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ci
semiconductors. In lithography a masking layer, called a resist, is deposited on a

substrate and exposed by projecting an image onto its surface. The exposure
changes properties of the resist. For optically sensitive resists (photoresists) a
chemical reaction occurs in portions of the resist which are exposed to light.

Typically, after development, the exposed areas are removed. Unexposed
areas remain creating a raised pattern of resist on the surface (a reverse or negative
resist process is also possible). This raised pattern protects parts of underlying
layers so that when exposed to an etching environment (for example acids, etching
gases or plasmas or ion beams) the protected parts of the underlying areas are
protected from etching, while those parts of the underlying layers which are not
covered by resist are preferentially removed. The resist layer is then stripped or
removed leaving a transferred raised pattern from the mask in the layer on the
substrate. The patterned layer may be used directly as defined or in turn may be
used to pattern a layer below it on the substrate, either for additional etching
processes, or other operations (for example creating doped patterns with impurities,
or growing patterned oxide layers). Repeated processes of layer deposition and
lithographic patterning can be used to create everything from simple single layer
structures to complex integrated circuits.
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Phot omasks used in optical |ithographic processes are typically thensel ves
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of the Iower |layer, patterning the 5 absorbing and non-absorbing areas on
the transparent substrate creating the 4vask used in other |ithographic
processes. Current_lithographjc processes typically use organic based

phot or esi st's whi cth&t@n%sgﬁwéeai inopkisal lithegraphi P&tﬁeéﬁésﬁ’éﬁ WP theameives

waf er. The subhgitedbg dirbctlyWritiag withed fobllsddi 1gder op RG0S Bedhapoti dpatteACint®n Of
rotational, gravitati ona%. ailarces slisfél%ce tensi1 n are%nviﬁc;}.ﬁit c%eat es a
filmresist HaEASHGOhaYQRHGALY tasparRisubstrate, yspally cqatqd Wit 'é’cf%ls%r Ménove
sol vent s bef dayert HEhap besist pattdraghapdéfmes Hpcdehing ofithe lphert knyers ipstternmgtthen
devel oped gusi . C 1 . t i ISt .
ater thed vingbulEind uERsa) 880 el b BB RRALEE e TRR,

stri pped (of tusadiimother lithographisrprptessesa et cher or with liquid strippers). It
is very hard to renove all the organic materials resulting fromthe
application of the resist, and there is always the danger_ of other outside
cont am nants. Typi€urens ligkqsyaplie PEOSSTse tyPiaHy ¥a¢ orgapigased phaterssisiswhighch

as the 20 i ndigfpiedilyspphepasiliditds & £aibstrife o Wadert T0E shBstfa@R\RerPdpliaat C

mat eri al §af ter. an qr aall ipgased resi st, hais been.used. Such fcleanl.nﬁg

ot oces ced 0r dhetsupeh Hhag I ggHcl o oG ioPHia PV ALY o Rattiee fsiotand

cont am nat i onviscositly creawesia fimwesist hdvinied dediredrthiakness. Mhe ifitoeig tisneked tocui t
o5 ot . - R

Dery wavei engemiorBsaiid Betofe SRUBBAN AR COERGE Bledpldhbrelifns Bep, 3 ©

violet ( %/) edeveloped nsinga svep g mmfh@omssmbamnm@mww resist. Heftdrithht t

source. esg; 5 4 O Create

ehth?%lﬁglﬁc Bich oéR&Qés tthé 6 Qnﬁgg)glo%réylﬁ Bs Hﬂgﬁs Eed giﬂeﬁ‘?ﬁ ah

the smal |, _struc S nee . Resists_ desig for expo y the

cur r ent | YOus eRryzasplasmasicheergWihiapid SSEPPSRRr k with 30 future exposure

systens which may use 193 nm 150 nm or even shorter wavel engths to nake

structures smaller than 0.1 mcrons. Furthernore, . at short vel engt hs

and'hi gh pover pul ST RR AP ERORE AL G erERE A sevuling T e

( phot oabl at eddpphieatmnad thdeessticand\thert is hlevayb/tHei danpercefintkear omtgdai ¢ nol ecul es

t o deconpose. I t [ I e J i ng

deposited on %oﬁgh‘ggﬂgénggg&ﬁjp?&g ?%Qrésﬁ?%l:ﬁelfhx 9@%@%@%#@%%%%%% &%ﬁggi st

pr ocesse20c oundustria\standarsi RGAfdleam mustibenseddge semeye enghyic mateiials pltercass s

using an inor LiE. i&d; I W ' t j
HBIiE-phea redis IRy b@e@lﬁéeﬁ. S\fx’@qt %@daqﬁ?gil Oe\}ro%éésést elverP P rr@dbased

nostly in a vacuum envi ronnent. I'S wou transfer froma

deposi ti on ofand maigral copsmipg o Resist ontarpinatien isiygommon selrgs of defeior gani ¢
resi st coati meatmmmeg&mwcqitgﬁ@&bge@g (for exanple, plasna etching) to
the resist stripping processes. Performng nore processes in a vacuum

envi ronment provides reduced opportunity for contam nation, and hence

pot enti ay woul d Inedditientth eontaténatipn pestdens orgdeicaesibty ardreenyseavefengthr esi st

hurbor of ol cEhnfse agpies e FBOR S e e G UERINABRATT |

nunber of cleans nee . )
materi al s andPPSFSNGAL 24 npygwyvelensth andie dight souressildese lapers Preduge short
activated. Tharaphset §high fowe? TRBES 8 bitafe TRS alp stbstritet abedeas eRedigtor gani cs,
can be |ess gfvelggg)h sen5|b|ve and y qfﬁ%?te até%frﬁ}sﬂprt wa %hgagths.
Fourthly met HeSISRELEPTiCABPYER P shechirenilyiuge PROYBAA0EH WH BOHHeY to
\d/e][]y shoB0 Wat_\a&irea%idsme dirisn‘etrislvyhjtl_hﬁfasraifsé ¥93 ﬁmcusdn'xmmrmnibsh?rtaan ?EOW ]
ifferent optica ri.stics ter posure than before. s the
exposed areagW%g%ﬁﬁgwﬁ@ﬁﬁ@?%ﬁgangaé e&ﬁ@nggbgW%BW%nFun?%ggg%égﬁhQ#rs
al | ows er r or swavelengtho 2nd dighopdyeerqmises miany or gawlidresist matbridty ars Wakagralve shown
that with th i I ty Lfilcation
exi sting optﬁ@gﬁbgggggﬁ%gmggg?gﬁ%ggghgggmﬁgégﬁ¢gmgépﬁgﬁggéggggﬁﬁﬁgs smal | er
than is possidscemppsen ThisRhokaablatian capisseli i gblated saateriale being slepesited enthe
exposur e38ystexpBsed optidd.f fraction limted by their optics and need to use
shorter wavel engths ( 193 nmand 150 nn) to pattern structures below 0.1 to
0. 07 mcrons. However GCel bart and Karasyuk show that by use of a multiple
exposure nodification to existing (248 nn) systens resolution below 0.1
m crons may be 25 possible and below 0.1 micron with shorter wavel engt hs.
This nmultiple exposure systemrequires resists that do not follow the | aw
of reciprocity. The law of reciprocity says that total exposure is
integrated over tine, nmeaning that two exposures at half threshold produce

t he sane exposure as one exposure at full threshold. Thermal resists react
when the resist is heated above a certain



