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ARSTRACT

This pDaper considurs wo apphicatbons of direct laser matendls interaction. laser abtation ol
siperconductor matenats and Nd YAG taser welding  The taser abtiation expenments with 355 nm. 10 ns
pulses have dernonstrited urnform  thin sppercondictor Iims  The im untormity was .mproved
sigmbicantly be rotaling both the laser tlarget and the him shpport darkd by verrically dithenng the taser
s The aim stox:tiormetry dous vary with taser ience but s wathin 10"« of the target nuiatenat 4t high
hpence  Antieahing of the thathum conbaming hims restares lost axyqen 1 or the waldhng apphcation we
e nveshigated the candions thaat ntieence the melt depth 1hgh spreed photagraptly has shawr tone
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Direct t aser Matenais nleraction !
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Processes as diverse as welding and product-an of spiperconducter hims may take advantage of e
umgque properhies of taser radiihon  This pamitr rispors the reselts of rese rchan wach of these twn annis

' the p:odustion of thattnem cont,ining ligh temperature supercondin hng thin iims by Liser ablitwrn

and -2+ laser wetding  The hrst applcation requeres shor faser pulses . 10 ns: ang the second much
fonqer puises: B ms: Consequently the cobions unduer which the irradvated matenat absorbs Hie e
radiition are quate diterent | or the ablaton process the loc.t pressnre dunng and shaty atteer the Liaer
pLise Mmay greatly excend ambert  Tias resinlfts in the near expinsive removal of e materat in the
irrachated reqgion  The weking Liser an the other hand heats the matenal stowly enough thial aeouste.at
Drocesses keep the pressiure in the arradidted region close 10 ambient  The waekiing taser dods tomi .n
vedparative plume batf resifts rom slow evaporiation nat an explosive apansein

{ aser wekiing 1s a well developed technotogy  The obiactive at the rasearch at | s ALIMOS 1. 10
Aevelop sufficient understanding at te laserninteraction process 1o bnng more versatitity to the
echinigie Laser abhiaton St sppercandie 10 matenals s only o recent devitloprent. Our goad! again s he
e nnse understanding al fhe process Waewash ta hind conditian, wintne the stokctuarnetry s presitrved

dAnd g stepcsatigd Bims et tigh quaatity
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Carect s aser Matenals interon 4

LJaser paises of 15 25 my at 155 nm were Quieraled by IeqQuitty tnphng the (2 switirhed Gutpuat
YUas rorn g Nd Y AG Liser 2quipOed will: Billed Deam apncs . Ml oo nsing o ed 0 i of e
TP Staee O Y 15 v oand g contodal parameler mpch sirger ar the el B gepthoan these
wapenmpnts  The laser was operaled Al 13 He and deposmon hmes were trom 15 30 nunites  The hn
A rmeg uns: cwdS dithefed sek dity @t Y 1 R norder 1o efch the target suface gvinly
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155 nm as shown n Fag 4 Far both waivelngtns the Hims werne found (e b dtehcent e cakoare: and

v

st ted N T eadhive 16 the SEAMING Mdtendi near e threshokd thaerce 1or eposstan - Athiougt e,
eSOl Al NO he evmed 0 lemis ol impte oLty 2 redctivily arguments b s consisteent witt. aeeny
Wiser, Ahers e 0T aser evaporabior Mt smalar o g S G T NS noal vxpenments the
slan tsaretry appraached thdl of the staming mdtendt as the Mpence wils ncredsed AL nve i2wes g
mreshoid Hipence e iim deposition wds stoich:ometne within « 1 10 Ihat it the Larget matendl - Al
‘ugner Mlue Xes the composibion s then relatnatly indepandent of tluence over 4 broad 'ange  An upper
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Ahrctiescopy  Hpprssentive mass spectronatry resplts are <howr n big o owhic b shows poth the
I ange v, bbbl 0 aur easnreMents and some intersSUNG ASpects O e v vapoataar prce e,
conitkeantr ne Bal ons e visibie i g spectnan. We werd GSo maibie 10 detedcd aany aasthe ot
GHLRIIDG - - e ates T e plome e 0far DAk we wete dblet 10 detedt hirge giaantihes ol
OO DenlL e ehik eyen alome and molecaaes  This suggests hat the evaparabon process s
Cathoenity sieent Mt the metal aade bonds are dissocidted  Thas higher volihiity and reachvity of the
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oirect Laser Matendrs qnteraction 9

