; 0123e3e9X IXXY[R["6_TX_zO 7 SEC 200 WD 02/ 06897 PCT/ CA01/ 01045 DRY
MULTI LAYER | NORGANI C ALLOY THERMAL RESI ST FOR LI THOGRAPHI C PWEB& NGJHND
| MAGE CREATI ON Cross-Reference to Related Application 5 This application
clainms the benefit of the filing date of United States patent application
No. 09/618,065 filed July 17, 2000. Technical Field 10 This invention
rel ates to wobisskaayered inorganic filnms which can be | negedoi/digismal |y to
create structures for patterning |ayers. The invention is applicable both
to |ithographic processes such as those used in |nterat ed circuit
fabrication, and PR¥MH] FER INQR ALLQY THERMAL RESISEFOR  equired in
creating optical nnstiTHG)ERB&’(HICrRRDEESS]NGq&NDGMAﬂECREATm sem conduct or
devices are built using mcrofabrication |ithographic techniques to pattern
many | ayers of conductors, insulators and/or 20 sem conductors. In

l'i t hography a %ﬁgﬁ%%»&l—?&@@&ﬂé—‘%em st, is deposited on a substrate
and exposedSby projecting an i mage onto its surface The exposure changes
pr Opert:es oftthe e &b 11caF&[cl£l£ﬂEth€%EﬂeY1t§ﬁH§hﬁﬁ Vc%%eﬁﬁﬁ]nﬁ%@&ﬁt@ﬂ%éﬂf eSIdsts) a
chem cal reactjon occ resis ich are ‘exposed to
l'ight. 25 Typi ?:pi’?lz got 8%/8]03[’%'%%’]”@“?7 %@g exposed areas are renoved.
Unexposed areas remal n creatl ng a raised pattern of resist on the surface
(a reverse or mepaicilVReld esi st process is also possible). This raised
pattern preggects parts of underlying |ayers so that when exposed to an
etching environnent_(for exan*{)l e acids, etching g@ses or plasmas_or ion
beans) the prot ect SdtigaYeuEonyelaen to mwHleyered ingreame Hlnsyhichaan ps Biaged ed fr om
et chi ng, whi | ethtinodly tpardts stoktuts dorpakenihy lagers| Enganentidui m:hppacablertmth covered

by resist are f&rlﬁlfld?g'iéiaﬂfc rp%c%ééesr mx@ﬁoseﬂg& xh‘%&t!:g%ited c'fﬁéﬁft féb?icatn'aE rhn§ter: gsg? 8;\

renoved | eavin rred.ra ttern from et

the substrate. g‘?ﬁ@}%‘ aﬁ%sdnf‘hé@/@?mn'ﬁ\?ﬁﬁsewﬂ%qéﬁe F&@Wgyol’&%alalé’lﬂ?sned or in
turn may b&used to pattern a layer belowit on the substrate, either for
addi ti onal et cBidrgrogdd processes, or other operations (for exanple creating
doped patterns with irrpuriti es, or growi ng patterned oxide |ayers).

Repeat ed processes of er depOSItl on and litho phic patterning can be
used to create ever%&ﬁmﬁé cirqug and sepioadustor gedces Wg}‘nlfs‘%slﬂﬁéﬁlﬂp@gﬂ%%onpl ex

i ntegrated ci rlithographic te€hniquésHCpRARAEmME 182+ 0F38ntutttrs/ Lalde® A& - 2

20  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.

25 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

30 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

35  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.




Phot omasks used in optical |ithographic processes are typically thensel ves
created by directly witing wwth a focused | aser or el ectron BanFFpgmqa
pattern into a resist on an optically transparent substrate, usually coated
with a thin absorbing |ayer. That resist pattern then deftnes the etching
of the Iower |layer, patterning the 5 absorbing and non-absorbing areas on

t he transpawewinssyybstrate creating the mask used i n ot hemdaoifiegr aphi c
processes. Current |ithographic processes typically use organic based

phot oresi sts which are typically applied as liquids to a substrate .or

waf er. The substrate is then spun at‘i@'high speeds so that interaction of
rotational, gravitagional, forces, .surface.tension and viscosity creates a
filmresist havi nga{,aho _é%afl?sélae(_f i°8'i%‘f*?§§%‘.’gfﬁﬂ%° KRS zge?;wéc%ﬁ %@ﬁ%sg%_te 0 renove
sol vent s bef or eregigd by figrcdy wrikag wih hifecused frser pr slectioncdbepmspel e @elicst i0fos t hen
devel oped usi ng résisvei arcigidilFatanfatesbatid, hahlly @aRrd @sthlatka absefbidgesi st .
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stripped (often”in_ an ggen pl asma et che rippers). It
is very hard t@°SoERARd 2py-abspebing aces PR the frrsprrgntsubsaig crearng the Bkt he
application of usddén piberilgbographid thdresses.i s al ways the danger of other outside
contam nants. Typically very aggressive chem cal cleaning processes, such

as the 20 industri St ard RCA clean,. nust be used to renpye organic
Taterials after an CRTAAREOBAEPIPGRFLpbilY e SRatit bied renoufiing
processes are wertypicallyrapplied ey kgridsriela substeaté orl wasynTamiubejrateRe ghies spun at

