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YnbTpaduonetosblie f1asepbl UMeIOT pAf,
npeuMyLLecTB Ha pbIHKe MUKPOPEe3Ku
MeTa//InYeCKNX N HeMeTa/JINYeCKNX MaTepuasos.
CTabunbHOCTb U HAAEXHOCTb J1a3epHbIX
MHCTPYMEHTOB B CO4ETaHUMU C TOYHOCTbIO
06paboOTKMN N HU3SKUMU MEXAHUYECKUMU
Hanps>XeHUSMU Mo3BONAIOT 3STUM Jla3epaM BbINTU
Ha pPbIHOK MUKPO3/IEKTPOHHOIO NPOU3BOACTBA.
bnaropgaps ru6kocTn B paboTe C LLMPOKUM
cnekTpoM matepuanoB Y®-nasepbl 1erko
afanTUpYIOTCA K TPe60BaHUSIM TeXHOI0MNYeCcKnX
NpoL.eccoB U BCTPAUBAIOTCSA B IMHUU 6bICTPOM

M TOYHOM NasepHOM 06paboTKM B NpOM3BOACTBE
MUKPO3/IeKTPOHUKU. B cTaTbe npeacTaB/eHbl
BO3MOXXHOCTU TBepAOTe/bHbIX YP-naszepos

C ANOOHOM HAKAYKOM C U3slyYyeHueM Ha AJIHe
BOJIHbI 355 HM.

CTaTbs noctynuna B pegakumio 15.04.2019
CTaTbd npuHaTa K nyéamkaumm 30.04.2019

BICTPOE Pa3BUTHE 3J1eKTPOHHOU IIPOMBIIIIEH-

HOCTH, IIPeLM3NOHHOr0 IIpHb6OpOCTpoeHUS,

pa3paboTKa HOBBIX MAaTEPHAJIOB CO CIIeIHaJIb-
HBIMH CBOMCTBaMM, HaIlpUMep, C BBICOKOM TepMO-
CTOMKOCTBIO M ITPOYHOCTBIO, TPeOYIOT HOBBIX METO/IOB
MHKPo0bpaboTku, 06eCredHBAIONIUX BBICOKYIO TOY-
HOCTh U 3PeKTUBHOCTH. JlasepHas pe3ka obramaer
IperuMyllecTBAMHU IIepell MeXaHHUYeCKHMMHU MeTo-
DAaMU pe3Kd: OHa OeCKOHTAKTHA M He CO3JaeT Mexa-
HUUYeCKHUX HaIlpsSsKeHHM, KOTOpble MOT'YT IIOBPeIUTh
usmenue.

TpaAULMOHHO B IIPOMBIIUIEHHOCTH IIPHUMeEHS-
I0TCSL JIa3epHble HCTOYHUKH C HU3Jy4eHHueM OIrK-
Hero UK- (BOJIOKOHHEIE nasepsl, 1064 HM) U JaJlbHero
HK-puamnaszoHoB (CO,-nmaseps, 10,6 MKM). Bsibop
THUIIA UCTOYHHKA 3aBHUCUT OT KO3QPUIIHEHTA IMOrJI0-
[IeHHs M3JIyYeHHs TOr0 MM HMHOILO MaTepHalia Ha
OIlpelle/IeHHOW [JIMHe BOJHBI: [JIs1 MeTa/JIOB 3TO
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Ultraviolet lasers have a number of advantages

in the market of microcutting of metallic and
nonmetallic materials. The stability and reliability
of laser instruments combined with machining
accuracy and low mechanical stresses allow these
lasers to enter the microelectronic manufacturing
market. Due to the flexibility in working with a wide
range of materials, the UV lasers easily adapt to the
requirements of technological processes and are
integrated into fast and accurate laser processing
lines in the production of microelectronics. The
possibilities of solid-state UV-lasers with diode
pumping with radiation at a wavelength of 355 nm
are given in the article.
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he rapid development of the electronics

industry, precision instrument-making, the

development of new materials with special
properties, for example, high heat resistance and
durability, requires new micro-processing methods
that provide high accuracy and efficiency. Laser
cutting has advantages over mechanical cutting
methods: it is contactless and does not create
mechanical stresses that can damage the product.

Conventionally, in industry, laser sources with
radiation of near-IR (fibre lasers, 1064 nm) and far-IR
ranges (CO, lasers, 10.6 pm) are used. The choice
of the type of source depends on the absorption
coefficient of the radiation of a material at a specific
wavelength: for metals, these are fibre lasers with
1064 nm, non-metals - CO, lasers with 10.6 pm.

But the processing of special materials such as
sapphire, various glasses, polymer films, printed
circuit boards, semiconductor materials, etc. has
higher requirements that cannot be provided by the
aforementioned laser sources. In the production of
such products cutting is the main operation.
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Puc. 1. Cxema zeHepayuu mpembel 2apMOHUKU
Fig. 1. Third-harmonic generation scheme

BOJIOKOHHBIE j1a3ephl ¢ 1064 HM, HeMeTaanoB - CO,-
nasepsl ¢ 10,6 MKM.

Ho o6paboTka cIieraabHbBIX MaTepHaloB, TAKHUX
KaK candup, PpasauyHBIe CTeK/Ia, IIOJHMMepHBIe
IUIeHKH, IledaTHble IIJIaTEl, I10JyIIPOBOJHHKOBEIE
MaTepHasbl U T.[. UMeeT Oonee BbICOKHe TpeboBa-
HUS, KOTOpble He MOTYT 06eCriedrThb BBIIIEYIIOMSHY-
Thle JIa3epHble MCTOYHHUKH. B IIPOU3BOACTBE TaKHUX
H3/e/IMH pe3Ka SBJISeTCsl OCHOBHOM OIlepalltel.

VMcmonp3oBaHMe CHCTeM [JISl JIa3epPHOM Pe3KH
C H3/ly4YeHHeM YIbTPadHOIeTOBOTO J[AHala30Ha
OTKPBLZIO HOBble BO3MOKHOCTH 06paboTKH CIlelHasb-
HBIX MaTepuayoB. [lJIs IOJydYeHHs yIbTpadroneTa
HeobxonurMa 6osee c1okHasi KOHQUIYpallMs a3epa.
JIJ1sl reHepallMy TpeTber TapMOHUKH (355 HM) B TBep-
JOTeJIbHOM JIa3epe C SUOAHOM HaKauKOM HCIIOJIb3Y-
IOTCSl HeJIMHeMHO-OIITUYeCcKHe IBeHHs. [eHepanusg
peanu3syeTcs 10 C/IefyOLleH CXeMe: OCHOBHAs JJIMHA
BOJMHBL 1064 HM B036y>KHaeT Ha II€PBOM HeIHHEeH-
HOM KpHCTaIIe TUTaHKI-PpochaTa kanus (KTiOPO4)
BTOPYIO TapMOHHMKYy (532 HM). 3aTeM H3/y4deHHe
OCHOBHOM M BTOPOM FapMOHHK CMEIINBAeTCs Ha BTO-
POM HeJTMHeHHOM KPHCTa/l/le, B pe3yjbTaTe 4yero Ha
BBIXOJle H3/Iy4aeTcsl TpPeTbsl TapMOHHKA C JJIHHOMN
BOJIHBI 355 HM (puc. 1).