Both ol these rates are only a smatt iract:on o! the sonic velocity For example the nse rate tor 304SS s
5 3% o the room temperature soniC veloCly 1n air  The ratio of the rates for 304SS and 110CAl 3 7i s
Abou! the sdme as the ratio o emissivihies -2 to 4: 1or these 'wo matenals

Al ~igh powers the weiding plumes tor bcth matenals tend lo nge expire anc reimtiates dunng the
uise  The dccurrence 2t these ascitanens dappears to have an energy threshold and the number o!
Duises ‘ncreases quickly 1or both matenals with increasing power Up 10 22 plume pulses were counted
anihe 30458 sample and 18 on the 110CGA! sample Expenments with 5052 and 506t atuminum show !
sinutar 2ltects  The threshold pulse energies appear to be the same tor the three aluminurm attoys but the:
M.Mmper 21 plyme puises 1or 5852 Ai was about 2 3 that ot the other atloys  The thri:shold energy tor
iese plume puises corresponds te a signiticantly increased meft depth and the onset of keyhote
‘Zrmdahan “he occurrence ot the plume osciltatons has been antrbuted ‘2 10 successwve opemng and
.csmg 2 the meyhote depressior that 1s 1o oscitation ol 1he melt pcot

revhule lormation resulls in increased absorption because o! muttipte rettections of the incident
Aser rfadidahon 0 gadmion 10 1he dramdtic increase 11 mell depth we atso see that the rate of nse of
SuLCeSsive plumes 1s gredter than for the inihal piumes  This is particularly true tor At 1100 For 370 'V
Averaqe power the ate ol nse of tater plumes s three hme that lor the iniia! plume  We conclude then
tal the keyhote lormanon increases the 'raction of the faser radiation absorbed by aluminum by abou! 4

Aclce i three

mlud 2l U eding Almosphere 21 Melt Depln

“taoatmospliere dbove the mell poot 1s known 10 eltect the wueiding process  For ximple gases sl
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Dwect L aser Matenals Interaction 1

(4]

Two cistinct reqions 3re evident in Figs 10 and 11 (1! At pewer densities below about 1 3 MW cm?
thera was a smali but graci.al increase in the mett depih watn increased power density and -2! above | .
MW cm- thare was 5- 19 Ir.ld increase .n the meht depth with a sma'l increase in power density
“omparnison ot lhe ligure- n the low power regime shows that the melt depths in 394SS were about three
tmes the melt Jepths it 1100AI at the same power densmies Aiso lor 304SS the slopes of the curves at
iow power density are a#d0out live hmes greater than those obtainad ior ttO0OA! Both these eftects may !
.ndicative ot 1t e greate - thermat conductivity ang reftectivity ot alurminum compared to staintess steel
'nspection of the higur-:S also shows that at a specific power density. the welds made in arr. O,. and SF
~ere Jeeper t:an the se obtained in the other gases The greatest eHucts were lor the 304535 welds in
which mett depths ir O, and SF were 5 4 and 2 9 imes. respectively the depth obtained using He at ..
Jensity ot | MW cm= In addrion the rates of change ot melt depth with power density were greatest for
the more reachve aases These diterences are attnbuted mainty to the ditterent reactiviies of the gases
As stated above, .emperatures in the wekhing piuine can reach 3500 K which is sutlicient 1o generate freée
oxygen and !uor-1e atoms that can react with aluminum or won to produce heat The reaction 2At + 30 -
""'.'C'J tor examyle 1s very exothermic with AH = 400 hcal mote  The ehergy requrred to melt the volimu:
31 the iargest m2it produced in 11OCAT:2 mm D xt 8 mm Wiis 3 23 J Ttus energy 1s generated if onty &7 .
21 the aluminiim in the Mett volume reacts to form the oxkle  Simtar resufts apply to the tormation of 1ron
.udes and t'uondes  Measurements of the lemperature of the plumes produced in the different gases .
vresented in Fig 12 These data show that the temperature 1s gredter 1or the reaclive gases sugge stinng
Ndt energy 15 being reteased via a reactive mechanism

