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NpeunsmMoHHasa npsmas fnasepHas
MHTepdepeHLUNOHHas rpaBUpoBKa No3Bonsiet
co3paBaTb Nepuojmnyeckue CTpyKTypbl

Ha NOBEPXHOCTU pa3HOO6pasHbiX MaTepuanos
B TeYeHMe OfHOKpaTHOro npouecca o6pa6boTku
MaTepuana. Metog MoxeT 6bITb UCNOJIb30BaH
AN NOJIyYeHMs NOBEPXHOCTEN C 3a4aHHbIMMU
CBOWCTBAMU U npu co3gaHm cUCTeM 3aLlunThbl
OT KOHTpadaKTHOM NPOAYKLUN.

3BeCTHO, 4YTO HeKOTOpble II0OBEepPXHOCTH

C yImopsJo4dyeHHOH Tomorpaduen JeMOH-

CTPUPYIOT ylyd4IleHHble XapaKTepPUCTHUKHU
II0 CPAaBHEHHIO C XapaKTePHCTUKAMH IIOBePXHO-
CTeH C XaOTUYHOM CTPYKTypoH. [IpuMepsl ymops-
NOUYeHHOU Tonorpaduu, TakKe Kak [IepUOJHUIHbIe
[I0BePXHOCTHBIe CTPYKTYPBl, BCTpedalolecs
B IIPUPOJie Y Pa3/IM4YHBIX PaCTeHUH U JKUBOTHEIX,
IIOSBUJIMCh B pe3yJabTaTe MHOILOTHICSYEeTHeT0
npouecca spoaonuu [1]. Takum obpaszom, mpu-
poma mokasana cebs B KadecTBe JIYUIIero Tex-
HOJIOTa IO MPHUCIOCO6/IeHHI0 BHUAOB K YCIOBUSIM
OKPY>KaIoLleHr Cpelbl C Lielbl0 BBIXKUBAHUS.
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HIGH RESOLUTION DIRECT
LASER INTERFERENCE
PATTERNING

BY HIGH ENERGY Q-SWITCHED
LASERS

T. Kunze!, T. Roch'?, T. Hoffmann?, E. Fedyna’,
V.Konovalov?, D. Oulianov?’, A. Lasagni'2

High resolution direct laser interference patterning
allows creation of submicron periodic features on
various material surfaces in a single process. This
method can be employed for the functionalization of
surfaces as well as for product counterfeit protection.

urfaces with controlled topographic

characteristics have shown in the past to

provide enhanced surface properties in
comparison to surfaces with a "random" roughness.
Several examples of surfaces with an ordered
topography (e.g. periodic surface structure) can
be found on the surfaces of different plants and
animals, resulting from several thousand years
of evolution [1]. In this way, nature has shown to
be the best technologist to overcome any survival
challenge.

The field of bio-inspiration is emerging as one
of the most innovative areas of science today. In
this frame, laser based technologies can provide
the required technological and economical aspects
to reproduce such surfaces [2, 3].

An innovative solution for high resolution
surface patterning of periodic structures in a one
step process is Direct Laser Interference Patterning
(DLIP) [4, 5]. This process is based on creation
of interference patterns by overlapping two or
more coherent high power pulsed laser beams
on a surface of a material. If laser intensity of
interference pattern nodes exceeds ablation
threshold the surface of the material gets modified.
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B HacTodlee BpeMsd aKTHBHO pa3BHUBaeTCs
0671acTh HAayKH, CBS3aHHASI C IIONBITKOM PYKOT-
BOPHOI'O BOCIIPOM3BeIeHHSI MPHUPOSHBIX 00BeK-
TOB. JlasepHble TEXHOJOTHU MOTYT IIOC/IIY>KHUTH
CpPeiCTBOM TeXHHYeCKOH peaJH3allMH JaHHOU
3aJlauyy, IPefoCTaBJIgsl IIPU 3TOM XOPOIIHUH 3KO-
HOMHYEeCKUH 3pdeKT [2, 3].