JlazepHoe wu3nydeHHe YP-guamasoHa (355 HM)
obnasaeT BBICOKOM 3HepPrher KBAaHTOB M MEHBUIUM
OUaMeTpoOM ISTHa B 06macTh GOKYCHPOBKHU 3a CUET
6olee KOPOTKOM AJIMHBI BOJTHBI I10 CPABHEHHUIO C BOJIO-
KOHHBIMHU (1064 HM) u CO,-nmasepamu (10,6 MKM).
JIHMHBL BOJIH W3/1y4YeHHS PAa3IMYHBIX JIa3ePOB IIOKa-
3aHBI Ha pUC. 2.

MUHMMaJAbHO BO3MOXHBIM JAHaMeTp MATHA
GOKYCHPOBKM COOTBETCTBYeT [AJIMHE BOJIHBI Jia3ep-

il 4

The use of laser cutting systems with ultraviolet
radiation has opened up new possibilities for
processing special materials. To obtain ultraviolet,
a more complex laser configuration is needed. To
generate the third harmonic (355 nm) in a solid-state
diode-pumped laser, nonlinear optical phenomena
are used. The generation is realized according to the
following scheme: the main wavelength of 1064 nm
excites the second harmonic (532 nm) on the first
nonlinear crystal of potassium titanyl phosphate
(KTiOPO,). Then the radiation of the main and
second harmonics is mixed on the second nonlinear
crystal, as a result of which the third harmonic with
a wavelength of 355 nm is emitted at the output
(Fig. 1).

UV-range laser radiation (355 nm) has a high
quanta energy and a smaller spot diameter in
the focusing region due to a shorter wavelength
compared to fibre- (1064 nm) and CO, lasers
(10.6 pm). The radiation wavelengths of various
lasers are shown in Fig. 2

The minimum possible focus spot diameter
corresponds to the wavelength of the laser radiation.
Accordingly, for a UV-laser with 355 nm, it is 30
times smaller than for an IR with a wavelength of
10.06 pm, and is several micrometres.

The shift of the wavelengths in the UV region
increases the quantum energy, which increases
the energy intensity of the laser radiation flux.
Reducing the wavelength of laser radiation reduces
the reflection coefficient of materials and increases
the amount of energy absorbed by the material.

The energy absorbed by the material is consumed
either on vibrational or electronic excitation, or
on a photochemical reaction. During vibration
excitation, the absorbed photon energy causes

Nd : YAG-3"H, Nd: YAG co,
355 HM 1064 HEM 10,6 MKM
355nm 1064 nm 10,6 pm
Eximer - Kr F Ar-Ion co,
248 HM 288 HM 9,4 MKM
248 nm 288 nm 9,4 um
| 1 | | 1 1 | | 1 |
0,2 0,4 0,6 0,81 2 4 6 810
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Puc. 2. [IAUHbI B0AH pA3AUYHbIX Ad3ePHbIX UCMOYHUKOS [1]
Fig. 2. Wavelengths of various laser sources [1]
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HOro usny4yeHus. COOTBeTCTBeHHO, Ajad Y®-nmasepa
¢ 355 HM oH B 30 pa3 MeHbiie, 4yem gasg UK c gnu-
HOM BOJHBI 10,06 MKM, M COCTaBJIsgeT HECKOJIbKO
MHKPOMETPOB.

CMeleHMe IJINH BOJIH B YP-00/1aCTh YBeTHYHBAET
SHEpPrui0 KBaHTAa, YTO IIOBBIIIAET 3HEProOeMKOCTb
[I0TOKA JIa3€PHOr0 U3/Iy4YeHHUs. YMeHbIIeHHe JIUHEL
BOJIHBI JIa3€pHOIO M3JIy4eHHs CHHXKaeT KO3IPOUIIM-
€HT OTPaskeHHMs MaTepHaJioB U YBeJIMYHBAeT KOJIHUYe-
CTBO IOIJIOIeHHON MaTepHaloM SHepryuu.

DHeprusd, IOIJIOIIeHHAs MaTephaaoM, Pacxo-
nyetcsi 1160 Ha BUOPAIIMOHHOe KM 371eKTPOHHOe
B036yskIeHUe, 1160 Ha POTOXUMHUUECKYIO PeaKIIUIo.
[Ipu BUOpAIMOHHOM BO30YKIEHHUH IIOIJIOLIeHHAs
3Hepryusi GoToHA BBEI3BIBAET MOJIEKY/IsSpHBble Koeba-
HUS B MaTepHasie: pacTssKeHHe, M3rHObI HMIM Bpa-
IeHre aTOMHBIX CBsizer. Eciu magaroumuu GoToH
KMMeeT JOCTAaTOYHO BBICOKYIO SHEPIHIo, TO OH MOXKET
BBI3BATh 3/IeKTPOHHOe BO30OykIeHHUe. Bo3byskmeH-
HBIM 971eKTPOH MOKET IIOTPATHTh 3HEPIHI0 Ha SMHUC-
cuio GOTOHA WJIM Ha BHOpPALIMOHHOe BO3OYKIeHHe.
oMuccus GoToHa He HM3MeHsSeT MaTepHal MU ero
CBOMICTBA, HO BHUOpamMoHHOe BO3OyKAeHMe, IIPHU
KOTOpPOM IIPOMCXOAHT 3HAYMUTE/JbHOE BbILeJIIeHHe
TeIlJIOThl, MOXeT H3MeHHUTb CBOMCTBA MaTepHaia.
doToxMMHUYeCKasl peaKlMs BO3HHKaeT, eC/IH 3Hep-
TUs IIOIVIOIIeHHOT0 GOTOHA COOTBETCTBYeT SHepPruu
Havala XMMHYeCKOM peakuuH. s Hadana ¢$oro-
XUMHYECKUX peaKlUi TpebyeTcs BbICOKas >HEPTHS
doToHa [2].

DOTOHBI ITaJAOIIero M3jy4YeHHs I1OIVIOLIAI0TCS
3JIeKTPOHAMH B TOHKOM II0BepPXHOCTHOM CJIO€ MarTe-
pHana, COOTBETCTBYIOIIEM IJyOMHe OITHYEeCKOTO
IIPOHUKHOBEHUSI. BpicBOOOKIaeMas >HepPrusi Iipe-
BpalllaeTCs B TEIJIO U IlepefaeTcs LeIoYKaM MoJjie-
Kyn. IIpu OOCTHIKEHHH TeMIIepaTyphl HCIIapeHMUs
MaTepHasa HauuHaeTcs abasius. PacripocTpaHeHHe
TeIlJIOBOro GpoHTa IPOMUCXOAUT OT IIOBEPXHOCTHOIO
cost B rnybp MaTtepuasa. [nybrHa TepMHYeCKOH
nuddysun asnsercs QyHKUHeH KosddUuLreHTa JUd-
by3suu MaTepualia U JJIHUTEeIbHOCTH MMIIY/IbCa JIa3ep-
HOTO H3/IyYeHU.