30 tenperature and do not follow the |aw of reciprocity. Thus, if a thermal
resist is heated to just below the threshold, allowed to cool, and then
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creating all oypomiess HA thfhold produce the same exposure as one exposure at full
threshold. Thermal resists react when the resist is heated above a certain
30 temperature and do not follow the law of reciprocity. Thus, if a thermal resist is
heated to just below the threshold, allowed to cool, and then heated a second time to
the same point, it will remain unexposed. In a microfabrication exposure system, the
UV light arrives in pulses of a few tens of nanoseconds spaced hundreds of
microseconds apart. This means that there is sufficient time for the material to cool
35  between UV exposures. By comparison standard photoresists follow the law of
reciprocity and a multiply exposure system produces the same result as a regular
exposure.
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on t he speci f I C et etching processes used (for exanple wet acids
or dry plasma). Wth
Summary of the Invention
30 INustrative embodiments of the present invention are described in the

following detailed description. This invention relates to a class of dry inorganic
thermal resists based on a multilayer process. In its simplest form the thermally
active layer consists of two layers of inorganic materials which are usually single
element metals or binary metal alloys. A lower thin film of one inorganic material
35 (in one example an Indium (In) film) underlies an overlying thin film of another
inorganic material (in one example a Bismuth (Bi) film). The materials of the layers
have a low temperature alloy, a eutectic, whose melting point is below that of the
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t he unexposed areas renoved. S The thernmal inorganic resist |ayers are very
thin (typically 30 - 70 nm. Al so theyG?re not resistive to all enchants
needed for all comonly used | ayers on%the substrate. In nost applications
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renoved withaHogry etch {Oxygen plasnma in the case of a carbon layer). This
wll leave a clean substrate ready for the next processing step. Since nore
than one_material conbination has successfully shown sonme or all of these

char act eddsti cs t Hirptheriaspect @f the igention previdesanetbpdssor providige g4heranal her nal

30 resists thadrghR¥ edi@WTHE HREHGAS UoRPried d&RENIAE 2 fadt laf e 6f Al thexganie\thin a
wi de wavel en%t h ran show abl ati on, of g&terl als after ex‘g}%iéée,

ge, do r(]iot
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-9 Further features and advantages frt e I nvention are descri . bel ow.
Brief Descri (PPHeH charackaistipsdifigrpat Gommany; of the unepossd mpferials thyscreating a
non-1im ting vedibledindBe b aQurfabieof thy eadist Whichtaeediewdd by sanddilluthiastion
parti al scherrv%gc crgss.secti ons of a substrate during deposition steps in
the creation apHGALFatiatian, or gani ¢ resist having a | ower protection |ayer
accor di ng5t o one enbodi nent of the invention which could be used in

phot ol i t hogr aphy i Q4 i . : gl
Cehenti ¢ or oss. sorsBaer iRk e ilelthbitnidida oA Cmpliinp 3t
creation of dwpHeyerapf fhininpsganic eeatings. Hheccoptingshapgiag drame ppag¥pdei nent of

the inventi oRrdngpBhiChddidaged S NO protection layer;

30 Optical absorption characteristics of the films determine the combined layer
thickness and the order of the layers. The order of which material is on the top
layer is preferably selected to provide a minimum reflection and maximum
absorption. For proper choice the material's optical index of refraction and
absorption index at the desired wavelengths should be calculated to obtain these.

35 Total film thicknesses are best when the optical energy absorption rate allows
energy deposition in both film layers. As many films are highly absorbing metals
calculations must be done using optical multilayer thin film analysis including



Fi gures 3A through 3G are schematic cross sections illustrating the
structure of a device at internediate points during a photolithographic
process uWOg/0689¢ resist 15 of Figure 1; Figure 4A througPICad18Shemat i c
cross sections illustrating the structure of a device at internedi ate

poi nts during a photolithographic procefs using the resist of Figure 2;

Fi gures 5A and 5B are partial schematic/ tross sections of the substrate and
20 resist of Figure 2 during a direct |aser w.ite process which wll
pattern the c@BIPAX ipfexesespbBeinéing yactar aralisis hodhinckding theegfgete ofmternal
iIlustrates freflectidfs. AeFRe e Rfual Beerfyaépoisited inthe yil@ pbr LR voRingu at ed
variation wth resist thickness of the optical reflecti |tt‘%/ ner gy
absorbed i n (RECHES AS HICHE GorEeaesy RESUIg B e SERSHVELR WAL s ¢ ; and,
25 Figure 7 ithickisdssextiess thag 0 atl. dthe dilmefard incgenomi gulydapdesily mawelength dept h
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thermal resists. In rts sinplest tormthe therma % active layer has a

| ower thin fimhPEsvidmbest sensiiviy dhigkardims (up tesatdeasy 360 am) ghew diesaift  net al
or a binary rgbgngaffeié, bitregfiitePmofXasi!pewap, | ndium film and an overlying
second Iriléer of “anot her inorganic material. The second | ayer is also
commonl y single elenment netal or a binary netal alloy (in one exanple a
Bismuth film. |n T adetdypigeimemipote depvsiediatadry proeet (fot byaimile sputtener e

may be nore than.two | . erial,s.that are potential, candl dates
for the tvo CPPPERpLOXH SepodltBplotil iRk iBter M ENPMH ALY B E e

| ow t enper at preceas,| pgferablyin thetsame deprsiteonnsysteimg poi nt i s bel ow that of the
two individual |ayers. Best results occur for eutectic tenperatures bel ow
300C and ? preferably belgw 200  C,_ with several good materials near 100 C
or bel owldNot e son¥hileas alleying petips is thsimplest. SABE 2HAKS AR a0 eambineaWith at i o
Wi th tenper atgiyén, itropent diehydrshen it6l detin fiRewitABlghifMandy diffctentCandi dat e

bi nary net al ermal .resis r |.an in Table I _which contajns 10 data
taken from pﬁb@@cﬁpéﬁ?s Lﬂ&l—tg?]g’é%.ay%m?@“? or their oxides, nitrides or

hydrides. The may occur either with gases in the atmosphere above the films during

exposure, or from atoms trapped in the film during deposition, or even from layers
20  that are oxides to begin with (usually the bottom layer).

The desirable post-alloying characteristics are application-dependent. Most
useful materials show a significant optical change between the alloyed and
non-alloyed areas. Depending on the materials used alloyed films range from little

25 optical change to significant increases/decrease in reflectivity or colour to films.
Optical transmissions may significantly decrease, and in some tested cases actually
go from nearly completely absorbing in the unexposed case to almost completely
transparent in the alloyed case (as in the case of one embodiment, Biln, films
showing such changes). Films that alloy and show a substantial decrease in

30 absorption may be used to directly write optical images photomasks for some
applications.

