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STRI PPI NG OF SI DEWALLS Field of the Invention The present invention rel ates
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forei gn mat em@bBr7igsom substrate surfaces. Mre particul arlscratbemorgvent i on
relates to the use of oblique UV | aser radiation beans for the renoval of
tough photoresist from sem conductor wafers b¥- an inproved dry |aser
st¥ipping process. Background of t he Inventlon In the rranuf acturing of
vari ous product PROCESSAND AREARATLS K gLIQUE BEAMREVOLUTION. ;| on

a surface, which ) oy 4 GelrLkbg ep has
been concl uded. AWW#&@@&‘ ed ng",

where a pattern is created on a surface using a |layer of protective

material illum nated through a nmask, and the surface is then treated with a
devel oper whi cRielduf\the Imventiarl from the unmasked portions of the surface,
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5,114, 834. T\Mbmmfdim:tewml os wummomidicﬁ@n@éhﬁéondtcﬁiewﬂﬁ@@ b¥ an
VLSI/ULSI (Very/Utra Large Scale Integration) circuits industry:
improved dry laser stripping process.

Back ound of the Invention

In the manufacturing of various products it is necessary to apply a layer of
protective material on a surface, which must be removed after a specified
manufacturing step has been concluded. An example of such process is the so-
called "masking", where a pattern is created on a surface using a layer of
protective material illuminated through a mask, and the surface is then
treated with a developer which removes material from the unmasked portions
of the surface, therefore leaving a predetermined pattern. The surface is then
treated by ion implantation or by etching agents, which introduce the
implanted species into the unmasked portions of the surface, or removes
material from unmasked portions. Once these processes are completed, the role
of the protecting mask ends and it must be removed. The process is
conventional and well known in the art, and is described, e.g., in U.S. Patent

~ No. 5,114,834.

Two main photoresist stripping methodé exist in the modern VLSI/ULSI
(Very/Ultra Large Scale Integration) circuits industry:
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Wet stripping which uses acids or organic solvents; 2) Dry stripping, which
uses plasma, Jerr], err]/Nerr]Oor UV./Jerr]- based stripping. Both
nmet hods are problematic and far from being conplete, especially when taking
into consideration the future mniaturization in the VLSI/ULSI industry.
The currentW@ 3| ogy i s capabl e of dealing with devi cesPFRP¥M%at ure

si zes of about 0.5 [err]m but before the egd of the century the
expectation is that the workabl e size of th® devices is expected to be
reduced to 0.25 [err] &?‘% fildolveng@nsi der abl e
changes in the manufac W%& ecgtﬁfiggyégspgériﬁgﬁ?agﬁﬁy in-the stri ppi ng
stage. The prior art phder eSigiing! whikh nges pidemajueg, OzNpObad ANV Wi | |
be unsuitable for f.uture devices, as explained hereinafter. Utilizing only
the wet strilasedgtmppingd i s not a . perfect solution, as it cannot conpletely -
strip photoresist after tough processes that change the chem cal and
physi cal properties of the photoresist in a way that it makes its renoval

very diffic Su e | HDI ),
Fomt (ve | onBeh, MEpdE R BRE A} Y48, taf fFbm el cORpforh SupRbiafly WiHed
post - bake. - Algghg Hato O.onﬁid%rhﬂ&l siide fobhres niinidtheizatipha i ethep MLSWULSDr of
t he etched wal | s are the nost difficult to renove. In addition, the wet

met Eod has s?ansnwhalhlepcmém«hmmyt lseca;xableorf sleah:pg.wghsiﬁvmesdmma?ges
t t t t
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and di sposal ase su ace tension and mass transport

tend to mekerphQkpiksd %izercﬂﬁﬁééé réffifCébnaittérablefdharkés in the manufacturing
technology, particularly in the stripping stage. The prior art photoresist

stripping technigues described above will be unsuitable for future devices, as

explained hereinafter.

Utilizing only the wet stripping method is not a perfect solution, as it cannot
completely strip photoresist after tough processes that change the chemical
and physical properties of the photoresist in a way that it makes its removal
very difficult. Such processes include, e.g., High Dose Implantation (HDI),
Reactive Ion Etching (RIE), deep U.V. curing and high temperatures post-bake.
After HDI or RIE the side walls of the implanted patterns or of the etched

walls are the most difficult to remove.

In addition, the wet method has some other problems: the strength of stripping
solution changes with time, the accumulated contamination in solution can be
a source of particles which adversely affect the performance of the wafer, the
corrosive and toxic content of stripping chemicals imposes high handling and
disposal costs, and liquid phase surface tension and mass transport tend to

make photoresist removal uneven and difficult.
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The dry nethod al so suffers from sone naj or drawbacks, especially from
nmetallic and particul ate contam nation, danage due to plasma: charges,
currents, electric fields and plasnma-induced U.V. radiation, as well as
t enper at ur e- i wowesteslamage, and, especially, inconplete renpgniLisddise Ng
various fabrication stages, as discussed above, the photoresist suffers
from chem cal and physical changes which hard&a it, and this makes the
sttripping processes of the prior art extremely difficult to carry out.
Usually a plurality of sequential steps, involving wet and_dry processes

are needed to noye conpletely t otoresist. .Th as addr.ess this
problemin mnﬁﬁaé?.%%goio%rsgggfsogﬁ?ﬁé e ﬁaJ%Fr ?r?&(éir’r%%r eﬁ%‘fﬂ?’ ﬁo S
avai | abl e, whi GibtHRRS aflilf f)&ftﬁ%atheéﬁ{tﬁhﬁﬁéﬁ&x, BRfakdSARdG8: pld¥nds NeHatgad, ©
sold, e.g. by Htachi, Japan (UA-3150A), dry chem cal ashers are also

avai | abl e, e. gcurrents;usleotricSdiuld= rahd tplasmiydnduwed U.Y. Aradiation;hast wellzas

ni trous oxide and ozone to renove the photoresist by chem cal ashing, .
m crowave pl astempetature-induged dlamagestand, espgeiallys ingompleteumemovd. ABuring