ITpu B3aMMOJEHUCTBUM U3/lydeHHd YP-Iuamnasona
C OU3JIeKTPUYeCKMMH MaTepHalaMH, TaKMMH KakK
[IOJIMMEPBl, B BeIlleCTBe IIPOMCXOAUT Pa3phlB BHY-
TPUMOJIEKYIIPHBIX CBSI3ell M 3JIeKTPOHHOE BO3-
Oy>kmeHHe MOJIEKy/l BellecTBAa. Bo3HHKaeT ¢oTo-
XHMUYECKUH MeXaHH3M B3aHMOOENCTBHS, TaK
Ha3blBaeMasi «XoJogHas» abmsauus. IIpu BBICOKOH
IUIOTHOCTH MOIIHOCTH JIAa3€pHOTO M3/IyYeHHUs CO3-
JAIOTCS YCJIOBMS, IIPU KOTOPBHIX BeJIMYMHA SHEpPruu
KBAaHTOB OKa3bIBAaeTCSl [OCTATOYHOM KaK MJIsI Ppas3-
pBIBa CBSI3€M MEXOy IOIMMEPHBIMH LIeISIMH, BHY-
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molecular oscillations in the material: stretching,
bending, or rotating atomic bonds. If the incident
photon has a sufficiently high energy, then it can
cause electronic excitation. An excited electron can
consume energy on the emission of a photon or on
vibrational excitation. The emission of a photon
does not change the material or its properties, but
vibrational excitation, with a significant release
of heat, can change the properties of the material.
A photochemical reaction occurs if the energy of
an absorbed photon corresponds to the energy of
the beginning of a chemical reaction. The onset of
the photochemical reactions requires high photon
energy [2].

The photons of the incident radiation are
absorbed by electrons in a thin surface layer of
the material corresponding to the depth of optical
penetration. The released energy is converted into
heat and transferred to the chains of molecules.
When the evaporation temperature of the material
begins, ablation begins. The propagation of the
heat front occurs from the surface layer deep into
the material. The depth of thermal diffusion is a
function of the diffusion coefficient of a material
and the duration of a laser pulse.

The interaction of UV radiation with dielectric
materials, such as polymers, in a substance
occurs once burst of intramolecular bonds and
electronic excitation of substance molecules. There
is a photochemical mechanism of interaction,
the so-called «cold» ablation. With a high-power
density of laser radiation, conditions are created
under which the quanta energy is sufficient both
to break bonds between polymer chains, inside
chains between individual molecules, and to break
chemical bonds inside molecules (for example,
C-C or C-H in polymers) [3]. Cold ablation is
characterized by a small heat-affected zone, only a
few micrometres.

PRINTED CIRCUIT BOARD CUTTING
A printed circuit board is a copper-laminated non-
conductive plate on which electrically conductive
circuits are formed to power the electronic
components installed on it. There are several types
of printed circuit boards: single-layer, double-
layer, multi-layer and flexible printed circuit
boards. They differ in the number of conductive
layers and the type of insulating material. The
materials mainly used for printed circuit boards
are FR-1, FR-2, FR-4, CEM-3.

The technology of using ultraviolet laser is
versatile: it is suitable for cutting, piercing holes
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TPHU Liellekl MeXIy OTHeIbHBIMH MOJIeKyJIaMH, TaK
U [JIs1 pa3spblBa XMMHUYeCKHX CBsI3ell BHYTPH MoJle-
Kyn1 (Hampumep, tuna C-C unu C-H B monumepax)
[3]. XonoxHast abnsIyst XapaKTepH3yeTcss MaJleHbKOM
30HOM TePMMYECKOIO BJIIMSAHMS - BCErO HECKOJIBKO
MHKPOMETPOB.

PE3KA NMEYATHbIX NMNAAT

[leyaTHas IUIaTa IIpefCTaBisieT cob60M JAMHHHUPO-
BaHHYIO MeJbI0 HEIPOBOAAINYIO IUIACTUHKY, Ha
KOTOPOX CHOPMHPOBAHBI 3MEKTPOIIPOBOASINIE LIeU
I/1s. IIUTAaHHS YCTAaHOBJIEHHBIX Ha HeH 3JeKTPOH-
HBIX KOMIIOHEeHTOB. CyIlIecTBYeT HeCKOJIbKO THIIOB
MeYyaTHBIX IJIaT: OAHOCIONHbBIe, IBYXCIONHBIe, MHO-
TOC/IOMHBIE U THOKMe ITevyaTHbIe IU1aThl. OHU pas3iIu-
YaAIOTCSL KOJIMYECTBOM IIPOBOIOAINMX CI0€B M THUIIOM
MU30JIALIMOHHOIO MaTepuasia. MaTepuasnbl, B OCHOB-
HOM MCIIONIB3YIOIIHECs: [JIs ITeYaTHBIX IutaT: FR-1,
FR-2, FR-4, CEM-3.

TexXHOJIOTHS HCIIONb30BaHHUSA YIbTPadHOIeTOBOrO
Jla3epa yHHBepcajbHa: OHa IMOAXOOHUT /ISl Pe3KH,
IIPOIIMBKU OTBEPCTUH M CTPYKTyPHUPOBAaHHS KakK
SKeCTKHX, TaK M I'MOKMX MeYaTHBIX IIaT. [IOMHMO
KOPOTKOM JJIMHBl BOJIHBI U MEHBIIEH 30HBI TEPMHU-
YeCKOro BJIMSHHS, BbICOKasl SHeprusi GOTOHOB YIIb-
TpadHOIeTOBOrO0 H3JIy4eHHUs I103BojseT paboTaTh
C IIMPOKHUM CIIeKTPOM MaTepHaJIOB [/ ITeYaTHBIX
IJIaT: OT CTAaHAAPTHBIX MaTePHa/IOB, TAKUX Kak FR-4
U AHAJIOTMYHBIX IIOAJIOKeK Ha OCHOBe CMOJI, Kepa-
MMKH 10 BBICOKOYACTOTHBIX KepaMHUYeCKHUX KOMIIO-
3UTOB M MATEPHAJIOB I IMOKHMX IIe4aTHBIX ILIAT,
BK/IIOYas HoirvamMuna. Ha puc. 3 mpuBemeH CIeKTP
[IOTJIOIIeHUSI MaTepHUa/IoB, MCIIONAb3YIOIIMUXCA I
[eYaTHBIX IIJIAT. YIBTPapHOIeTOBLIE JIa3ePhl HMEIOT
O4YeHb BBICOKH e IT0KA3aTe/IH IMOTIOIeHUS IJISI CMOJIbI
U Me[H, a TAaKKe JOCTATOYHO BBICOKOE IOTJIOIIeHUe
B CTekjie. bosee BBICOKME IOKAa3aTeIM IIOIJIOLIEHHS
Cpefy 3TOM TPYHIIBI MaTepHaaoB JeMOHCTPHUPYIOT
TOJIPKO SKCHMePHBIe ja3epsl (248 HM), KOTOpPbIe K3-3a
CBOEI BBICOKOK CTOMMOCTH U CJIOSKHOCTH 0OC/Ty>KHBa-
HUS PeIKO MPUMEHSIOTCS At OoA0bHBIX Iiener. Pas-
HooOpa3ue MaTepUasNoB s 06paboTKU I103BOJISET
KCII0JIb30BaTh Y@-jaseprl A/ LIMPOKOrO CIeKTpa
NpPUMEeHeHUMN Ha IeYaTHBIX IUIaTaX: OT CO3[JaHMUS
KOHTYPOB Ilellell /10 BBIIIOJIHEHHUS CIOKHBIX IIpoliec-
COB, TaKMX KaK CO3JaHHe KapMaHOB [Jjg BCTpPaHBa-
HUS MHUKPOCXEM.