OZHUM M3 MeETOLOB IPeIM3HOHHOIO HaHe-
CeHHUs IepPHOAHYECKHX CTPYKTYp Ha IOBepX-
HOCTb MaTepHaja 3a OLHH IIpoLecC SABISETCH
npsMas JiasepHas HHTepbepeHIMOHHAs TIpa-
BUpoBKa (ITJIUT) [4, 5]. OcHOBa MeToma - 3TO
Co3JaHHe Ha IIOBepXHOCTH MaTepHajla HHTep-
bepeHIIMOHHOIO II0JIS IIyTeM IlepecevyeHUs OBYX
u 6oee My4YKOB KOIePeHTHOTO H3Jy4YeHHs MOII-
HBIX MMIIYJIbCHBIX JIa3€pOB, KOTOpoOe, IPH oOIIpe-
JeJleHHBIX YCJIOBUSAX, NPHUBOLUT K BO3HHKHOBE-
HUIO CyOMHUKPOHHBIX II€PUOAUYECKUX CTPYKTYP
Ha IIOBepXHOCTH pPa3/IMYHBIX MaTepHaloB. Takue
IIOBePXHOCTHU IIOTeHIMAa/IbHO HHTEpPeCHBl [/
IIPOMBIIIIEHHBIX, OMOQU3UYECKUX U MeAUIHH-
CKHUX IPUMEHeHHUH. B KauecTBe IpuMepa IIpUMe-
HeHus IIJIMI MOXHO Ha3BaTh CHCTEMBI 3aIIHThbI
OoT KOHTpadaKTHOU NpoAyKUKHU. [TJIMT mo3ponsger
HAaHOCHTDH 3alllMTHBIe TrojorpapuyecKkre MeTKH
Ha caMble pas3jIM4YHBble [OBEPXHOCTHU, KOTOpbIe
IIpaKTHYeCKHU HEeBO3MOKHO IIOALe/IaTh.

Ha pwuc.l mokasaHa ynpoueHHas OITHYecKas
Ccxema 3KCIepHMeHTa/IbHOU yCTaHOBKU IIJIMT.
Ons GopMHUpOBaHHS HeobXOOUMMBIX IapaMe-
TPOB IIy4YKa BBIXOJHOe H3JIyUYeHHe Jja3epa IMpo-
XOOUT Yepe3 QOKYCHPYIOIIYIO JTMH3Yy M MAacKy.
B 3aBHCHMOCTH OT >KeJaeMOH FeOMeTPHH CTPyK-
TYpPBl, 3alHCBIBAeMOM Ha IIOBEPXHOCTH, Iy4YOK
II0C/Ie MPOXOKIEHUS MACKH pasfessgercs Ha OBa
u 6oysee myukoB (Ha puc.l mokasaH ciaydam
IBYX IIy4KoB). [lajee cucTeMa 3epKaJl CBOLUT
paszesieHHBbIe IMy4YKH Ha IIOBEPXHOCTH MaTepHU-
ana mof ompefeleHHBIMH yIIaMHU HafeHUs [4].
B pesynbpraTe Ha IOBEPXHOCTH MaTepHaja Co3-
Jaercs MHTeppepeHIIMOHHAs KapTHHA C 3aJaH-
HBIMU ITapaMeTpaMH. Ha puc. 2a u 2b mokasaHbl
HUHTeppepeHIIHMOHHble KapTHHBI, II0Jy4daeMble
IIpU IlepeceyeHUH [OBYX U Tpex IIy4YKOB, COOT-
BeTCTBeHHO. Kak HeTpygHO 3aMeTHTh, pa3Mep-
HOCTb IIOJIy4YeHHOM IIePHOJHUYECKOH CTPYKTYPEHI
IIPU MCIOAB30BaHMU N<4 MNYy4YKOB paBHAETCH
(N-1). TakuMm obpasom, IIJIUT ¢ moMoLbI0 H3MeHe-
HHUS [IapaMeTpoOB ONTHYECKOM CXeMBl, II03BOJIsIeT
YyIpPaBasiTh Kak GOpMOM, Tak U Pa3MepHOCTHLIO
[O/y4aeMOH CTPYKTYPHI.

Braromapss IIpocToTe ONTHYECKOM CXeMBI
¢ nmoMombio IIJIMT MOXHO co3maBaTh OoJjblioe
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Puc.1. Onmuyeckas cxema 3KkcnepumeHmanbHol YCMaHoeKu
ranr
Fig. 1. DLIP experimental setup

That way sub-micron periodic features could be
created on surfaces of varies materials which could
be potentially used in industrial, biophysical and
medical applications. As an example DLIP could
be successfully employed for product counterfeit
protection. High resolution DLIP allows to apply
complex security hologram-like elements on
various technological surfaces which are extremely
difficult to duplicate.

A basic optical diagram of DLIP experimental
setup is shown in Fig.1l. The laser beam exiting
from the laser system aperture passes through
a focusing lens and a mask for beam shaping.
Depending on the intended structure geometry
on the material, the resulting beam is split into
two or more sub-beams by beam splitting optics
(Fig. 1 illustrates a 2-beam setup). The following
arrangement of mirrors merges the split sub-
beams at a specific incident angle on the material
surface which consequences the interference
effect [4]. Depending on the incident angle and
the laser beam wavelength, a periodic intensity
pattern of energy maxima and minima follows.
Fig. 2a and Fig. 2b illustrate the resulting laser
intensity pattern for a two - and three-beam setup,
respectively. The dimensionality of the resulting
pattern is determined by the number N of used
laser beams. A (N-1) - dimensional pattern follows
by interference of N < 4. Thus, a high level of
degrees of freedom with respect to the shape and
dimension of the structure follows which only
depend on the specific DLIP setup.