Tae increase in meft depth obtaned with the reactive gasus could aito be dine 1o gresater conphng of the:
Arer enerQy inin the met,it by lormaton of the oxidues A Gede for example axdntats mach
JrrnQur absorption 4t U J6 nacrons than pure atrmnumm mytal Other a8 propetitnes snch s tharmal
andnetivity Ny have a mte in determining e mie depth Dut e etheet s protatly amgt. Thee thormat
nrx iy hiyihies of 02 Aand N:,_ tor ex arnple an: Arnmost cdenocat bot swmbcantty steepier meft diepthe, wers
ey Lg ot s also prsstle 1l comwe as vt ancketrmnrne pairameeler o the wel hing
e e eiape Tgingesoan the sped gt diae ) thenagl eanrgan the hitherent ratas DLy e

ot e atwens, s et T Bl e et Boare e e b b il
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The curvasin Figs 10 and 11 show that at powers above t 3 MW 2mY 4 new mecharsm becomus
opernitive in each gas that procnces a sigmbicant increase in the miett depth Thes dramati; inGrease in the
weld depth at the ngher powers 15 probably due to a change in the welding mode trom condnction to
kervholing in which the laser beam s efuechiveily channeiled into a vapor cavity within thie meft vig mltipte
nttections  tnthe heyhoting mode, as noted in the previoas section, the fraction of Laser encrqy coagititd
o ;he metatincrease s sigmiicantly over that obtaitied in the conduction mode. The transiion trom
condnction 1o keyhoie mode is femonstrated in Fig 13 which shows cross sections of welds made on
110GAtIn argon and ar atdif- enttaser powers. At 300 W, which corresponds 1o a powar ditnsity o!
about 1 34 MW cm®| the weld jrolte corresponds to the conduction mode At 350 W (t .36 MW cni'y thee
onsel ol keyholing 15 evident with a3 signiticant increase in the depth-'o width ratio ot the weld  The minn
vitect of e reactive gases over the lansition region appears 1o be a stight reduction in the pawer rivnsity
dt which the transiion irom conduction to keyholing occurs  Unfortunaieiy, ftis not possible to incraase
this power density above 1 36 MW ¢n’ 1o observe whether the targe increase in meit depth with power

conhinues at lnghar powers

Cenclusien

Tiwe poopurties of the wetding plunue eorrelate with the charactenstics ot o Liser waetd - A promygt
aatiaton and rapid nsee o the phane dicates oltechve couphing of the tasaer rintuition to thie workpece
Phae plarme osciltations are S0 indnative of aparitie 9 e kiryhoh: rodrr We now hiavet sintheient data
and understanding 1o begin the developnuent ob dingnostics bitsed on pliarme progatrianes thuat cin be nooed
mahicators nb wekd charactenstics bhe Shades waith ditterent atmasphene qasbes Shiow the ampoerbance of
At ehat vapor reschion n determmng the tesatnpat in the watk!  Thiscgives anaothes degrens ol e o
Mol nne canarse  contrathing e watldd punpethied A g reccarch coohinmes,, the devetaproent ot a
conrgnter ol ol the wekchng processs wall tescarme o ngh pannty The oevefopnngent obmpeovert et
Aepcoratieons chagnesdes and e estbbedmeeant ol dpmont opesahibibive sonoelition Dedween phoaome

hone bereic s e b weeld peepaerhies ot e nontainmg
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Film thickness vs. Deposition tiine
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RBS Normalized Cu Ratio vs Nd:YAG Fluence
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INTENSITY

» =447 nm @ 5.7 .,',cm2
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TEMPERATURE (1000 DEG K)
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PLUME TEMPERATURE DURING A LASER FULSE
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PLUME INITIATICN TIME
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LASER WELDS IN VARIOUS GASES
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LASER WELDS IN VARIOUS GASES
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