(ULVAC Japan Ltd.). Q plas hot orgsi st repoval i s .enpl oyed gpd i
comercially a\?'ﬁ}"f’ﬁf)léjﬁgn%ﬁb".n, g%sgg?'na? SCASPfeh @ ‘b‘f?artgf’ugh‘(r{g&s{sg&ﬂ” from
Technol ogy, U. ' ﬁ“gé% . .o .
recently, phot ?rlééglicgtl %?grpol@g%cgﬁgs eg?@g&%&% %aggﬁg%yglnﬁkgﬁét?%gpﬁag’élg? uwv
radi ation, in prodexsddiofithe peidy aftoatesthelyatiffitaitctoi dagsy out. Ustallal slkalidy. of
5,114,834. The ablation process is caused by strong absorption of the |aser
pul se energy bypequentizlostepss involvingewpt cuds dry spracesses | arecneededc t¢ emsivet he

phot oresi st |ayer iﬁ%?th% argt;i ent, gas, associated with a blast wave due to
chemi cal bonds ¢orRiatelydbe photaresiplot or esi st and i nstant heating. The partly

The art has addressed this problem in many ways, and commercial photoresist
dry removal apparatus is available, which uses different technologies. For
instance, UV ashers are sold, e.g. by Hitachi, Japan (UA-31504), dry chemical
ashers are also available, e.g., by Fusion Semiconductor Systems, U.S.A.,
which utilize nitrous oxide and ozone to remove the photoresist by chemical
ashing, microwave plasma ashing is also effected, e.g., as in the UNA-200
Asher (ULVAC Japan Ltd.). Also plasma photoresist removal is employed and
is commercially available, e.g., as in the Aspen apparatus (Mattson
Technology, U.S.A.), and in the AURA 200 (GASONICS IPC, U.S.A)).

More recently, photoresist removal has been achieved by ablation, using laser
UV radiation, in an oxidizing environment, as described in U.S. Patent No.
5,114,834. The ablation process is caused by strong absorption of the laser
pulse energy by the photoresist. The process is a localized ejection of the
photoresist layer to the ambient gas, associated with a blast wave due to
chemical bonds breaking in the photoresist and instant heating. The partly
gasified and partly fragmented photoresist is blown upwards away from the



gasified and partly fragnented photoresist is bl own upwards away fromthe
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surface, and instantly heats the anbient gas. Fast conmbustion of the

abl ati on products occurs, due to the blast wave and may al so be due to the
phot ochem cal reaction of the UV | aser radiation and the process gases. The
mai n essenc¥O@¥11Ipe process is | aser ablation with conbus 960184 o

abl at ed photoresist which occurs in a reactive gas flow ng through an

i cradiati on zone. The conbination of |aser Wadiation and fast conbustion
provi des ins n I ' f ' s of
Phe. phot or o<t s Fd nsfitEly Ahed thl S kA abl ERRBGE bt Y Sbion
removed by v Webhi), d@d 1aY tHESHRYE WAV diPVhag als60bw! @hel o chean
surface. Wiile US 5, 114, 834 provi des an i nportant novel process, it still
does not prophetecherhicgh redntiongdftie, UVhlaskr radiatidnsind thd provesss gasesnThe
viz., an industrially acceptable nunber of wafers that can b trippeq
during a gi vEvainjesgencerf thesprocess,is Jasergablabion grith combugtion 'tﬁe&b@%‘*ghe

oD b nmoer. of ' I for. el
compl ot 0 st ¢ PlipRkertsh T RS ind polt ek Bl STnd HOREN 8 irPldiktith dne.
Wil e referepqg Mﬁﬂ%ﬁ@ﬁgséﬁaﬂw&wand Bist cﬁﬂﬁﬁ%tiiéﬁﬁidﬁdbéiﬁsédiﬁaﬂéﬂlﬁt i on

of photoresi st fromsem conductor wafers, this w be done for the sake of
sinplicity, &ieerdegofitie ablatiopthreshbkl of e parteoofthenthotomeisy (side madlshed
problem It should be understood, however that the invention described
herei naft er Thetgpmhwshedh ablationi preduets ar thep remgved byvagRBRLsREtioD; OF b¥m
wafers, but it appli.es,, nutatis tandi,s. 1o ny ot her applications, such
as strippi nggﬁﬁag’g?@&ﬁil?‘@nﬁgaﬁﬂ&ﬁ?@&@%??ﬂ% at Panel Displays (FPD) or
removal of

While US 5,114,834 provides an important novel process, it still does not
provide a high throughput, which is industrially convenient, viz., an
industrially acceptable number of wafers that can be stripped during a given
time. The laser stripping throughput is determined by the stripping rate or by
the number of laser pulses needed for providing complete stripping of a unit

area of the photoresist per unit of time.

While reference will be made throughout this specification to the ablation of
photoresist from semiconductor wafers, this will be done for the sake of
simplicity, and because it represents a well known and widely approached
problem. It should be understood, however, that the invention described
hereinafter is by no means limited to the stripping of photoresist from wafers,
but it applies, mutatis mutandis, to many other applications, such as stripping
and cleaning of photoresist from Flat Panel Displays (FPD) or removal of
residues from different objects, such as lenses, semiconductor wafers, or photo-

masks.



