole drilled at 0.9 mJ in non-irradiated glass. Entry
size is ~30 um and exit one is 13 pum. An average
size of droplets is 2—3 um.

©Academy of Sciences of Republic of Uzbekistan, 2022
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Figure 5. SEM images of the hole drilled at the pulse energy 0.9 mJ in the non-irradiated glass: front (a) and back (b)

ViEWS.

In one week relaxation (b) one can see hollow
hexagonal tube profile of the exit hole surrounded by
a crater with the same size and shape as the entry one.
They are the same holes in the same sample studied
again and again in a month and in 2 months later (we
showed only the first and last scan). This evidences
about laser induced nano-crystallization of non-
irradiated glass into the SiO, crystal phase with hex-
agonal symmetry.

Figure 6 shows the relaxation of holes drilled at
the same conditions 0.9 mJ but in the glass y-
irradiated to the dose 4x10* Gy, measured in 2 days
after drilling (a) and in 2 months (b). Indeed, alkali
silica glass has a high viscosity (like honey), and the
deformations, caused by intensive gamma-irradiation

and laser drilling, relax slowly so as to release the
induced stress.

Here the hole size is a little smaller than in non-
irradiated glass and the droplets are of submicron size.
The higher temperature of ablation, the smaller drop-
lets are, as it is stated in [13]. Besides, in the left up-
per corner (a) a submicron hole appears similar to Fig.
4d after drilling at >2 mlJ. It can be explained by more
effective absorption of the laser beam at 266 nm by
y-irradiated glass with the defect color centers and
also by better focusing due to increasing of the refrac-
tion index near the radiation induced color centers.
Some of these centers may be related to metal collo-
ids emitting surface plasmons, which interact to the
laser beam [9].

Figure 6. SEM images of holes vias drilled at the pulse energy 0.9 mJ in the glass y-irradiated to the dose 4x10* Gy: a —
measured in 2 days after drilling, b — in 2 months of the glass relaxation.

©Academy of Sciences of Republic of Uzbekistan, 2022
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Figure 7 show holes in glass irradiated to 4x10* Gy and drilled with 3 pulses of 4 harmonics at
2.7 ml/pulse 2 days later and in 2 months of relaxation at 300 K.

Figure 7. SEM images of holes drilled with 3 pulses of 4 harmonics at 2 mJ/pulsein glass y-irradiated to 4x10* Gy: a, ¢ —

2 days after drilling; b, d — in 2 months of relaxation at 300 K.

One can see (Fig. 7a,b) anisotropic shock waves
relative to E-polarization vector. Similar behavior
was observed above in Fig. 4c and attributed to
ablation with hot plasma [13]. Small hole (c,d) is
surrounded by nanosized crystallites, a part of which
disappeared during the glass relaxation for 2 months
at 300 K.The walls of spherical, hexagonal and
conical holes looked like interlaced wires of 1-5 um
with plenty submicron pores. Formation of hexagonal
vias may be due to recrystallization (devitrification)
of the silica glass into the crystal lattice of quartz or
crystobalite with the hexagonal symmetry, which is
induced by intensive laser beam.

There are papers on nanocrystal growth under fs-
laser beam: crystallization of amosphous Si nanoclus-
ters in SiOy films using laser pulse annealing [27];
structuring materials at micro/nano scale from wave

guides to super hydrophobic surfaces [28]. Possible
mechanism of nanograin growth is ultrafast crystalli-
zation in shock-compressed SiO, [29]. Crystallization
of glasses in the BaO-B,05-Si0, system under laser
beam pulses 2—4 ns at intensity 7x10"" W/cm? is non-
isothermal [30]. Thus it is not spontaneous thermo-
dynamical crystallization, because it was caused by a
sequence of intensive ps-laser pulses.This morpholo-
gy of laser modified surface layer can be described
asquite fast non-equilibrium sitall growth. The layer
is thin because of short laser pulses and very low heat
conductivity of the dielectrics.

Figure 8 shows the local chemical composition
of glass surface near the hole determined by the ener-
gy dispersion system at SEM, as characteristic X-ray
spectra.

