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JKONOTNMYECKHWE ACNEKTDI
NMPOLLECCA UCNAPEHUA
MATEPUANOB NPU ObPABOTKE
OEMTOCEKYHHbIMMU
NA3EPAMMN:

CUCTEMbI OYUCTKKU BO3YXA

C. II>kakuux, aOKmop, ULT AG, C. Baei, ILK,
Zpe3den

B nepepoBbiX TeEXHONIOrMAX Npon3BoaAcTBa
TYronjaBKoro crekfa, CTpyKTYpUpOBaHUS TOHKUX
naeHoK Ans ¢oToBONbTAUKU U 3/IEKTPOAOB ANA
NINTUN-UOHHbBIX 6aTapen ucnoJsib3lyeTcs JlasepHas
06paboTKa y/IbTPAKOPOTKUMMU UMMNYAbCAMMU.
NMoHMMaHuUue npupoabl BO3HUKawoWuUx npu
nasepHoun o6paboTke nCNapeHUm — BaXHbIN
¢daKkTOp B NpOrHO3MpOBAHMM KayecTBa NpoaykKuuu,
6e30nNacHOCTU NepcoHana u cpoka cayx6bl
npombilIeHHOro o6opyaoBaHus.

JIOTUYHBIX IIPOJYKTOB BCe Yallle CTaTH BeCTH

06paboTKy MaTepuasoB C IIOMOIIBIO J1a3€pOB
C yJABTPAKOPOTKMMH HMITyJIbCaMHU b61aromaps BO3-
MOXHOCTH A06UThCS Tpebyemoro KadecTBa obpa-
60TKU MaTepHaa, He JOBOJS €ro 10 PacIlJIaBJIeHHUS.
Bonee rnybokoe MoHHMMaHHUe IIpoliecca HCIapeHHs
MaTepuasa IIpH Jia3epHOH obpaboTKe UrpaeT Bask-
HYI0 POJIb B BOIIPOCax 3KOJOTUH, 6e30macHoCTH
M 3[0pOBbsl IlepcoHasa. I[IpOM3BOACTBO TYIOIIAB-
KOTO CTeKJIa, CTPYKTYpPHPOBaHHEe TOHKHX IIJIEHOK
7151 GOTOBONBTAUKU U 3JIEKTPOLOB A/ TUTHUN-UOH-
HBIX baTapel - B 3TUX, Ja U NPaKTUYECKU BO BCEX
OPYTUX IepefoBbIX TEXHOJOTHSX HCIIONb3yeTCs
nazepHass o6paboTKa YIBTPAKOPOTKHUMHU HMITY/Ib-
caMi [1-6].

B COBpEMEHHOM IIPOH3BOJICTBE BBICOKOTEXHO-

OMMNCAHNE SKCNMEPUMEHTA

[IpemcTaBIeHHOE 3[eCh UCCIeloBaHKe OBIIO BBIIIOIN-
HEHO C MCIIoJb30BaHHEeM GeMTOCeKyHHOTIOo Jla3epa
C IJIHMHOU BONHBL 1064 HM [3]. H3yuanace Koppens-
LY MEXKAY THIIOM yAajasieMoro Marepuasia, pac-
ImpegeieHHeM YacTHI] IO pasmMepaM, a TaKXKe HMX
KOHILIeHTpalMel. B dYacTHOCTH, 6blna oOlleHeHa
PasHHIIA MeXIY pa3MepaMH HCIIapseMbIX YaCTHII
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LASER FUMES

IN FEMTOSECOND
LASER PROCESSES -
PRODUCT, PROCESS
AND ENVIRONMENT
CONSIDERATIONS

Dr. S. Jakschik, ULT AG, S.Blei, ILK Dresden
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The laser processing ultrashort pulses are used
for advanced technologies of making of high-
melting glasses, structuring of thin films for
photovoltaic and electrodes for lithium-ion
batteries. The understanding the nature of the
arising laser fumes is major factor in predicting
of product quality, safety of personnel and
industrial equipment life.

INTRODUCTION

Advanced laser processes find increased
utilisation in production processes. The later
fosters an in depth understanding of laser fumes,
which are a major factor of product quality,
machine life and environmental/safety and
health considerations. Short pulse laser processes
are focused on non-melting preparations. On
this basis, exciting new applications arise.
Starting from hard-glass manufacturing, over
thin film photovoltaic patterning to Lithium
Ion Battery electrode structuring virtually every
advanced technology relies on ultra-short pulse
laser processes [1-6].