cont am nat ilQn  ihgh3pee@yeetthat $REEERN OF rottbRL ! oritB@inkIOfdrdes) stuice engibeshaCi r cui t
processes. 25 L1 adelblon, @y&g@%g@@g& BRI AT bASA B S 2 e

very wavel engt h se E‘F I™ eXposure systens use ultra
violet (UV) ex&HAve solyentsihsfospde photplifhograpbie gxposyiga JTae Esishés thefe | i ght
source. These ldew®psd ywingdives chdmitdl pfobes2 thas emoyeshuinghntpdyweist. pfibigBs t o create
the smal | strugyd D& s $eS lggﬁ'lgag . he
currently- Liged 24 ﬁhl n tEl\?\ni;:; ot"}s E)IEES%E%S%&%%@?&I?%%XWSMe

h

gwav%ﬁenlg‘i [ n
syst ens whi (BB BASRACHGhH H BYPPEFEN shorter wavel engths to make
structures snaller than 0.1 mcrons. Furthernore, at shorter wavel engths
?”ﬂ {N ggl pgwgg pul Sﬁﬁvﬁﬁhrﬁér@{o&éﬂbxﬁé a]gletﬁeho‘iganm?@a@ﬁ%afslrﬁsﬁr@mg_ed | |

phot oabl at e er of . auses qrgani ¢ nol ecul es
t o deconpose. ?@%ﬁ%{%ﬁgﬁ% ’iaggﬁlgéenls %lggﬁ?%e ﬁia%g%lg(?g@gdmﬁéc{eeri al s being
deposi t ed on t KentaENRsy ckyPiFalbhYqry; ageressive chemjcd cleauing WOCEsYsOBGD 7S the

PCT/ CAO01/ 02045 inddst#Adl statd ROACIdanSaght b yeed BIEBIVER RARSBAS bk Chnpr OVi de
significant adyapiReasd rdisf ¥, K - [ | & £ resist
woul d al | ow pat tpgg%]ge?rg@lss%élb %ﬁzd?g%cafblﬁ%gﬁ gﬁ%%ﬁﬂa&%%g%%?n&éﬁvi ronment .
This woul d al | 8% A Foupsuming Resigfcontgpination dha coamiqnsuigs obfefest e (f or
exanpl e by sputteationrig jnidgoatedurcdit proBessesor gani ¢ resi st coating, to the
exposure, etching (for exanple, plasnma etching) to the resist stripping

processes. 5Rerform re processes in.,a vacuum environnment provides
reduced opggrt uni ;_yﬂg%‘gg%*ﬂfaﬁi“ﬂ&??°8ﬁf°%§ﬁﬁ OFRARIC &CSBE} BRI FE MAVEIRB® d r educe
the rate of depagifive. Baicshentigaltenposirs sysemsaise Wid giolep i Crexdiosslagest i ncl ude
organi ¢ mat eri ap@atiigyt H480M Wiveinjth s the tple Sodrkte TResdBErs Dlodaterdmnis needed in
process steps 4 3diudh0) fiG pvkd: B AAY bAGS oleNimbih [FcnlPRLELIR! el ener gy,
Thirdly many inorganic resists are t ermal 1y actvate . _Thernal resists,
especi al | y t hoS&&1ed {05 CHRoFUP bb%éﬂ“?‘ﬂ&ﬂﬁféﬁi‘%?}l veeyelenpth wdknot WatkayiBngt h
sensitive 30d rfieye eyt eystens weiioh medyowsd 198ame 160 ombvs evdasheortdnl y net al - based

i nor gani ¢scan yaydindmt REmARRLRMRLAIAG Bl CL kit Fufndfiok, SiRbder
wavel engths. Fifthl thed' rrq)lalw”re cted I norgani.cs %an Smﬁ%r?a{gf er ent
optical 15 charATEERS picushpavwer PUSSS Fopy QrepHeTrsifpairials 3 exposed
areas can be i (batopiflated) bpranssrthe enigrsy ¥é the ((Dplighh eaupas vegaaisanolectles © al | ows
errors in expogeopdse. Tifs fiakdaBlii@tan Gahlb@blaR0 ehaltdiaR DYk dhRYiRdSRGAN t hat
with thermgk resjshsnad @ special nultiple exposure nodification existing
opti cal exposur sysPenB can be used to 20 make structures smaller than is
possi ble with conventional optically exposed resists. Current exposure
systens are diffraction limted by their optics and need to use shorter
wavel engths ( 193 nmand 150 nn) to pattern structures below 0.1 to 0. 07
m crons. However Gel bart and Karasyuk show that by use of a multiple
exposure nodification to existing (248 M) 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, meaning that two exposures at half threshold produce
t he sane exposure as one exposure at full threshold. Thermal resists react
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35 between UV exposures. By conparison standard photoresists follow the | aw
of reciprocity and a multiply exposure system produces the safg Dggu%ggqas a
regul ar exposure. 0 ? DEC 2004 WO 02/06897 PCT/ CA01/ 01045 q.