Y®-nasepbl B UHAYCTPUM IIe€YATHBIX IJIAT IIPH-
MEHSIIOTCSI, B YaCTHOCTU, JISI BBIAEI€EHUS TOTOBBIX
YCTPOMCTB M3 IIaHeNW I1e4aTHOH IIaThl. OO6bIu-
HBIM METOJ, 3aK/JII0YaeTCs B MCIIONB30BAaHUH Mexa-
HHUYeCcKoro dpesepHoro 6mura. OZHAKO IIPOH3-
BOOUTEIH CTPEMSATCS YBEAHYHUTh IIPOIYCKHYIO
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JUIMHA BOJIHBL, MKM / Wavelength, pm
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Puc. 3. Cnekmp noznolleHus mamepuanos, 8 0CHOBHOM
LCNOAB3YIOLLLXCS 045 NneYyamHbix naam [1]

Fig. 3. Absorption spectrum of materials mainly used for the
printed circuit boards [1]

and structuring both rigid and flexible printed
circuit boards. In addition to a short wavelength
and a smaller heat-affected zone, the high energy
of ultraviolet photons allows you to work with a
wide range of materials for printed circuit boards:
from standard materials such as FR-4, and similar
resin substrates, ceramics to high-frequency
ceramic composites and materials flexible printed
circuit boards, including polyamide. Fig. 3 shows
the absorption spectrum of materials used for
printed circuit boards. Ultraviolet lasers have very
high absorption rates for resin and copper, and

Puc. 4. [NaHenb neyamHoli nAamabl C 0MOeAbHbIMU NAGMAamu,
COedUHEHHbIMU 8Mecme, 20mMo8asl K Nnpoueccy Ad3epHoz0 pas-
oenexus [1]

Fig. 4. Printed circuit board panel with separate boards con-
nected together, ready for the laser separation process [1]
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CI10co6HOCTD IpolLlecca ¥ CHU3UTh CTOMMOCTD PACXOJ-
HBIX MaTepHaJIoB.

«XonogHasi abnauus» YO-usnydeHUS CBOAUT
K MHHHMYMY IOSIBIIeHHe 3ayCeHIleB, 0Oyr/IHBaHUS
U APYTHUX HEraTUBHBIX 3QQPEeKTOB TeIJI0BOr0 HaIlps-
JKeHHsI, OOBIYHO BO3HHUKAIOIIUX IIPHU BO3IEHCTBUU
na3epos ¢ 6oj1ee BEICOKOM MOLIHOCTBIO.

CO,-;ma3zeppl TakKe IIOAXOOAT [JIE HEKOTOPBIX
paboT 1o pasgeneHUI0, HO OHU CHU/IBHO 0OyIJIMBAIOT
IIOBEPXHOCTH pe3a. JIJIsi MHOTUX NPUMeHeHHH HaJIi-
yre KapOOHM3aIUM HeJOIYCTHMO: YIJIePOJHEIe
IIPOAYKTEl MOTYT OBITH IIPOBOASIIIKMHU U IIOIJIOIIATH
BJary, 4TO IIpHUBefieT K BBIXOAY YCTPOMCTBA M3 CTPOSI.
Kpome TOro, coelMHEeHMS YyIepofa SBJISLIOTCSI apo-
MaTHYeCKHMMH, YTO HelpHeM/IeMO [Jis IIpUMeHe-
HUH, B KOTOPHIX H3Jenne 6ygeT HaxOMUThCS 6IH3KO
K JIMILy II0JIb30BaTeNIsl, HAaIIlPUMep, MOOMIBHBIX Telle-
doHax, rapHUTypax U ToMy IopmobHoe. IIpuMepel
Pe3KM IIeYaTHBIX IJIaT YAbTPadHOIeTOBBIM JIa3e-
POM IIpe[CTaBIeHbl Ha PUCYHKe 5a, b. JJaHHBIe IIpH-
Mephl BBHIIIOJIHEHBI Ha YyJIbTPadHOIeTOBOM Jla3epe
Poplar-355-12 C HaHOCeKYHIHOH [JIHUTelbHOCTBHIO
HMMITy/bCa KoMIaHuu Huaray [1].

Jpyroe mpuMeHeHue Y®d-jasepa B HHAYCTPUU
IIeYaTHBIX IIaT - Iepdopanusi. [Ipor3BOAMTENb-
HOCTb 3TOrO IIpollecca 3aBHCUT OT CBOLCTB MaTe-
puana. s MaKCHMMH3aLUK IIPOM3BOJUTEIBHOCTH
nepdopaliys BHIIIONHSIETCS B [Ba Ioxofa: abmsius
MEJHOTO CJI0S IIPHU BBICOKMX IIJIOTHOCTSX 3HEPIrUU
nasepHoOro usnydeHus (okonao 4 IK/cM?), 3aTeM Iep-
dopalisi HempoBOIAINEH IIOAIOKKH H3TydeHHeM

also, a fairly high absorption in glass. Higher
absorption rates among these materials of
this group show only excimer lasers (248 nm),
which, due to their high cost and complexity of
maintenance, are rarely used for such purposes. A
variety of materials for processing allows the use
of UV lasers for a wide range of applications on
printed circuit boards: from creating circuit loops
to performing complex processes, such as creating
pockets for embedding chips.

UV lasers in the printed circuit industry are
used, in particular, to isolate finished devices from
a printed circuit board panel. The usual method
is to use a mechanical milling bit. However,
manufacturers seek to increase the process
throughput and reduce the cost of consumables.

UV radiation due to «cold ablation» minimizes
the appearance of burrs, charring and other
negative effects of thermal stress, usually occurring
when exposed to lasers with higher power.

CO, lasers are also suitable for some of the
separation work, but they severely char cut
surfaces. For many applications, the presence of
carbonation is unacceptable: carbon products can
be conductive and absorb moisture, which will
lead to failure of the device. Furthermore, carbon
compounds are aromatic, which is unacceptable
for applications in which the product will be
close to the user's face, such as mobile phones,
headsets, and the like. The examples of cutting
printed circuit boards with a UV laser are shown

Puc. 5. Pe3xa neyamHbix nAam: a) mamepuaa neyamHoli nAamel 6e3 npoeodsiuiezo cAos; b) mamepuana ¢ d8yms npoeodsusLMU
cnosimu
Fig. 5. Cutting of printed circuit boards: a) material of the printed circuit board without a conductive layer; b) material with two
conductive layers
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c bosee HU3KOM IUIOTHOCTH 3Hepruu (100 MK/ cm?).
JlaHHasi IOC/Ief0BaTe/NbHOCTh obecrieyrBaeT Hau-
MEeHBIIYIO 30Hy TePMHUYeCKOI0 BIMSHHUS IIPHU BO3JeH-
CTBUM Ha MaTepHasl IIOAJIOKKH, TeM CaMBbIM I103BO-
JdeT I0JIy4aTh OTBEPCTHS HAMJIYYIIero KadecTBa:
30 MKM B JHaMeTpe, CKOPOCTh Iepdopauvy IIpU
3TOM MOXKeT JOCTHUIaTh 250 OTBEPCTHM B CeKyHZY.
Kpome Toro, B XOfe OaHHOTO BO3JeMCTBHS yIyd-
IIAIOTCS aATe3HBHBIe CBOKCTBA IOBEPXHOCTH MeIH
B pe3y/bTaTe JIa3epHOI0 CTPYKTypPHPOBaHHAs, 4TO
XOPpOILIO CKa3bIBAETCS Ha IIOC/IeNyIONeM HaHeCeHUH
nokpeITusi. CO,-71a3epsl, C OOBIYHBIM AJIS HUX AHA-
MeTpoM IIyuKa 70 MKM K 6OJIBIION 30HOI TepMHue-
CKOTO BJIMSIHUS, He I103BOJISIOT JOCTUTATh IIOA0OHBIX
pe3ybTaToB.

