EP O 350 021 Bl Description This invention relates to a nethod and
apparatus for renoving contam nants froma surface. Mre particularly, the
invention relates to the rem)v ﬁﬁ]% m nants froma substrate surface
through the 5 application of ng%?/ a high -energy source while the
nol ecul ar structure of the surface being treated is preserved. Surface
cont aipeSgHpisn | NCl ude discrete pieces of nmatter that range in size from
submicrons to granules visible to observation with the eye. Such
cont am Nt ifveRtdy rBigted & nidthed aRd apbaratus PG remnGlingScotaminBME bR G $TFAGRC MRS
conpr partdhlafly, the HREAGS refatss o Ao RMORDBF Eontafingle irom GO BiibaRatd) autfate thichighiat | y
becomappiicHtiar efchnérgy feond 8 highi+ énage stycevwenilk the eolabwidn istrdeainalsf thecdudas beisg tdated
f or cets prasamedier \Waal s forces, hydrogen bondi ng, coul onbic forces or dipole
-.- di pol eSurfare epatarbinantssinclytia ldiscrgte misges el Imatdr thah eangsoin tsizerfroma stlsnicionisfto gratules | n
eer t aivisible g tobgeewstion withethe piss Sudhe canfaminants anow beding alustrrardins paristed cor sinvanted
cont affolesiiesomprised ef-alements suches Faredneon pxygen. Contaydnanis freauenily beprmesadhased faee’ s
dedfg ﬁ?ﬂ%ﬂj&gﬁﬁs &ewlenthonds, glaetoptatic fpraesg kantder Wapls forges dwdreges rhondinge covieabigr enent
devi cé¥ces g ofe dntgragdions, JAakino seseqvel of the eopdaginapls difficylt or s i n t he devi ces
becone, dbSPEN ifgtinges, dre prasepgs of pudagp fca@@m&%'m ranrerralie Sontagpingtad supsy aﬁerless
sem cs‘ﬂﬂ?{&%f”é’"‘"%b&r fy e Bﬁ‘:’é@ﬁs" PURPHfo OB PRI WP’B‘F{%W '°of ten
nu

rer}defnegs |1r:?efn ta e%:egs ?cc?fﬁ 55 |08| it % \/@T r igorsrgq ? mingQr eculaj

gnnlt)ﬁcg\ mmsaHt %?eﬁ %é. ?on\czg cta' qn’%"é g&:fchlp livf(i: Iﬁegsg ucin er o ljé Srmal !

Siml % d(.l:tqu rtz S| eé@};@f{; S| y even aﬁ}é‘%@

. 0XYQ€Qyyg r{ %Fn surtdtd 8CShic w&bJs'b%QFb W% ?fa?e Qfeﬁosﬁécf EnU{hB f’éY ‘SF Eet@éeﬁ

defgs b&;ﬁ&iudﬁrbf Ialilé?s NHiRantP impRiby\RE Quallly) of kAP SompulePéhigdrodugser s si gni ficantly

| Mpr ovesrhb meedleR bledny sudhcet Nide &P BYM LR fifoB ddntRinSHIC Rad. led BEhE RB¥bIohMENt @k @an

sur f aceietyfof ereffly ¥ Burlabeclédning FriethGdE) rResd Riivh Snelhidds, hewbvérDedch Ravdanei! swpment  of

a var setibys dbdwbacksr Fenbtapple Swidblhysusedi aemical a Riett@nio® tibaihg techliQ®e rdguiihe wset hods,

howe v efr gleagiag: tvols antagehisithat canrintexdude G snady savbauiesinaitoto EwartmEntsurfadecis ltheyus ed

ches ealoveand nechani cal cl eani ng techni ques require the use of cleaning

t ool s ardotheyenrently heet methad Fon cleaningcubstrate iserfagesrwithout ovisidevagenin reguires thet theeat nent

sur f akeatrpant spréage 8 maliagh je releaps contgminapts rvdveh| aje dhop demevetidut Wit high deayimg

subst Pragstres Tihis mebed (st the, disadyantage Hhat the syrface peiegireated mushie brisfly mplted;wiicht

sur f af@y Prundasiralie) ag for pxamplesher g Seniean gurlaeq '8 Rloaned betnea deRAslgLe! ciisHitul t r a

hi gh !?&?Sﬁa'i‘ﬂ gﬂseeegmdematﬂ ot H’ h dhepaeviops|y deposited Jaygis 1ok be disturbegh A yfherace

bei ng 'f*}d %ﬁg@ it i AReessyis et Yrafgh, "é‘a‘"WﬂqE‘H’"?Pégf 9 PRI 9 me, °°&’é‘"‘1“8r

exanpPEIHAIGY oy SEMF onducs Blig? M@ SplaRol) FATY BERUSE LARROE) et

c rcu:ngt muﬁen@@ b of qwﬁa é hsehe a?og lﬁsﬂ&m :hl Yhus! y
ve% ,he tchepr ocess

a,tate |‘£ Fﬂ@le 1 ry¥t§l qms Qng ba.na .s%eeaws e& b G SH Ng €O
oper abyRendél ' Péidd dlithgl WHRAL 1N e ¥t Q%Ieééf;r sBlictsts M fodtan a&) mindfiie e @ '
sur f agshobed tylut@ MR vEGuRNARGHIg DealRd MBMSds cakidt e B3 WIS it BWesiRE ® RbselvB e
SU‘ﬁStfhahﬁgb@Ioﬂge e,l@,@ggd.cm@ bBiRgtiedned.0 a tenperature that is generally 35
belw t naothes lciirranty itded cle@ingtnigthodBinewn 3| ablakonyfidrs fedh Rlovwaltartituidl larsabaugh t o
enabl with etslatiog Rgeraen br ahtainihentsTart £surfade’ e aated tiitha point ot/ Gperizativh.r Depbnding .on The
sur f athe nizgsrialgheing ebkiedl thes mhietiall may nieltibsfoel vingt vepbrikeeingyeheatnaterial fnay satlimatat ended
per i odiredéy pm dreating.cWith iabletiop haleagiog fexbriques | ik derhage tgtthetrealment i surfaceds tabged and
cont apreveated.dhepghistioncangrgi chushybe @kaciaaimed thward cantaminants rathatl thanthe susfage angvhiebt hods
carhothe isentamivagts \fip.cy diffipuit tasks whensthe aentaminapis awcaxiyamelyanall gt Bodomiy, snggedt Fyen
exi st glerﬂbﬁf“ﬁ‘r WO | AY b&lsé%‘rﬂ%"ﬁ’“y Hipcted at Arﬁ?[‘tﬁ'@F‘a'E’uF isetifieut o (vpRorizacthe
cl eanF‘W pout ¢ ??dma%lgo pndetlying reatmppt spriace.. o m jts own parti cul ar
dr avvb % '8’?9 aa"°§'t5'9 faae éb'Btf"" (Pﬁ?ubgfﬁ??f’é{ﬁ %? aéasg u?’\e'f% e”‘éﬂ"?e heat ed

l oes \

U |

|Sa V es roc '&%d the
mat er | ré gﬁo T]é\cﬁl% é& %. §| lcon
di rec& qus n,o 'ﬂ§r§’wu
v wP:E MQJ}

treat H}?éa e§ eﬁ&&‘nnbﬁ i?f g

Al ol ey 8 il i T Bt ﬁs&uﬁ i ey o

COBd aplchl eéndltibrR, ard %?g@'l&}éistsuﬁras& ¥hamet ﬁraﬁé&ﬂfeﬁt”&daa:ﬂél&ga&feth&%étﬁ&ﬁ y

smal | suitace! BNGOKRAOWN FdeaCitace ARG SISt iRIVRY Inidlth® Br STABAIBY req@d $hBilar high
SucCeérfefgy1dsig dhd/& GalimaondRtios) 8§ aisdidsad In, U.$.tPat. Mosl14{1B1,638l dnd UGB/ OSIARY t he

cont aiié naseit ablatiol Gevhnigles GisdldeB @i WGS. tHaE NuD Ciei64, 534N gLdsére BriasBem sutiisr thacame Sur f ace
cl eaning by nelting, annealing and abl ation can be conducted wth a | aser
energy source. However, using a |aser energy source to renmove contam nants
froma surface by nel ti ng, annealing or 50 abl ation does not overcone the

i nherent di sadvant ages of these processes. For exanple, in U S. Pat No.
4,292,093, "Method Using Laser Irradiation For the Production of Atomcally



energy |l asing and/or vacuum conditions, as disclosed in U S Pat. Nos.
4,181,538 and 4,680,616. Simlarly the |laser ablation techni que discl osed
in U S Pat. No. 3,464,534, g S9 "1 suffers the same 2 EP 0350021
Bl drawbacks as ot her high ener%% 4 & net hods. Accor di ngly, it is an
object of the invention to provide a nmethod and apparatus for renoving