©Academy of Sciences of Republic of Uzbekistan, 2022
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Figure 8. Characteristic X-spectra of non-irradiated glass drilled at 4.05 mJ: a — at 300 pm from the hole, b — at the hole
edge; after y-irradiation to 4x10* Gy drilled at 1.35 mJ: ¢ — at 50 um from the hole, d — at the hole edge 300 K.

The peak of carbon is attributed to nano-film of
graphene deposited on the glass surface to avoid
charge accumulation while electron microscopy.
Spectrum (a) taken far from the laser spot confirms
the composition of K8 type alkali silica glass. Spec-
trum (b) taken at the drilled hole edge does not cor-
respond to the normal composition of SiO,. It has
substoichiometric deficit of oxygen and surplus of
calcium, which is indicative of radial emission of
light and heavy ions to long and short distances from
expanding plasma. Spectra (c, d) show that prelimi-
nary y-irradiation of glass followed by UV laser drill-
ing at pulse energies >1 mlJ resulted in decreasing sil-
icon and oxygen contents, and fluorine generation,
that may be caused only by photonuclear reactions
and other nuclear transmutations:

288i14—)19F9+ 33T1; 16Og+3T1—)19F9; 1608—) 44Hez.

Fluorine was found under these conditions for
the first time. The fluorine concentration at the hole
edge is 0.7%, and at the distance of 50 um it has in-
creased 2 times, because of increasing kinetic energy
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of F ions from expanding plasma [12, 13, 18, 31-33].
There was not any source of fluorine around the sam-
ple prior irradiation, during and after gamma-
irradiation and laser drilling in air to contaminate it.

Since the concentration of fluorine decreases
with the distance from the laser drilled place, it is
caused by laser plasma impact and can’t be contami-
nation. All the rest minor impurities (Na, K, Al, Ca)
have the same mass% independent on the local place
of (21-26) spectra measurements X-ray diffraction
analyses of initial and irradiated glass samples are
shown in Fig. 9.

Wide diffused bands at low angles (8 and 22
gradus) correspond to SiO, glass network, made from
cages of 1 and 2 nm diameter. There are also two sets
of narrow reflections, which identify nanocrystal
phases of SiO, and Na (AISiO,), the ratio of which
has changed after gamma-irradiation and laser drill-
ing. Thus, irradiation and grilling affects on the main
Si0, network, since alkali modifiers are inside the
nanometer cages.
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Figure 9. X-ray diffraction spectra of alkali silicate glass prior (top) and after y-irradiation for laser drilling (bottom).

Iv. Conclusions resulted to energy losses by means of intensive lumi-
nescence. For the first time before laser drilling the
alkali silicate glass was irradiated with gamma-
quanta of ~1.25 MeV “Co so as to increase the
absorption at 266 nm, instead of increasing the laser

Laser drilling of glass in its transparency win-
dow was found ineffective, while drilling with UV
laser harmonics at 266 nm (at the basic absorption)
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power or shortening the laser wavelength, like other
authors did [1-8, 13-18]. Preliminary irradiation of
glass with ®°Co generates intensive coloration and
removes luminescence centers thereby increase the
efficiency of UV-laser beam absorption for drilling-
holes 5-25 um without cracking. Scanning electron
microscopy showed microholes and nanodroplets
made by 28 picosecond laser pulses at 266 nm in
glass K8 at the pulse energies 1-3 mJ. The obtained
microholes have diameter within 9-30 pm depending

on the deposited laser energy and the refraction index.

Additional holes of ~1-2 pum size, which is less than
the theoretical focal diameter 5 um for the laser
wavelength 266 nm, may be drilled with the 5-th
harmonics generated by non-linear process in the y-
irradiated glass. Linear polarization of laser beam is
good for crystallization, but not proper for obtaining
round holes. Because of quite low thermal conductiv-
ity of glass and high viscosity, the laser induced
shock waves are spread radial till ~60 pm. It requires
additional experiments for improving technology of
laser drilling of 1 mm thick glass.