residues fromdifferent objects; bUL,n as—tenses, sem conductor wafers, or
phot o- nmasks. 3510/ WO 95 - 914, _70 |scI oses | aser shaping

apparatus for renoving a succ T yers of material froma

wor kpi ece, the layers haV|ng a I ' Itloned and oriented side walls,
to provide awepmee approxi Aligpeldllf i ed, cont our eckCTALY6/00140

t hr ee- di nensi onal shape. The apparat us. conprises neans for generating a

| aser beam and neans for scanning the beam repeatedly across the workpiece
surface, wherein the beam nmakes augredet erm ned angl e wth respect tq an

axi s perpendi di &he terocess phgmicralithograp YU§ g tongl Q%SW"E‘B'ﬁ%ePH@SCWtFP t he

h f bl k. d
Shot ances, s P Rt et bHtfinebist o o V' R Bl FAne ddewalla of |
substrate. In VﬂSIme?ﬁt&fns”Hvabf h@@ 2ithNas sHEat THIEE TS p'iéﬁklétdiﬁﬁble

subj ected to stripping together with photoresist, are the filns formng on
the sidewalls xﬁéaﬁﬂ.ﬂr/e%&wﬂytahdrmmplmhemovetduehétouglheﬁlewallfﬁimsfml adryto
provi.de suitable nmeans for effectively and conpletely renmove such tough
sidewal | fil nepnopess. dry process. Summary of the Invention The process for
the renoval of photoresist froma wafer surface (including sidewalls to be
stripped) according to the invention, conprises providing a | aser beam

obl i que i nci de@ﬁ‘ﬁ%@% gfi;ﬁégllvénﬁ%gel atively normal to the plane of the
substrate bei ng | al ly(during the scanning of a |aser
bﬁﬁlm f oot pri ntTle pRookss €6y the tbin®lute Gridhscdehratedoremioval iofipHotorebiat from a
ef fecting an

wafer surface (including sidewalls to be stripped) according to the invention,
comprises providing a laser beam oblique incidence angle oo > 0 relatively
normal to the plane of the substrate being treated, and periodically(during the
scanning of a laser beam footprint on a wafer), switching the laser beam

azimuth, that is, effecting an obligue beam revolution.

Brief Description of the Drawings
In the drawings:

- Fig. 1 schematically illustrates the limitation on a beam incidence
angle a;

- Fig. 2 (a and b) summarizes experimental results for the stripping
degree of sidewalls films on Al as a function of the incidence angle a and the
number of pulses; a) is a two-dimensional representation of the results, and b)
is a corresponding three-dimensional representation;

- Fig. 3 schematically illustrates the discrete optical switching of the

laser beam azimuth ¢, according to one embodiment of the invention;

- Fig. 4 schematically illustrates the discrete optical switching of the

laser beam azimuth ¢ according to another embodiment of the invention;

- Fig. 5 schematically shows the continuous switching of the laser beam

azimuth ¢ according to still another embodiment of the invention;



obl i que beamrevol ution, to provide the conplete and accel erated stri pping

of foreign materi al s. 3510/WO 95 - 5 bis - Brief Description of the
Drawings In the drawings: - Fig. 1 schematically illustrates the limtation
on a beamincidence angle a; - Fig. 2 (a and b) sumrari zes experi nental

results for the stripping degree of sidewalls filns on Al _as a function of
t he inci den?@%%AYFE [err] and the nunber of pul ses; a) isPSTHE¥W*ensi onal
representation of the results, and b) is a_gorrespondi ng t hree-di nensi onal

representation; - Fig. 3 schematically illuStrates the discrete optical
switching of the |pgelr QAR 8pdRithBntat tebults WHith MHubtPaft) the FoIR U RBér OFf
the invention; - Fig. 4 schematically illustrates the discrete optical

swi t chi ng ofbdae akiamethaberisntatiomfbitiessondpletectrigping dfsidewdIhdfilnenbodi nent
of the invention; -- Fig. 5 schematically shows the continuous sw tching of
the | aser beamazimuth [err] according to still another enbodi ment of the
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PCT/ | L96/ 001126ta14e SEELRIE0N QA G0C ARYE i@ al results which illustrate the
rol e of 'asm@%%ﬁ% 48/t d?o{heORhgMR! &l i cdulbe,  HepenAEPhS! theStopopPiply of
sidewal I's filns.
VLSI/ULSI circuits on a wafer, as is schematically illustrated in Fig. 1. Since,
as will be more fully showed below, the stripping rate of sidewall films
increases with increasing beam incidence angle o (Fig. 2), according to a
preferred embodiment of the invention, in which it is desired to maximize the

stripping rate, the said angle a is selected according to the following rule:

0. = Omax = arcetg (AR)max

wherein (AR)mex is the maximum aspect ratio for a given type of wafer. The
aspect ratio is defined as the ratio h/w of the height of a metal protrusion to
the distance between two adjacent protrusions, as more fully explained below

with reference to Fig. 1.

Laser stripping of sidewalls using the angle omax as the incidence angle
shortens processing time, compared to the result obtained when operating with
a laser beam normal to the wafer surface. This result as the direct consequence

of the phenomenon illustrated in Fig. 2, can exceed two times.

As will be appreciated by the skilled pérson, it is desirable to provide for the
purpose of the invention apparatus having an optics line of laser stripper
which is capable of providing a wide range of values of the angle «, to permit to
carry out both bulk and sidewall stripping and cleaning operations, which

require different incidence angles, using the same apparatus.



Det ai | ed Description of the Invention The magnitude of the angle a, of
course, depends on the topography of VLSI/ULSI circuits on a wafer, as is
schematically illustrated in Fig. 1. Since, as will be nore fully showed
bel ow, the stripping rate of sidewall filnms increases with increasing beam
i nci dence angeeor7iddi g. 2), according to a preferred enbodircviLecdoidohe

I nvention, in which it is desired to maxim ze the stri ppi ng rate, the said
angle a is sel ected accordi ng to the follow ng-rule: a = amax = arcctg