EXPERIMENT

The presented study was performed on a femto
second laser with a wavelength of 1064 nm [3].
Correlations between type of ablated material,
particle size distribution as well as particle
concentration have been investigated. Especially,
the difference in particle size between steel and
plastic has been evaluated.

The aerosol resulting from laser material
processing was captured close to the source and
sucked towards a filter system. Particle size
distribution was determined continuously using
an Engine Exhaust Particle Size (EEPS) which
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Puc.1. Cucmema
8bIMSHKKU

U puabmpavuu
LAS-260 0ns npo-
Lieccos nasepHoll
06pabomiu ynb-
mpakopomkumu
umnyabcamu
Fig.1. Extraction
and filtration
system LAS-260
for ultra-fast laser
processes

CTaJIH U IJIACTHKA. B3Bech, 06pa3oBaHHAS B Pe3yib-
TaTe ja3epHOM 06paboTKH, 3aXBaThIBaIach BOIHU3HU
HCTOYHHKA U [lepeMeNalach K CUCTeMe QUIBTPOB.
PacrmpefeneHye YacTHI, IO pa3MepaM oIIpefens-
JI0OCh HeIIPephIBHO C MCIIONIb30BAHHUEM CHCTEMBI
HM3MepeHHs Pa3MepoB B3BellleHHBIX YacTHL (Engine
Exhaust Particle Size - EEPS) - B guamasode oT 5,6
Io 560 HM. ITOJIOKUTENIBHO 3apsi>KeHHble YaCTHULIBI
IOBUTANHNCh B 3JIeKTPUYECKOM II0jie B HAIIpaBile-
HUU JTeKTPOMETPOB, KOTOpble PerUCTPHUPOBAIN HUX
3apsij. BpIIo IPUHSTO, YTO 3apsij, YaCTUIIBI [IPOIIOP-
LIMOHAJIeH IUIOMIATU ee IIOBEPXHOCTHU. B cooTBeT-
CTBHUH C IIOABUKHOCTBIO YAaCTHI] B 3JIeKTPUUECKOM
Ioje OHH [OOCTHUTAJIM Pa3JIUYHBIX 3JIeKTpOMe-
TpoB. McXonsi W3 BeJHYHHBl 3JeKTPOTOKOB, pac-
CYMTHIBAJIOCh paclipefile/ieHHe YacTHUI] IO pa3me-
pam. Kpome TOro, c IIOMOIIbI0 MeTOJa BTOPUUYHOH
3JIeKTPOHHOM MUKpockonuu (SEM) mcciiemoBanuch
bopMBl 00pa3sLOoB YacTHUI], B3STHIX C IIOBEPXHOCTHU
GUIBTPOB.

HeouwnmnieHHBIN ra3 Ob1 OTOUIBTPOBAH C IIOMO-
mbio cucTemsl LAS-260 (puc.l), ocHaImeHHON rod-
PUPOBAHHBIM OHUIBTPOM I'PyOOM OYHUCTKH CEepUU
F9. INaHHBMK TroOpPUPOBAHHBIN QUIBTP HMeeT

i g

measures particles sizes in the range from 5.6 to
560 nm. For this purpose a sample was analysed
by the instrument. Particles within the sample
are positively charged and move within an electric
field towards electrometers where their charge is
transferred. The charge is a measure of particle-
surface-area. According to their electrical
mobility particles reach different electrometers.
Based on current flows particle size distributions
are calculated. In addition sample where taken
from the filter and investigated by Secondary
Electron Microscopy (SEM) for analysing the
shape of the particles.

The raw gas was filtered using the filtration
system LAS-260, a storage filter with F9 pleat pre-
filtration. This pre filter consists of high surface
area with a well-defined cross flow to ensure
long filter life. A secondary particle filter with
the HEPA class H14 ensured cleaning capability
to 0.005% of total particle count. Further down
the gas stream activated carbon was located to
remove eventual reminders of hazardous gases
from the laser process.

Additionally, the performance of the filter
system LAS-260 was determined. For this, the
laser was kept in stationary conditions and the
particle concentrations in raw gas and purified
gas were measured using the EEPS-method.