cont am gaitasks'ab Ofbrhigh bRethy idorsHéthgase that does not alter the nol ecul ar
struct ur e adordingly, Ui’ HC BbjQL 10 Ahd iReHISH to bRAble ROMSIEO bind Bbdardllis tRPSMViAE any
por t i OncoRfaminkis Fbkh faasiBstRR Sigfadel BALRES ndtlERér thélmoRELE Audifle aflth tsueaalbeihg

| mpur i tireafed!that dbE nSLYREH dr dbpRriseling Pérfon oRihe sinadd beih@@@ated that iRkbdiide® neladuRibhElM and
can ke mphdiscioakb REMARNBUMRS, ayid that ddes/fut YeqEifeQ vacyd@Vand danto cohdiieted denanitilieV e

t he objieatvery a3t geflodat @@s.dance with the purpose of the invention, as

enbodi ed o cichieve liheookidcls ahelSie acdoetdndecwithi the parpese tdh teb lavedtuoappeaaraqubdfaod as
renovi nigoamilyrdesaribedchereing Aimetad endf apparatusfer removingcerfagé centaminggts fram dheviuiface of a

pr eser viuhgjratelwhilenpreservingathe gnolagejer atructer of the surface heing bedtadgis trraxiged: dhe eethod

pr ov fad eificiud, dhentem efd constantly dlowiie & gascactppe thepfubdigiesireaiment surfpeapndthe, siga of

acr oss irediating the sybsrate withduaciation from 2 high-eneraysauise. te igpdia§ien having an aterqxgemé
substr a‘!"é ‘W"E‘?ﬁ‘ beivoapthat fegiired te, ppleaseniy ?F° °°%‘ﬂB'P fegy e é“bsf’ ety

h %\‘ ' ‘H ﬁtqr %Hﬁ'eﬂtﬁr_ e %'eff'rél?'
o é‘h @ i"fe '%sef Vrégw #ngcé%a r?ée a?tg ui red
n

surf ace' G

oaﬁe'?""?g? Vr@gg ‘g’f;{‘" e%onfg" moe 'Hs "‘B W °s°u

Pr efera“o’ﬂf,,e J.aa jrghiwel meesu srtrgt u#faéeiaéfro%ﬂn fger
Jirradiabj g uﬁ&eﬁﬁd‘a Jatﬁh dn?d for
renovi nge Si &&émaeﬁ%maepmM ﬁ,&rm §s§§ ﬂ rpre?.ergy

bm;"‘@ﬁ”irr@dﬁo@& e,rat. amaé aéne@tes)iwaamn Gf arpwe;gwe.ksﬁyerrdsdu&aoﬁ mves# HeCRAMES T O
Subst 1 aj reledsd Csurtiiddéontabhmarté fromeih NSUIEHIthth Qbatidhtl SUAE ahaJMBe letdied td Qutdrde

subst r ahéledulal RiudRaidt of Y SuBSifite BAEnehl QifaddE Brdfrabl rtheCRIGH-endrgy Wrabibtionigabrithg gas
acr 0ss rhéwas isragpaisoemtavidief tkseee and a high - energy irradiation generating
means f or Theaep@apanpigg eravingy whigh iares incdrioeatetiUip Sdnt adosstituteca fpare 1ot thisu sfeil@atiow er

whi cbs tihetrgia prepetiy @esforréth @mhodihentseofcthg) ynvétion amd; ugbthéri with the Wescegtiom gserve am s
gener ateslain theadndrlesohthofnventiorener gy density and duration between that

r equi r ed Figo1 iscdl sshemmatic diagrame of covtaminant remavak adcprding tottee igvebtiony at e t r eat nent
surface ditd 2tipt soheraliF rdiagramoshayipg thow frsernipdiation g ditoeted, dn orecerpiodimeat fliiet r at e
t r eat nent™eWiPh-ace. Prefer abg{) t he hi&gh energy. irradiation generating neans

i s a®ul §£~9d3d’r frs%f\?f"é?"e‘ﬂ'aqf% ‘”'"?r'?@w VORI i glrentedvin AgEn fpeglimgng of the

mcorporé’k a‘p onstltch art f th| |f|gfa} 25 |IIu§trate
| '8'!’ ‘”&’ﬁﬁ?f& °'8¥9H‘é‘1" N
Séiif.m e a.a?'é" o e, S ?5%'"9% e 2FiTPSE °h*1£a°° LR

schepm Mﬁ%ﬁmﬁn@ Yidin € SRHa8 BPa E&s&ﬁ? whibY thf lg. 2
is a Sc:hﬁ&%# Srulth@ Uk fﬁms sHStratdd i Rl AiAs Showndn B €6 erh y 90!
enbodi NiRas aQlibstr 12 YR Wiich Burf contamﬁhﬁs ard td Bo feme EABds! 18 1 Vid ng

how | as@hstantly MsNed bve? Bubsfatéli 2. @ES Ak Indrt & bdialo 18 3RPR nBRIALaciabs du araterw%ahs on.
Refer eng Gatié substra@ 206 a ABiIQedctivedfal arvirorm@ntaPriefoRBIR tab Y8 Rlactherhitandl idigaéuerent  of
t he konvaseliuai) nitrdgeneox arph. AnGenclvdiieCts forsholding Lsbstrate @@ corimiinivates GAlO GIBAYIYIce) 16

dr awi ngsroughlarsetieglvdtubest 21 evaties2d, argis gak fidvemetafadr ence characters are used to
desi gnat eAtccirdinge keethe einbodir@dnt of the Mventibmerewh dr Fig.ctimuclosgresiSrdompdses @rstainiessant s
from t hetsebsamplageactidn call ftted 9ith apresinthgas dnlgy prss@tietipads 234025 reerectivell chnclesurautStiar e of |
t he surfited withheesenlgd ppticel taeade varte Windeyr 17athioephi whichijirgadiation cag pasp.daipt apshoytipiports | an
asseffbl 33, 2% may cenprige. Jerrpxemple, staipiess steahtuling diteds i valves. Aiert sampla dAts plaged i o be
r enpv e BNCIPSup, 15, PRClgsig1Syis Jeneaipgiy: dushed F'Ld %H@?dam*h 180%08ds 69R at 8 PERSEY Rt e

12, Gaslal aE°"Prf€}bl° A Beg'ernaqséuw e i h@%swoawe 1955 50 as
to bat 'sa“ ®O%has 18
51 ’g% r aﬁe % g elrl?rtre 6sha ﬂxe
encl%suré“%% “° as‘h %r LR SonS WU SinchGn
;Qggggweﬁ tj Nobuy 'ﬂﬁ’ ripclifert o it

conpri S‘Iﬁﬁd@- a§¥oﬁla£& ﬁ:%w'i ikl SSS UM S ﬁ@ﬁl@ds%) shwadelok ol &15d10H GHib, QQM%E'&Qn gas

i Nl efs aRaChpBhbil o7 lloBkA th Tsolid endidsure® B RE boRhikate GREdsES U5 St Sad sbulch 16 @FoVHut h 2
seal ed dApbdufals G @ffuRLAoH Hit\aRlWsdbétahda] Bed s Vs ol ddpadking lonCslbGal 123SS.

I nl et ad3ming b @h alfiatesodbe 83, 25 may conprise, for exanple, stainless steel
tubing fitted with valves. After sanple 12 is placed in enclosure 15,
enclosure 15 is repeatedly flushed and backfilled with gas 18 and i s kept

at a pressure slightly above anbi ent ,at nospheric pressure to prevent inflow
of other gases. Although enclosure 1§ is shown as a solid chanber, it is
anticipated that a surface being cleaned could be enclosed in any type of
encl osure through which a gas can be flowed. For exanple, if the surface

for hi
E fonso ndtfffeusa D waza?» qmoar&.végogexp SV REbea SN €



50 object, a large portable enclosure such as a plastic bag m ght be
utilized. Flow of gas 18 may be regulated by flow neter 20 which, in the:
preferred enbodi nent, is a I\/ht}%ﬁ@gg%éﬁdﬁtﬁGOZ flow meter. Valves 22 are
preferably netering, regulati I val ves suitable for high
tenperature and pressure applications and for use with toxic, hazardous,
corrosi \A%TJPngei&ptﬁé' Hle¥idd %ﬂ%ﬁ%n&%ﬁuoh' Iﬂt‘ ngire;tﬂgnt SHAP i i RGE WK higiv= 4HTM
seri eanevg INﬁﬁtl&ychm 6Py dribnerdy de$@ yOdhd dlrRioR betWBeniRa reqdirdddd refase sifacgPened
or cl irfafts ir&r@ |t ﬁbﬁn@fé'tﬁ&%ﬁ stiface bt BATHGUR B tafler WL MESAUIE strlistuddl of the JAS
SOUT Csubdtfatedfeatr®nisiifacd Wdc6rait ® tﬂefprof&rdaemmh&ﬁbﬂtmmhaoh sRowWaAtinEg. 1548 Redrance,
Such asgenegls labed liradiafin Which ROiredledSaghiast triditRathdnt sOfbd BICsubstral8112.Nn Bibl € laBat €