(AR)[err] wher l§AF2) errl t he maxj HBaYz’Pplgfni?ratl for a given x‘{é’ge of

waf er. The as ejla %!éﬁaﬁbamagl Repfediipa
][mt al prO”PS' ta'éea?x}]ﬁﬁ&;b% Def 55 EX&; %@'J{Cﬁﬂiteﬂrﬂﬁﬁxﬂéi O&Splﬁ‘&eﬂPre
ul l'y expl ai ne oW w reterence to aser strippl

si dewal | s usi raﬁléﬂwnaﬁw Ifsr ER¥eWallgs tB@%vdxféﬁhﬂE'iﬁﬁy ib@ghi@cﬁb&f a§@§héiﬁ9ﬁ@aﬂw ng
time, conpared to the result obt ai ned when operating with a | aser beam

normal to the ilabtratelind Higs. 3‘I§n¢t4r af the cmsoutaechnge@nunus@jnemm oburidhe

phenonenon illustrated in Fig. 2, can exceg‘g t\/\ﬁ times.
appr eci at ed byvaile ek wheze apars%fn number ofjgidewa Pemﬁpta'mﬁ a% mmlveqlpethe

purpose of the_i.nyenti.on i Ias er
which is capabﬁwelg%’fmﬁf%w%eﬁ% aﬂféf?‘%ﬂgé 0%“&%% nb&?x{eﬁea a lg‘p
permt to carrgho@ufindPighsbul k and sidewal | stripping and cleani ng
operations, which require different incidence angles, using the sane

appar at us. WO 97/17163

PCT/ 1 L96/ 00140 -7- Switching the | aser beam azinuth may be inplenented in a
di scret e mannefhe gwitghing gpexagioni mayuke yrealized pithey, optigally, by changingther

of different azimuth of the laser beam, as schematically illustrated in Fig. 3, or

mechanically, as illustrated in Fig. 4, by a wafer revolution.

The abovementioned effects concerning sidewall film stripping are illustrated
in Fig. 6, showing actual stripping results experimental data,. The
photographs shown in Fig. 6 show the remaining sidewall film after successive
applications of laser beam irradiation with one azimuth only. One can clearly
see that the remaining sidewalls are parallel to the incidence beam. In order to

remove completely these side walls one should switch the beam azimuth by
Ap=90°.

Detailed Description of the Drawin
The incidence angles discussed herein are defined with reference to Figs. 1 and
2. Fig. 1 schematically shows a cross-section of a wafer portion, generally
indicated by numeral 1, containing a topographical element with a maximum
aspect ratio (defined below). Protrusions 2 and 2’ of metals on the substrate are
covered by sidewall films 3, having arisen as a result of metal etching during a
microlithography process. The angle o is defined as the angle between the
laser beam and the normal to the treated surface. The three possible directions



orientations for sidewalls, the switching may be discrete, as schematically
illustrated in Figs. 3 and 4. If the contours change continuously, as in
round wal |l s, or where a great nunmber of sidewalls orientations is i nvol ved,
the switching is preferably carried out in a continuous nanner,

schematically shown in Fig. 5. The switching operation na zed

el ther opt i\‘,’éls‘?’y’“%y changing the azinuth of the |aser beéﬂb'ﬁggi%}d
schematically illustrated in Fig. 3, or mec?anl cally, as illustrated in
Fig. 4, by a wafer revolution. The abovenmentioned effects concerning

si deval | filgmgh rlhﬁﬂ‘} t%ﬂn@ﬁf'e dchbHaiticaNg $ndifatel Gbobe 11 @popsaphidal @leriért, PPi Ng
resul ts experiment he phot ographs shown in Fig. show t he

remai ni ng sibebtild =foidagh bt (P s @adsiAe ﬁpplm’) eﬁﬂl@nycrdﬁm;@mle 95 femax,

irradiation with one azimuth only. One can ea e that the re ni ng
sidewal | s aras waclaaﬂlélsee@ in J9gi hcﬁ@eﬁ@%wﬂézﬁi{n ##“X‘Wdi‘r““%‘&a?wéh%g%ﬁf etely -
t hese side l1s o uId l;e the filkde d
Descri pti onV\@ %Df‘g\xﬁ gl%ence&'aﬁg gﬁ?ﬁ%%%g)g tker el n&g i€
defi ned vvithﬂ{e greage to F| gs. 1 and 2. Fig. 1 schematically shows a
cross-section of a wafer portion, generally indicated by nuneral 1,
contai ning a topographical elenment with a maxi me aspect ratio (defined

below). Protrusions 2 and 2'_of netals on_the, syubstrate are covered bx
si dewal | fi|As c3n hesgendromBgnlathevalue ¢f th Qﬂn nee apgla, %glaeﬁw
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directions 97 G
PCT/ | L96/ 001 BBO\QO (1 %Zx& §J is the distance between two adjacent protrusions.

As stated, Fig. 2 (a and b) summarizes experimental results for the stripping
degree of sidewalls films on Al (hereinafter the response) as a function of the
incidence angle o and the number of pulses; a) is a two-dimensional
representation of the results, and b) is a corresponding three-dimensional
representation. In both figures 2a and 2b, the X-axis and the Y-axis are the
angle axis and the number of pulses axis, respectively, and the additional Z-
axis in the three-dimensional representation is the response, said response
having values between 0 to 3, with 3 indicating complete removal and 0 no
removal at all. Since, as is seen from the experimental data shown in Fig. 2,
the lasér stripping rate of sidewall film increases when the incidence angle a
increases, the optical line of the laser stripper should provide an oblique beam
incidence at the angle:

o < Omax = arcetg (W/wW)max.