thermal inorganic resists offer certain advantages, previous attenpts to
provi de such resists have encountered significant problens, especially with
their sensiwbviideyo7 Janus, U.S. patent No. 3,873,341, preepeesoiedd anor phous
iron oxide based filmas a thernmal resist. \Wien heated by an opti cal
exposure systemthe 5 anorphous iron oxi de becones crystallized if the

| ocal tenperature exceeds 820C. The crdystallized iron oxi de areas are
attacked by acid m) . rapi an the anorph hence can be

sel ectively rem)ve 5%%‘%}0%34 gy Fesist Wc‘?sﬂ‘?ségﬁgmfvﬁgﬁ%]e %ﬁngre requires
unaccept abl e eaci)@sfazeé Firsfhy aldmmn@sﬂselg an iposganicaesist wpuld eBew patisensdir e
systens. 10 Bogdsiis t€be &plied tibsHy iRV R0im Mivirofmént STBOWould sltiwos@sfeanot her

ther mal 1 0T 9336, { &9baka SONSHGIGxAL (ANLARHTLP WGkl sigpas ted 0 2
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exposed to & umor@@érresw@en&,ﬁfetheém@twa%ché@r(fpéﬁaéapl% PB?%@'%%E&U ve phase
to a highly r emes:émsva;nppﬁnglprodésepha&éonn‘ﬂglmore Probedtes Viea vagtnan eatirolserd| so

etched at a il @WRiudbSoRinif BQHARNG, 36 fhatd @Penhﬂ%&ﬁ@reﬁ&remt thus

creating the d S| st struc ex ure required
by the cernet Fh§§Pt§f’f isﬂogﬁcqnﬁlﬁé]té ‘Fsggga’feﬁ‘é%‘”hr‘ doﬁ ’%f““ is still
requires tenpensatednlesay sighifieangy dueecthgmmbencf cﬂdansneedcéo@moe@s StePBOVIthi mes
greater thag cudstging szfvﬁ@s fltine, fxﬁﬁﬂmg hﬁzgené&ytnmﬂdgﬂm R angedétearem of WV
light 20 in th 20 19 ? @yﬁeﬂ it CuE:cfaelp thorsgﬁsm%% tfr;'ﬁ)[qgédrlﬁo %Rn?clé't 10 m
per square cm Ia téva GRE™ SP°EXPosTF & f anus :and Bozl er
t her mal i nor gaﬁﬂfbbeﬂ@s?: eréenathéemsweuan%@msmerwtww shytvavglspethvat i ons.
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i nformati on st befarpahe dewelppmeni proteases.Takie alidws eetorsaih exposirSto ratosmttedNo.
5,851, 729; describes a syst em usi ng a Bisnuth-TelluriumBi-Te alloy |ayer

that is sandw ched Sh-Se. fi . When hit
Wth a1 acerthe 3 SebATEA Kok hai a4 g Epients 551 4 el G F t or ent
reflectance f rmﬁttplmxp‘éﬁflretwlﬁfﬂ%ﬂnl eFipting Onipa eXPOSBIR Systens gan belisehigt ent

4,587, I533 poac ifke fnofulte smalfRk taaks pokditlewah bayedtignS YHiceny b@b@@r@lﬁsf ?_“Spg.r ent
upper ayer W 0 e i,
S or 1n” “The Chixd'cfife St e DAl o) BYE Pf&%a%“&a"ﬁﬁ%?m s the

| oner 35 | ayer SUEEEN2%lnghs (IWFIHaP‘HéSO[qﬂQﬁ%B%WWHBﬁ% elpw Odrto 007
significantly oiaoge Hdweverdictnitahd Karagfuk elgiw thattby ubbwemmﬂtlplbeipesul‘akeychi ,
Creat | ng ah Loy S AR RS pi Wilend s ONIARNG Faliab B RE 5. | 51045
char acteri%l cgoss{l}gﬁ éga @ rﬂ‘@foflvfl@fDF‘ér&eﬁW%éf\ongg‘Bsg HUQ}P?KFXB‘PF&Wges from

t he unexposed sxsteaue@;i@dr@ts@tt@tdorh@f@l&wméwcémmrmyr dhelagfoft he unexposed
and al | oyed ar e@grociy b ORI sl@bﬁﬁle ﬁﬁnté@r&@&&&?ﬂm@&néaﬁfﬁ@iﬂaﬁ% in their

choi ce of ot ekl fes S¥hc ARk BBl ICHIRL ISR Rlork Aol Phbr  cat i on

needs t he chan terls ess

i mport ance thaﬂ“?sﬁ@ eT@FF‘%lé?SFSB‘ Igfct Wh@l th%@%ﬁd%é‘?ﬂteéﬁhwalalcé‘}% filns. Optical
changes woB0d lkempemai¢idndtdo nocielidw the 1ivnef rexiprosied Taise if dakdromkredavel opnent ,

bug it | s not REfRSS j'i{)b’beid%r @ﬁé@ﬁ&&smfowkd % cBbinﬁd' R4 led. Qs‘ercsﬁ trhER! St
pqﬁ o![ gﬁa S kg _ ang %1& same point, 1t w11 remam un%)?prggeda& a Ilm%%fallb(l?lrc]z?tmn exposgrlt; g%tem, %he

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.