Due to the relatively simple structure of the
DLIP setup, a wide range of structural types
(line-, pillar - and hole-like pattern) as well as
periods (material-dependent; 150 nm to 30 pm)
can be realized. The advantage of DLIP is that
a homogeneous structuring of the material
takes place over the entire surface covered by the
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pa3Hoobpa3ue CTPYKTYp I[IOBEePXHOCTEM (IHHUH,
CcTOonb6UKHM, OTBepPCTHS) W IEPHUOLOB HX PacIo-
nokeHus (150 HM - 30 MKM, B 3aBUCHMOCTH
0T MaTepuana). IlpeumymectBoMm IIJIMI sBis-
eTCs TO, 4YTO 3alMcChiBaeMas CTPYKTypa TOMO-
reHHA Ha BCceH 061yyaeMoU MOBEepXHOCTH. TakuUM
obpa3oMm, B 3aBUCHUMOCTH OT SHEPIrHH HMIIYIbCA,
MOsKeT OBITh CTPYKTYPHPOBAHO 32 OAHH IIpoOLiecc
HEeCKOJIbKO KBaJPaTHBIX CAHTHUMETOPOB IIOBepX-
HOCTH, TaK >XKe, KaK U IIPU IPSIMOU Ja3epHOH
3amucH. B ciydae, xorga o61acTh 3allUCH IIPEBBI-
IaeT JHaMeTp JIa3epHOTO My4YKa, NIPUMeHSIITCS
CHCTeMBl CMelleHUs 06pasna, HallpuMep TPeXKo-
OpPAHHATHBIE ITOJBHUKKH.

B TexHonmoruu IIJIMI MOIYyT KMCIIOJIB30BAThCS
J1a3ephl C pa3JIMYHBIMU AJIMHAMHU BOJIH OT UHpa-
KPaCHOTO 10 Y/IbTPadHUOIeTOBOTO U3/IYUeHUS IIPU
YCJIIOBHH, YTO [OJHMHA KOLePeHTHOCTH JIa3epHOro
HM3JIy4eHHUs AOCTAaTOYHO Oonpmasi, u obpabaTsl-
BaeMBbIM MaTepHas IOIJollaeT U3AyUeHHe C JaH-
HOM JJIMHOU BOJHBL. [lapaMeTpsl HHTepbepeHIH-
OHHOM CTPYKTYPHL O/l KOHKPeTHOIO MaTepHasa
3aBUCAT OT JJIMTEJbHOCTH JIa3@pHOr0 MMIIyJbCa,
IOJIMHBL BOJIHBI KU CBOHCTB obpabaTeiBaeMoro
MaTepuana, TAaKUX KakK INy6MHA IIOIJIOIEeHH S
U CKOPOCTb TepMHUUecKoHN AUPIy3uU. B 3aBUCHU-
MOCTH OT COBOKYIIHOCTHU J[JaHHBIX IIapaMeTpOB,
BO3MOXHBI pa3JIMYHble MeXaHH3Mbl abGIsIIUH:
doToxumuyeckass, doTrorepMuyeckas UaU ¢oTo-
dusuueckast abnsuus. IIJIMT 6bl71a IPOTECTHPO-
BaHA HAa MHOTHX Pa3/IMYHBIX MaTepHanaX, TaKHUX
KaK HepskaBelomas ctanb (304, 304L, 316, 316L),
CIJIaBBl TUTAHA, AJIOMUHHS, TBepAble MeTaJJlbl,
HHKeJIb, XpPOM, ApyTrHe cTanu (HanpuMep, 100Cr6)
A HeMeTaj/IMYeCKHe MaTepHajbl: KepaMHKa,
cTeksa, candup U pasnuyHble nonuMepsl (PET,
PEEK, PC, PP, PS).