For the first time the long term relaxation of
glass network after laser drilling was examined taking
into account the effect of gamma-irradiation. It was
found that conical holes are transformed into cylin-
drical with hexagonal profile close to the entrance
size which is required for filter membrane. Final sta-
bilization of laser drilled holes is provided only by
completed nano-micro-crystallization of alkali sili-

cate glass around the holes within ~20 ps pulse length.

The fs-pulse has 10~ times weaker energy than the
picoseconds pulse and is too short for completing
glass-crystal phase transformation.

Glass micromembranes with 2—40 pm holes are
in demand for filtering liquid from suspended micro-
particlesor separating liquid mixtures.
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YabTpadunagma nuKoceKyH] Jiazepu épaammaa
HIIKOPUH CHJIMKAT IIHIIAAA MUKPO-THPKHUILIAP
XOCHJI KHJTHII

9.M. I/IﬁpamMOBal’z, A.A. Canaea', B.B. Kum',
H.J. Uckanpapos', X.T. Hazapos'

Y3Gekncron PecryGmikac MHHOBAIMOH PHBOXKITAHHII
Basupiuru Mirop TexHoJIorusuIap Mapkasu, Tamabanap kyd.,
Tomkerrt, Y36exucTon

%Y 36ekncron PecrryGimkacy ®annap Axkagemusicr Sapo
¢usukacu uacrutyty, 100214, Tomkenr, V36exucron

Madpdod wmxopuii-cuimkar mmmanuar Y @-nazep
a0l  caMapaIopJIMTHHU omupum Ba Y O-KypuHUII
coxacWJa WHTEHCHB paHT OepHIil Makcaguaa “Co Y-
kBanTiapu 6wian 10°-107 Tp raua HYPJIaHTHPHIIIH.
IMukocekynnmn Nd:YAG mnazepuHuHT 4-TapMOHHKACH,
266 HM TYJIKUH Y3YHJIUKAArd HMMITYJICIAPHUHT COHH Ba
sHeprusicuan 1-9 mJ[x opammkma y3rapTupud, qTuaMeTpu
9 nan 40 MukpoHTada OynraH YM3MKJIM Ba Naxapa
AKTHAArH THPKUILTAP Ouman. JHeprus suwmmen >10°
Jk/M* GyaraH masep HypIAHWIINM OHMIAH THPKMII OYMII
MoOaitHuga 4—5 MKM ymyaMaard TYJIKWH 3apOamapu Ba
HAHOYIYaMAaru KpUCTAIAHUII XOocui Oynau. ByHnan
TalkKapu, BakyyM Yb rapMOHHKacHHUHT TeHepamus
TyQaiimi  Mapka3uid  MUKPOHJIM  THPKHUII  SKHHUIA
CyOMHUKPOHJIM THUPKHII XOCHJI OYJIW. Y—HYpJIaHUIIHUHT
KOMOWHAIIMOH Tabcupu Ba Yb-nmasep HypiaHumm OwiraH
THPKHUII OYWITaHJAH CYHT KHCIIOPOJHUHT KaMaiuo
KeTHIIN Ba PTOPHUHT XOCHI OYIuIm comup Oyman, OyHra
cabab GpoToAIPOBHUI peaKIHsIIap BGi,,Fg+3°Ty; *0s—
4*He,; °04+T,—"F, Oymummm  MymkuH. umanuHr
KaWWIIKOKINTH Ba penakcanmwsicu Tydaitmm 300 K
Xxapoparga 2 O IaBOMHAA THPKUIUIAPHUHT YHKHII
JUaMETpUHU  Karranawau. byHaall MuKpo-naHxkapa-
JapJaH CYIOKIMK apajaliMalapiHU aXpaTUIIga Ba CyBHH
To3anauia (GoiganaHu MyMKHH.

Kanut cy3aap: raMMa-UHIyKIMSUI paHT Oepull, NIMIIazaa jJa3ep
OwraH THPKUII  OYHMII, IUIa3MAaHMHT  3apba  TYIKUHH,
(hoTosIPOBHIT peaKIysl.
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