Hebonpmon pasmep msitHa Y®-masepa OTKpbIBaeT
HOBble BO3MOXKHOCTH JIa3epPHOIO CTPYKTypHUpOBa-
HUS: IpsiMasi abisilus 1akoB U GOTOpPe3UCTOB (Ipsi-
Mast dotonuTtorpadust YP-n1asepom) - ajbTepHATUBA
TPagULIMOHHON QoTonuTorpadur. MHUHHMaIbHas
IIHPUHA JIUHUH, JOCTUIHYTas TaKUM MeTOJOM, ~
30 mxmM [1].

Y®-nazepHble CHCTeMBl paboTalOT HANPSIMYIO
oT maHHbIX CAIIP M HCKIOYaAOT Jroboe IIOCpegHM-~
4eCTBO B IIPOLiecce CO3LAHMS IIIAThl. DTO I103BOJISIET
Y®-cuctremaM paboTaTh C BBICOKMM PpaspellleHHEeM
M BBICOKOM TOYHOCTBIO ITOBTOPHOTO IIO3HIIMOHHPO-
BaHMS. C IIOMOIIBIO MPOrPaMMHOr0 obecredeHHUs
yJIbTPadUOIIeTOBbIe JIa3epbl HAEANBHO IIOAXONAT
nns HDI-mpunoxenur (High-Densitylnterconnect).
Bo3sMoOKHa pe3Ka C/IOXKHBIX H3LeNIHH, COCTOSIIIHX
M3 HEeCKOJbKHX CJI0eB PpaslMUYHBIX MaTepHaloB
(HampuMep, FR-4/monuuMup/ SMOKCUAHAS CMOJIA)
C BBICOKOM CKOPOCTEIO K OTCYTCTBHEM PACC/IO€HHS.

TeHmeHLIMS K MUHHATIOPU3allMU B 3IeKTPOHHBIX
YCTPOMCTBax IIpHUBe/la K HCIIONb30BAHHUIO THOKHX
IeYaTHBIX IIaT. [M6KHMe IMeyaTHBbIE IIJIATHL ~ 9TO OAUH
unu 6osee cnoeB AHINEKTPHUKA €O CHOPMHPOBAH-
HOM Ha HeM 3JIeKTPOHHOM CXeMOM. H3roToBieHHe
IeYaTHBIX IUIAT U3 FHOKUX MaTepHasIoB pacUIHpseT
BO3MOKHOCTH WX IIPUMEHEHHs 3a C4eT I'MOKOCTH
KOHCTPYKLIMHM, MEHBIIeH MacCH, 60JIbIIeN IIJIOTHO-
CTH KOMIIOHOBKM, YCTOMYHUBOCTH K JUHAMHYECKHUM
1 TepMHUYeCKHMM Harpys3kaM M JejaeT UX Haubosee
ONTHMAaJbHBIM, He HMMEIOIIMM aJbTepPHATHB CII0CO-
6oM MesKCOeIMHEHHUH B 3/IeKTPOHHKe. [IpMeHeHHe
TaKOr0 MaTepHaja HaKjaJblBaeT OTPaHHYeHHS Ha
MeTofbl ero 06paboTKU: pe3Ka MeXaHHUYeCKHM MeTo-
JIIOM HMeeT CJIMIIKOM IIHMPOKHM pe3 M CO3[aeT BhICO-
Kye MeXaHHYeCKHe HaIlPSyKeHHs, HeLOIyCTHMELe
IJISL CXeM CO CJIOKHOM TOIIOJIOTHeHM, JIa3epHasl pe3Ka
CO,-nazepom obnamaer 60MbIION 30HOM TepMHYe-
CKOI'O BJIMSHUS.

il 4

in Figure 5a, b. These examples are made on
Poplar-355-12, an ultraviolet laser with a
nanosecond pulse duration (Huaray) [1].

Another application of the UV laser in the printed
circuit industry is perforation. The performance
of this process depends on the properties of the
material. To maximize productivity, perforation is
performed in two trips: ablation of the copper layer
at high energy densities of laser radiation (about
4 J/cm?), then perforation of a non-conductive
substrate with radiation with a lower energy
density (100 mJ/cm?). This sequence provides the
smallest heat-affected zone when exposed to the
substrate material, thus allowing to obtain the
best quality holes: 30 microns in diameter, the
perforation rate can reach 250 holes per second.
In addition, during this exposure, the adhesive
properties of the copper surface are improved as
a result of the structured laser, which has a good
effect on the subsequent application of the coating.
CO, lasers, with the usual beam diameter of 70
pm and a large heat-affected zone, do not allow to
achieve similar results.

The small spot size of a UV laser opens up new
possibilities for laser structuring: direct ablation of
varnishes and photoresists (direct photolithography
with a UV laser) is an alternative to traditional
photolithography. The minimum width of lines
achieved by this method is 30 pm [1].

UV-laser systems work directly from the CAD
data and exclude any mediation in the process of
creating the board. This allows UV systems to work
with high resolution and high repeat positioning
accuracy. UV-lasers are ideal for HDI applications
by using software (High-Density Interconnect).
It is possible to cut complex products consisting
of several layers of different materials (e.g.,
FR-4/polyimide/epoxy resin) with high speed and
the absence of delamination.

The trend towards miniaturization in electronic
devices has led to the use of flexible printed circuit
boards. Flexible printed circuit boards are one
or more layers of a dielectric with an electronic
circuit formed on it. The fabrication of printed
circuit boards from flexible materials expands the
possibilities of their use due to the design flexibility,
lower weight, greater layout density, resistance
to dynamic and thermal loads and makes them
the most optimal, having no alternatives to the
interconnect method in electronics. The use of such
a material imposes restrictions on its processing
methods: cutting by a mechanical method has a
too wide cut and creates high mechanical stresses
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a)

Puc. 6. Pe3ka 2ubkoti neyamuot naamet Ha CO,- u Y®P-nazepe
Fig. 6. Cutting a flexible PCB on CO, and UV laser

b)