10 In addition the optical witeable disk technologies all require that the
unexposed nultilayers not be alloyed by the | aser beans readi @% DEE ?dﬂﬁk
information. Since these reading |asers are typically 1-2 mN 8f e i ght
focused to spots of less than one mcron this requires a significant
thermal threshold (typically nore than 250-400 C) before the alloying can
occur. Howewewnzgend 15 thermal resists require the oppasgiricaogandi tion: the
| ower the thermal reaction tenperature the nore sensitive to illumnation
is the resist making it nore desirable, |Indeed the exposure induced by the
optical witable disk readout |aser i's4typi cally in the 400,000 Wsqg cm
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the all oys and processes’ al ]
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i nor gani ¢ t her GEIOSHREYS®MS. based on a nultilayer process. In its sinplest
formthe tH@rmally active |ayer consists of two |ayers of inorganic

material s which ar es&isey.@éAlytﬁé.rw{eﬁtﬁmmpfsggﬁfga&%safmﬂ%@f {ﬁsg%@ﬁjca'!oy& A
lower thin film of one.inarganic terial. 35 (Lua one exanple an I ndi um
(In) film und&sit Té’é‘“&tﬁgé’gé‘? ﬁWL’i’t}gﬁ%ﬁnﬁieﬁqu‘?ﬁlﬁ loyrBResEre P8 Pgani ¢ mat eri al
(in one exanpl etnpsihicsmkhis @r&ics ah plumjnunidxédervetet.i Bhen edposelido 4 Hydassr have a
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bei ng possi bl e opfidalexpéxiE: réduirey by tHYRE@neC AR iS X008 HaRE IseMisthofanidhie i nvention
ey COMPriSe MLe: GHaRf Wl R YT Braues AR G20 R akec, AEMASRERErcLl 1hNe

i nvention pr owﬁeé a ther I'norgani ¢, resist. ¢ rising: a r1rst layer of
a first materi &mebgfe%{erwg%té?swgmeqan@éé%wqo ener guaty e ARGlighdt eri al on
the first Rlyeiin thdP@nseesisatpulse Chmenh odsbisiraqmite byout hemf perstuasench percond

material s havi Beis@ora GetinG Abdsa%. BO tleliEmk bfiPBoAR theRAMAedn 1SS havi ng

t hi cknesses 10 suych. t hal. Io§| n&at he rrai\yerl a{lﬂ.s In {lhe first and second

| ayers resul t s OGN EGHBYSTT 18T appligatiops, o Neifier dippusses hove fhe oS5t §43,P° pr ef er abl y
t he conposi ti ostripgedwRethoval ef Hoglgr’ppatictnad cqrnel resist avithbws damagd tosomer e pref er abl y
5 %) of that gfetal REerebd1®e woklddk UBNcultl> Anot her aspect of the invention
provi des mgghods for providing a thernal inorganic resist. The methods
conprise depositing_a first layer of an inorganic thin filmon a substrate;
deposi ti ng one or Ipseyactp alleyt filgayerseand pligs tipirefeckiritels wsll kegwiigt eri al s on
the first | ayethe ceaatng ofeogtosl weitcetlp disksfor infoemativy atosage. 0 icpaziddutar a r esul t ant
material. In vag ¢ f ¢ L | tant materi al
has 20 di ffereq%k %f@%@%%ﬁ?ﬁfﬁﬁ??&bﬁé %ﬁ%ﬁﬁiﬁ%n@? material; a

mel ting poi nt BETYH-T98gwn &i-Te Aloylayes s sang - e ayer and one or
nore addi t B8naAntimguyrSelenimSiofe filos. Syien bialwith adasercthed layeiseoydpicfesteent from

any of the unepppsselsefinewitRlSreteltiSI6KR8S froif that O thd MmOJemﬁhm§¢su[ face
on w optl Ca

of the resist G wed b Lmpl.e.illumnati

radi ati on. 25 %%aﬁ%?t%é%’é’é%%&&%ﬁ‘ %f)fl‘sﬁlgr%ﬁ% N3 llteogrﬂoﬁlfngﬂséf&usglgﬁhot omask
conpri sing at FauparentRBper ayer withhg lowes meliipgiegnerparedewerimrid layshef Teoat i ngs
changi ng from Bpahuwe Int. Tht taasrdighr @sses ifunph the abgd layal) afidinkitahe BlsOr pti on
characteri ggic fuli { ] i Lckness and the
order of t%g I gdygrwglé%ﬁlngyéo‘?% ﬂ@(ﬁ)r?ﬁs ?‘gﬁ%ﬁ%f@@%@? haenkiig‘é | ayer is
preferably sel BBf® gls '8 5] g‘é""%?"?ﬁ e @%‘?P%?Pdm’fﬁ%a%? ﬁbg"m absor pti on.
For proper chomubilaypealleping congépt shey focug islonicreddng ajipys wiasegpticdn and absor pti on
i ndex at the desired wavel engths should be calculated to obtain these. 35
Total filmthicknesses are best when the optical energy absorption rate

all ows energy deposition in both filmlayers. As many filns are highly
absorbing netal s cal cul ati ons nust be done using optical nultilayer thin
filmanalysis including