As will be appreciated by the skilled person, additional stripping is required for
the removal of the right sidewall film. For this purpose, one needs to alternate
the azimuth of laser beam represented in Fig. 1 by an angle ¢=180°.



of the | aser beam are schematically indicated above the topographical

elenment, by L[err] ([err] = [err]), L[err] ([err] > [err]) and L[err]
([err] < [err]). At the incidence angle [err] < [err], as is clearly seen
in Fig. 1, the sidewall filmis fully illum nated by the | aser beam and, at

the incidencewgnghfgs[err] > [err], the upper part of the fiptim®dsbdiss S
illumnated. As can be seen fromFig. 1, the value of the incidence angle

[err] is associated with a maxi num val ue of aspect ratio AR=h/w, where "h"
isthe height of nmetal protrusion and "wW' is the distance between two

adj acent pr ot r dgnk and4 Hlusteate twppossibleswale of pchigving thecswitehingofdasan

rasponse) s a P RN SPRR 3k, shetll of i ponghE' BB ®

a) i's a two-di onak: T lLO 1 aeM dnt i _
correspondi ng tEreggglaﬁrrtgnog%ﬁgﬁ%g%?’egaeﬁ% flhgr??) I'n aootﬁa?%g&&%aggﬁ%a}sand 2b,
the X-axis and the Y-axis are the angle axis and the nunber of pul ses axis,
respectively, and the additional Z- axis in the three-di nensional )
represent at i on Hig. Bhidlustrapesthe psinciple of pptical rwitching, farulasen beameazimuth 3,
with 3 indicating. conplete remgval ,and. Q0 no renoval at all.. Since, as i
seen fromthe éﬁ‘%@%ﬁ fine:tmter o & %Pr%%%@m?r-?‘n‘@afe&s ’rSIQ‘EBrtPgﬁpr‘PgaP‘éP'j‘e
of sidewall filgng . el 0ci ' Syt ot

optical line of5r’ntdnnghc1[i gsg:grgﬁls rlﬁ%oéer% ’ go(% |“§ﬁ§? gegggéegnﬁ%db#ﬁrﬁgﬁeg}% P%gelrdse’nce
at the angle: [nidveb refatifelf td thd waidS i Ja soAbnitig moPEmeRn "R SdadRiny hbhe 6
skill ed person, additional stripping is required for the renoval of the

ri ght sidewal | cbmipmses;oin tthe sparicutare embodimexdd schematiicadiyn diwstrated aini whish

of | aser beamrepresented, in Fig. .1 by an ﬁ%‘ngl e.[err =1§l0" WO 97/17163
PCT/ | L96/ 00140 figure, a rotating mirror 7, and two fixed mirrors 8 and 8. Rotating mirror 7

Ji

moves from a first position, S-S', to a second position T-T’, with a frequency f. A
laser beam L hits the surface of rotating mirror 7 and, when the latter is in the
T-T" position, is transferred to inclined fixed mirror 8, reaching the wafer
surface from it with a first azimuth, while when the rotating mirror 7 is in the
S-S’ position, the beam reaches inclined fixed mirror 8, thus hitting the wafer
surface with an azimuth changed by 180°. According to the scheme shown in
Fig. 3, the scanning of the wafer pfoceeds at a speed v, and the laser beam L

hits the surface of the wafer with a pulse repetition rate f (pps) at a point P,

the angle of incidence of the beam being « in the incidence plane OMP. In the
time interval At = 1/f, the beam azimuth alternates by the angle Ap=180°, by
means of an appropriate revolution of mirror as explained above. This
procedure and apparatus are most conveniently used when fast switching is
required, although they can be exploited also for relatively slow changes, by
suitable adjustments which are apparent to the skilled person. The same
optical scheme can be used, e.g., if slow switching is required, when the
azimuth change takes place only after the scanning of all the wafer has been
completed, that is, on the edges of the wafer only. Then the switching of the



-9- Figs. 3 and 4 illustrate tw possi ble ways of achieving the sw tching
of |aser beam azinuth by an angle [err]=180[err], according to two possible
alternative enbodi nents of the invention, nanmely, by optical and nechani cal
nmeans. Fig. 3 illustrates the principle of optical switching for |aser beam
‘azimuth during the scanning of its footprint on a wafer. A wafer 4 is

| ocat ed on \&ngd@ 5, and a scanning head 6, from which tREVHAEMM4}qm
reaches the wafer 5, noves relatively to t wafer, in a scanning novenent.
The scanni ng head 6 conprises, in the particul ar enbodi nent schenmatically

i 11 ustrated gmbh Sp fchf Usé peffofRbdtinNany'itihe linferval AtDK, fvkad Di i 66 8
and 8. Rotating mrror 7 noves froma first position, S*S, to a second
posi ti on T- Hiametérofahé wedercmsd vis the scanningnadooity. hit s t he surface of
rotating mrror 7 and, when the latter is in the T-T' position, is
transferred to inclined fixed mrror 8, reaching the wafer surface fromit
with a first_azinmuth, while when.the rotati,n lrror 7.1S8.int -.S

posi tion, tHEeBpdathustratescthe; Htyatipnyn whick glow, c'%?ge, S‘P’Hﬁ@nﬁi ’tstqr}ﬁ’ waf er
surface wt @éhafiﬁéiﬂ%ﬂaﬁﬁ&%?fboby wWitith @ahlbe A6KHEVEH Dkoligh!d) SeviiBEE of NOWN
in Fig. 3, thé scanning of the wafer proceeds at a speed v, and the |aser
beam L hits ghaewsferebe €f ahple MEflB0° eivéty timputhedaserisdant fanpriat eedchepps)
at a point P, the angle of incidence of the beambeing [err] in the

i nci dence pltheewsleP edige Alsmall squaratedement, With forners identified byedB-§-P st h

| t t by th I =180 , b f, | at
eval ut| on cHhoN RrRAGREAPIE FEA: 2808 ke Eah.oRLULRE SR AATPRAERLLY or o
: s # Rea: A80Y8 e oo
o oxpl 01 £ oo T80 Rl X, 47 bnd g0 "B Snb ok Sfoqr Ui UGE phaRYL o0

whi ch are apﬁ?dﬁmn&ﬁnélf}ﬁaﬁ&mo%ew@ﬂris aldo@he@@e optical schene can be
used, e.g., IT slowswtching is required, when the azinuth change takes

pl ace only after the scanning of all the wafer has been conpleted, that is,
on the edgesFif 5 fifustifies tigntontidians deletiventevohitiup of thehazimuthal plane of

the laser beam L and the wafer 10. Here, a wafer revolution is shown with the

angular velocity

© = 36Q°
®R

where n is the number of passages of wafer by laser beam footprint needed for

a complete stripping of all the sidewalls films A, B, C, etc., schematically

shown in Fig. 5 to represent walls to be continuously stripped.