[TormomeHue ja3epHOTO M3JIYUYEHHUS [THIIEK-
TPUKAMH OOYC/IOBJIEHO HalTH4YHeM KoyiebaTeTbHBIX
CTerleHel CBOOOABI KPHCTAIIUYECKOM PelIeTKH,
MeKMOJIEKY/ISIPHBIMU KoJIebaHUSIMU, IIPUMECSIMH,
nedexTaMH U T.I. KospPUILIMeHT OrJIoLeHUS 3aBH-
CHUT OT AJIMHBI BOJIHBI U3JIyYeHHs U Hanbosblee 3Ha-
yeHue uMmeeT B YO- u HMK-muamasoHe H3/Iy4eHUHU.
JU3JIeKTPUKU TakKKe HMEIOT BBICOKHE KO3QPUIIU-
€HTHl IIOIVIOLIEHHWS Ha [JIMHe BOJAHBL A=10,6 MKM
usnyyenus CO,-ymasepoB, ogHako HMK-maszepsl yma-
JIAI0T MaTepHasa IIyTeM HMHTEeHCUBHOIO JIOKAJIBHOIO
Harpesa, IIPY 5TOM BO3HHKAIT IIPOLYKTH Kapbo-
HHU3alUH, OOyIJIeHHble Kpas M BBICOKHE TepMH-
yeckue HanpsokeHHs. K Tomy ke m3nydeHue CO,-
Jasepa IOJIHOCTBIO OTPa’kaeTcs MeTa/UlaMH, 4YTO
IenaeT HeBO3MOXHBIM pe3Ky THOKUX I1e9aTHBIX
IUIAT C MeTa/UIMYeCKHMH LelsiMU. JlasepHas peska
Y®-1a3epoM I103BOJISIET BBIIIOJIHUTH Pe3Ky TIHOKHX
IeYaTHBIX IUIAT C BBICOKMM KavecTBOM. Ha puc. 6
[IpefCcTaB/IieHbl pe3y/lbTaThl Pe3KH IIeYaTHBIX IIJIaT
CO,-nasepom U Y®-nasepoM. IIpu peske CO,1asepom
IIPUCYTCTBYIOT C/lelbl KapbOHH3aLMK MaTepHaia,
npu Y®-peske - YUCTBIM, POBHBIM KPaH pe3a.

Eme omHO pUMeHeHHe, CBHU/ETeNbCTBYyOIIee 06
YHUBEPCAJIBHOCTH YIbTPAaPHOIETOBEIX JIa3€POB, ~ 3TO
IPaBUpPOBKaA I10 IIybrHe. OHA II03BOJISET CO3AABaTh
KapMaHBbl [/I1 BCTPaMBaHUA MHKPOCXeM U CTYIIeHHU
Ha IOAJIOKKAX I1€YaTHOM IIaThl. [IpuMep TrpaBu-
POBKM II0 I1yOMHe IIpefcTaBieH Ha puc. /. Kou-
TponupyeMasi raybokas IPaBUPOBKA MOXKeT OBITH
aBTOMAaTH3MpOBaHa C IIOMOIIBIO IIPOTPAMMHOIO
obecriedeHus.
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that are unacceptable for circuits with a complex
topology, laser cutting with a CO, laser has a large
heat-affected zone.

The absorption of laser radiation by dielectrics is
due to the presence of vibrational degrees of freedom
of the crystal lattice, intermolecular vibrations,
impurities, defects, etc. The absorption coefficient
depends on the radiation wavelength and is most
important in the UV and IR radiation ranges.
Dielectrics also have high absorption coefficients at
a wavelength of A = 10.6 pm of CO,-laser radiation,
but IR lasers remove material by intense local

Puc. 7. ['pasuposka no zaybuHe noAu3MuUAeH08020
Mamepuana: waz no 2ay6uxe 2 mm, 8 mm u 10 mm [1]

Fig. 7. Engraving on the depth of the polyethylene material:
pitch at a depth of 2mm, 8 mm and 10 mm [1]




CEEEEEEEEEEEe e e et e e e e e e e e e e e e e e e e e e ey
I TECHNOLOGIES & TECHNOLOGY EQUIPMENT
CEEEEEEEEEEEe e e et e e e e e e e e e e e e e e e e e e ey

NMPELN3NOHHASA PE3KA U MEP®OPALIUA
META/IJINYECKOWN ®OJ1bIr'n

JIMHa BONHEI TPeThel I'apMOHHKH TBEPJOTEeIbHOIO
7asepa C JUOAHOM HaKauKoM 355 HM XOPOILIO IIOIJIO-
maetcst MeTa/utamu (Cu, Ni, Au, Ag). ClekTp IIOIJIO-
LIeHMA IIpefCcTaBieH Ha puc. 8. Yd-ja3ep [103BOISeT
BBIIIONHSATh IPELU3UOHHYI0 00paboTKy MeTayIoB.
Ha puc. 9 npuBeieHbl IIpHMep pe3KH TBepAOTe/lb-
HBIM JIa3€pOM C AHUOJHOMN HaKa4KO C JJIUHOM BOJIHBEI
355 HM QOJIBIHM K3 Hep>KaBelolller CTaaKd TOILIMHOM
200 MKM ¥ IIPOLIMBKH OTBEPCTHS B GOJIbre TOMIIMHOM
50 MkMm [5].

PE3KA XPYMNMKUX MATEPUAJIOB

JlazepHast 06paboTKa CTeKIa aKTHBHO HCIIOIb3YeTCs
B IIPOM3BOJCTBe OBITOBOM 371eKTPOHHUKH. MOTHBHU-
PYIOIIUMH PaKTOPaMHU [JISI ITOTO SIBISIOTCS CHHKe-
HUe CTOUMOCTH 3a CYeT yBeJIHUeHHUs BBIXO/A IIPOAYK-
LUK U YIy4dlleHHs KadyeCcTBa TOTOBOIO YCTPOKCTBA.
JIazephbl HCIOJB3YIOTCS A1 06paboTKU Pa3IMYHBIX
THIIOB CTeK/Ia: OT HeJlOpOroro HaTpHeBo-Ka/IbI[1eBOr0
70 Pa3HOOOPa3HBIX BBICOKOKAYECTBEHHBIX HOPOCHIH-
KaTHBIX CTeKoJ. TpeboBaHUSIMH K JAHHOMY ITPOLIECCY
SBJISIIOTCS COKpallleHHe o6beMa pacIlIaBIeHHOIO
MaTepHaia U IIpefloTBpalleHHe 00pa3oBaHUs MUKPO-
TpemuH. Y®-1asep, 61aromaps Hebo/nbIIOMY AHaMe-
TPy ISITHA KU HebOJBIION 30HE TeIJIOBOTO BIMSHUS,
CHH’KaeT TeIVIOBYI0O Harpys3Ky Ha CTeka0. KoHTpoib
0bpa3oBaHUS MHUKPOTPELIMH MOKeT OBITh BBIIIOJ-
HeH IIyTeM HAaCTPOMKH MAJIMTEIbHOCTH HMIIY/IbCA.
Taxke Y®-7masep I03BOJISIET BBIIIOJHSITH Pe3Ky Hpy-
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Puc. 8. Cnekmpbl nozAoLeHUs pasAuYHbIX Memannos [1]
Fig. 8. Absorption spectra of various metals [1]

heating, with carbonation products, charred edges
and high thermal stresses. Furthermore, the CO,
laser radiation is completely reflected by metals,
which makes it impossible to cut flexible printed
circuit boards with metal chains. Laser cutting
with a UV laser allows you to cut flexible printed
circuit boards with high quality. Fig. 6 shows the
results of cutting printed circuit boards with a
CO, laser and a UV laser. When cutting with a CO,
laser, traces of carbonization of the material are
present, and with UV cutting, a clean, even edge of
the cut.