Puc.2. 306paskeHue yacmuu, cmaau, noAy4eHHoe 8 pesy b=
mame npouecca abAsuuu ¢ UCNoAb308aHuUem GemmocekyHo-
HO20 na3epa (nepaas obaacms)

Fig.2. Particles of steel from an fs ablation process (first
location)
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Puc.3. N306paxkeHue yacmuu, cmanu, NoAy4eHHoe 8 pe3yb-
mame npouecca abAsuUU ¢ UCN0Ab308aHUEM GemMmoceKyHo-
Hoz0 Aazepad (8Bmopds 06aacme)

Fig.3. Particles of steel from an fs ablation
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Puc.4. V1306pa>keHue yacmuu, nAacmuka, nony4eHHoe

8 pe3yAbmame npouecca abAsiyuu ¢ ucnoAb3osaHuem pemmo-
cekyHOH020 Aasepa (nepeas 06Aacme)

Fig.4. Particles of plastic from an fs ablation process (first
location)

6onpiIylo IJIOMAAb [OBEPXHOCTHU sl obecrede-
HHUS JJIHUTEAbHOTO0 CpoKa CIyK6bl. PUIBTP BTO-
poil ctymeHu kiaacca HEPA H14 mpomycKkaa TOIbKO
0,005% uyacTHIl OT obIiero moToka. Jlajee IOTOK
IIPOIYCKaJCsA 4Yepe3 PHUILTD Ha OCHOBE aKTHBHU-
POBaHHOIO yIJs AJis yAaJeHHs BPeJHBIX ra3o0B,
06pa30BaBLUINXCS B Pe3y/IbTaTe Mpoliecca Jia3epHOU
06paboTku. [lomonHUTeNbHO O6BlJIa oOIpeneseHa
IIPOM3BOAUTENBHOCTb CHCTeMBl LAS-260. 1751 3ToH
Lnenu naszep 6B IepeBefieH B CTAal[HOHAPHBIM
peskxuMm paboTel. IIpOM3BOAMINCH H3MepeHHUs
HEOYMIeHHOI0 U OYHMILEeHHOTO Ia30B C IIOMOIILIO
EEPS.

OBCYXXAEHWE PE3YJIbTATOB

Ha puc.2-5 mokasaHbl U306paskeHHsI, MOTyUYeHHBIe
metomoM SEM, rme ompepensaercs ¢opMa HCCIeny-
eMBIX YacTull. Kak U Ipenrnonaaranock, GOIbIIMH-
CTBO 3THX YaCTHI He OBIIM pacIliaBaeHbl. OgHAKO
HeKOTOphle 4YaCTHUILbl OKa3aJIUuCh IHoaychepuye-
CKHMH, 4TO SBJISeTCS IPHU3HAKOM [O0CTAaTOYHOCTH
TeIJIOBOM SHePryuu IS IJIaBJIeHHS 3TOT0 MaTepH-
aja. Pasmeprl 4acTHUL, MMEIT Majlyl BeJIHYKHY,
nopsaka 100200 HM. B cpaBHeHHH C MeTal/IkMye-
CKMMH YacTHLAMU IJIACTUKOBbIEe IIPUMECH BBITJISA-
AT MeHbIle. OHU 06pa3yioT Hebo/bIIKe arTToOMepH-
POBaHHBIe IJIACTHHBI Ha QUIbTPe. YaCTHULBL UMEIOT
Kybuueckyo ¢opmy. IIpomecc GOpMHUPOBAHUS
IJIACTUH MOXKET OBITh BBI3BAaH TEIIJIOBOM SHEprHer
Ha CTaJHHU arjioMepaliy Ha QUIbTpe.
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RESULTS AND DISCUSSION

The figures 2-5 illustrate the particle shape,
as seen in SEM investigations. As expected
the majority of these particles is none melted.
Though, a small amount of the metal debris
proved to be hemispherical, which is a sign for
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Puc.5. M306paxkeHue yacmuu, naacmuxa, noAy4eHHoe

8 pesyAbmame npouecca abAsuuu ¢ UcnoAb3oeaHuem pemmo-
cexyHOH020 Aa3epa (8mopas 06Aacmb)

Fig.5. Particles of plastic from an fs ablation process (second
location)
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Fig.6. Filter principle of F9 pre-filtration in LAS-260

‘ . Large particles (1cm — 1um) " small particles (Lum — 10nm) ' Molecules (10nm - 1nm)

Puc.6. MpuHyun ydepxxusarus yacmuu, puanbmpom F9 8 cucmeme LAS-260

OCHOBBIBAasSICh Ha 3THUX AAaHHBIX, TeXHOJIOTHui
dunpTpaniuu moMKHA OBITH IepecMOTpeHa. B mpo-
1jecce BBITSIKKH TpebyeTcs MPHUHSTH BO BHUMaHHUe
BBICOKYI0O KMHETHYEeCKYI0 3Heprui 4acTHIL. B oco-
OeHHOCTH 3TO KacaeTcsl YacCTHUI, ¢ HeGOJTBIIUMHU
pasMepaMHM, KOTOpble MMEIOT BBICOKOE YCKOpeHHe.
OCHOBHOe IIPaBHJIO COCTOUT B TOM, YTOOBI ITepeMe-
CTHUTb TOYKY BBITSIKKH BBIIIE /IS 3aXBaTa MeEIKHX
YaCTHULl HAHOMETPOBOIO AHalla30oHa. B CBS3U C TeM,
YTO pa3Mep 3THUX YaCTHUL[ COCTaBISeT IOPSAKa
HEeCKOJIbBKUX HAaHOMETPOB, OHH MOLYT IIPOXOAHUTH
yepe3 a’poreMaTH4YecKUM bapbep, 4TO CIIOCOOHO