0 ~ DEC 2~O~t WD 02/ 06897 PCT/ CA01/ 01045 _7_ conpl ex indexes, and Poynting
vector analysis, both including the effects of internal refl §ctiD&6s2§fn
general the actual energy deposited in the film per unit volune increases
as thickness decreases, resulting in nore sensitivity for total film

t hi cknesses I ess than 70 nm The ~xInms are in general only nodestly

wavel ength 5 sensitive. For sone netal filns the wavel ength range of .
successful operation tested has ranged fromthe near infrared (860 nm to
W {266 nnyVO2M4¥7e are however different exposure ri&disp¥@H¢hts at different
wavel engths. Wiile filnms |ess than 70 nm provi de best sensitivity thicker
elnms (up to at least 300 nn) show the sane alloying effects, but required
nore | aser power. 10 The underlying filmmay be deposited via a dry process
(for exanpl e siprctemsticy especally itoin reflecti@/Bubdiepioksi ¢hangey frotTheunsxpeselyi ng | ayer may
be deposited RyabRe steMBhdreRER SRhind AR behaReypokdd aﬁ&lﬁlofaarmammsi tion system
15 Vil e an allLol Do, a6Li0n ol SobliS S PLGRE or 90 ELNG:RY 2l so combine
wi th oxygen, nitrogen or hy ro&,en D P or m [1'ms Wth signl~lcantly

di fferent chafbs@ebiesisoraycrofabricationnepds thechenge i thegnbipal heraglFRisHsdS or t hei r

oxi des, ni tri désuchieshiygonagieshan Tivetchreajio obtbammexpoteli @nd afibgel filpgses i n t he

at nospher e ab@mal_tda;ﬁlgésivbdmuéugéﬁmi@em?%re@ose@rareabas&aév@lme&mapped in the

filmduring d Sjti eyen fr. I 0] r es to begin
w th (usually SRR s iy o Koo yBiine uohel 18 Spfalikg®

charact eri st i &Y bgusefilip pamespplissionsdike rienting phofgpasks-usef ul naterial s show a
significant optical change between the alloyed and non-al |l oyed areas.

Dependi ng 1@n the mRiRfibRInS opRANRLEbIONEedhhdidFRs hRRGrcfoMe | i ttl e 25 opti cal
change to significant_ iLncre e i.n re%l ctl%%%y or colour to

. . EXRO ltél € atsoesgoqrecfbr ﬁ?sl 5 rlﬁ Iﬂée .
films. Optical tHENSH ST Ty &t Yt e E&r&dse, and in sone tested
cases act ual | yfogmatiopofinpecthgse Seadingriesprs are Kypicallyslol BV lase Light ociiéxposed case to
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a sinple wet etchant will remove the unalloyed layer, leaving the alloyed
l'ayer This devel opigihiofig)lard &ﬁ@tbg&%&tﬁfﬂktéﬁds'aﬁdﬁuéﬁ%B!m\é&ifyt hermal resist

with the alloyed areas |eft E%ﬁl nd an e unexposed areas renoved. 5 The
ther mal i nor gHRBOYCES mpSes, Pitetins Al ORTRE FRPd A5 TGP 70 miy. AL 50
they are not pewpedinlithegrephicirocesseic igretisa pretisileonepdior sich regiftiinl y used | ayers
on the sul®sStr aiveboth goodwakitiGip(UVeffobudé s quarementi aid avecoppBibR&tithon | ayer i s

deposi ted bef g_[rgmtﬂggrmé}cﬁip%ﬁ%?ﬁ?iﬁjé&%ﬁeﬁeg@posi ted. After the patterning

exposure and devel opnent etc ayer inorganic resist it acts as
a mask layer for the protection layer. 10 Protection layers are chosen to
have a si gnif@ﬁw&lﬂ@lﬁ_@nt etch characteristic to that of the all oyed
resist. For exanple in the case of netal multilayers a thick (about |
m cron) |ayer of GakDARe Lithofier et leprdlbhfniGlne AlLpXMAGE Plasma
devel opnent e%)ilh .\/\o&gﬁﬂ ‘L‘? man shgs,e I enpve tt e cag on W thout attacking
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better prot ectditslafeptonsitis bf (@ LaH@NIE iMdkgaiib Mateioalewhidhayeistally 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 materjals of the layers
have a low temperature alloy, a eutectic, whose melting point is below that of the