Another application that testifies to the
universality of ultraviolet lasers is engraving in

enitro Liser UPM

a)

Puc. 9. Pe3ka u npouwuska omeepcmuli 8 ponbze [5]
Fig. 9. Cutting and piercing holes in foil [5]

Centro Laser UI'™M

b)
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Puc. 10. Y®-pe3ka kepamuku
Fig.10. UV cutting of ceramics

THUX XPYIIKUX MaTepPHAJIOB C BLICOKOM TeMIIepaTypou
IIJIaB/IeHHUs, TaKHUX Kak KepaMHKa, calldUp U OKCHUT,
ATIOMHHHUS.

PE3KA MATEPUAJIOB CO CJIOUNCTOW
CTPYKTYPOW: C/IIOAA

Y®-j1a3ep MOKET BBHIIIOJIHATH Pe3Ky CIKJbI C OTCYT-
CTBHEM paCCIOeHHS MaTephasia. Ha puc. 11 mpuBe-
IeHbl 00paslpl Pe3Ky CIIbl Ha BOTOKOHHOM, CO,-
U Y®-nasepax. Kak BHUJHO, HAaWIYYIIMH pPe3y/ibTaT
IIOKa3bIBaeT yIbTpadHoIeT.

3AKJ/TIOMEHUE
CucreMbl [ Ja3epHOM obpa-
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depth. It allows you to create pockets for embedding
chips and treads on printed circuit board substrates.
An example of engraving in depth is shown in Fig. 7.
Controlled deep engraving can be automated using
software.

PRECISION CUTTING AND PERFORATION
OF METAL FOIL

The third-harmonic wavelength of 355 nm of a
diode-pumped solid-state laser is well absorbed by
metals (Cu, Ni, Au, Ag). The absorption spectrum
is shown in Fig. 8. The UV laser allows for precision
metal processing. In fig. 9 shows an example of
cutting with a diode-pumped solid-state laser with
a wavelength of 355 nm of a 200-pm-thick stainless-
steel foil and piercing a hole in a 50-pm-thick
foil [5].

CUTTING FRAGILE MATERIALS

Laser glass processing is widely used in the production
of consumer electronics. The motivating factors for
this are cost reduction due to an increase in the yield
of products and an improvement in the quality of the
finished device. Lasers are used to process various
types of glass: from inexpensive sodium-calcium to
a variety of high-quality borosilicate glasses. The
requirements for this process are to reduce the volume
of the molten material and prevent the formation of
microcracks. UV laser due to the small spot diameter
and a small zone of thermal influence reduces the
thermal load on the glass. Control of the formation
of microcracks can be performed by setting the pulse
duration. Also, the UV laser allows you to cut other
fragile materials with a high melting point, such as
ceramics, sapphire and aluminium oxide.

00TKHM Ha OCHOBe Y®-a3epHBIX
UCTOYHUKOB C JIMHOM BOJIHEBI 355
HM HMeIoT 6ojiee BBICOKYIO TOY-
HOCTb, CKOPOCTb M JIydlllee Kaue-
CTBO pe3KH, OHM IPe[CTaB/IsSIOT
coboil HIeanbHbINl HMHCTPYMEHT
IU1sL MEKPoo6paboTku 1 Haubosee
YaCTO HMCIIOB3YIOTCS B IIPOM3BOZ-
CTBe IIeYaTHBIX IUIAT M 3/1eKTpo-
HHUKH, TPelU3HMOHHOM pe3KHU
MeTaJIJIOB U XPYIIKHUX MaTepHasoB.
OHHU NOAXOOAT AJ1sI [IPOMBILIEH-
HBIX U Hay4HBIX IIpHUMeHeHUH,
HaIllpuMep, [/ 3KCIIepPHMeHTOB
B 00/1aCTM aTOMHOM M MOJIEKY-
JISIPHOM CIIeKTPOCKOIIMH MU XHMH-

(355 nm)

Puc. T1. Pe3ka cAtodbl: a) 80n0KOHHbIM Aa3epom (1064 Hm); b) CO,~nasepom
(10,6 mkm); c) Y- nazepom (355 Hm)
Fig. 1. Cutting mica: a) fibre laser (1064 nm), b) CO, -laser (10.6 pym); ¢) UV laser
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4ecKOM JAWHAaMHKHU. Hcmonb3oBaHue Y@-1asepos
npefrosaraeT I[OsIBIeHHe HOBBIX IIPHIOKEHHH
B HAaHOTEXHOJIOTHSIX, MaTepHaloBefleHUH, O10IOorHH,
XUMHHU, OU3HKe IIJIa3Mbl U MHOTHX APYrHUX obna-
cTaX. TBepHoTebHEIE JIa3ePhl C JHOJHOM HaKa4yKOM
C usydyeHHeM 355 HM HMMEIOT HH3KYI CTOMMOCTH
3KCIUIyaTallMH, BBICOKYIO Ha/leXKHOCTb U JOITHE CPOK
CITy>KOBL.
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CUTTING MATERIALS WITH A LAYERED
STRUCTURE: MICA

A UV-laser can cut mica with no delamination of
material. Fig. 11 shows mica samples cut with fibre,
CO, and UV lasers. As one can see, the best result is
achieved with the ultraviolet.

CONCLUSION

The systems for laser processing based on UV
laser sources with a wavelength of 355 nm have
higher accuracy, speed and better cutting quality,
they are an ideal tool for micromachining and
are most often used in the production of printed
circuit boards and electronics, precision cutting
of metals and brittle materials. They are suitable
for industrial and scientific applications, for
example, for experiments in atomic and molecular
spectroscopy and chemical dynamics. The use of UV
lasers suggests the emergence of new applications
in nanotechnology, materials science, biology,
chemistry, plasma physics and many other fields.
Diode-pumped solid-state lasers with 355 nm
radiation have low operating costs, high reliability
and long service life.
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CaHKT-MeTepbyprckmm  HauMoOHaNb-
HbIM  MCCNeaoBaTeNbCKUM  YHUBEPCU-
TeT MHOOPMALMOHHbLIX TEXHONOMNK,
MexaHuky u ontukm (MTMO) npurna-
waeT MNpuHATL y4dactme B XI Mexay-
HapodHOW  KOHGepeHunn  «DyHaa-
MeHTaNbHble  MNpob6aeMbl  ONTUKUY
®MNO-2019, koTOpas byaeT NpoOXoAUTb
B ropoge Ha Heae ¢ 21 no 25 okTa6ps
2019 ropna.

TemaTmKa KoHbepeHUnn:
® KBAHTOBAsA ONTMKA M PYHOAMEH-

Ta/bHas CNeKTPOCKONMS,

B KOrepeHTHble MPOoLeCChl B3aMMOo-
[encTBMA cBeTa C BeL,eCTBOM,

B OnNTMKa GeMTO- M aTTOCEKYHAHbIX
NMMYAbCOB,

B He/IMHeNHble B3aMOAeNCTBIS

TeparepLeBoro U3y4eHus C Belle-

CTBOM, QYHKUMOHANbHbIE Teparep-

LeBble MaTepuasb,

HOBbIE MPUHLMMbI ONTUYECKON

nepefa4vm, 06paboTkm 1 XxpaHeHs

nHdoOpMaumm,

B ONTMYeckMe maTepuanbl
OTOHNKM,

XVI me>kayHapoaHass KoHdepeHuHss HOLOEXPO 2019

B ONTUKa ANS BMONOTUN U MEAULIMHDI.