Fig. 6 depicts the experimental results for the sidewalls films stripping with a
laser beam incidence plane perpendicular to one of the two orientations of
sidewalls on the wafer. These pictures were taken on the Optical (figures 6a
and 6¢) and Scanning Electron Microscopes (figures 6b, 6d and 6e) for 50 and
100 pulses. Figures 6a and 6b refer to the 50 pulses, while Figures 6c, 6d and
6e refer to 100 pulses. Numerals 1 and 2 indicate the laser beam direction.

They show the insufficiency of one laser beam azimuthal orientation for
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azinmuth [err] can be perfornmed in any tine interval [err]t=D/v, where Dis
the dianmeter of the wafer and v is the scanning velocity. Fig. 4
illustrates the situation in which slow discrete switching is effected by
mechani cal newad74hes r] =180[err]), which can be achi eved t hporfldeoiso
revolution of the wafer 9 by an angle [err]=180 every tine the | aser beam
footprint reaches the wafer edge. A snall squadle elenent, with corners
identified by A-B-C-D is shown at the incidence point of the |aser beam_ to
i | lustrate thecomplete ghripgingevhen: therepara\twp diffprent regiomenlay oventatigas Hig| e
a between the |l aser ., ,beamL and the normal plane N to the wafer, is also
shown. Fig. 5 Pﬁz ?luﬁz?f‘e?swfiﬁés $nuous rel ative revol ution of the

azi nmut hal plane of the | aser beamL and the wafer 10. Here, a wafer
revolution is shown with the angular velocity [err] where n is the nunber
of passages of Albflerabove landethérecharhctetipticaand advastages ofthedapéstion will be
stripping of all the sidewalls films A B, C_etc., schematically shown in
Fig. 5 to reprbstar wadérstood (hrayght itheofdloying r illysteativej @nds nesdimitativhe
experinmental results for the sidewalls filnms stripping wwth a | aser beam

i nci dence pl an@’%‘é‘?f?@ndi cular to one of the two orientations of sidewalls
on the wafer. These pictures were taken on the Optical (figures 6a and 6c)
and Scanni ng El ectron M croscopes (figures 6b, 6d and 6e) for 50 and 100
pul ses. Figures 6a and 6b refer to the ERamgleas, while Figures 6¢, 6d and
6e refer to 100 pulses. Nunerals 1 and 2 indicate the | aser beam direction.
They show t he An€luwafer eftey metabdepdsitien wasatoveredhwithaa layércof Novolakftype

positive photoresist, 1.2 um thick, patterned by the conventional procedure
described above, and then was subjected to RIE. During the RIE process, the
metallic sidewalls, as well as the photoresist, were covered with a

metaloorganic polymeric film forming on the so-called sidewalls.

Following the RIE, the wafer was treated in a process chamber consisting of a
base and a cover, which are connected by air-tight connections so that the
inner part of the process chamber defined by the said base and cover can be
kept under pressure or vacuum. The base is provided with NxOy gas inlet, and
02/03 inlet, and gas outlet for exhausting gases which have passed through the
irradiated zone. The base is further provided with a chuck, on which the
element to be stripped, e.g., a wafer, is supported. Through the center of chuck
vacuum is applied, to hold the wafer in place during the process. A fused silica
window is provided above the element to be stripped, e.g., a silicon wafer. This
window permits the passage of the laser beam which originates from a source
positioned above the chamber. A silica cover frame keeps the silica windows in

place, and assists in keeping the chamber pressurized or under vacuum.
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conplete stripping when there are two different rectangul ar orientations of
sidewal s on a wafer surface. Al the above and other characteristics and
advant ages of the invention will be better understood through the foll ow ng
I l.lustrative and non-limtative exanples. Exanple 1 A 6" wafer after netal
deposi ti onWRPI1W6¥ered with a | ayer of Novol ak type posi FFCVALISHBMBr esi st ,
1.2 [err]mthick, patterned by the conventignal procedure described above,
and then was subjected to RIE. During the 'I#E process, the netallic

si deval I, ahheh] ot e iPGLGARR S WRSGRE NC " bniddind FLAL SRIGAN ©

polynmeric fil'mformng on the so-called side t he
waf er was t pgliestiéid No.P1 TBUBES of HhebaimeC applicint) ¢he fdeaciiption aifdwhichower
whi ch are connected by air-tight connections so that the inner part of the
process chanberpoeited berdin bylrefereniad. base and cover can be kept under
pressure or vacuum The base is provided with Nferr]OJerr] gas inlet, and
Jerr]/derr] inlet, and gas outlet for exhausting gases whi ch have passed

uni o the o opoet el S feebfiGe o8 L. PARe e 8 SEESHS il SRS (

center of ChidGke\¥BsMVE dab. AU pradeurk Gn RRE BhdiBeMRhE ndiftathéd 8t 900 infkar! he
process. A fused silica wndow is provided above the el enent to be

stripped, e.lgser @adiationowasvatmpioyedhinswhichdthe ineident singhe waaseaipd bf thde
| aser beam whi ch ori gi nat es froma source positioned abgve_ the chanber. A
silica coverrangeof 52 e b tinarespect ¢a the nesmel waley nlase. Jhbe Jaser amplpyed

keeping the v%]saqzb ran%(fels rylsﬁ:eq..lgf éi%dﬁ&c"%%&%@r laser. The results of the

experiments subjected to statistical software are shown when 2a of Fig. 2 is in

2D form and 2b is in 3D form. The plots show the decrease of the number of
pulses needed for stripping as a function of increasing the incidence angle of

iltumination.