The development eiching characteristics of the alloyed layer in some
materials are very different from the unalloyed material. General results have
35 shown the alloyed material is much more resistant to etching than the unexposed
layers. [Etching rate ratios of alloyed to unexposed will depend on the specific
etchant and etching processes used (for example wet acids or dry plasma). With
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desired thermal and optical characteristics. Both | ayers should have a
sufficiently 35 [ ow thermal conductivity that the heated area does not
creat e tenperat ur €Bo mork in anylicrafdprication proceas a wsist sk be eabytthstrifhoeshol d
t enperature FHRRR for
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that Ehe appl s L orying s i deRqh thychay Beftbls . M RIS MR O e
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Revant ageous BATUIEE cehuBElssd b ideler il Sl hint FRE Phirkctidptalet cam e | e
t her mal 28actiemioved with amr@chﬂﬁb(ygmpmmammofawbqn layet)oWhismglr es 1

AtolDlllqg_N Sear SubsiriR!rkd ;%dg estepsmthe
deposi tion of EF?IBFLII noréarﬁyggfm t resi st according to one
enbodi nent of the invention. In Figure IA the process starts with the wafer

or device to Since more than one material combination has successfully shown some or

all of these characteristics this patent discloses a general class of inorganic thermal

30 resists that have low temperatures of conversion, form alloys over a wide
wavelength range, do not show ablation of materials after exposure, show
significant different optical parameters from the unexposed areas after the exposure
allowing the patterning to be determined before development, more than one
material is transparent after exposure making them candidates for optical masks,

35 and some show a significant etching difference between the alloyed and unexposed
materials alloying a development etch to pattern the layer, and yet have a simple
resist strip.



15 processed, which conprises a substrate 4 which nmay have been processed
with lithography in previous operations and a layer 5 that is to be

pat t er nedWOI03/06%9¢ enbodi ment substrate 4 coul d conprise a MITCAsUNIMEf er and
| ayer 5 could be a thermal oxide grown on substrate 4. However in sone
applications the substrate 4 may be deféned directly by the resist and no
layer 5 wll exist. 20 In Figure 1B a"r€Sist protection layer 1 is
deposited on top of the substrate |layer 5 which is to be patterned. In one
enbodi ment resist protection layer | conprises an anorphous carbon fil m of
between 0.2 and 1.Furthie€ feanfred mdadvantagedovithe invedticiemesieseribedbebmesses are
dry procedures such as sputter coating, chem cal 25 vapour deposition (CVD)
‘or evaporation. In a |ess desirable process, an organic polyner, such as a
st andar d photBniegfdDestriptadn of the Daawingsckness may be used for resi st

tecti I I I L i l; 2 th
Bepostted Thie i dnf{FrSpHEh el o ficihe diflogimds bOMe ifeatiof: ' © 1 Nen
sputtering or CvD.FigwesAd thravghilkbate pagtjal schemadigpnrossessctionsiof @i sybstrate m of

bet ween 5 andiglQ Bbdlib e shthé ProatieRBF4 efmSPROMasic rbSisrMVMAY # owefS
shown in Figure 1ID, 1a re5|st,to‘1% | ayer. 3.is then deposited on tg of Aayer
35 4. Once adPiectiomiager accordingeto.ane\eoiRaqimen; o ﬂaﬁlyvgthee‘g@cg Gewldde use
sputtering oringWbtolifiogtaphalor yndspcreationj st | ayers 2 and 3 are done in the
sanme depggition system without i ng exposed to the atnosphere t ween
deposi ts.?al n one enBYd? ﬁ‘éntﬁrqugygﬁ %*%Pargfﬁf@leg@ﬁﬁrclrgsége%ﬁﬁs?ﬁﬂtsﬁgﬁfalem of

bet ween 5 andiu2idg depaesitomssteps inkhe dieatiomdt & thesmaloorgasicaesistarcomlmg to3 i s
chosen such t C : i J Mhed.. i N | ayer 3
fo the amouniiafichfbRRERENSARE ekl B W‘**&?é?%gzg‘%%ﬁfﬁ%%ﬁéﬂ%@g when 1 he
materials are mel tRiguiesdarthequgh3G arersehensaticecross ssadoms;illnsteatingyfhe siistiraent
this requi re%f%%'amt%d%'ﬁém&m&m%gﬁgolg&? ARt prRYE Ssirs BRGesdst | N @

specific,exanple the indiumfilmof |ayer n € bisnmuth filmof l[ayer 3
are eachlsbo&fﬁ@rﬁrﬁ;t hick (the deposition control will probably not allow

t he exag_t ratio OfFiﬁgre%ABth)o%gMIFiagilﬁcm&nﬁﬁc h}m&@s&_ﬁoﬁﬁliubi!ratﬁig[]@b@tr}mture _

i nternmedi ate st ages £i.ng t appligcation.o i nar.gani ¢ ther resi st
Sl ar o e dovice e ety PRt Rine XrdlorEfodsaRe PR S HEBaBRR! { oo
directly on tdi&Figwee; 5 which is to be defined (Figure 2A) . The process
illustrated in Fi r : i, LOGI e i L of 15
a resist_protecti g&r#é_‘(la’g?/érﬁ a%?ﬁ%&%féﬁzﬁ%ﬁﬁegﬁa?% %%gggﬁ)en%]??{lﬁeeﬁgg%%g?ﬁ?on of
the resi3V baesigmnl|Rigue 2rusinga dirch laserwaite Proresg Whieh wilb pattess shejeesist i bed
for Fitg:Jre 1%&11:5%@?%%@\0@105&%%@5&; s})eg, ftheF_oIeposi t::)on of t_hettop
resis ayer usi . processes describe r. Fiqur ) resis

appl i ed as shown ilﬂg‘ﬁegﬁ“ﬁ?aﬂ? %HPBEGHI%Q@I’FQHO @edggﬁ,‘&f%gur&ﬁa le, in the
creation of mhkuesisvasiation witharedift tizkinedstaf aire opticabrefletdivity, leaygy absovbedh i s
to be etched.. Kl gur g Ll i i mmld fi ed form one enbodi nent of the
process st epgn@e&%sﬁ%%ggﬁegﬁé]ﬂtg&ﬁg@(ﬁrédgthfvgﬁg%m& rgﬁlgél’)r?ﬁ i norgani c resist
deposi t eddas showFigerer ifusteatds a calglatioBef thh energy deposiiorf wigh depthshone of t he
eXposur e proGRipaffiht of the inorganic thermal resist of Figure 1.

Description
The invention will now be described with reference to the drawings in which

30 the reference numbers designate similar features. As shown in Figures 1A to 7 this
invention provides a general class of dry multilayered inorganic thermal resists.