Sour Cc 4 i Bhowd as beibg-ouisiddSedci@sdie 18land\Eradistig 8amplc! 2 threughajudrtzdviraibw tr NeloweVWee At | on,

t he sislvetterariated that fbero A coubd altbmeaively be plaged eMtidn thel endldstreh6.gh - ener gy

ivradi atTherenaafiac et e cekviigngtnofethe rhiph —dmangyi trpdiationl il preferablynsefectedde et hat
requi fepdndept proh cthe suriage feaiamicanist baigneemowedf o rihis leed, sailpast erelyeert 27c aveyriat

surd aeesnectnd to eulistport @ginphwgr 270anallyzes fthetchrtentaydf @xhalkish gassfrom anciosure 15fto fapilitate

subst felactiverenergy ashwavelenothadiustmagtcah lager id a5 apalezeng’enayrhecymessisersirerasier 861 t he
i nven IGI?"?I‘?OM“P’I‘F‘H"I@ '“a% SPSC‘I%@F manutaciuregs R Bakels '“F%IIEI?I“SI I“P a@fl %It"?"'% whl ch
is di QE?‘@ %‘(H’Ié’f"‘t" "°S'H'P 93?5‘% of su bstr %

14 is. s ?.’2 through

radjati 53; and ﬁwcgro s
g:’lté?é}[_ é @3', ﬂ 8 z%?ne n e sar reak 'E; Q,?,Ffﬁl‘% %é;con ma 8 aceﬁ;em
g}
wavel terIa %v co%%&nﬂ% érIn tIn‘? .JoP IatnﬁanJnﬁ I%I’ni% Ej&%éﬁ
depen SI%onHQQGIsEI dﬁma ddobk GG ? 69 ? a gas
ang} y 798h). Adeofdih ly,hS'seﬂsQanﬁtﬁrWHoﬁ‘éjmbﬁbn%H ﬁttheon‘aﬁ o? to £ /bﬁét?aﬁs &4 d&dit Ié/ zes the
coNnt efleSwavblei et @ASeidw B vWRRINGH LUhfR whbild tcampraish itedihBgrite be b isussw@per gy
and V\ewigdecsyOrhd) pitjoléctiieTemict, @ dédsaiRa inld.w. GagelRR) FHnysal Crdmisip)2dha., a59veess
spect (AosdeinierPréxs, T905). Theagdérmd avatpisngih aipminds 6rothe mdlaautdr lspstiadk Gbingrmmsleaicindr ed by
Br uk ethe resertanesrsiatesf such specio$. TBe Whwelengtiss, aniVplstar@Ehergies ¢fe nombd wf iRerdaparabib ner of
Eden Rittwiinvieation Meristesbdiay. Sel ection of “the high -energy irradiation source
for use in the invention depends upon the desired 15 irradiation energy
and wavel ength. The el ectron volt/pMdEdn (eV/ photon) of the irradiation is
preferably at | east twi ce the enerqgy necessary to break the bonds adhering

the

the contam hagdes to the surface being cl eam%,enahemk) Ngvph&edl es bet ween
cofhon cont b bld.ll I suctr—as—carbom—arnd—o P 1" p strate
materials sl gﬁ 8| icon, ti tani um gerfani um ion, ¥ and al um num
range betwep @ﬁ" 'ﬁ;g"?"“@‘{?}'%‘ﬁ 8 as disclosdd in Hzg bo k of i stry adn
Physi cs, 68 ﬁ ?& gPP. F- 169 to F- 177 (CRC Preg . |Accordi ngly,

| agers emt 1{]@! t he of O eV/ phot ons

ar gsedem rabte E %B&% &Meg o?&ﬁﬁr@}t%%@bd“ Bel mzéoﬂég@vlal fsise hat woul d

conprom se the |nte rity of the substrate surface by the photoelectric
effect TEP:?" d@@@r?’ﬁ ipp dG"W"’@ﬂs‘!"éﬂ"l'&the Pﬂ%‘?gcﬁfe@ﬁ@m"é'{ bbzrdertstHC 458- 459
sécul ar

MES‘C;'Q $EV e T‘J}Yé!‘p r@g@ ew %?ﬁgéfb e gg’te’?ws*k s?@?ﬁ% By he

IGW rm en y xeon or mercury lamps or other types of
' nven éepsnﬁg‘lftﬁn 96 %fctr%n lasers might be utilized as the irradiation

tIO
According to a\ erﬁi&g% lrradua%h dlfé&gél h&h‘lgtutﬁe dB¥ifate treatment surface has a power 257

4. &3 iy 1944 B that required to alter the molecular structure of the treatment siffste from which 5. 01
ArF, gRhlamMshts are being removed. Preferably, the power density of the irradiaidhoand the duration of fle 44 35
Tunabihidiiear 366és scPad 1 AflpaRtl anCaralint oH BréFgy aMRe suBBikiteBédface that is sighifientiy 6. 22
Thes epdiodstis SnergyCreGiirse lidr ftdlation 0O the 3litsstratél QiirRtd stiudtufelBhel Erboat egrgy Adverriences:
M J. dbpbident oeahe, cofapsitibianicthe albsttite o aroat&it iFaexempld/aiits certhinSulstrai8 Znalily ) ;
M % uswcivae dlagtics, A endiyyelsye! (whwdte much Bversibanor 4tB& Mhaterials udhagschighpsteogiic t
| i t ercatbideestéalso Thé dedislaf Rinyaliok ot vai@® riaterials dRoavell] kitehoand v sepaddruipethe s,
Coher Kandbook gt Chemtistrg 20 PRysics.cq8thDpd..\p; D83t A2 ACRG PreSs [1987h rThe Aeat oh fbrmation
Spectseae@wstr@eorﬁ% toftrsgnapptof hagt oelbiied todirepk R@Wa"% tnaterialyandcanbe @all af dr ni a.

s SSUlsainedn priacting a laser ingpiglion @RYRYlpvek st ugtion it wilk Rt pligrihe "!9!90'61"%\‘0*%'3/ es of
I aser‘g the serteeriPeing beatady e hagfst offGrmatiant of 4 pmbee gl commonaybeiater PEieials ¥t r on
I aser"§"“f’ﬂ"€)‘1‘?f’'"otEe Yowjng330l- as the irradiation source in the invention. 45
According to the invention, the irradiation directed against the substrate
treatnment surface has a power density less than that required to alter the
nol ecul ar structure of the treat nent surface fromwhich contam nants are
bei ng renoved. Preferably, the power density of the irradiation and the
duration of the




irradiation are selected so as to inpart an anmount of energy on the
substrate surface that is signlflcantly bel ow t he energy required for
alteration of the substrate sur%gﬁﬁ%i ture The preferred energy |evel
is 50 dependent on the conposit Tsubstrate bei ng treated. For
exanple, with certain substrate naterlals such as plastics, this energy
level would be much lower than for gipgeymaterials such as high strength
carbide steels. The heats of fornatlon for various materials are well known
and are reported int : ; y j cs, 68th ed., pp.
D33 - D42 (CRC Press raIIy corresponds to
t he anount of heat reulAnmi to1dweangdnvm vasamlémlberl als and can be used
as a 55 guideline in delsigti ; ; igy | evel and

duration that will not] &bb@r |t hs28@kgono;ay 1327 aMpbakceleof t he surface being
tyeated. The heats of [f &i@mat ijon 280.6 kgJimetrbler 2.6 eVyaolerole substrate material s
are summari zed i n the |f GizPowi ng 50&dkgd/malf | 15.632WB8B0R1] B1 TABLE |1 Materi al
Heatteof Formation 5 ] [err] 16906. 7 kgJd/ nol ;

17. 52 eVl il iRscktkish éridf; g]densuty and Rtlordofiehiialidhl used mQhe]&es%M/ iR 1l e ﬁﬁtrﬂle