B pamkax KoHdepeHuun byayT
OpPraHmM30BaHbl YTeHMa akafemuka
FO.H. [JeHncioka n cemuHap «MNHay-
CTpuanbHas GOToHMKA.

Paboume A3biku: pyCcCKUm, aHrnm-
CKUN.

Cpok npvema MaTepmanoB [AOK-
napos: oo 27 masa 2019 roga BKJIO-
YUTENbHO.

MoapobHOCTN Ha CanTe KOHpepeH-
Lnu.

www.conf-bpo.ifmo.ru

MexayHapoaHas KOHdepeHLWs no rono-
rpadum ¥ NpUKNALHLIM - ONTUYECKMM
TexHonornam  coctoutca 1012 ceHTd-
6ps 2019 roga B n. CTpenbHa (r. CaHKT-
MeTepbypr) (www.balticstar-hotel ru).

Lenb Hay4Horo meponpuatng  —
00Cy>KaeHME HOBEMWMX HAYYHO-TEXHW-
YeCKMX  AOCTVDKEHWW, AEMOHCTPALMS
NPOAYKLUMM, OLEHKA COCTOSIHWSA PbIHKA
N BbISBNEHWE TeHAEHUMW  pasBUTKS
oTpacin B 061acTy ronorpaduu 1 Npu-
KIALHbIX OMNTNKO-TONOrpapUHeCKIMX
TexHonorm B Poccum,  pecnybnvkax
benapycb, ApMmeHud, Knprmsmsg, Kasax-
cTaH (cTpaHax EBpPO-A3MATCKOrO SKOHO-
mudeckoro Cotosa — EASQ), cTpaHax CHI
W OpYyrux CTpaHax mMupa, a TaKkoke nomy-
NApU3aLMS MEpPONpPUSTUIA CPean LUMPO-
KOrO Kpyra KOMMaHWM, WUCNOMb3YHOLWMX
ronorpaduyeckyto Npoaykumio B ONTw-
YeCKMX TEXHONOTNSX.

OpraHum3atopbl KoHdepeHumn — Moc-
KOBCKMIW  rOCYLAPCTBEHHbLIM  TeXHMYe-
CKWUI YHMBEPCUTET MMeHM H.D. baymaHa
(MITY uMm. H.2.baymaHa, r.Mockga,
Poccunsa), AO HMO «KpunTen» (r. [lybHa,
Poccns), OO0 «Xonolpant (r. CaHKT-
MeTepbypr, Poccns), 3A0 «onorpadu-
yeckass MHAycTpusy  (r. MUHCK, Pecny-
6nvka benapych), ®IYM «HTL, «ATnacy
(r.MockBa, Poccusa), OO0  «HMO
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«[0CyAaPCTBEHHbIV WUHCTUTYT — npwu-
KnagHom ontukmy (r.KasaHb, Poccus),
000 «renmc Pvsep bpaHy» (r. Mockea,
Poccus).

FeHepanbHbIM CnoHcop — AO Hay4Ho-
NpOV3BOACTBEHHOE obbeanHeHve
«Kpunter» (r. lybHa, Poccus).

CnoHcopbl KOHGepeHLumn OO0 «Xono-
Fpanm  (r. CaHkT-MeTepbypr, Poccus),
OIYM «HTL, «ATnac» (r. Mocksa, Poccns),
AO «HMO «[0oCyaapCTBeHHbIN  UHCTW-
TYT MPUKNAAHOM onTukM» (1. KasaHb,
Poccna), OO0 «[pkermmc Pusep bpaHy»
(r.MockBa, Poccus), OOO  «MuKpo
M HaHoronorpapuyeckme  CUCTeMbI»
(r.Mockea, Poccms), ObLLeCTBeHHAs
Hay4yHO-TexHM4eckas akagemusa «KOH-
TEHAHT» (r. KpacHoropck, Poccums).

yctpouTesnb KOHbepeHUMn -
OO0 «MWKPO 1 HaHOronorpagmyeckmne
cncTemb» (r. Mocksa, Poccums).

MNHDOPMaLUMOHHbIE  CMOHCOPbI:  XKYyp-
Han «@oToHmka» (r.Mocksa, Poccums),
ypHan «KOHTEHAHT» (r. KpacHoropck,
Poccna), sypHan «Mup TEXHUKN KUHO?
(r.Mocksa, Poccua), skypHan Holography
News (r. TOHAOH, BennkobputaHms).

Ha Hay4YHO-npakTuyeckom KoHdepeH-
unm byayT paboTaTh CleaytoLLme CeKLMN:

Cexumsa Ne1. TexHonormm nony4veHns
3aWNTHLIX FONI0rpamMm,;

Cexkums Ne2. ®opmuypoBaHme rono-
rpaduyeckmx n306paXkKeHNin C MOMOLLIbIO
rON0rPaMMHON ONTUKK W ONTUKO-TONO-

rpaduyecKnx AUCnaees;
Cekumst N2 3. FonorpammHble 1 and-
PaKUMOHHbIE  OMTUYECKMe  3/1EMEHTLI,

METOAbI, KOMMLIOTEPHbIM CUHTE3 U Tex-
HONOTUW NX WM3rOTOBNEHMS, MeTamare-
pyanbl, HAHOTEXHONOT N U MNNA3MOHHbIE
CTPYKTYPbI ANs ronorpaduu;

Cekums N2 4. ObbemHas ronorpadus
1 GOTOYYBCTBUTENbHBIE MATepUanbl Ans
ronorpaun;

CexumsaNe 5. Fonorpaduyeckast uHTep-
depomeTpus, ronorpaduryeckas namsTb,
onTuKo-ronorpaduryeckas  obpaboTka
MHGOPMaumK,

Cekumsg Ne6. MapkeTuHr n MeHed-
XKMEHT B rosiorpaun.

Paboume a3bIkM KOHOEpeHUMn: pyc-
CKAM U aHrAMCKKIA. Bo Bpemsi paboTbl
KOHbepeHuMn  Byayt  obecneyeHbl
CMHXPOHHBIM  MepeBOAOM  Ha  PyCCKMM
N QHTTIMACKAI 93bIKK. Bonee noapobHas
MHGOPMALMS Ha canTe KOHpepeHLMN
no agpecy: www.holoexpo.ru.

[Tpedcedamenb OpeaHu3auUuoHH020
Komumema XVI MexdyHapodHou
KOH®epeHuuu HOLOEXPO 2019

0.m.H., npogeccop C. b. OGUHOKO8,

odinokov@bmstu.ru




rosmould

Me>xxayHapoaHas BbiCTaBKa MpOU3BOACTBEHHbIX
TEXHOIOMM HOBOFO NOKONEHNS

18-20 uions 2019

MBL «Kpokyc Jkcno», Mocksa

OT naen go rotoBoro usgenus

[ln3anH n npoekTupoBaHue
n3pnenumn

ALJUTUBHbIE
TEXHONOrNK

®opmbl, npecc-hopmbi
W WTamnbl

Cbipbe
U MaTepuanbl

O6opyaoBaHue
1 OCcHacTKa
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www.rosmould.ru
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