In its simplest form the thermally active layer has a lower thin film of one
inorganic material, usually a single element metal or a binary metal alloy (in one
35  example an Indium film) and an overlying second layer of another inorganic
material. The second layer is also commonly a single element metal or a binary
metal alloy (in one example a Bismuth film). In more complex embodiments of the
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-15 the alloying processes is coomonly not affected by repeated exposures
this allows a resist to be re-exposed to correct | ow exposures or problens.
| ndeed asWOHR/p#98ge i s observable the alignnent of a re-eXd§JsCAE/MIGSt er n
can be to the exposed pattern and not to structures on the |ayer 5 or

bel ow, which gives better results. q dition the 5 electrical

conductivity of the alloyed areas vvere ffound to range fromthe sane to 3
times larger than the yunexposed areas This pgpans the transparent film nmay

be conducti ve)Mggw c_h hagoo' rrportant 919/5@1' der atiegts for sone yﬁ,ﬁ] of

et chi ng. Fi gure 3C+Hpstrates—therwafer—aftet—a—devet opheEnt etcir—The
etching 10 pr{dé&ds, eijB& wet or dBQ/ﬁﬂpl asma| 883 reactive i p#%X ching) |is
‘used to reno € uneg €d T ayer wWhiTe Yy STOWMy a I ng the,
al | oyed Iayereijf’g Inth articul arg@ Podi men 2@ the Biln | @f@t

etch of HNO3 |(pHppo sol uf Qg:m) CHBCCC%%pBNater nthe ratio 136vv|II etch

‘away the Bi gré—a—tayprs—2—3—whitp—+eduei-rg—poyed—areas—Eo—by—ess—{ han
30 % . Thé et|[d®hts chpd®n nust be| 18Jonpati ble with the resists and

al l oys used. [I S0me Ch a small nt_ of alToy wll format the
interface durir](§ depos on and thiS°Will leaye snmll graing of a remant
mat eri al aftgrggrhe etcpighy. Such regmsgyt all oy can be renoved wth a | ¢ss
et chi ng ver sifea—ef—ther+est+st—20—sH+pprRe—prpeess—Hr—the—Pparttettar

14

enbodi ment of| ®TBi I n rk$i%st a dil uf &° 2 st{é®t of HO: H2Op4F%Re in the
ratio 1:1:48 ﬁﬂ oom tEpperature n °E§‘;§V€d efrectrve n refiove these
remmants. Fi g 3D il rates th | opnent _etch of thel protection
resi st | gyer (Isn2k Whi chqggepl i cat es| gdsnd mage of the thermal|resist all ¢yed
pattern 10 i nto—the—protecttomr—restst—Preferenttat-ty—amr—antsotroptc—et ch,
such as a plasma or reactive ion etch, is used to get the best pattern

transfer. In one wapﬁﬂicﬁraremem%mtxbnﬁss%npt)rah@qﬁsﬁampmsw zect' on

| ayer 1 an oxyl%gn pl gsm etch he carbon not protected by the

al | oyed resi sVilheused gt et??ét‘b‘mfp%@ e‘itﬁén Prestetatled drscriptions of e3p t wo
fold. It proviotewing ﬁ diirek eHowesérsdnyahaeridl for thé enuldilayert resisWhich @oinst f or

t chi ttack t
oo 19 RE0Cehic Bl byl S SUPAR 0D B o
attack the t Hanm‘glallnpﬁustﬂlefchart)efomhl gugd candidites foaylss chssraf thermmilgesidtt Hdre
t th I I t | d
attack the pridt SEpiHR rofRdns, QIS wROH bt RHMEh Pccugth OB sBoe 1PV 0
resist |ayer mateyipls gine Sélﬁb't)@l‘ Feswits. §ﬁn&rmrtpmba§b/ J@mrtﬁ@mglw;@remb@dmmntsearew th

the protecti omlﬂ@tzzt%tel)t RRFBRY fok 98ivEly loW @invidsldn BPYaARCOPRICT OB O

at ching- Phe” | Q%S G 1h epercompatintit) i ifen fehRest TIPSR t hus

transferring the pattern fromthe thermal resist alloyed area 10 to the

e Tt 20| okl e e AR ol g o e 1
fluorine 5 cmmmonnd]gtapﬂrwé Mpe@alt)hmhldmmm;/nihndeﬁsvdl}tdudes)ovhmhte gI ass
down to the si ﬁﬂgﬁ&h I\%g@r #hthé f—‘eseratcy@hh%bye @&ﬁgﬂs%bm%dtas ﬁtﬁr mal

F s r In t

resist | ers igure first res step where

thermal #Pesi saddgioniayliilayer filmg,ophnse @lloyed; matazigls semgmsémgyowgsaee%r@gms%h as

wet et ches orhydidygeftfEdif $hedsurddhniBig aﬂmbtphe& drasot fiveh h@éi@ﬁ pléidrébul ayer is
n resr.st .a etc which is

h | h | f Bj, |
Tdent 1 oai 1 o APREAGD I FORESIE Sz AR AT G0 eI SBRBTErEs. M b at o
2:3:14 at 80Q@)ednalsat piore earetiwoclayérviilms fartningomorgcdrnslenblloyse dar exghatet . Thi s
R Suran | b SRS R FOUMRI Y sB38 dob atlbf. ORE WEANOBREBAER FIe 10 | |

Fol | owi ng t he I esi st rote
. Fi gure 3830 | rfigunes qudy twe laysr r@materﬂeswssod ab:hmmlmhphov@u@aratmrcxmnds tction

layer an OXVQ&ﬁbdahﬁéd@xvhfch\tﬁawtﬁfeE%PhtoY@la Mat e depending on the processes
used it may be best to reverse these | ast tmn processes stripping the

-protection layer first and then renoving the thermal resist in cleanup
operation. In the Inaﬁttitmnltatheemhaen?efatureteuesnd peinBiblenayuns! sﬁ@ﬁlﬂ%ﬂmfvi I ms an

oxygen plasng ?frgcp theﬁﬂ!ildange tu%al c%aracte?r\étt h%omer\él%hoﬁh%ave a st?fﬁ%lenﬁy up-

35 low thermal conductivity that the heated area does not create temperatures in




Figures 4A through 4D illustrate internediate stages in the patterning of a
| ayer S by a simlar process to that of Figures 3A through 3G but with the
resi st 25Wdl 246847y deposited on the wafer as in Figure 2C PAHG80/d1e45 esi st
exposure of Figure 4Ais simlar to that of Figure 3A but may invol ve
different illumnation |levels due to the thermal flow to |ayer 5. The
patterned wafer is etched in Figure 4B lds- described in 3C, and the layer 5
patterned in Figure 4C as described in Figure 3E. Then the resist is
stripped i n Frdjaseat aeanwhichexeraddae thyesholl tempsraturg slupmg o afer oxpasure £he

illustrate a &goek redmt Bé pividedl, RiTQSEMPle, bﬁ afhg@t palsey\ md aaemﬁzﬁwhce 40 is

focused by a Ien 41 onto 1 t her mal r
resulting | as¥ho Ejp@%/ E%?éé&mfﬂeﬁxl?%%'ir%tsyﬁ F‘P'b%?%‘f P‘H
smal | al | oyedtogsuise \ilaﬁhatﬁshén b;qmnresand kieys swil geaerally de sthe premdsexlmsmreace and