1528. 2 nggtJds T&ation 1i$ -n£ apPiéachial @R Uhe sulistidte treatment duted) Firiding Y maximutn BRbrgy

eV/ nol egabiecon £4iveh substrate afdferial WHIdduird some xperfrbn@iibn DHgREH iR ridieHal's Hndaeh dai ON
ener gy ofl RFetibry TRUSCandetligy, btstdtio® fndi niditing e ipredentdditReh dcturlidge present invention is
such™t hat whénea leatrate burface” ivtirddatediss desriribearipgbioaq tedmbndsnanidioe foried sbldieg eurface

t r eat menttargicanisaie ¢he skibstrelte Isgrided) ererbrokenTanth tisigerysarries gésl aarries) cantagiinaats asaylfenT at e
mat er i dhe svibbttater sufader duriag ser dixgdiatianAs fong ias thei ¢ipahedgsvbstafe reingingrintthe inait 'gas known
heat ofen¥iionment. now. contmigantsavifl @al formy on dtiel substrete suriate.nie hedesrgrya p csuitsbleieppingd f r om
oBeUg,r isHiem TRy be gyneestes B ARgipsura autieliPd far drapeing pndaorulielieino semaeyed ceritasnpnabove,

t he borfﬂ%c'eand/ or forces holdin sur f ace cont am nants to the substrate

surface of 8BS kgt tfﬂit Wliylbﬁ ?’r"’@?"‘ﬂb‘?’/t aaYﬁ"PF&r?f 9‘59(7& from
t he sulf§tsf' “é" l?r ia{{‘,’ p pio: 5 ﬂtf lq f g‘an ble
substr % £}n ?522% tagn 6 |c | ?aﬁ 18 Iow§ ot
for nasor)\ ;t\.wa ?f{f} pm

: %% %ﬁs‘i o] gk oo 3o

- reﬁbvegabfeo hd au%é s@t.smtaﬁagn&t wiPeirkCap vely

exposeqylstath N e aser |rrad| atron by a variety o own |n Fi g.
2, for exanple, substrate 12 is fixed on an XY tabI e 13 V\:hl ch IS

sel e¥t ipxampLeoved with respect to a fixed beam of |aser pulses 11 that are
directéd through a beamsplitter 24 and a focusing |l ens 28 before

cont act i Ntheswetive ekidlof Bilicdni iOmBes3ary fdi thePronioficrtof @Hin i yedwincdnserhidoraé@sr sufades N

i nert @atrtdridtely] omen sehditopdutivt isurticys, ofadlicem @xite iae &xpgsed Jo theasmdirorpishis eabdnl nay
be sagl icontdanindntscatiherp (watkiye tosthe SemiGidductor surtace The tpeeserice ptl hegss contaminants geatly

sel ect iredutep thepappdiictiyty erdpaigsulating naiure of the tiEul fil@ 7o beydeposithe Therefdren inesemricomlubtert 1 at e
12 on arodictien greabprecattions Are| taiwe fto minimize engirapmentd exposurevthrugh thel use ef elthaiateor i ng
of t he vpayuBy chepigal and mpehgnicab fsphniages: Yacuira teshiniaves are sxpepsiyrispecially If high eranear e
ox+de é‘Ffaé‘\‘th‘@ﬁW"‘l ig upeciadeen g‘”f“i?P clep b W%ﬁ'“@f“"?ﬁl%eﬁ"lcf"rﬁ’ﬁr%ﬂkyh ansh

sen oG ”%"U'F' ggan tre hs“éfé‘i?l a@@dﬂﬂ%f‘@?"ﬁu’?ﬂ"ﬁd@é‘%fs a

sili cor‘?’°8?ﬁf?lg‘t;';§9' 8'%5 398 ¢ %“'Elﬁ ’i&;ﬂﬂ%‘ﬁ n 35 c r]ts adher e
kly.t %
\é\?gat%/ a?l% m (U CE aa%g a(é)tLP su ?Fle maseal? box g‘%hgon fl | m
m&@d@ ﬁrﬂ Mﬁt

to be
rate

are 4§a|fd?ﬂatfoﬁ’ urf‘%eﬂhd&hcﬁ:@tore&}{&nﬁmwﬁgénﬁu bn Wﬁ%ﬂé& fI: 066‘ ts A{Sael

Vacuumea R8daopitd 158 QiR Rad bubattatd SALHRIWRH 9%- Krﬁ/%%bmakﬁc 'l&Uﬁtﬁaaf%& %ur%&psens' ve

especi MoteYoxpdseddiuiig & EonliMdlis fibWwiok Srgoh Jab alVaPoWla biS16URR tndoPa KELP 103 Wl Ay Cl ean

bet wee RegliOf SreSsuid DAk @BsimertNES! dhasis sHBledShé! E0btrald) SkhibRéN@HgrfiRbnt d6GEH3S MU ES

can dastgee tdibonStolsd préfréatrient ferigd burfats daldl covdtihg 30f- 46R @f theabstrath Qurkuceé O

t r edf edn iaBor arefimettanaragh surfac@Ciatbbie doveiingC1eRd of e STbSatd Surfadte ThElmEtrayd fgface

St ruct itself shewed oc damage bnaltenaticrt t enpt t o overcone these problens, a pul sed KrF

exci ner |Assiceviivated with fagarmdiatidn asalessribatcpbbyei apd Th$8 exnusedUiy an anggm)neMG; gas

di r ect dew showed; by XB analyels.dfiat 80.8% b theosubsialesuriage was ¢overed with cacbo ascomipareditph
whi ¢ 4P ptite ghthe iukstratp syrtade thehwasy epeqred withdeashon affer asgangrataliccges Ipesure on a

cont anPitpsgh realnd WeeGpec¥hen tha fasemwiscanelied; aydeseribed abaye.cepth\prion ¢ ppRsusIched

or gano R@emetalic pas anf2gd Pﬂeéﬂﬁfrﬂ‘ﬁ‘ﬂi g °"5Y %@db%ﬁyﬁaqedvaapwmeﬂ With e4ipoR. Arpasm

f or mat AYRFOntHo depenT (P? gﬁﬁa o lagey ~ Qeaning frepipentofreasnoo

| aser SHEPY ‘&f“ea‘“’i‘ﬁd ppe F'l?ﬁ% f‘fﬁ"&‘ﬁd F&'P%f‘ 'Wfé AfSIPPERNtt ispriegt propeRly i§ ke

substrate surface with the KrF exci ngr | aser. The | aser treated surfaces



wer e exposed during a continuous flow of argon gas at a flow rate of 16
1/hr under a 1.03 x [err] torr backing regulator pressure. After treatnent,
sXPS anal ysi s showed the substr Eég'%féged a significant decrease in 50
surface carbon froma pretreat e surface carbon covering 30-45%
of the substrate surface to an after treatnent average surface carbon

cover idGakddh ,q;tu,; &Qh%p@gr,ﬁ;,epugyrface The substrate surface itself showed
no damag@angrer & |tieeWaldrifeM. thesafrplel A & the KPS Brkiyvériwas hia 9 brgbd fiRdgRYd BUR. AR

descr sief P \iis araRkidriad No A RPS thréugh AN IRBHIBIMD FesRX IrddC TR Skeptl ehdirgiiem@d, by
XPS asgoyise B,a rhilidtm20. 8% of the substr:ate surface was covered with carbon
as £ onpameterivafed OF sifodn oxitle, WHile efiobiriits agen gad laé aeseritiel aboveyanis expossdasl pulseidh

car boRrFadxinger leserJaariatiat ¢tl9l mdcnifoer GORQ eimtsr &@ a0 Hz rédititomae. XP$ arsalysis tshavati @d

sur f as@tacéd/baspontcherdga SEA0 v8% bqitpbefarel anchafted esar rediment.athos: drradiatianhat §rmdsem?t o

€% pos dideottremeye gdserbad swfabq eargas and again after gas exposure, only 8.9% of

t he sur fAaetheryter efcsilicpreekidgi while exposadrio argpreges ag dosaithef Bbqve, wan exriopasidp pulsedy posed
ar é@ s K extmer laper fstadiation 9H3RO ramé dor §0Q0rshets at 4 1941z repstition al N\;g: PAArPAVARNL Ar eas
adj ac 88t subgraenuirfasechindetiiigipd £108ificaic tameoe. e‘ﬂ‘ii‘tdé\ﬂ %&P'B d'i‘f°‘!95 sgfistrate Thuper cent .
Th| s 5??"@3‘[9[‘ a BHHG aljers dd't?é“?'?f"'&’ s"“"t\*_fPW “ ls“ &9 SSi acge nat ure of
t he ag‘;ﬂ e 9am J’ pd %ser fradint ap, fp st t‘?‘f’ée' ﬁb‘i’a@ 8'|efs°t o the
XPS. a @Pta i ‘}gﬁé “"P? y.f"@c'i" ?) '3 ?t %’e’%l lLksonuate
e in_vi formatlon ctin smcon o bstra surf

traﬁs( e&uls% rr—oe rhe?l ol lrr hle?sqhén Hols Eﬂ
Puls P%& ‘3ﬁa§él?‘rr§&. Hsrag@a Xi de