As explained above, the values between O to 3 are the response, and indicate
the degree of sidewall film removal, with 3 indicating complete removal and 0
no removal at all. (S.W. Al indicates sidewalls on aluminum). The
improvement while illuminating with 45° in respect to 5° can be seen when
referring to response 2.750. One can see that at 5°, 50 pulses are needed.
However, when illuminating with 45°, only 20 pulses are needed for the same
quality of removal. This shows that the throughput for stripping is more than

doubled when increasing the incidence angle.

When referring to response 3.000 which, as said, means complete removal, one
can see that the most dramatic improvement is observed in the range of 10-30°.
The complete removal was verified by several analytical techniques, such as

Auger Electron Spectroscopy (AES), Scanning Electron Microscopy (SEM),
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Such a chanber is described and clainmed in a copending Israeli patent
application No. 115934 of the sane applicant, the description of which is

i ncorporated herein by reference. The process was operated according to

U S. Patent Navo &yiriss, 835, using ozone as the reactive gas. PATaLggees®ure in
t he chanber was mai ntai ned at 400 nbar. Laser radiation was enployed in

whi ch the incident angle was varied in the rarlde of 5 to 45 in respect to

t he normal waf ane.. The | aser enpl oyed was da ,Physi k LPX 315.1 MC
exci ner | aser. {rg?gf’?t%‘”bf %tsﬁ%v eig‘é‘?ﬁ%?fééﬁf’% gg’é#gg?éﬁfdt .@Pﬁfi s{ﬁsegftmn
software are swt 172@4 Fig. 2isin 2D formand 2b is in 3D form
The pl ots show the lgggdr} ase(géf t he nunber of pul ses needed for stripping as
a function of increasing the incidence angle of illum nation. As explained
above, the values between 0 to 3 are the response, and indicate the degree

of sidewall filmrenoval, with 3 indi catBxample®| ete renoval and 0 no
removal at all

(S W_A indi,cates sidewal | s on alum . The i nptov nt
while illum natén‘g' Vafen %B‘f'@ﬂr‘}"‘ﬁrﬁ i@@ﬁ%p%@f@#@%@ S’é‘&ﬁ%ﬁé@%
referring to re 0 .

However, when |(ﬁ%§ %ﬁlﬁéﬁ%g \lmzﬁiu& ﬁg?g'r ﬁ%ﬁﬁﬂ%w%naﬂsgg?gﬁ’éﬁﬁe%ggé%e
same quality ofefpgPvRiso KbiSwabermttd @l al Pocsdi CHeGRbUH with lasdy +ARAAGN, &5
nore than doubl ed en increasing the incidence angle. Wien referring to
response 3. 000 déscribed &s Exannple tedlhe effeqs| oftthe mgimuth of Drvédenea plae oflaket he

nost dramatic i nprovenent i s obseryed in the range of 10-30. The conplete
removal was verbeameds jearly spen inEigy 6; tehere aphisilyand SEN: migrographs, of the

El ect ron Spect I gRe0RY o AESuwsSCBRL "GuF:R5Hy O Bed L8 A TYnbiSF Wehing of the

sidewalls perpendicular to the beam incidence plane compared to the sidewalls
paralle]l to the laser beam. In order to complete the stripping process in
reduced time, the azimuth of the laser beam plane should be changed by 90°

(in the wafer’s plane).

As can be seen by comparing the side walls of Figs. 6a and 6b, with those of
Figs. 6¢ and 6d, respectively, without switching the beam azimuth, even when
using a double number of pulses, the side walls are not entirely removed (Fig.
6d). On the other hand, 100 pulses were sufficient to remove all side walls in
the direction of stripping perpendicular to the incidence beam (Fig. 6d).
Therefore, in order to remove all remaining side walls of Fig. 6d, it is necessary
to switch the azimuth of the beam, according to the present invention. If the
azimuth is not changed, experiments show that the number of pulses needed
for complete sidewall removal is considerably more than when the azimuth is

changed.

Fig. 6e shows in greater detail one of the remaining side walls shown in Fig.
6d.
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Total Reflection X-Ray Fluorescence (TXRF) and Atom c Absorption
Spectroscopy (AAS). Exanple 2 A 6" wafer covered with a |ayer of patterned
Novol ak type photoresist (high dose inplanted, 1.2 [err]mthick; the

i npl antation dose was 5x10[err] atons/cnferr] and energy of 80 Kev) was
treated in WONWB®EEs chanber with laser radiation, as des®CTAE0PI40 Exanpl e
1. The effect of the azinmuth of incidence p%fne of |aser beamis clearly
seen in Fig. 6, where optical and SEM nmi cr 0gFaphs of the pattern are shown.
One can clearly see the preferential etching of the sidewalls perpendicular
to the beamincidence plane conpared to the sidewalls parallel to the | aser
beam |n ordal the sksR Géwripbionsdrid RRAMYlde’ RARS bedn) ghefUfRdthel PRypokd &Ff
azimuth of the | aser beam plane shoul d be changed by 90 (in the wafer's

pl ane). As cHlusbrationeandyare aop antemged ite lmiddheanventasin i guanyowapsmdMéhy with
those of Figs. .6¢ and 6d, .respectively, w thout sw tching the beam azj nuth,
even when usﬁ?&‘igFaHBBBF%n he gaEHe “tp‘BI%‘Eé’?r‘PHé nﬁaﬁétf%a‘}haé‘gw%ﬂ}?o‘immr ely

renoved (Fig h h [.€ 1S Lclent. [ enove
all side wal ?fs&%l%q;b%‘?ﬁégﬁég%mog@?sr f}%gub% l"g‘gé%e\gﬁ&?’ ((:l y#g%rﬁ%é_ﬁggfﬁ& dence
beam (Fi g. 6gechddialchpiratiud cRh Y vsbd,” SINOW¥RheHT ek&@BinY THe Sese WRIthe Of
Fig. 6d, it is necessary to switch the azinuth of the beam according to

t he present inveatibhon. If the azimuth is not changed, experinments show that
t he nunber of pul ses needed for conplete sidewall renoval is considerably
nore than when the azinmuth is changed.