biraromapsa ToMy, 4TO HHTepdepeHIIHMOHHOe
mojse nMMeeT 0OBEMHYIO CTPYKTYPy, TeXHOJIOTHS
[IJIMT Takke MokeT OBITH HKCIIONB30BAaHA [JIs
obpaborku 3D-06BeKTOB. B cBs3U ¢ TeM, uTo ITJIUT
He TpebyeT NOMOJHHUTE/NbHBIX IIPOLECCOB Ipef-
1 1ocTobpaboTky, MoskeT paboTaTh IPU OOBIYHBIX
YCIIOBHUSIX IIPOMU3BOACTBA (YHUCTHIX IOMeIleHHM
He TpebyOTCS), IPU 3TOM II03BOJISIET 3AIIHUCHIBAThH
Ha IIOBePXHOCTH Pa3JMYHBIX MaTepHUaJIOB CJIOXK-
Hble 3alIMTHBIE METKH BBICOKOIO pa3pelleHHd,
OAaHHAsl TeXHOJOTUsS MOXeT OBITh JIerKO HHTe-
TPUPOBaHa B CyLleCTBYOLIMe [IPOU3BOACTBeHHEIe
JTUHUH.

Byny4uu 6eCKOHTAaKTHBIM MeTOmOM 06paboTKH,
IIJIMI 1103BOJIsIeT OINTHMMAJIBHO KOHTPOJIMPOBAThH
npouecc MoAMGHUKALMY ITOBePXHOCTH 6e3 HaHe-
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Puc.2. MepeceyeHue HECKONbKUX KO2EPEHMHbIX Ad3EPHbIX NyY-
K08 Npu8odUM K C030aHUI0 8bICOKOKOHMPACMHO20 UHMepde-
PEHUUOHH020 N0ASl. VIHmepdepeHuUuoHHoe none umeem popmy
AuHul (a) e cxeme ¢ dsyms nyuxkamu u popmy nasoyex (b)

8 CXeme ¢ mpemsi ny4Kamu

Fig. 2. The overlapping of multiple coherent laser beams

leads to the development of a well defined energy intensity
distribution. The overlapping consequences a (a) line-like
interference pattern with a 2-beam setup and (b) a pillar-like
interference pattern with a 3-beam setup

interfering laser beams. Hence, depending on the
laser pulse energy, several cm? can be structured
within a single process step when compared to
direct laser writing. If the structurable area
extends the laser spot size, displacement units can
be employed to scan the material to be patterned.
Such displacement units are, for example, specific
axis systems (x, y, z-direction).

The DLIP technology is very flexible with respect
to the employed laser light wavelength where
different wavelengths from IR down to UV are
available for an ablative modification of surfaces.
A basic requirement for DLIP is a sufficiently
high coherence length of the beam source as well
as the absorption of the laser light through the
material. In principle, the DLIP technology can
process almost all materials which absorb laser
light with a wavelength between deep UV (~ 0.26
pm) and IR (~ 1 pm). The material structuring
largely dependent on the laser pulse duration,
the employed laser wavelength and the specific
material properties (such as absorption depth and
thermal diffusivity) where the ablation processes
can be either photochemical, photothermal or
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Puc.3. ToHkasi PET-¢onbza, cmpykmypupo8aHHas ¢ Nomo-
Wbto onmuyeckol 20108bl MJTNT 4-20 NOKOAEHUS € HAHO-
CeKyHOHbIM 263-HM Aa3epom. bblau 3anucaHbl CmpyKmypbl

C mpems pazAudHbimu nepuodamu (2,0;1,6 u 1,0 MKm).
Bapuayus cmpykmyp ¢ daHHbIMU nepuodamu bbina UCNOAb-
308aHa 0As C030aHUS U306pakeHus Ope30eHCKol uepKkau
®paysHkupxe [6]

Fig. 3. Structured PET thin foil using a 4th Generation DLIP
optical head with 263 nm ns laser. Three different structure
periods were fabricated (2.0, 1.6 and 1.0 pm). The decorative
motif of the "church of our lady" Dresden contains a variation
of these different structure periods [6]

Puc.4. Hukenesas naacmuHa, cmpykmypupo8aHHas HaHoce-
KYHOHbIM T-MKM Ad3epom
Fig. 4. Structured nickel plate with T um ns pulsed laser

CeHHs [OIOJHMTEJIbHOr0 MaTepuana. B3auMo-
JeHCTBHe JIa3ePHOI0 HM3JIy4eHHU s C II0BePXHOCTBIO
HMeeT JIOKaJbHBIM XapaKTep, MO3TOMY BO3JeH-
CTBHe Ha 06/1aCTh MaTepHasa, HaX0AsAIerocs Mo
IIOBePXHOCThIO, KaK MPaBHJIO, HE3HAYUTEJIbHO.
Kpome Toro, TexHosorus IIJIMT MoskeT 6BITh
KCII0/Ib30BaHa B CIIeIIHAJ/IBHBIX YCAOBUAX, HAIPU-
Mep, moj BofoM. IIpomblIlJIeHHOe NpHMeHeHHe
IIJIMT BO3MOKHO TOJIBKO B C/Iy4yae HAaJTUYHI KOM-
MIaKTHOM OITHYECKOM TO0JOBKHU M JAeMOHCTpa-
UK paboTel MeToma B YCAOBHUSX IPOMBINIIEH-
HOT'O IIPOM3BOACTBA. 3a IIOC/IeJHKMEe HeCKOJIBKO JIeT
B MHCcTUTyTe ®payHrodpepa IWS (FTepmaHus) pas-
paboTaHBl TPU pasjKMyUHBIe ONTHYeCKHe TOJTOBKHU
[6] s nHTepdepeHIIMOHHOM I'PABUPOBKH, Ipef-
Ha3Ha4yeHHBbIe /I TPAaBUPOBKHU KaK IIJIOCKUX, TaK
1 06beMHBIX 06BEKTOB.