%,;%&

envir
whi | emam%eé?»do%h@; QPQﬂQﬂ? reaa.ﬁ a&r.saefﬁq B Gtor Wkliod k8 & rae B
exi meg,l@ager irradiation of [err or 6000 shots at a 10

regptition rate. XPS anal ysi s showed a surface carbon coverage of 40- 45%
bot h erAmwie |end after | aser treatnment. Thus, irradiation at 9 md/[err] did
not renove adsorbed surface carbon. Another wafer of silicon oxide, while
exposed High enbrgp BptidalScomBondfts arfel diffiit addfabrizate Vgt SuehxtpchaelogidsCas asbsslon]. @ - Ky F

exi melithdgeeply and IUXdexaimieo aserf oplit) Laaké dusionfand 608 lithbigdpby adchaolog®s Hre wexdet i ti on
r atee. extiusivdieind'nldand fentiromreentseficimer lager oplivs havatasshertiwori dife shancbesavsé wittechiront

si gni feneandial dilndepesitionnie¢hndpgyg itds titicut totiabrcaigh filmis capable f withstandifh grolonged

i rradhigh7eargnflu@®0 ml/ [err].altered the nol ecul ar structure of the

subst r atAePesaipiplpieblenT H@S'@G'b%ﬁfﬂpl%%cs dheriica! readown (THigliPbanPHPNaAan A9 d&ﬁSﬁ?"dpr iate

ener ggs f“‘%iat%?ﬁ%?h%ﬁ)’@l‘t@ﬁ _H"(‘?S agérag a’c'é“’éﬂht“aﬂﬁtﬁaq fag fighdt" it

dar‘?&g : ”' i ! _ b (F"' 'c 198? Th'snp:F?m?egaB f:z)éct ed,

in vi 7 | d@' , %BE ?P . o xi de
subst tp :%'ﬁ ﬁ ﬂ?mﬁﬁcgt °Pr§? ?°z(§” 'P;\ < Jes "Eges a@% 'eﬁs% 100
mJ/[e amma Qq c? i) o ﬁ d:t ﬁ' kel §f Q?é gr the

ol gc esrfr s ik re&éru jation
O o ﬁ@a.. s&,@ Ml ki %a&stthp?asgrfmerl s
expecm 2166 u oetranﬁmﬁanugg RHougih A BisBs SHATCHAF Gotiba cMBonaMRY . 20 EXANPLE

11 H gh cpR&Ql BiaKdbid, Gotl exarRliie oM & b, & ﬁordétéd’ by W tprdsBnch P IsiirfaBd Barerdt o%thh

t'eeh nfahﬂemﬁ Th@ Stera & of faUdsbiOplise Xrai MWith lai sLIOEH SRty drddel sdédtorExey dERbsitl eRGRh

OpPUb CBnerdyas génefatts an0TavaldntheX dnizyitioh ioh IOl Kyfadec THIS anOMTES suifacs pidsa@ whizh

excl usiay disiytegrate 't ®iid)"The Preisends NECUNRMInENte bifeetively alB@sasethe tBerlsasifiieacysdmdr t  wor k
| i fe depemasdsdic aseSepotertiill applicatiemst conmercial fil mdeposition technology, It is
di f fi culTe avercdmmbihe @bdve desdribesl prolyients, @ecﬁontammm tresompoll nqpﬂpdodwsoqiﬁgq@em ingthis -

ener gyppfidationgean ba 'ﬁ@r'erwquﬁ aghersd |cenanpinants sué ydugipitor @xamipls, g yedtea |

br ek eRIGH cormmepent. t ig g¥popRs tel@ seMtinypEY figys °f atgn@g ugiRg WhighHIMe aRMFP ut | on

of daliEeimenapqids ditgcted althe puriacs %(rt’éﬁﬂpf'??éa?”ﬂﬂ?f“?"h The laper ds\fynqdote @p apprenrigle” v, R
30 Sh@greypx r?E?‘ ayalongth thh ig F 'a?'a {ept dhan 13‘?“'% enorgy RIS 7AYo F°?§'°m°‘°

| nt er OPF3l sga ope é° 'l?ﬁ uihe opigal §"t§§ %fsl'" gatde. wtn
ansglr?ga gﬁ'&’h"" %‘eﬁi’t F?'ggh%'f“&)? ctef‘t O 1e515Y9 X5 Ec%’: WRYOE i s exacerbated by

thé p Jice of a surface defect such as scratches and pores in the bulk
naterla In nost cases, optical breakdown is due to surface contam nation

such as al | ower s
o R iy i S s s 1

cags be 35 unaghl MoWing a0hasChbrdsS IR sub¥ivoke” Hoatrddht Surtals;{saldSgad BERgYindrTROMb 2Nt

i m t at i sQbbtrbts Gadudént surfab aginPi Ng of a | aser nedi um (SO?I d state or gaseous)
by an ext ekradidting $a1 sGHIRAE Wit Aigh €énergy Nirddiation) sdidl irfdiatioh Matisy &énelgySdehsitpowner

t hat carand @utdteadbeivibeh It SeGuirede ErfeRysel Sukfadegtbntapinaas fromi thel eutistraté @ast@entand

ot her optical conponents. Optical breakdown, for exanple on a solid, is
pronoted by the presence of surface6 adhered con - tam nants. The
interaction of a laser pulse train with a sufficient energy cross section
may deposit enough 40 energy to generate an "aval anche" ionization on the
solid surface. This can forma surface plasma which



rray d| Si nt egrate the solid. The presence of cont am nant s effectlvel y
decreases the laser's efficiency and decreases-+ts -use—+n-potenti al
applications. To overcone the above described probl ens nt am nant
removal nethod, as descri bed gmo b 6218P! | cat| Hﬂm H“ﬁ@e‘ O renove
adhered contam nants such as adsorbed dust. at an 45
optical conponent, the conponent is exposed to a conti nuous flow of argon
gas tergau nwniuewftﬂewephadbaqr@e'swlr exinmer laser is directed at the surface
of t heTap¥er @hihe afep B iie sample cplhtodhe KBS anajyaqr wag viaan afgpn Bled olsvebanBiegy f | ux
and S\Rﬁ%w&'ﬂfgwﬁ frengerpd 1o GRsXfe frayely 2p dese P'ﬁ‘ér‘ra'!#?é "Pﬂ 'Se'f?atr W'"ﬂ\'ﬂeﬁ’é'

ﬁ f"?°{‘,"& g&' ﬂ%ﬂ'? o()zn zat | or; and sub s enelrjl optics
T e t
éf '§a TR g ?f %&%fﬁ o e,ﬁ&g Sl ﬁ%g 50

o SR °§: 'aggf °?J?'? i rgarﬁ"e" S f'rr'ag'm e sur Tce of a
l no u ce C
SUbS tr o@a AforCof Rfiiéon Witd %B ﬁ?ﬂ&r@ﬁas%ﬁéé%d%%b% el Sxpoldd 18 phsdC! NY
U /o€ A& Buim&IHF ikradidiion E ﬂJﬁzn&sf 0003Rots at a 10_Hz &gt 2. AV inb EMf IHgaterildS
acr Qe sit3fats WhiFdch He8 sufied SBMicatUidnREE, inSiMrng & RSle ATbENE the Rldstrhte. s,
S UD Sirddistioh dt BOBMIEIH alt6ldd tid GdlocalBiChrldira 6 1A 4uBGrafeiuflacsUDSt rate with high
- eNner gyhesd brdiphisi sty (43 ictadidtibil@dt ad bPlophiaty ieAggy ALEHMRI GaveloyRs tdnydeandsedur at i on
bet werdts toradminatiopivithoat damadirg) ubaying diirfate & adjacthbsiuctaras.s from t he substrate
t seat nestexected, ikNie® oB e hea bf Bimatitve of (B0 S hattsubjectihg b silicth okille subsipite @dfadeaser
pul Se pulSauaifrs feaimenfasertigadigtioree! 16ssanant 108 meiom|fer 6060 shotsoat tal® BPSpetitierl fpiver  was
via ve?n'dapgamr 1p Imoledulgy| sucturg ofxthe Fubstraty. [PuiseshiKrfiakiever lopes iradiztion PElessctient ?3 t he XPS
t hr dR¥AT? o1 G0PR phots at\a 10y Hirepatitiony rgig. is W@e«@@@ltee sllicererisa supstrale swipge i@ to a
m nigUNY-5 Anot her wafer of silicon oxide, while exposed to argon gas
a® described above, was exposed to pul sed KrF exinmer laser irradiation of 9
m)/ ERMPEE 6000 shots at a 10 Hz rep| tition rate. XPS anaI ysi s showed a

surfac car bon yerage 40-.459 th b and aft as r t r eat ment
f piical com fficul b { L.n
Thu%&wo raghgggr%’t?\fﬁxéxe;&‘aﬁﬁop é‘* L S© f'géu:ﬁ 8213?; r |tn gﬂﬁ tgec no ogles rlf.éu&a%r bon
A% cﬁg r? cleg vr n r Ia ﬁ ?}f I bed
O‘é@mm p&% i tg)fa\bﬂ?die |Iﬁ|§ %Epa {er tﬁsttdn olo