Fig. 6e shows in greater detail"one of the rTemaining side walls shown in
Fig. 6d. WD 97/ 17163 QR e R o
PCT/ | L96/ 00140 -14- All the abg{’/’ss}‘“ﬁilg‘mi‘ %hd exanpl es have been gi ven

for the purpose of illustration, ntended to limt the

i nvention i nw@emrrgys. Many nodiskEomEsIldEm: be carri ed qufraLsedols

vari ous neans for changing the azinuth ofithé | aser beam different angles
can be enployed, and different optical and mA&hani cal apparatus can be
used, all wi thout exceeding the scope of the invention. 3510/ WO 95 - 15
- NEWCLAIM5 1. A process for carrying out renoval of coatjng substance (3)
fromthe sidem the surface of a substrate (1) by U V. laser
treatment, ch fzed in that it conprises providing a | aser beam (L)

i nci dent on t §§§rgee°sa "f(}%rﬁ%lg%ﬁt ia_’lﬁx*b@%ﬂﬁﬁl hnfhléte’ fldPh de¥eratddirimoRal Ml

to the plane of surface, e said angle [err]>0 and periodically

swi tching or osfadutihg kubStanes froni tiee sidewnlld oDh sheface tebe deripped) comprisiiy ch
provi.des a substanti al | corrgl ete and accelerated stripping of foreign
materials. 2. propidiee s lagerobesm gncideneaiom the \whEfage mtt ap ingideney %ance

compr i ses. POt gLEs) St Gho SUSIEME RE Mo Bilnb 9L A2E! End G451 ARGELSD) &
periodically switching or gradually changing the azimuth of beam incidence

plane.

2. A process according to claim 1, wherein the coating substance comprises

photoresist or elementoorganic and inorganic foreign materials.

3. A process according to claim 1, wherein the magnitude of the angle o is
a<o max= arcctg (AR)max, where AR is the aspect ratio of the topographical

elements the sidewalls of which are being stripped.

4. A process according to any one of claims 1 to 3, wherein the beam azimuth

is switched in a discrete manner.

5. A process according to any one of claims 1 to 3, wherein the beam azimuth is

switched in a continuous manner.

6. A process according to any one of claims 1 to 4, wherein the frequency of

beam azimuth switching equals the pulse repetition rate f.

7. A process according to any one of claims 1, 3 or 5, wherein the switching is

360°
W=

carried out by oblique beam revolution with angular velocity (D I v)n .

I



3. A process according to claiml, wherein the substrate has protrusions
(2, 2') and the nagnitude of the angle a is [err]= arcctg (AR[err], where
(AR)[err] is the maximumratio ofrh‘gmethmg&hkexﬂaced substrate protrusion to

t he di stance between two adj acent . . A process according to
any one of clains 1 to 3, wherein. thls switched in a

di screte m¥h¥f768 A process acco o any one of cl AGHALK03
wherein the beamazinuth is svmtched i'n a q@ntinuous manner. 6. A process

according to any one of clains 1 to 4, wher€in the frequency of beam
azimuth switching equals the pul se repetition rate of the | aser beam
3510/WO' 95 7. A process according to any one of clains erein

Q
t he svii tchi rfyy iAppaxatuseforothe mmmluqﬁreaﬁearﬁqbémcetm Wet ﬁdawglls\g}
velocity 360[err] [-err] ,wherein Dis the dianeter of the substrate (9), v
is the scanrsurfacesb beistsippedi compsisitgpraviding adhsersotuercty ganerate & beamy at e
by the | aser beam footprint needed for a conplete renoval of foreign
subst ances fimeans#fdr dalnging thevisdans te impingembsaid suefacs at Appangle usrdlative
carrying out a substantially conplete and accel erated renoval of coating

substance frgmy."fank 4f\iRé |s§rﬁf:e bbmgStibaRaActi saAidsdtplé B0 ahd) mbany. for

| aser treatnent, corrprl sing a | aser source to generate a beam (L), neans

(6, 8, 8) for. .beam to S a
relative to R4F¥ ‘f e%B‘f1 & %rurﬁrgé{{mfﬁcgms atg’ﬁl ggl%%&%] 808 ?L%ehgns
(7) for periodically switching or gradually chang| ng the azi rruth of the
beam i nci dent®&® F‘ﬁ‘hé lane.

9. Apparatus according to claim 8, wherein the means for causing the beam to

impinge on said surface comprise one or more optical components.

10. Apparatus according to claim 8 or 9, wherein the means for causing the
azimuth of the beam incidence plane to change comprise a rotating otical

component.

11. Apparatus according to claim 9 or 10, wherein the optical components

include mirrors.

12. Apparatus according to claim 8, 9 or 11, wherein the means for causing the
azimuth of the beam incidence plane to change comprise means for rotating the

surface being treated.

* € L M § %



9. Apparatus according to-clalm8,—wherein the nmeans for causing the beam
to inpinge on the substrate surface (4) conprise one or nore optical

conponents (8, 8'). 3510 ee bc%itls according to claim8 or 9,

wherein the nmeans for causin f t he beam i nci dence plane to

change conpr ivs@orm7iet ati ng o t (7). 11. Apparrtmssseesar di ng
12.

to claim9 or 10, wherein the optlcal conponents include mrrors (7).
Apparatus according to claim8, 9 or 11, whe+i§in the nmeans for causing the

azi muth of t helddaprocess foeomeyingant o ubstanidlyomyleeanignslckaedremovang
the substrate surface. -

of coating substance from the sidewalls of a surface to be stripped,

substantially as described and with particular reference to the examples.

14. Apparatus for the removal of coating substance from the sidewalls of a
surface to be stripped, substantially as described and with particular reference

to the examples.
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