photophysical. DLIP process has been tested on
many different materials such as stainless steel
grades (304, 304L, 316, 316L), titanium alloys,
aluminum alloys, hard metals, nickel and chrome
materials, other steel materials such as 100Cr6 and
non-metallic materials including ceramics, glass,
sapphire and various types of polymers (PET, PEEK,
PC, PP, PS).

The DLIP technology also enables a 3D
machining of surfaces due to the volumetric
extend of the interference pattern. As a single-
process method, DLIP enables the production of
high resolution and sufficiently complex security
features for product protection, which can be
implemented without an extensive pre - and post-
treatment of the work pieces and without the need
of clean room conditions. As a result, DLIP can be
easily integrated in existing production lines.

Being a contactless processing method DLIP
allows for an optimal process control since the
material modification occurs at the material
surface and without an introduction of additional
material. The energy input by the laser radiation
occurs locally at the material surface and typically
shows a negligible influence on the underlying
solid-state or substrate material. Furthermore,

PHOTONICs N25/53/2015 37



CECEEEEEEEEEEr e e e e e e e e e e e e e e e e e e e e e
NA3EPbI U TA3EPHbIE CUCTEMbI I—
CECEEEEEEEEEEr e e e e e e e e e e e e e e e e e e e e e

Table System

Laser control Energy Motion Control
- 0 ] Home Ref Position Velocity g ; A
(e xEEEE X e [ S PS
bl | o » Y = m= Sy (4] 5o @) Lo
— = 55 :
= o | e o v
v CouT - Execute Command
::::";:’ Energy: 0| 0k]  InPositon [BY] X8 Y

Resolution: 479 x 479 (24 bit)
NoComera - (@ O E Q@ FroviewHode

General © Gessic  ® Quortizaion 16

Bondey: 50 pixcls [ S8 | Dahering ) Docompostion H
Scole iyl 10 10 [[Sa | O Toanguaen H
Processing

1. Structuring Details.
Pielsize: 100 pm  Mode: [Leftionion =
Frequency: 1000 Hz  Color
Sample: 097 mm

Picture |Matrix| Tests
a) b)

Puc.5. YcmaHoeka DLIP-UFAB, ucnoabsytouias K- (1053 Hm) uau Y- (263 HM) HaHoceKyHAHble Aa3epHbie cucmenmbl (a). @omo-
2pacus meHto MO ycmarosku DLIP-UFAB [6] (b)
Fig. 5. Newly developed DLIP-LIFAB System equipped with either IR (1053 nm) or UV (263 nm) ns-laser system (a). Screenshot of

DLIP-UFAB software [6] (b)