To work in any mcrofabrication process a resist nmust be easy to strip or
renove, |eaving the substrate clean of any remmant resist or 7 004
cont anni uati on, but 20 wi thout damagi ng any of the |ayers bel (qw Dﬁr‘l Zq
especially inportant for reworking a resist definition that has defects in
it. A mcrofabrication standard cl eaning processes etch (RCA 2 or HCl :
Hz02: HZO in the ratio 2:3:14) has proved successful in striping the
thermal inorganic resist in one case (Biln). Dry etches or ion mlling can
al so be us¥B0¥$8% he | ayer is very thin. The prot ectBCH#RANAPE can be 25
removed with a dry etch (Oxygen plasma in the case of a carbon |ayer) )
This will leave a clean substrate _rfady for the next processing step. Since
nore than one material conbination has successfully shown sonme or all of

t hese char act materdds of sithehof3hepad Baividehl Sieds 0 Bess reauliy ocver fad euettess of |1 nor gani c
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exposuxe, sh\(l)\@ﬁ 4’@%‘1%"3%8%??%8}‘@%@6 (fyF ?feﬁwgtﬁﬁtngé"f@“t‘ ethe unexposed
areas after teenBonybey comprise mewitg Yieyepat terning to be deternined before
devel opnents, nore than one material is transparent after exposure making

t hem candi dates fqr 4 %e a@%&‘%? e Aver@hifp S ai?t) r}ésﬁst cant etching

di ff erence between t 1io ing a
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ti,gures ook bishialad it 1 dd A GROGL IER! el pGhe | nventi on: Fi gures

1A through I D are tic Ccross sections .o strate during
deposition st %’ﬁ@°“iltt?“t“F?é%’€'t‘gal’(elelﬁth’“6f‘n°¥ %ﬁé@ﬂﬁ@efﬂtﬂoa‘%ﬂw&&t st having a
| ower pr ot ect fewrpeiceny Eor exuudy, il nrooe myeferaldyrid i pfethat ofghe auigetici nvent i on whi ch
coul d be usedalioft. phot ol it hography or mask creation; 10 Figures 2A through
2C are partial schematic cross sections of a substrate during deposition
steps in e creation of a thermal inorganic resist _according to another
enbodi mentlgof theAin?%ﬁiPF‘iBﬁ%tP?ﬂn\’/ﬁW‘l?W“tv rmethads pPTRYIlipe e BA [ ayer; Fi gures
3A t hrough SGneng@imﬁ@t@tmthgdS@wrsWOSumsaﬁtstlampﬁaﬂmm@amhélmstructure of a
device at i nt gl sabsaat Wepbhifing biel of Shor 14789 o kiboktlePB6raRRIntataPiBIREESS USi Ng t he

resist 15 of Eﬁ%}&&h’is on the ﬁét‘ila%r anﬂﬁgégtu}l‘s"é&&sfﬁpq@ﬁa er?%*l?%'a&e%ut&ﬁoss sections

illustrating truct p0|nts during a
phot ol i t hogxa Pl W@E@W%@“ﬁﬁmﬂﬁ@e frestien the,resultans mpateria) hasp gyr es 5A and 5B
are parti & s@lffermiﬂc}nnmh@s@ers%tfmmm@ ugimagddanageriblsa melting paintheRW r esi st of

Figure 2 dUXImeseafﬂbme@ﬁatd@S@rﬁrsvwayetrendtrn@aaﬁ&eMuﬁtm jdd; al@rthgy N the resi st
e nons of JREA BARHELORREDL LG o %%F%%fttéf%ﬁthé?&%ﬁn%mW"Pﬁ esi s

enbodi nent of the resis
t hi ckness of Yiffle a&gfetatsutféqen ?tCV?tWCh%é’FQiS?W Siplediuminatiots resi st, and
t he |ight trawihopticabechdiationough the resist; and, 25 Figure 7 illustrates a
cal cul ati g§ of the energy deposition vm'th depth i n one enbodi nent of the

norgani ¢ ther el yifahh o bt B fepton RRE] RbbBIL NG LY GOLON il ] now be

described with reference e“reference nunbers
designate si n?“ioa?ye‘isQaﬂlﬁlrl@%gamﬂéoa%%vﬂelc?fmﬁsﬁ@ﬂﬂ@%g from PR3P 9 hi s i nventi on
provi des a gemasmtencWimsseaefl. dry nultil ayered inorganic thermal resists. In
its sinplest formthe thermally active |ayer has a Iovver thin filmof one

I( In(r)]r gﬁgl ol teri abptic"ejﬂsa%golrfl)t%n ghagilctgl%ltices of lhg %wtdetgren}mael the Yo mel?iI layer y metal alloy

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

=




35 exanple an Indiumfilm and an overlying second | ayer of anot her
inorganic material. The second |ayer is also comonly a si ngl 1 DECre3h
netal ox a binary netal alloy (in one exanple a Bisnuth film. In nore
conpl ex enbodi nent of the o0 ~ ~c ~~~ WD 02/06897 -10 PCT/ CA01/ 01045
invention there may be nore than two |ayers. The materials that are
potential candidates for the two or nore |ayers are those which show in
their phase diagrans a | ow tenperature alloy, a eutectic, whose nelting
poi nt is b¥P&M¥PHhat of the two individual |ayers. BESLCAPIOEMIts occur fox
eutectic tenperatures below 300 C and 5 preferably bel ow 200C, with
several good materials neax |100C orybel ow. Note sone phase di agrams show
nore than one phase material ratio with tenperatures bel ow t he individual
| ayer mel ti ngcqaplen iilexet;andPdyadng vEﬂtdilaﬂiaWsﬁHioﬂllmdlddﬁg rhaleffeca of Sitermmk € gi ven in