it ton pal 1 opateERRh i drpfteatys BRI 100l ERRORE: St PRSELIE R oy 1
patterned |i toegrveclythesheat would Spteadmﬂldetmmmﬁ thﬁt@ﬂ@lutmtaveﬂa’iﬂmglthm waf er
i s etched as feaerpd qulth 5@&1@5&&3 a@sdth l?eﬁef' %e st efér fe@S' st

pattern as shown in |gure i’s. possi bl e Fi gure
3 in the samelmagddiiion lower fiermabcopdpe Bty ip pqh@n%@ps qcpléq@rlgssganpqu G@F‘ileélt es

optical char aﬁ)tlﬁfat mt«:u@éal QfeatdbOvé teBerniteation hinb Yherectb thedhled to
determ ne]?ﬁ rrbl ne er thickness and the order of the |ayers. Figure
r

d la
6 illust BCtb‘ﬁ léé‘?‘)‘/'behavi our of a resist having an In layer 2, and a
Bi |ayer 3 of equal thickness at 248 nm wavel ength as a function of the

mbi ned t hick t
wth the total reshaprdsri BhURTE e jE Rohptincl i ioforaRtiy 4B e O, Ve
60) from Bi | dgpesitidn of hdhdrmal inonganic m@lillayeg mesigt @oeardingith omaembbdipieat bbwer

d f bott I th
conbi ned es oF ICHBYE’ I8 FIRR 1NN BRI e bt by BB DY Lop

| ayer 3 @y bRIOResaed.twhich éP@PES%arﬁuhﬂFﬁt? drwhich mak ham m@rﬁﬁﬁw edb¥Bi pt i on
usi ng fug ves hthbgrabh{lin pievﬁjutgtép@raﬁonslﬁxd dHdRy @ﬂmtfﬁslsqfa el e el m&me?e
enerated usin i cal, indices refrac | n i on

igndi ces at th@gmf&“ “&%\'}@géﬁ:&?{% OFIEHIISFF}@ IRopavates gn ﬁﬁ@’i@g?ﬁ | ayers 2
and 3. As nanthermailexidel growm dredubstritod. USewvever limymans aliplﬂsatior& the subisirgtel 4y
absor bi ng rretﬁlflipé pgﬁ[?e g%s, ?k%{slt%@n% g%lgoer}%tum ng opti cal

mul til ayer t hi mana ysi i'ng co ex i ndeXxes and the effects of
internal 280 reflection using well known met hods to practitioners of the

art. For netal 'ayﬁlrFl i i r&ﬁﬁ%ﬁot@&idnq er?RIR g&ﬁfeld%tn' t65 of BRWhibsttdle

nodest|y nore ener el ng 0s In the resist at shorter wavefengt hs.
Thus the opti@¥%r F@Pﬁpg‘&e{%‘ﬁ Ip on¢ emhadiment rasisk BEQISCUORFEN at 350 nm
to the deep W6 r1sb5@nﬁﬁio@;5hoﬁh@£ﬂ3@ﬁ ﬁhﬁ?ofSemntdmaﬁ@w ﬁacrbtiﬂthiéﬁn@ﬁgam cs,
do not tend t%ﬁ %glftoa ation (i}wave e?g skﬂor Emdes osures in
the 150 to 2 G IFRRSIIAR PropgRses afa Uy PIOGIUTER SHFR At SPUEFO ‘H% Bpcaly
resi sts @si regofindepditomd €V D) erreygpaptiore Imadpss desirabld prioogss aphorgamiesi st s

the reflecti Oggt}ljuﬁx&mshﬂfag ) k%&aﬁfi ﬁSBr%M%ﬂﬂﬂa%ﬁbﬁqg (}pP% n%e_ﬁ?%resmt

transni ssi on ght yer 1s n wever in
ot her 30 applPretectiomiayer lke the generation of photomasks the transmtted
| ight of curve 61 out of the bottom|ayer Z should be bel ow sone val ue.

Thi s may reqwret |cker fi odiment_to get a tr m ssi on of

| ess than 0.1 % f ofS BROVH I 13?“%“31‘2@”%%@9@5’5/‘@)’“&1%3“@%“ Q‘EPOSEBC rﬁ‘l‘%sck (as

illustrat3dd bprefersbly doneasiof aldrgpictes. su&u&@sﬁdmenhgrorfdvmmﬂd enitddiB&E

opti cally sengl Ly Eombitles 3 it AR SFerhb K hP260 nl E o, 3% S0(ROSS
example, 15 nm thick.

As shown in Figure 1D, a resist top layer 3 is then deposited on top of layer
35 4. Once again, this is preferably done by a dry process such as sputtering or CVD.
Preferably both resist layers 2 and 3 are done in the same deposition system without
being exposed to the atmosphere between deposits. In one embodiment layer 3



-18 For increased protection an overcoating |ayer can be added to the
phot omask on top of the active |layers. Such a protective transparent

over coat Wwy0268§3ri se a cross-linked organic material or aPCT/QafyeAIT

| ayer, typically silicon dioxide. S Fi gure 7 illustrates the energy Q
(curve 70) deposited per unit volume (W,cc) by light as it varies in
intensity passing through a resist. Thd3curve 70 of Fi gure 7 is for the
exanple of a resist cqomprising an In Ia e of 15 t hi and .a Bi
|l ayer 3 of 15commrisesa Bipmputh; fay ofdstwgen @4@ %?ﬂ frhfe'it?fﬁl?%rﬂfof

| ayer 2 correspigh@p layerd idloﬁb@n@acmfhaatmrper&heagaqm Ofrthefanfauﬁudsﬂmtzﬂal

| abel led 72 is 10t3r71t(e9ﬁn§%\%¥ efps[ d|nt %ﬁﬁi& V\:F the
portion of Q JRNRE 379 the R PrRateLk rnééaé'ﬁf & pHgnw

resi st | ayer mRatefiskalre melted tdgetlenesses are best when the opti cal ener gy
absorpti oy rate Q all ows energy deposition in both filmlayers. Note the
'sudden drop of the Q energy deposition at the Biln interface, point 71 ( 15
nm t hi ckness) . 15inwhe Gaseorqee Biknallox rembediment dhis requires approximaiely egnal O
rate will be ﬂﬂi&ﬂé‘srs?é forttdgh Bg&fs%dd@qﬁ 2 géélﬁb eﬂﬁﬁﬁlettﬁ'@lddﬂiln%ﬁxﬁ(iﬁ 14yagn at

the top of the top ayer J ust abov i nterface

cal cul ati ons #ddbeb H&“ﬁ%iﬁﬂf@ qﬁé“}b’ﬁ{ P e Gachiabputalnpdthick (mﬁ(ﬂeHQﬁlﬁI@l EHrdf f ect s