OnHa M3 3TUX ONITUYECKHUX FOJIOBOK, 3 UMEHHO
ros0BKa 4-T0 MOKOJIeHH s, Oblia paspaboTaHa cre-
LIMaJIbHO AJI NIPelM3UMOHHBIX IPUMeHeHH. OHa
COLepKUT B cebe MOOHUIBHBIE 3JIeMEHTHI, I103BO-
JASA0IKMe aBTOMaTHYeCKHM KOHTPOJIHPOBAThH yrojl
MeKAy HHTepOepUPYIOIUMU JIydaMu. [IpuHIIUI
IeNCTBUSA 3TOM rosoBKU aag IIJIMT 3akiamo4dyaeTcsd
B TOM, 4YTO, BO-IIEPBBIX, BCe IIYyYKHM, HKCIIOJIb-
3yeMble [Jisi CO3LaHHSA HHTepPepeHIMOHHOTO
nonst, OKyCHPYIOTCS Ha obpa3sel AJIs IIOJyUYeHHU S
KPYIJIOM TOYKH AHaMeTpoM OT 25 mo 300 MKM,
4YTO COOTBETCTBYeT paspemeHuio 1016 u 85 DPI
(KOMMYecTBO TOYeK Ha JIOHM), COOTBETCTBEHHO
[6]. MHTeppepeHLIMOHHOE II0JIe BHYTPHU KaXkI0u
TOYKH 3allMChIBaeTCs Ha I[OBePXHOCTHU MaTepHu-
ana. Eciu M3MeHATH Iepuoj HHTepdpepeHIU-
OHHOTO IIOJISl, M3MEHMTCS M XapPaKTepPUCTUKH
IIOBePXHOCTHU, HaNPHUMep ILBeT OTPakKeHHOIOo
cBeTa IpU HabOMIOJAeHUHN IOBEPXHOCTH IIOJ
OIpemeJeHHBIM YIJIOM. 3TO IIPOJEMOHCTPHUPO-
BaHO Ha pHC. 3, Ha KOTOPOM IpUBeAeHO GOTo
CTpyKTypupoBaHHOH PET-donsru, obpaboran-
HOM HaHOCeKYHAHBIM HKMIIYJIbCHBIM JIa3epoM
TECH-263 (A=263 HM) cepuu TEXHOJIOTHS mpo-
u3BoncrBa KoMmnaHuu JIABEP-KOMIIAKT (Poc-
CHsI) C MaKCHMAaJbHOM SHeprHued HMIIyabca 50
MK/I>K. B maHHOM IpHMepe HCIO0JIb30BaIUCh
CTPYKTYpPhl C TpeMs Pa3/JMYHBIMU [EePUOLAMHU.

38 ®OTOHMKA N25/53/2015

the non-contact machining of DLIP even allows
material processing under specific conditions (such
as underwater). On the other hand, industrial
application of the DLIP technology will only be
possible if compact optical-head solutions are
available and the applicability of the technology
is demonstrated in an operational environment.
In the last years, three different interference
patterning optical concepts have been developed at
Fraunhofer IWS (Germany) [6]. These optical heads
offer the possibility not only to process planar
surfaces but also complex three dimensional
parts.

One of these possibilities, namely 4th
Generation of DLIP optical heads, was developed to
achieve high resolution and flexibility. This optical
heads are equipped with mobile components that
permit to control the intercepting angle between
two laser beams fully automatically. The principle
of operation of this DLIP-head can be described
as follows. Firstly, all laser beams required to
obtain the interference pattern (2, 3 or 4) are
focused on the substrate obtaining a circular pixel
with a diameter ranging from 25 pm to 300 pm,
corresponding to resolutions of 1016 and 85 DPI
(Dots Per Inch), respectively [4]. Within such a
pixel, the interference pattern intensity is
transferred in the materials surface. If the spatial
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Puc.6. M3nyyamenb nasepa cepuu TEXHOJ1IOI NS
Fig. 6. TECHNOLOGY-series laser head

B KkayecTBe elle OZHOrLO0 IpHMepa BO3MOXKHO-
cteu ITJINUT, Ha puc. 4 moka3aHo OTO MJIACTUHBI
M3 HUKeNls, A1 06paboTKHM KOTOPOM HCIIOJIB30-
Bajach rojiopka IIJIMI 4yeTBepTOro IIOKOJEHHS
C UMIyAbCHBIM JazepoM TECH-1053 (A=1053 HM)
cepuu TEXHOJIOTHA.

HOnsg MoJly4dYeHUs IIOBEePXHOCTHBIX CTPYK-
Typ, MOKa3aHHBIX Ha pUC. 3 u 4 morpeboBa-
J1aCh He TOJIBKO IOOBM’KKA C BBICOKMM paspelie-
HHeM, HO U CIIlellHa/Iu3UpOBaHHOe IIPOTPaMMHOe
obecrmedeHre, I03BOJIsIIONlee IIPOBOLUTH obpa-
O60TKy MaTepHasa B II0JTHOCTBIO aBTOMATHYeCKOM
pexxuMe. 3penocTh TexHomoruu IIJIMI moskeTt
6BITh MNPONEMOHCTPUPOBAHA CO3JAaHUEM IMPOTO-

KOMMNMAKTHBIE JIASEPbBI

BANR NPOMBILMINEHHOrO NPAMEHERWA

i g

pattern period of the pixels is varied, different
functionalities can be obtained (e.g. different
optical color under a specific observation angle).
This principle is shown in Fig. 3 on a structured
PET foil processed with TECH-263 (A=263 nm)
nanosecond pulsed TECHNOLOGY-series laser by
LASER-COMPACT (Russia) (pulse energy 50 pJ). In
this example, three different structure periods
have been utilized to treat the polymer surface. Fig.
4 shows another example, a structured Nickel plate.
It was processed by 4th Generation DLIP system
with TECH-1053 (A=1053 nm) of TECHNOLOGY-
series laser.