[ er flgnt g,qer@o,Q,Qess ot s a a repet ition rate. treat mant
t he suRpbomis® pRoblhani mcknag{, foarceﬁé Sphich blehiaigvM. THig meaarhqh ud laBddrigeghol e
t hr Qe Othe tdaRstPME blichitien of[dlrRage infilicBsdi iatlal tRRspalent IR d §ifohd lagértrSiaedy.i.he

| ested, RrincididsUt INdhiRe fOplide 158 8h.S 52831580 Ml Mc.eiéw&u)eﬂwwkmeah oteulsaser

i rradsdits anwelltasPaseaRPYRIO P solia] sicle aL4 figh bharmgy apiic) optidicdraaRdrivh i€ axacaitatsdays e

sur firecmeseors cir suetddeciafont ubinbd sal@chag ampanesde tHe ybulk gnatarialfl. ;axaeosbeases] ppticaint

st r brosekdows .is Hoe to sliface Tomamieatipe duch as adserbed fdust arthlesit Thef présengwatfi theseof Si O ,
t hatcoanyjpantst loways sheshirpakdayn tyrshald whidbsio e dmigsuthé areimun Igset sawdr Ketcagdenrer

| %S evped| framn digiyen igper ysteresHiis: fagi s 8 9@YY frgportant dimjigtion oarding thegympiog af 2 lasar0 Hz

r e p&teduMdpPlif Stage QuIFPPuAl By aa| oKtemal P rRIPIEY FPuste- This. (it tufis EmigY the [Reer POt r at e.
Pul é’@bl"%bF ”é% tﬁﬁf‘"sf"a@é?'g\f thioygh opticahindqws| lgnses and-ptheryepticg) comRopeNts. f or 6000
sho Qptica] byggk @b?’f "’tpfeo‘?i‘ ? aphd ssp'%’&:ﬁ Py tre psenge (ob surfa %P‘F rF°BX| de

4 éﬁ"?’%ﬂ" ft? :Eta@gho lanc on aettr urf Sﬁlyg% azéfﬁ%ﬁhg% /gg lCh onents
’ | :gte% éé& égr; ‘%5@2%@%9 Eseen ?f in n(?s tﬂ& glg dg ea%gnqrr]\ a Qy ant hgg?’/aphy
eCh” Pefedm ﬁ: hb%@éjd nbe@ﬁ& b%%{svﬁulaycohtgm é}nlteﬂbvalng\{womgﬁed T hlsTEr
I aS Ghplidtbh, Cin Be¥&ddo VS adiBibd chritdnfinanRAlcHIR GRS Wbt IFdF UkahBRR 1 GRETER! Ci al
fds| BHEBIDBMbbroR!) e REMPALAIY sxpbded ts a dbrimioGéidw & Qrgom Bas mgfwmhl e £@mabl e of
Wit IR @AdrN&bePIs AliBRGIEl thi Gitace @ MR dpYical bamiRfent. Ahd RESNiuAd 1BaRRb@HRralet N hi gh
eneleygyO i & wavelRfdth Gl isbéorsidamnniess thas tHahRGOERATY Lke BGUIEE S ploo® as "t he
cat amizatdp ahd subyajuetitipRBm®in MiRreaggy btics. LTab eglicalitoRpdne@3aiiRs & itradiabdl dithei N a
st r eelectddaiue and wavblength fiit &durdion Sitient téreimo gb@bedaontbloindritnear COptics, 1st ed.,
528-540 (Wley Interscience 1984). This phenonena occurs in solids as well
as &elmws. Wth a solid, such as a high energy optic, optical breakdown is
exacerbated by the presence of a surface defect such as scratches and pores
i n ttheA perthedfan @riodng surfdpe Aentaminagisdiom Hpsuidase ohp suralraRrviile Pregerviem theur f ace
cont anpleguiap pirustyeerrf &9 sa@ePﬂwrwgw;ggwqumeeﬁepsme presence of these
SBnt ami n&PRSSa"WO\fA@Y"éQ ?I‘Hé‘s HACOsk NSnRrPEMec BepsTMt RHTaeh Sald 933, Being iRert & thee

maxi nu?Hbftgge’ feaimaReIy 81"’ téﬁﬂ Wlma '%)e 35 |rsed%‘lf roma |t}/en I aser S¥St m._ This
fact Iasnt:ié{dur afﬁ% hat requureﬁPto ?e eg}é sf ?ﬁ:e?ngrﬁ?ﬁ%mﬁnsg fr gﬂstrat g%reatment

6



medi um (solid state or gaseous) by an external punp. Energy source. This,
in turn, limts the | aser power that can be used y through
dgptical w ndows, |enses and oth % conponelmmnmlmﬂmmm kdown,

for exanple on a solid, is pro e ﬁﬁé presence of gsurfactd atlhered con-
tam nants. The interaction of a laser pulse train with a sufficient energy
Cross seckirabs 47a¥hatlRRGDH to MABARELMoISLAREDY of fe SBBRRATRMPH suAdd] anche”
ionization on the solid surface. This can forma surface plasma which may
di si nt egr AtRethddCasSeMirnesl inTdlim Nl FRGEE Sai fstep W lirRidiatiigndal bstart withedigh -daergeases
t he | aser inadigtfoh icorhiRiISes)iraiting RARIrsGBsH 88 with RisellS gonbriatef) ladittional applications. To
overegone the above descri bed probl ens, the contam nant renoval nethod, as
descr i b&dAimetioll asclgipgd inchlbvi G whergia Raid Bighrsapergy tradiativn isa lasthregesetatedimbdiatiomant s
such as adsorbed dust. For exanple, to treat an 45 optical conponent, the
canponeht Alﬂ!eﬂ‘@ﬁtpt)demed'ocblﬂt:%fﬁtfﬁﬂmmsmb@iwsmsmgon gas during which tine a
pul se KrF ex@eheing|teesgss hagnaipaseadiasiesnithe skhstrale, reaioent sirfagendurioglebes fpatoenttonent .
The 1%aser deteming ifeccomposiian efspreypd MF@'"@'H%P flux and wavel ength that is
consi der abl dF§@8 t‘t%%ﬂ?’&"ﬁ@“ﬂ‘b’ d slyratiog %;b daser piisg; ipadiptipn, b 'faﬁ?rdttee“‘?aﬁ?ﬂ"% ation
and subse %gl'gé{éﬂ’ﬁ' oV H %‘H%drﬁ {opRds betpR ttt)eﬂa&é?d REATIA f ace
|s i rradi a’tde‘Be tmeRtsudafPect ed | ux and wavel engt h for a duratlon suf fi cent
to renq"ve rbe contam sdurface

cont B na ﬁf :%‘Hc%e@ agvjvi'- rEln satd [ gft”sd ultl Ah:Lr egf¥ gensu Y- an['d| { on ogs ecul ar
StrUCt“retoC} §aHrF\ rit-$irrals"brid %3 % b %ES?IE £Ad§fv£‘8n s*\ﬁaﬁ qEqu%aC roak %s gas

constant | g jeﬂ‘%e%al?ze Sttablddoft

being inert to the Substrate treatnent sur ace and |rrad| ating sal d

SUSLr @ € AWhdtkbd Y0 RnBNRY Ehbmisofbddl indlebdid  coft@rhiflants fraiel il duftibeA\e ShicRRILBBET Y
density apsihd b BrasddMgResubitaR rebifiaitisifde, cBmpriRing @R Qtepsisf ace cont am nant s
from the sulkshstaathe néwimAk Ngasitaciless the Ssubdirae Qreaitdnt! Surkce! S4ltligas Beih@ irdltlerthd he
nol ecul ar subbtratCiredtr@dnidurfdcBcangubst rat e treat nent surface. 2. A nethod as

cl ai med i n dkadiatinglsaidvdoistrete Iwits a isalies bEipseo+ ganeraiadl paltes,n@idIaseCpulse [saries tvingvd t h