of internal r@flip‘i@)bhlﬂasnotUH@\O%J@&&Q@&OMBB%BQV\M to 20 practitioners of
the art. rlg] gener al e actual energy Q deposited in the filmper unit
e

vol une i ases as thickness decreases. Since a higher Qresults in
great er tenper at urBigufesr2 A thyongh2C illustrateahieomedietecstages dories fheaipplitayioni gher

o _ g ! 1.
eopoct al Ly 1 ot nareelc R uesi it i of Rifu S THik Wl ot csipge” | e
ability of t hastige layersedepositedoditesty on the sp3mdeh iaite fhe drfingd Figraddaest s

g h?g :O ﬁ Ocaneb?héi?fo%srs'ﬂflué%?ﬁéﬁ M iBurds dArdedu ﬁfrzd @oés%?[ncﬁi(ﬁttﬁém@p%siti&n%fgur e

omasks, w_t hout etc In pendi ng an
exposure 4 Doy e ESighBratetion; ?ﬂeell@gs ?qqthmrew ﬁ%‘w‘[l)e Hepps M&g}e ¥‘°ﬁlsf he W
to wavel engt ftsot@m& er Figal %%Bp?@éedsmsh@’mlé@r@dbﬁ%%scﬁbebegi Fiﬁguieﬁl(tl se. In
resists usin erj,al s t nsni Ssi extend toO sho
wavel engt hs. ﬁé%nﬁqwméeéhg ﬁ?ﬁ%“’é’ﬂ #R@%pﬁ??é a¥e§§0 s not
transmt, a rmca’sewmasemmmﬁmﬂﬁgmdlbtcArpsmcapphed:amsltmevmadﬁgmms ?.Aeat e

ek i Rl e 5, BES St R, o

standard techni g b ph ripping.
This 35 & ecdefinition ofgvesy thirdayes Sovhieteisitatbetetahed. suggest s these sane
materials may be useful for optical information stor age -19 Sone phase

di agrams show nore_t han_one phase ma rati o WI ratures bel ow
the individual | ayBigutfes W‘ﬁ&pﬁ%%f@p lgﬁ%?"rﬂlgw FFBB‘? eBS/O cfg? PRSFSSS s ur es
L hat creat IeI texath €6 p?]twmsl la}fErtiwnﬁb altherﬁhbitﬁ,rgdiﬂc fﬁsisedépdSItﬂDaS”lhihOWi!ﬂn” fi Ihms
eginto a at i nt ce het fhe Since the alloy has a
Cover 5 el ¢ Higatsof-n Fis AARBRe A SNEIThd Eio R of ks poREE midling | "occur
at a nuciZS ovm}mmmqnerﬁailghteswmmm kxpicadlyta H@{ Iaserypmducesdnglopowwﬁ&frlaglmr es
f th d

of the indivigiyal mbi ﬂsf&gadﬂ%a%g l]eﬁshsr?s{eiﬂ reshgﬁgiﬁh@ﬁiuﬁ{lwl 0y Mee

material s after exposur ear

filmthi cknestiotomaskidZd Beotemiask 331%&11t%%@1 pmrp;to be preipcsed om therwafar (1-py
alloy will negpallyer 48Fiéradale MaI0GE ‘ﬁh@lrtlesﬁbdl patéHH! MEietphofsifisk ton@ikiacal W

or T ass) ¢ he W Pé@@%‘ﬁ%ﬁwxééé?\!é@ Sk Eé'htver &%E%ér?t PR T
very hi gi30 nstheif\apeBes bhphs syatenp28iuhes fousénihe dmagefrom phoianask B2 onio e

pul 26 . Such ik G e o s EBRRE TPl 78 o bRl AT DRty Pl

- enough. 15

-

In most exposure systems this projected image 24 is shrunk relative to the
35  mask pattern 22B by 5 or 10 times, which increases the effective power density of
the light at the resist surface. This focused light penetrates the surface of the resist
depositing energy in both the top layer 3 and bottom layer 2. The absorbed light



As will be apparent to those skilled in the art in the light of the
foregoing disclosure, many alterations and nodifications are possible in

t he pract Wée024%68%7hi s i nventi on wi t hout departing fromthe BEIEAOI/@O4Scope

t hereof. Accordingly, the scope of the invention is to be construed in
accordance with the substance defined hy the 20 foll ow ng clai ns. -20
WHAT IS CLCAIMED IS: 1. A therml inora Tc resist corrprisi ng: a) a first

| ayer of a first material on a substrate; con a cond
it ori al on tHETEANGReASHe Resig R EEOH OE o GTpg S 2o resihe seArign dshold
materi al s havg the aﬂnetféhiscerﬁlbddimemrtﬂe e d an@)tmgmﬁq&mmdndu&g@mﬁrebﬁve

t hi cknesses such that g ﬁéépﬁﬁtthe rr?ﬁerl Is I n tté A st anﬂ§ d | ayers
results in a CORPEYEEP VEiSt 1pfhe PrEtegrd smbodimen fica“i% ther mal
inorganic r esmeltmgftempmamrélscweibbﬂewrtge anefting tempenacurk ay the rhetbmmlmf tope first
| ayer and & he t |.a) erein
the prot et vESPERYEr S Bre dioy it U8 FOTR o AOLAGHCE UeBilchlfbrs 284 3. T

t hermal i nor gdlﬂYc%(l)r@s agpolish layey thst I&l]ﬂél}’rﬁéipiﬂdsdntg’ tap end bﬂtt@meeﬂstrl&xerand
second mat eri fheSen IRt %E@ﬁﬁaﬁlo?éd ta%ﬁlm #Dscne Iﬂees te'ﬂ@ée'&i%at'd?%cga”' c

resist of claim4 erein.t metal $. s sel ected from?i:e gr oup

consi sti ng ofeltt?félcd&mgnm ora repid iﬁl"@éﬁe (Eflthﬁmeéf fpent ipfoghe hegt Cdl n,

CdPb, CdSb, Gugthindeed hrea @9 The GRketic Wﬂ&ﬁﬁme@ﬁ slobv[!;slhto kZn, MyPb,
MySn, MgTl, PbPd,. PhPt, . PbSh, PbSn, SbTl, SeTl and, SnzZn. 25 6. The
thermal iitbr B {IUnEEAtEd 165(5tc) aim 4 wherein the pair of metals is Biln. 7.
The thermal inorganic resist of claim4 wherein the eutectic alloy has a
nel ting point of | ' iC
thermal’ rosist . tniivEolfd dlioedd 1““?“@%1 oo AR 4 A L AREBF T

i nor gani ¢ thunhefsepamt@da)wrs&tasdaatﬁmm lajspo cilersgemuwenmsetoway@r&\eof

anot her i nor gapyyen R ichRbo it filMsC1 1BdsSthla 1t thickfidss'oRY8Mm (35 nm of Bi

15  and 35 of In in one embodiment) usually provide the most sensitivity. Less

desirably, but still useful if the resist thickness is too large or for some resist
materials, the process may occur by melting the top resist layer 3 down to the
interface, at which point the alloying begins. In one embodiment 150 nm Bi and In
layers fuse into a 300 nm thick Biln alloy area at exposure levels greater than

20  40mJ/sq cm for 3 nsec pulses from a Nd:Yag laser running at the 4th harmonic of
266 nm and indicate 4 mJ/sq. cm for 15 nm Bi and In layers. It is also possible, as
noted, that with some materials oxidation, nitridation or the formation of hydrides
of the alloy may occur with the local atmosphere or with gases trapped in the film.