The examples depicted in Fig. 3 and 4 require
not only high resolution translational stages
but also a software solution permitting the fully
automatized processing of the material’s surface.
In addition, the maturity of the DLIP technology
can only be demonstrated not only by developing
optical heads, but also a prototype-system which
capable to operate in an operational environment.
Such a prototype (DLIP-uFAB) including a 4th
generation DLIP optical head, IR or UV laser
systems, translational stages and automatized
software is shown in Fig. 5. This system has been
already tested over 500 h under ambient conditions
(no clean room, no protective gases, non-controlled
room temperature). The software platform, also
developed at IWS, permits to automatically control
the laser system, the optical head as well as the
translational stages (Fig. 5b). The system has
been classified as Laser Class 1 based on German
laser safety regulations (by the Technischer
Uberwachungsverein, TUV).
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TUIIA CUCTeMBI, CIIOCOOHOro paboTaTbh B IPOM3-
BOLCTBEHHEIX YC/IOBHSIX. Ha puc.5 MoKa3aH Takou
IpoTOTUI. IJTO ycTaHoBKa DLIP-pFAB, BKIOua-
Iomasi B cebsg ONTHUYECKYI0 TOJIOBKY YeTBEPTOIO
nokosieHusd, MK- u YO- 1a3epsl, MOABUXKKHU U IIPO-
rpaMMHoe ofecredeHHue [Jis aBTOMAaTH3aLHH.
YcTaHOBKA MPOIIIa TeCTHPOBaHHEe B TedyeHHe 500
4acoB paboThl B NIPOU3BOACTBEHHBIX YCIOBHUSX
(be3 umcToro momemieHus, 6e3 3aMUTHBIX Ia30B,
6e3 KOHTpPOJIS TeMIlepaTypsl KOMHATH). IIpo-
rpaMMHoOe obecrieueHHe, TakKe pa3paboTaHHOe
B IWS, mo3BossieT aBTOMAaTUYeCKH KOHTPOIHUPO-
BaTh jia3ep, ONTHYECKYIO IOJIOBKY M IIOJBMKKHU
(puc. 5b). Cucrtema 6pl1a KnaccHPULIIMPOBAHA KaK
7masep KJjacca 1, Ha OCHOBe CTaHJapTa Ja3epHOU
6esomacHocTu Fepmanuu (o TUV).

K masepam, IOpUMeHSieMbBIM B IPeLH3HOH-
HOM TexHosoruu IIJIMI, mpenbsiBASIOTCS >KeCT-
Kue TpeboBaHUS. Bo-IIepBbIX, SHEPI U UMITY/IbCa
noykHa OBITH JAOCTAaTOYHO BBICOKOM [JsI TOTO,
4TO6Bl IIPEBBICHUTH IOPOr abnsluu MaTepuana
10 BCeMy JHaMeTpy HNSATHA. TUIIMYHbIe 3HAaUYeHU
3Hepruu paBHATCS 100—500 MK]IK Ha OIHUHE
BOJMHBEL 1 MKM U 10-50 MK/ Ha 0,26 MKM. Heo6-
XOAMMO HJeBJIbHOE KaYyeCTBO Iy4YKa - jiasep Lo~
>keH 6bpITh omHOMOLOBBIM (TEM,,). [as monyde-
HMS BBICOKOTO KOHTpAacCTa MHTepPepeHIIMOHHOr 0
[0 JAJIMHA KOTePeHTHOCTH JIa3epHOro H3Jy-
4YeHHMs OOJKHa IpeBbmarbh 0,5 cM Ha 1 MKM
(0,15 cm Ha 0,26 MKM). [ obecredyeHUs BBICO-
KOM CKOPOCTH Ipolecca obpaboTku Heobxo-
JHMa JOCTAaTOYHO BBICOKAsl YaCTOTa IIOBTOPEHHUU
uMnynbcoB (1—5 kI'm). Xopomasi cTabHUJIbHOCTD
OT MMIIYJIbCa K UMIIYJIbCY TaK>Ke Ba’kHa, IIOTOMY,
YTO OHAa HENOCPeACTBEeHHO BJIHsSeT Ha KadyecTBO
3aIIMCAaHHOM CTPYKTypbl. [abapuTHl /1a3epHOro
M3Jly4daTessl JO/KHBI OBITh MaJibl, TaK Kak Heob-
XOAHMMO, UTOOBl OH IOMEMIA/CsS B ONTHYECKYIO
rOJIOBY CHCTeMBbI. M, KOHeYHO, Ha/l0 CTPEMHUThCSI
K TOMY, 9YTOOBI CTOMMOCTD 3KCIIJIyaTallUHU J1a3epa
6bI71a 1OCTATOYHO HU3KOM, YTO O3HAYaeT HU3KYIO
IIPOJa>kKHYI0 CTOMMOCTH Jjia3epa U ero BBICOKYIO
HaJe>KHOCTb.