Table | whi ch,GORLAI f eJePalﬁl@mmi dé b RS flragk @ild N Hansen. 15 20
25 30 TABLEI Eutectic ts e erat Li!crrﬁ nposi ti onTenper at ure

CConposi t i onABEEPEFS f&%f&%ﬁ?éffélgd%’?%fé )%‘% IBi 1105398 Bi Ph12556
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particul ar enbegingemics, fi tefuifevinbid 156 pdwddi ) and Bi Sn (with 43 %Bi) will be
used as thg parti cuI ar enbodinments in the detailed descriptions of the
followi ng Tigures., However any materials for the It|| er resist which

fxom 15 al | oys t h&he Wy ngdip maybe depasind yia #rmeprpsessd F’ﬁ’&? S he i ndi vi dual
| ayexs (as doddpbsitionionE&V deositigns. The oteHying layer tpy beglepasiipddyl theaavati dates for this

cl ass of ther p@tess, gﬁf@dblyﬁgmegmdg;oﬁﬁunagstgnng renment, alloys which contain
significant percentages of both sour ce materials give superl or resul ts.

Some particularly interestin oth enbodi nents are B| 22% Bi ), notable
for its ve15y | ow COHY &t dlogine fHRf QFIE‘PIS% S{’I??%OVS%W(?JSPH F*47 % Sn) for

its good conpetyed, hitrogenwi byidrogén to fom filnsbwithsigrifiontypiiftat ses.

characteristics than both the thin layer materials 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 materjals 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 etching 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




Table | does not include resists where one or nore layers is itself a
conmpound material (especially including oxides, nitrides or hgdrpges)jf¥hi ch
conbine with another layer in the resist to produce nore conplex conpounds.
In 25 addition nultilayer filnms, whose alloyed materials conbine with
oxygen, nitrogen or hydrogen fromthe surroundi ng at nosphere are not given
as exanpl es here but appear to formsone interesting alloys with good
resist characteristics. Also it is clear that nore than two |ayer fil s,

f or mi ng noVB¥E¥H| ex al | oys, can create resists thdCTapAEOWeeful in sone
applications. In the detailed descriptions of the 30 t"lgures only two

| ayer resists are discussed although this invention also extends to

enbodi ments which have three or nore layers. In addition to the | ow

t enper at ur e esvhealloys (ap bi Bikn) 4 didplé @stetchant sillaerhate hbhawlldesiayed t her nal and

optical char aghefolid i6d 1Rt Puib @b\ gthePBY Rovts Rifbhableent |y 35 low
thermal condugtiv t%sét gggh %{F;e heat]gg %;g)%a es not .creale fenperatures in

0 7 DEC 2004 @\B‘”ﬁiz‘le FEB Py A A 151 bid aqdhe anexpoted e FEI®Gini ch exceed t he
threshol d tenperature during or after exposure (the exposure nay be

provi ded, for exampd thermhl)inofgahia SLikt 1etsae)very Tiin Gypiballye30rd Maid).on shoul d be nmade
bearing in mJ&Qoh%eﬁot}aﬁ@ﬁve@duag%m%ﬁyﬁe@deayoﬁ Banfibify Rididay8Q 0% pul se to pul se

variation in ex u%sure and t] W ener.al, he, Set .1 é}rovi de exposures
5 greater tha e? &iralgn oF Peh P CaP??F8%’}%‘%&6Rr‘étefgi"glaxe{)‘sﬂ?@ﬂﬁgg hi formresul ts.
The area over thovmiliilyar isistiedepositest. | Aftes e patigrning expogiectand Aqvelepmeie r esol uti on

avai | abl e wi t &icl dfehem@ildybr. indrgbic Easist iCdtts aRPPhsk GerbrifarBe @otéctibwlaytii on of better

than 0.1 gper éctioﬁla%r?;rs&ﬂo&qioﬂaoeégg.;éaa. .gdgemggﬁbﬁfmistﬁ%ducti vity is

advant ageous because:l ess . ener needed t eat t ocal . area above the
t hermal react 'ﬁ‘frﬁ’%1 pHpyed RS- P’ig%a"fllﬁ%‘rnﬁtﬁlcasiﬁ o) ‘Wf%@“}‘s | ow. Figures |A

to 1D il ust ré@bet ! mivran) laysk pfoasbon is owrrently preferadedi eyeendla@ps i n t he deposition
of a thermal adeb@ang dfchMahill inl iy tasés@EhE/t tha CEBIHimEt bciomahenbodi ment of the
| nventi on. 1 el G4EG | fhid BSeufRRS: Rkl bl ot Aloyar device to 15
processed, _whi ch conprises a substr.ate, Af whi cho hav N processed with
i t hogr aphy iW“ﬁP&Q,W%&@%‘ﬂ@F-i@M&“ &g’ﬁﬁqa%fy@F“%P’t}éﬁétlon?‘g Yhe patterned.