25 Figure 3B shows the resist after exposure, with the alloyed areas 10
replicating the pattern of the mask 22. These alloyed areas 10 in some materials
have very different optical characteristics from the top resist layer 3 making the
image directly observable after exposure. In the case of a Biln resist the films
change from highly absorbing to nearly transparent. In particular Biln resist

30  described in relation to Figure 1 with 15 nm per layer films shows measured
transmission changing from <7% in the unexposed areas to >50% and up to 95%
(depending on the exposure conditions) in the near UV to visible light range (350 -
700 nm). BiSn thermal resist films also show a tendency to transparency after
exposure (although this may be due to oxidation).

35

Thicker films (200 nm) were measured with transmission less than 0.1%.
Such changes in optical parameters allow the wafer to be inspected for defects. As



35 c¢) imagew se exposing the layers to create a resultant material with
different etching characteristics fromany of the |ayers of unexposed

mat er i al sWO 02/06897 9. A nethod according to claim8 wher GT/€Ad/MeEul t ant
material has optical transm ssion characteristics different fromany of the
unexposed materials. 10. The nethod of .¢claim 8 wherein the resulting
material has optical 5 characteristics 1gi'f ferent fromany of the unexposed

mat eri al s thus C{ea,ti ngoa visible i %S gﬂ aqsurfaceaé)f t he resi sh whi ch
can be vi ewedh®@lIQYIAE PEOCESSES I GPREPIMY WOt Atiented RatePeaied s¥RasHres 1a1s Aoy anog
1; or creating I?ﬁsu' mfegeraxpoieh% ﬁ_ﬁﬂredt&é@v?eb&pod#b& ﬁrb&dmomagaimme ihﬁhtg)ga)is
epositing a first er..of an pnorganic thin fi on substrat.e:
doposi i ng. oremals TS Higdmatb k7 SfsTregrm danh B fs SpiRed Rk Ay o
mat eri al s on mdieo Sirnctires apdiie lager § onbeloivs svhiochpgisesninptieheeshiy efisadditian that e a
resul t ant gmat gf | ] | | | al.s,0f the
first | aygr aeg%dtlg%aé é&gﬁv{rﬁbgh{aag%‘? ?{:J'O%rgpse*vgiglgefpgﬁ’éﬁoz%&é ?@Fﬂ@g%é@gcﬁai ng to
clai m 11 whertises larger ithas the unexposadeateas. 'Heais nngns dgltransperenti fsi way be
characteri stiGaagitviee whith Hat flp&tnt ebndiflGaisiR 1B SGie fBEEHT ALRing. 20 13. The
met hod of claim 11 wherein the resulting material has optical
characteristics different fromany of the unexposed materials thus creating

a visible imge orFigufBC anstrales tHeowifes hfiér aduveloparit &ich.viThweething si npl e
i1l um natj,on with o @IC&H ra |% on. 25 14 A rmtthod).for 4: eatlngfﬁn

i nor gani the!?fﬁﬁ‘TSSrr% eE Vet phEry laﬁﬁlﬁoédﬁ%ﬁ“ivgi‘?{’g‘?%?gd‘éﬂé‘“s {".‘}?B"’é{ % st

| ayer of an iumexpeseddaytets 23fwhika anty alosulp attacking; the hllogsddaydrii@g Imrthe or nore
addi ti onal | ayehic e RNORRSH o R SR L EoittaGdtiefh (HITBL 20 A!sBBaf N FiT St
| ayer; c) i eW Se exposing the Tayers, to create a P suffant ich is a
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unexposeddnat@mpafible with the restsis apdaleys Wedcl ai m 14 wherein the resul ting
material has optical characteristics different fromany of the unexposed
material s thus crel%tsi0

i cases a small amount of alloy will form at the interface during
deposition and this will leave small grains of a remnant material after the etching.
Such remnant alloy can be removed with a less etching version of the resist

20  stripping process. In the particular embodiment of a Biln resist a dilute RCA. 2 strip
of HCI:H,0,:H,0 in the ratio 1:1:48 at room temperature has proved effective in
remove these remnants.

Figure 3D illustrates the development etch of the protection resist layer 1

25  which replicates the image of the thermal resist alloyed pattern 10 into the
protection resist. Preferentially an anisotropic etch, such as a plasma or reactive ion
etch, is used to get the best pattern transfer. In one particular embodiment with an
amorphous carbon protection layer 1 an oxygen plasma etch will remove the carbon
not protected by the alloyed resist areas 10. The purpose of the protection resist is

30  two fold. It provides a thicker resist area than the thin thermal resist for etching
processes that may attack the resist (for example ion milling). Secondly, it may be
desirable to use etching processes of types which will attack the thermal resist for
etching certain layer § materials. At the same time the thermal resist layer provides
protection to etches that would attack the protection layer 1, such as oxygen plasma.

35  Using a protective resist layer 1, in one embodiment an amorphous carbon layer,
combined with the protection of the thermal resist layer will provide good resist to
almost all plasma etches.
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| ayers oflX hin i noFejlonvias dsthersmal resigtisirin hemraigetiomianer his stribpaddpdigue: o
transparent vA@nN Iher!Reticds: enlbiRliBbat iR SkndRphdil afbBod Préebiidn Riyéidard _
transparent prot ectLﬁve overcoat. .10 ﬁ? The hoto%ask of clai 5n.26 Wgerel n
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best to reverse these last two processes stripping the protection Iayer first and then

removing the thermal resist in cleanup operation. In the particular embodiment of
20  the Biln and carbon films an oxygen plasma etch could be followed by the RCA2
wet etch as a clean up.

Figures 4A through 4D illustrate intermediate stages in the patterning of a
layer 5 by a similar process to that of Figures 3A through 3G but with the resist
25  directly deposited on the wafer as in Figure 2C. Thus the resist exposure of Figure
4A is similar to that of Figure 3A but may involve different illumination levels due
to the thermal flow to layer 5. The patterned wafer is etched in Figure 4B as
described in 3C, and the layer S patterned in Figure 4C as described in Figure 3E.
Then the resist is stripped in Figure 4D as described in Figure 3F.
30
Figures 5A and 5B illustrate a laser direct write process. In Figure 5A a
laser source 40 is focused by a lens system 41 onto the top of thermal resist layer 3.
The resulting laser spot 42 exposes and heats the resist locally creating a small
alloyed area 10. The laser can be scanned over the resist surface and its intensity
35  controlled with position to create a laser directly written pattern. Such direct write
systems can be used to create specially patterned lithography layers or to write
masks. After patterning the wafer is etched as described in relation to Figure 3C to
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10z 10z in the res1st shorter wavelengths Thus thc optlcal posure threshold only

changes modestly from UV at 350 nm to the deep UV at 150 nm or shorter.