hi gh2s-  endurgipn jof atclebisti6000 pulsesrmhereincench pyisechaa tan pgergyadahsitylib Stier ratge ofiiBS to Taaser -
gener at edm¥em@adi ation. 5 3. A nethod as clainmed in claim1, wherein said
high - energy irradiation is a |aser - generated irradiation. 4. A nethod’
as cl ai’medl method| agj glaimed i"u‘?'ét"hé’r whesgi 5314 iserojcanpigctos tsulpsirate fireatpgnt| SRcA FORSIRES gas
havi ng pa%@’&a'h(c?ifdgcé‘“the substrate treatnent surface during |aser treatmnent
to 19 determ ne .th e co i on of renpbved contam nants; and adj usting
the end gg@'ﬁ"é'f‘s’g T}f 6 Hhefﬁ'" gald gemi 8?“ (§HRsHatp treatmpnt; suiigpe gnsisy e
the treat RERTAYH %%Wié'hs@f“é‘?" "8'\9 el e i eP-oqui red to break bonds

bet Weery, tR?ne B@EQ/ é ﬂeﬂl’tr 2y 8 wi @gﬂl Q@tﬂt gengﬂgdttrmaia#d’n gé @Lﬂoﬁw {]%&%00015 >.
A ne;shod Ql e energy
density a durat ion o? aser pu se irradiation i ncI udes adj usting the

ener gy 4geRShdinbd IR Gecdibardel b Qdim SPof rdrfifRl MOLRS dohta@fhd &t teOsuriddeS& & he
treat ment seiidohdieRr SUBSIEL/ gurify &bdticﬁhnbﬂh%&ﬂuc&dﬂﬁbt&%llé priRrving WRSsubdiale tegGUI I ed
t o-br eak homdarabs; yRsiBing e sRpsdryzed surface contam nants and the treatnent

surface. 20 fioing & g bdiedd theDsericdRdicionN SubstG rsatidae sirfatd), €4dl hay beirgNhen o ANt S
from t he substfaCmatpientssusaeri conduct or substrate whil e preserving the

substrat e t mwhikt oy ssidrdasdrert ta saigh subsirate trédiraent swfaee, dfadiatingresiiasebitteftefo Ng . a
gas acr ossspbsiion slitictiinaorethe semscanductor substfatectrsatmpal sirfage ith 8se1g génewted iadiat-he
subst r at etiany eaigd ivediation havingcas; engray] densita lidaduration betwvaen heb saquired do vilgabe surigesr | es
of I4iser cogtaminenis from the| sybsirate draatatent suriace pdl thak resirdde alter e aplegulgrsstructure of

dur ati on B sybstratetzastmegtmfagsi| ses wher ei n each pul se has an energy density
in the rangé"’fﬂi’f"t"ﬁ%al ?'G"'%'am Pn §aiq ge[miconduglon subsyralg reaIment SWTAEY i n-claim 6

wher ei n sal ‘§ os’??g fﬁ?'dg died dayey. said.9me bEing i@ﬁf%ﬁ%é""’éﬁ%t’?ﬁ'@”&?@é‘fﬁ ially

of silicoff % conduct or

2Uncbt b o, 7 s sg e o i el ol #Ht" t::%ﬁ;v.t; :ﬁ:::::?
sen CondU‘t’ s i adts&r iﬁt&.&t%q wodn 13 ﬁl@q e&a'mS
erein s it Ui Shd Lad 9;@ g)e@t.ar%uaa“ze gtw el 35

pul ses an eRALAy density of Bbout I'n accordance
W thgclaiml for renmovi ng nol ecul ar cont anminants fromthe surface of a

11. A method as claimed in claim 10 wherein said substrate treatment surface consists essentially of
silicon.



seni conduct or substrate during production of the sem conduct or "whiTe
preserving the substrate treat - nment surface, nmm s of:
flowing a gas across the sem¢c gg%ﬁﬁéﬁbstrate ﬂmmnum sai d
gas being inert to the substrate t surface’ while ™ owi ng said gas
inert to said substrate treatnent surface, irradiating said substrate

bef or q2,depembd asUirkdd iff EikimUiztWwhreiR Baid [ASer S §dRorafed fHagibtoh had Dardtish & dbbu 8doaent
surface st,gtadda,agﬁerg ARG oPdLRG S5 uRMR.2 - tion, said irradiation having an
ener gy nsity and ur ation between that required to rel ease surface 45
cont aﬂ.rlﬁﬂip%arﬁtﬁgf& dioving! BEobad Curlabe> dntiMiants Horh AResuddtd of B atibstr&e) ¢i2y kliet O

al ter t heseling el saistratb Frektrhent surlade, tdi@risingdst rat e treat nent surface;

deposi t i ngagasc(i8)dneitits Yie bubgieate taatnwal sirf&e i conduct or substrate treat nent
surface; f baviongneansgarsoestanthstowingisald daspo®sd thelsubsiyater treatymntcbudems: bei ng inert to
the subst r ise fuise gemeating seafsa(ld fangeneraiing. agsjnetsthe subsiraly deatm&@ surface over whi | e
f1 owi ng Whighgaig gas (1B)agses. daserivigessihdnving an eperavdansityt betyaer e encsgydeqiiserblei t ed

| ayer, ilreaichonds pRiwen| adsubagsiurfaneccontaminpniv fed dar Yeatment puriaee, @ehdsi eneml of

ci r cui t rigauirpdioaley tha malpcylarsiicture gidhposubetiale teplmatisefacdn, said irradiation

havi ng an ene rg% density and duration between that required to rel ease

sur f ad® Anappapiihastiaimed ip qlaim 1. whaprln said lasef puise oqpasating E’PT"&(%” s PN fraYidftequi r ed
to aI t er®®HE3NHPecul ar structure of the substrate treatment surface. 55 11.
consr 2 dAr;aa?gaé'%tyfrs qa;/m%ifm gé‘fn 31 where}n sar %ﬁ?@&l%‘ﬁlb%r a grfégﬁ%tan?(ar texcs uerarfsace
claimed 1Tn'claim12 wherein said |laser - generated irradiation has a

dur at k@ anppadtsts RIMYA iPLHinas, vﬁ@ﬂrn%&dﬁ&ﬁfoﬂ%eﬂﬁé%%&nbﬁ(se@f about 35 mJ/ [err]
1379 AN aPPaq ackbSurb Qf5) AR RO sasiBals PR beiny féated aPBb PIELIABLP efdicsiliet (16
surface HabinPanShétoft @3Fankd br butléhbdrq25Y, and preserving the substrate treat ment
surface, CmegHsidintBducig Bakbgds 1d9aid dneibdurd (23) iReugh sl hletdor. t reat ment surface;
gas flow nmeans for constantly flow ng said gas across the substrate

t r eat WEMn appdrdtacas cldimebin catnh 3B whermiarsaiti igaginereartses fulfdde df edid gubsieata{12)ig a

agas nst dhoreicallybettgast e treat nent surface over which said gas (18) passes,

| aser pul ses (11) having an energy density between the energy required to
10 18. incaphariiupras Slaimedineelaim 4 4 bereio gaid oheimically insstgasisiangent s and t he treat nent
surface, and the energy required to alter the nolecular structure of the
subst A%tAD appaaivs s ainegrin glaie. 13-1%’“‘%?9"&?{3 W%FGE*"HS’ reqaps RB)dor aqalyaing; tha ges

whéf ei n ’?Hﬁ'qj P‘F&%‘bi“"’%l‘ ring )laser, enesgy QAneration; agpipst sé’F\er ay

sour ce. bpame s“',f#ﬂ‘? F%T’%)ézeaéz-’b'f“%ﬂ“ﬁﬁﬂ"q fr iRing e coRositionof sorfapinagis e
pul se géﬂB?"S &°14) is a Kr F exci mer |aser. 16 An appar at us as

cl ai ng&i An usn;s me\ﬁhn mnlBS er gt%ts f OW mﬁ:a?yzgr gr analy m

en% osu ssécp l&gr e?

said e d*&ﬁé’é Qzﬁﬂteada inifg' c%-ﬁal

means f%mave&r Lbﬁtdryﬂrfa%a' udgg”é ahé?yzarah n?f%ﬁ 9&!15 @on tBQEsQléQélosﬁn%' trét”' et

port. l7hoAn apparatus as clained in claim13, wherein said gas inert to

t hé surface of said substrate (12) is a 25 chemcally inert gas. 18. An
appar pitestadspridhai med in claim 17, wherein said chemically inert gas is
argon. 19. An apparatus as clai rred in claim213, further conprising gas

anal y rerVertgeanszuthnEh}erh@r voa Okbriidicheryerinivainigaigerd@n der Olivetiichacpinesa Satstiataovobais t he
subst r atdie melekglaretrukter def Substratbherfidthe brhalten bleibiedaghyrcly gokenraéichoet, deffai nst sai d
treat ment —sdpubrad ein GaailibergliesSubsicatoporidche Stomt dsa ihszliplich dgr Substrathberdfiahe inerig t he
corposi ti on'%t’"dcont am nants renoved fromsaid surface. 20. An ap aratus as
cl ai med i m giesgp Spbsiat mit prergispeicheynianiunorRestphY wist aohel die Brergiedic P (C

anal yzi ng t4g9 Y gieHestrahiungs S?Hehg' g’&%“é'e‘d" QBsriifcenyaqunreinigon vpnyder Syks %lt?t??ént
surface durf4qP pruidrenepher Bight FUTRIThED, Bhdig gepiedire Shpker dpedtbtiabedithP #le, said

gas anal yzeV"#8%hs (27) bei ng for determ ning the conposition of

offt a H1 gth%n XGA% A %Qé P’jn Jt L(;n%ge‘ra ne% a&ag b%ageraéqegtlra%ﬁng des gu%stra‘szm}t bei ng

ConneCt SHerbiBreichbr gés'"gugsu% orNGH dinem Laser erzeugten Strahlung bestrahit wird.
3. Verfahren geméB Anspruch 1, dadurch gekennzeichnet. daB die energloreiche Strahlung eine von
58 einem Laser erzeugte Strahlung ist.