sufficient thermal energy to melt this material.
In any case the size of these particles is very
small, in the range of d=100...200 nm.

In contrast to the metal process the plastic
debris seemed to be initially smaller, though it
formed small agglomerated plates on the filter.
The particle shape is mostly cubic. Forming
plates can be caused by thermal energy during
the agglomeration phase on the filter.

Based on these findings filter technology
has to be revised. Starting from extraction;
the high kinetic energy of these particles has
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HaHeCTH Bpel 3[40POBbIO UejioBeKka. [loaToMy cTaH-
JapTHBIe TeXHOJOIUU QUJIBTPALIMM BO MHOTHX CIIY-
Yasgx He IMOOXOIST OJIs OUYMCTKH Bo3ayxa. Ha puc.6
MOKa3aH NPUHUUN QUIBTPALIMU YaCTHUL], KOTOPHIH
peanun3oBaH B yCTaHOBKe LAS-260; GOJBIIMHCTBO
YACTUL yoepskUBaeTcsi B UIbTpe TPyboil OUUCTKHU
(F9), uTo obecrmeymBaeT HHU3KHE 3KCIUIYATAIHOH-
HBIe 3aTPpaThl AJIs [10/1b30BaTess.

Ha pwuc.7 mokasaHBl pe3yJbTaThl, IIOJyYeHHBIE
cuctemont EEPS B xoze abnauuu miuactuka. Ctatu-
CTHYeCKUH MAaKCHMYM 06pa3yioT YacTHLBI C pa3-
MepoM OKoyio 90 HM, HMeIIHe KOHLEeHTPALHUIo
nopsiika 3-4-10° yacTul, Ha KyOMYeCKHUM CaHTH-
MeTp. JTO 3HauyeHHe IIPeBOCXOOUT OOIMYCTUMBIe
KOHIIeHTpalluu /s obeclieueHHUs BBICOKOTO Kaue-
CTBa NIPOAYKLHH U COXpaHEHUS 3O0POBbI IIEPCO-
Haja. Mcmonbp3oBaHHe CHUCTEMBI QUIBTPOB B yCTa-
HoBKke LAS-260 1mokasasio, YTO KOHILEHTpalus
YaCcTHLl B OYMINEHHOM ra3e HaXOOUTCS Ha TOM Ke
YPOBHe, 4TO U pedepeHCHBIN CUTHAJ, TO eCTh <<10?
YacTHI Ha KyOUYeCKHH CaHTHMeTp. TakuM obpa-
30M, CTajJ0 BO3MOXHBIM [TOOBUTBHCA BBICOKOKAUe-
CTBEHHOM OYMCTKH BO3Ayxa IIPH Ja3epHOH ob6pa-
60TKe MaTepHuanos.

BbiBO/bl

B paboTte 6bIIHM IIpOBeleHBl KCCIEOBAHUS pacIpe-
IeleHUs] YacTHIL] [0 pa3MepaM B xome o6paboTku
MaTepuasa CBepXbBICTPEIM J1a3epoM, paboTaromum
B eMTOCEeKYHIHOM JHalla3oHe. B Xole H3MepeHU U
6bIIM 3aperuCTPUPOBAHBl YACTHUIBI C XapaKTep-
HBIMH pa3smepaMu 50-200 HM, MX KOHLEHTpallUsg
cocTaBasaaa mo 106 yactun/cm3. C UCIIONb30BAHUEM
HOBOM YCTaHOBKH LAS-260, cogmepkameud rod-
PHUPOBAHHBIN OQUIBTP I'pybor oduucTKH U HEPA
GUIBTP TOHKOM OYMCTKH, YAAJIOCh AOCTHYb OCAXK-
oeHHs b6onee 99% vacTtul]. CTOUT OTMETHTH, UTO
OJ1s1 CHUSKeHHS SHeprosarpar B ciaydae obpaboTku
HeTOKCHYHBIX M HeMYTAareHHBIX MaTepHaJIOB OYHU-
IIeHHBIN BO3AYX MOXKeT BO3BpallaThcs B pabodee
IIPOCTPAHCTBO.