25 Since the metals, unlike organics, do not tend to suffer photoablation at
wavelengths for modest exposures in the 150 to 250 nm range this makes them good
candidates for the deep UV resists desired for advanced lithographic images For
lithographic resists the reflection from the film surface should be minimized but the
transmission of light from the lower layer is not to important. However in other

30 applications, like the generation of photomasks, the transmitted light of curve 61 out
of the bottom layer 2 should be below some value. This may require thicker films.
In one embodiment to get a transmission of less than 0.1% for Bi on In resist, each
layer should be 35 nm thick (as illustrated by the curves of Figure 6. Such thicker
films will be less optically sensitive, but provide better blocking of light in

35 unexposed areas.
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o (W/ccg by light as it varies in intensity passing through a resist. The curve 70 of

Figure 7 is for the example of a resist comprising an In layer 2 of 15 nm thickness
and a Bi layer 3 of 15 nm, for illumination at 248 nm wavelength. The bottom of
layer 2 corresponds to a distance of 0 nm. The portion of Q curve 70 labelled 72 is

10  the energy deposited in the bottom layer 2, while the portion of Q curve 70 labelled
73 represents energy deposition in top resist layer 3. Total film thicknesses are best
when the optical energy absorption rate Q allows energy deposition in both film
layers. Note the sudden drop of the Q energy deposition at the Biln interface, point
71 (15 nm thickness).

15

With longer wavelengths or different materials the Q rate will be higher in

the bottom layer 2 (In) near the interface then at the top of the top layer 3 (Bi) just
above the interface 71. These calculations are done using Poynting Vector analysis,
including the effects of internal reflections, using methods well-known to

20  practitioners of the art. In general the actual energy Q deposited in the film per unit
volume increases as thickness decreases. Since a higher Q results in greater
temperatures for a given illumination level, and especially higher temperatures at
the interface, this creates more sensitivity thinner films, especially for total film
thicknesses less than 70 nm.

25

Note that the ability of the Biln resist to become transparent with exposure

suggests that it can be directly used with a direct write laser system as in Figure 5 to
produce photomasks without etching the resist. Depending on the exposure levels
and film thickness, Biln alloys show transparency in the UV to wavelengths as short

30 as 350 nm before absorption begins to rise. In resists using other materials this
transmission may extend to shorter wavelengths. For use at wavelengths in which
the exposed resist does not transmit, a resist development and etch process can be
used to create masks. In either case this should create masks with fewer defects
than standard techniques which involve photoresist application and stripping. This

35  direct writing of images on resist films suggests these same materials may be useful
for optical information storage.
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begin to alloy at the interface between the layers. Since the alloy has a lower
S melting point than either individual film this reaction will occur at a much lower

temperature than the melting or vaporization temperatures of the individual films.
None of the films tested show ablation of the materials after exposure at levels near
the threshold. The ratio of the film thicknesses should be such that when fully
combined the resulting alloy will near the desired composition. Since current laser

10  optical UV microlithographic exposure systems involve very short pulses (about 20
nsec or less) the relatively low average energy of exposure actually involves very
high instantaneous optical powers during a single pulse (10 mJ per square cm in 20
nsec. is 0.5 megawatts of power per square cm during the pulse). Such high powers
drive the alloying process if the film is thin enough.

15

As will be apparent to those skilled in the art in the light of the foregoing

disclosure, many alterations and modifications are possible in the practice of this
invention without departing from the spirit or scope thereof. Accordingly, the scope
of the invention is to be construed in accordance with the substance defined by the

20 following claims.
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material or materials on the first layer;

c) imagewise exposing the layers to create a resultant material with a
melting point below those of the materials of the first layer and one

15 or more additional layers.

12. A method according to claim 11 wherein the resultant material has optical
transmission characteristics different from any of the unexposed materials.

20 13.  The method of claim 11 wherein the resulting material has optical
characteristics different from any of the unexposed materials thus creating a
visible image on a surface of the resist which can be viewed by simple
illumination with optical radiation.

25 14. A method for creating an inorganic thermal resist, the method comprising:

a) depositing a first layer of an inorganic thin film on a substrate;
b) depositing one or more additional layers of another inorganic
material or materials on the first layer;
c) imagewise exposing the layers, to create a resultant which is a
30 eutectic alloy of the materials of the first layer and one or more

additional layers.

15. A method according to claim 14 wherein the resultant material has optical
transmission characteristics different from any of the unexposed materials.
35
16.  The method of claim 14 wherein the resulting material has optical
characteristics different from any of the unexposed materials thus creating a
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17.  The method of claim 14 wherein the eutectic has a melting point below 300
5 degrees Celsius.

18.  The method of claim 14 wherein the eutectic contains at least 5 percent of
one of the unexposed materials.

10 19. A method for creating an inorganic thermal resist, the method comprising:

a) depositing a first layer of an inorganic thin film on a substrate;
b) depositing one or more additional layers of another inorganic
material or materials on the first layer;
c) imagewise exposing the layers, the exposure causing a reaction with
15 surrounding gases to create a resultant material comprising oxides,

nitrides or hydrides of an alloy of the materials of the first layer and
one or more additional layers, the resultant material having different
etching characteristics from any of said layers of unexposed
materials.
20
20. A method according to any one of claims 8 to 19 wherein the unexposed
materials are metals.

21. A method according to any one of claims 8 through 20 wherein the
25 imagewise exposing is performed with directed radiation having wavelengths
in the range from 10 nm to 100 microns.

22. A method according to any one of claims 8 through 20 wherein the
imagewise exposing is performed with a directed particle beam of electrons
30 or ions.

23. A method according to any one of claims 8 through 22 wherein the resultant
material comprises a binary alloy selected from the group consisting of:
AsPb, BiCd, BiCo, Biln, BiPb, BiSn, BiZn, CdIn, CdPb, CdSb, CdSn,
35 CdTl, CdZn, Galn, GaMg, GaSn, GaZn, InSn, InZn, MgPb, MgSn, MgT1,
PbPd, PbPt, PbSb, PbSn, SbTl, SeTl, SnTl, and, SnZn.
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26.  The photomask of claim 25 comprising a transparent protective overcoat.

10 27.  The photomask of claim 26 wherein the overcoat comprises a cross-linked
polymer.

28. A method for providing an imaged mask on a substrate, the method
comprising:
15 a) providing on the substrate adjoining layers of at least a first material
and a second material; and
b) imagewise heating selected areas of the layers and thereby causing the
layers to melt together to form a eutectic alloy of the first and second
materials in the selected areas.

20
29. The method of claim 28 wherein the first and second material are metals.
30. The method of claim 29 wherein the imagewise heating comprises irradiating
the selected areas with a beam of radiation.
25

31.  The method of claim 30 wherein the first and second areas have thickness
such that the irradiating deposits substantial energy in each of the adjoining
layers.