4. Verfahren gemiB Anspruch 3, dadurch gekennzeichnet, daB :



40 Pat ent ansprUche 1. Verfahren zum Entfernen vom—

Qoer f 1 gchenveronrei ni gungen von der Qberfl ~che ei I\E‘“\Tm bei die
ol ekul are Struktur der Subst rag?’ e&&%% er hal tgg m

gekennzei chnet, daB: - dauernd r die Su str-atbbe"rflache strént,
das bez~glich der Substratoberflache inert 45 I st; und - dieses

Substrat mt @a@%ag,'o% ﬁhﬁ%rde%@%ﬂéﬁkﬁmg%ﬁérr@édbsﬂ%JbgﬂlﬁéﬂQ Bgétrbﬁ'l{ fat, analysnert
Ener gi edi cht eyigetim ofez8kmimehsbBing 4t eftleRiteR&/8iuhrdini Gsﬂme@trm.ﬁdﬁsml chen, um
Qber f | Achen\eidiikerlidd s e (@Berplissraiiig 'uAd BB Bbstraniligadalé 5884 sﬂrﬁﬁﬂ:rdeﬁttﬁﬁ

ni cht ausr ei cdae EneriBhivba® dsrduBiialoBsritchd LbbK labe ExbRfienfrbddSdnbéHo ifd, A& @or
ver grsnder n.  Sddridn isy/aid &8 BRAurgem wsohers PenUdhalysiertehl DBbHEReryesmBiNigeNgem it der daB

N

bei der Best reubbttagertlizhe Sbatiréchdns Mt energi erei cher Strahl ung das Substrat
ei ne von Saserimpulsgirahiung luad der Besrahigossia®r das [Enevgjeriiveau der, Supstratabbrfidche geingilB
um di e ZuSHbrtraiakestichapytzdeechemnt f er nt en Ver unrei ni gungen zu bestinmen; und -
Ener & eni VBRI urn, die
g e B 1% ot i 2 ;@gﬁéﬁl sﬁnée@{rgfm.ré a3 ch
gekennzei chn Rﬁ&l& hit o Bd P@ bi6aich§d im Beredch von
bi's fi nf,M¥briahedn gefas | Abprivhes, CaBurEH §6KIAMRBIEHMER das da%m&tar-@bétmﬁ&mme imm di e
cheness 08. hiverfdhen geokie lnsmuch g, \dadurctr gekanrgelctnetn defd die daibléBbrerSubstrataleritticiecin | S
das bez%jg Vprdshrep @emis, prsprugh Bisisyreh gekennzgidnet, dedidie ypRcpinemcfseer Srrugte Sahiyng
Ener gi etft Ypfalron gemat Apse

ge ennzel chnet

m-t einer von einem Laser erzeugten Strahlung bestrahlt wird. 3 Verfahren
gendB ARs Yedrben Yemihdnspubh ¢aleduncizgskernzeivhnet,diag belider Einsleligngedee EodigisdBthteedsr ung
Ansprach Energionivepi [angpbehen rwitdi din avei - dhig finfnal so-hogh, dst (Wigs dag Grergietiveatndlagier
Laser behaﬁmfdﬁwh deleym dﬁeeB'EﬁmsQ"r%t\ﬂSGqueP@@ﬂés'eg‘e% PP%’P&CI'?"S?W"T%WI%W ndtdep r d,
die Energl ed| chte der Laseri npul sstrahl unlg und die Bestrahlu s auer so
ei ngest%l I P E%%ewg%”lg %‘a 'é% "8%&’;:3" ﬂE'P Qf'b‘f?ét"?' C’BI%'PS das
Bi ndungen zwi, h*d tﬁeélld sﬁ" ??Ibgﬁéjﬁ?/g? ?\"l”% qughe 4?89 et
Substr at oberf
Lasegy npul sstgsqu#q,g,,d,m ot er Bestrahl ungs auer nergi eni veau
Substrat oberfl ~che auf ein 10 Ener gi eni veau angehoben w rd, das zwei -
Bi ndungen wasentiénae BustBzivmnastyrai ert en Qoer fi |l chenver unrei ni gungen und der
Substr at oberfl ache auf zubrechen. 6. Verfahren zum Entfenen von
Hal bl ei t ewssebtithea tuss, Siliziotnahit einee ddtauh aufgehtacider Halkdeiibrecheltung béstaht. bl ei bt , dadur ch
gekennzei chnet, daB: - dauernd ein Gas Cber die Substratoberflche strént,
ei ner Rei Rige Paer Yﬁ"t““%ﬁf%?HOEMF°%F"£é£TQtE@ﬂ9'P¢mﬁ OB HNgelilt I5AVemi ek d, die el ne
Dauef® von m ndest ens 6000 I npul snttafg_neha";o r'\‘/vobel Jeder | mpul s ed Qertfich

n n er -]
genaB An S?epgjigl%:;era U? t&ﬁrﬂ%& ﬁt%lmgecps alglplte{ﬁ gobei die(gp@s\trmerﬂﬁche erhai - % ahren
PR e U5 UG, Ry Tobgs ol Bl o 5”&
Ver f ghren ge ;}Eg[) TaB di e
Hal bl'ei ter-5 ﬁ GJz |i@r? ﬁh ﬁkb&?%&%l i, load Sistd &gétmte&ﬁb?vo ar auf
auf gebr acht en,jgm Sr' &5 tFaHIOer Imrd ovorSlib 28théiting G2 8

dadur ch gekernaza.lafa HieSonViRR, FotAR Ble LERSGledietitd Bidstr Stratiiung thd! 3@ &jne
Datier von Un&&ﬁtﬁ\fhbsdﬁ@@uérméhsﬁm i) Db EHIARRrFEIGHraINGRLS VoA deP TBubAGRb&HMcheS
M)/ ca hat. 3Bzuldden, Wbdrinkthi fErelgsiplm M8 SivlekGibte Birdutlr FIeESUbstRIBEMECHE Bu verin -

nmol ekul aren \defmtnr ei ni gungen von der Cberi Rache eines Hal bl eitersubstrats

w~hr end der - e Sciitingsshicte sufldal HdiidsitbretSabstraobeeiicil abgésatieden atrggber fi | che er hal
- ten bl ei bt,eind@asuibendig ekgeachiederelSebicht sttt das erilgliCRader Cokstraidbegfldche und der

Hal bl ei t er - Sisbgesehiedghan Schicht Inertist r dnmt , wobei di eses Gas beziglich der Sub-
35 4 - Yéhegnch idas pealiglieh den Spistratgherfiéicheyeyidr €91 cabdesghiesiandng Behicht ieite Gas
Subst r at ober fSirémt die Supsiatpheritighe, aachdsm die Sehaltuag daseyf ahgesahiedes wyede, Mt Ainesiver m
Laser er zeugtolamdeses izepgion Sirehiyng fhestralif wird, wobai dig E’HW(—?"SE‘PIHP‘EGUﬁ h&m ungfie

H al bl ei t er- 'E‘?Qif‘%‘ﬁr Usteichgne v slipQberfidchenysrupye 9%3 % '5€Eﬁ chte
di eser Strahl SBhaP ?il"@ teysreigtan, ¥V din Jrolplylare Stpiuy dr Frbprat Qs e 'a“'

er ¥ achenvéPlhr ei ni gungen von der Substrat oberfil che 40

abzul osgn,,

St A AL i A A e
Hal bl el ter - QUDSt rat oberf I ache abgeschl eden Wi rd;

55 12. Verfahren gem3B Anspruch 10, dadurch gekennzeichnet, daB die von einem Laser erzeugte Strahlung
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