ABTOpPBl BBIPa>kaloT IIPU3HATEIbHOCTb COTPYAHU-
KaM uHcTUTyTa ®payHrodepa ([pesnmeH) 3a mpe-
LOCTaBIeHHe Jas3epa [/l IPOBeJEeHUS SKCIIepHU-
MeHTOB, a TakXe MuHHCTepcTBY O6pa3oBaHHUS
FepMaHUH 3a GUHAHCOBOe obecrieueHHe YaCTH AAH-
HOI paboThl, BXxoAsiel B mpoekT MWT,
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— PedepeHCHbIV CUrHan
Background signal
— HeouuLeHHbIV ras npy abnauum nnactuka, 50 kry, 20 A
Raw gas plastic 50 kHz, 20 A
OuuLLEeHHbIN ras, 50 Ky, 20 A
Clean gas plastic 50 kHz, 20 A
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Puc.7. [laHHble EEPS 0 KoHUeHmpauuu yacmuu, o4uu,eHHo20
U Heo4YULeHHO020 2a3a, 8bl0eAsoLLe20cs npu 0bpabomie
naacmuxka ceepxbicmpubim Aazepom (Yucmeili 2a3 6bin NoAy4eH
€ nomoubto cucmemsbl puabmpauuu LAS-260)

Fig.7. EEPS data of raw - and clean-gas during preparation

of plastics with an ultra-fast laser (Clean gas was filtered by
particle filter system LAS-260)

to be taken into account. Small particles are
faster due to kinetic impact. The basic rule of
extracting the fumes close to the source needs to
be extended to another extraction point further
up for capturing the small particles in the nm
range as well.

As the size of these particles is mainly in
the range of nm they can enter the lung-blood
barrier, causing high risks on health. Therefore
standard filter technique is in many cases not
suitable for air cleaning. Figure 6 depicts the
basic principle of particle filtration as used in
LAS-260. As demonstrated the majority of the
particles are kept in the F9 filter, ensuring low
maintenance cost for the operator.

Figure 7 depicts the measurement results of
EEPS during the plastic process. The statistic
maximum of plastic particles was at d=90 nm
with a concentration of 3...4 -10° particles per
cubic centimetre. This value is well above
acceptable concentrations for high product
quality and operator health. By employing the
filter sandwich of LAS-260 the clean gas was



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
TECHNOLOGY EQUIPMENT AND TECHNOLOGIES
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

ultrashort laser pulses. - Physics Procedia, 2011,
Bd. 12, S. 230-238.

Hénel J., Bleul K., Zolk M., Keiper B.,

Petsch T., Bonitz J., Kaufmann C.
Ultrakurzpuls-Laserbearbeitung von Silizium-
Mikrosystemen. - MikroSystemTechnik, 2011.
KasparJ., Luft A., Nolte S., Will M., Beyer E.
Helical drilling of silicon wafers with ns

to fs pulses: Scanning electron microscopy
and transmission electron microscopy
characterization of drilled through-holes. -

J. Laser Appl., 2006, v.18, 85; http://dx.doi.
0rg/10.2351/1.2164480.

Engelhart P., Hermann S., Neubert T.,
Plagwitz H., Grischke R., Meyer R., Klug U.,
Schoonderbeek A., Stute U., Brendel R. Laser
ablation of SiO, for locally contacted Si solar
cells with ultra-short pulses. - Progress in
Photovoltaics: Research and Applications, 2007,
Bd. 15, Ne 6, S. 521-527.

Weiler S., Sutter D., Koerber C. Von der Idee
zum fertigen Produkt. - Laser Technik Journal,
2008, Bd. 5, Ne 5, S. 43-46.

Holtkamp: Mikrostrukturieren mit Zukunft. -
Laser-Technik-Journal, 2011, Nr.2, p.37-40.

on the same level as the background signal of
the lab with dN <<10% particle /cm®. Hence, a
high quality operation in terms of laser fume is
possible.

SUMMARY

Ultra-fast laser processes, especially in the
femto second range have been investigated
in terms of particle distribution during the
operation. Particle size is found to be in the
range of d=50..200 nm in significantly high
concentrations of up to 10° particle/cm® By using
the new LAS-260 with pleat filtration and HEPA
post filtration a fractional deposition is the filter
of >> 99% was demonstrated. For non-cancerous
and mutagenic materials the filtered air can be
re-circulated in the working environment for
saving energy cost.
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