JIaseprer cepuu TEXHOJIOTHS mpou3BoLCTBa
KoMnaHuu JIAZEP-KOMIIAKT wupgeanbHO COOT-
BeTCTBYIOT 3TUM TpeboBaHUSAM. JTO - TBepHO-
TeJllbHBIE J1a3epbl C AHOJHOM HaKa4dKoH, pabo-
TalollMe B peXHMe aKTHBHOH MOAYISLIUU
0O6pPOTHOCTH, KOTOpble KCIIOJNB3YIOT KpoMe
OCHOBHOM YaCTOTBl TaKyke IeHepaTOpbl BTOPOH,
TpeTber M YeTBePTOM FapMOHHUK. JIa3epsl CepuU
TEXHOJIOTH S n3BeCTHBI CBOEI BBICOKOM CTAabMIIb-
HOCThI0O M HageXHOCThbi. KOMIOaKTHBIE M MOII-
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High resolution DLIP technology imposes
stringent requirements on the laser used. First
of all the pulse energy should be high enough
to exceed material ablation threshold over the
whole beam spot, typically 100—500 pJ at 1 pm and
10—50 pJ at 0.26 pm. Then beam quality has to be
perfect, essentially a TEM00 mode beam is required.
Coherence length of longer than 0.5 cm at 1 pm (0.15
cm at 0.26 pm) is needed to get good interference
contrast. In addition, in order to achieve high
process throughput the laser pulse repetition
rate needs to be sufficiently high (1-5 kHz). Good
pulse-to-pulse stability is also important because
it has direct impact on pattern quality. Laser head
dimensions should be kept small in order to fit into
the system’s optical head. Last, but not the least,
laser cost of operation must be relatively low, which
means low purchase price and high reliability.

Lasers of TECHNOLOGY series by LASER-
COMPACT perfectly fit the above criteria. These
lasers are based on actively Q-switched DPSS laser
technology and second, third and forth harmonics
generation. TECHNOLOCY-series lasers are
known for their rugged design, high stability and
reliability. Compact and powerful these lasers are
new alternatives to the large, complicated and
expensive high-power lasers. Fig. 6. shows a head
of TECHNOLOGY laser.

CONCLUSIONS

The results reported here demonstrate the high
level of maturity of the DLIP technology. If high
resolution is required (e.g. holographic pixels with
more than 1000 DPI resolution), compact solutions
permitting to control and change patterns period
automatically are available. These optical heads
can be used with high energy solid state lasers
as the Lasers of TECHNOLOGY series by LASER-
COMPACT which provide enough coherence length
to obtain interference patterns.
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HBble, Jla3epbl 3TOM CepHUHU SBISIOTCS HOBOH allb-
TepHAaTHBOHM IPOMO3JKHUM, CIOKHBIM U LOPOTHM @ Special Technologies
MOLIHBIM Jia3epaM. Ha puc. 6 mpusegeHa ¢oro- [El

rpadus usnydvaresns snasepa TEXHOJIOTHA.

(—

BbIBO/ bl

[IpuBegeHHBIE B CTaThe Pe3yJbTAaThl IMPOAEMOH-
CTPHUPOBA/IM BBICOKMH ypOBEeHb FOTOBHOCTH TeX-
Honmoruu IIJIMI mis BHeOpeHHS B IIPOKM3BOACTBO.
briia co3maHa KOMIIaKTHasg ycTaHoBKa IIJIMT,
II03BOJIAIOINAs II0JIy4YaTh BBICOKOE pa3pelleHHe
3allMCBIBAa€MBIX CTPYKTYyp (rosorpammoriono6-
Hble TOUKH C pa3pemeHueMm o 1000 DPI), umero-
masi aBTOMAaTH3UPOBAaHHBIM KOHTPOJb IepHoja
U GopMBI 06BEKTOB 3aIIHCH. B yCTAHOBKEe HCIIO/Ib-
30BaHBl TBepAoOTe/bHBbIe JIa3epPbl BBICOKOM SHep-
ruu cepuu TEXHOJIOTHS npousBoacTBa KOM-
naHnuu JIABEP-KOMIIAKT, u3nydyeHHe KOTOPBIX
MMeeT JOCTATOYHYI OJUHY KOT€PEeHTHOCTH /s
[0JIy4eHHsI BBICOKOKAYECTBEHHBIX HHTepdepeH-
IIMOHHBIX II0JIeH.
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