| n one enbodi menytof hebserlaess. 4 coul d conprise a silicon wafer and | ayer 5
could be a thermal oxide grown on substrate 4. However in sone applications
t he substrate 4 ; (e j rec . | o layer 5 wll
exist. 20 In Fi gE? é“@% Hg&plg%?g?bq%gr@?é{?%(ﬁs%%e%lgﬁ%{t%%a?% tgggl 0gsi ted on top of
the subst r at e"PEfeleEna i SHpFire cleag ohany SempRleSELeT CoRemyiEo MWodi nent r esi st
prot ect i 0B0| ay#outamagngransefshedayers ireloywthisss espaclatinimpordtam fof bet ween 0.2 and
1.0 mcrons tRixGHmhes SesistUeRiiniRehe @t ih it A mRERbESSIESstAl@d dry procedures
such as .Spu“fiéanﬁgﬁlfohéas%s %&"tﬁ&\g% HER H/GPAY inQRRARILA. Ands (Mg O
evaporation. TIn. | éSs’ desirabl e proéess® an orgafni'c. pofymer, such as a
standar d phot 3fessfud o sirjping dhe thepmpl inpiganig e & qpg asg, ‘IH)séH?F‘B%SP’esi st
protection | aipemiling casalmibewsed prthdlaypn iseety him Thepoisttiobbydargmeayer 2 i s t hen
deposi t ed25 Thiefoted with a RiyRicE (bt plheiein Wiichle ofa &fv¥n RYAL e vallch as

sputtering °r1e%g-c1emu%§§&%g@3@tﬁ@ﬂ&t;er¥s§15§ e conprises an indiumfilm of

bet ween 5 and nm-t I'n a-‘specl |c,p‘exarrpl e, 15 nmthick. As
shown in Figure 1D, a resist top layer 3 is then deposited on top of |ayer
35 4) Once agai n, Sinte msore thanme Mmeterddd bombiletine hissueresifuily goecgss osuch as
sput t Sr ing ? r m@f&esefdhﬁﬁﬁiaﬁé ﬁst@g&ﬂi ds@skssd ge{;éf-él[%s% o%in@;@?ﬁc&h@%ﬁ do Bet in the
sae 4°Posp | Al PARLETN hORY Bk O GRP TR g Ps irospher o bet veen

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.




WO 02/ 06897 -13 PCT/ CA01/ 01045 conprises a Bismuth filmof between. 5 and
200 mcrons thick. The thickness of resist top layer 3 is choden @ﬁzhﬁf%at
the percentage ratio of the anmount of material in layer 3 to the anmount of
material in Layer 2 will yield a desired alloy when the materials are
melted together. 5 In the case of one Biln alloy enbodinent this requires
approxi mately equal thicknesses for both layers 2 and 3. In a specific
exanple the indiumfilmof layer 2 and the bismuth filmof |ayer 3 are each
about 15 ntPOHI®R (the deposition control will prob®BIGOWHES al | ow t he exact
ratio of 53 %Bi). 10 Figures 2A through 2C illustrate internedi ate stages
during the application of an inorgagic thermal resist simlar to that of
Figure 1 but with the thernmally active |ayers deposited directly on the

| ayer 5 which is to be defined (Figure 2A). The process illustrated in

Fi gures 2A thr oughrurier Ga0%s A ladvaRagel stand il@nie RRALcHRA bObw.15 a resi st
protection layer 1(Fig. 1B). In this enbodi nent the deposition of the

resi st bottonhla er Figure 2B proceeds using the processes described for
Figure 1C. Fi g ipugn L ghe Degwings vt st ep, the deposition of the top resist
| ayer 3 using t he Ipfiges sdieh ilidgsemophditiipembbiigentsof 0 invéntioesi st appl i ed as

shown in Fi gur es 2yt R vk Qﬁamearaﬁs@se&ccﬁoersemﬁsrmhamsﬁa& the creation of

phot omasks fo Q de i Nl s to be
etched. Figur e %fﬂ%sm 1L Sie Ps m’i;he crr}auon or t?]grm mﬂog%a:u%)(e%{st ha\r{rxﬁgﬁ ff)@erl nt of the

process steps P@?@‘H’“t‘%“ﬁﬁ‘i"fdéqgﬁo @ele@%ﬁ‘m‘ﬁ&t %"ttehnvén"’toﬁ@?]ﬁwo‘lldr%?ijénl c resist
deposi ted as aiyhwmlitheprdphygermeskicreaffiorgur e 3A shows a sinplified version of the

exposur e qoocess ezéAaﬁsa PICRE ax&althaﬁauca@ssrsaemétafamsmaféal ly a LTV
| aser, produc

hi by a | ens system
22t o uni FOERTRYRE R e ePPh s e B m b LRI ey ek 22
contains a paﬁltogllerrlen%bﬁd%lémﬁfrtb? @E@P@Hl%Whlﬁhﬂ@efMﬂl@Pm(eiﬁ@hY%suaI ly at a |arger
scal e than the fi Figures@s ihrangh pG btk echamatit hesspentivs ibskatioptt siuasrea pattern of

dar k por ti ons oZZfyithatndhQeke fohﬂ@hﬁ@%h&hlﬁﬁfgra&% broQRsusg Be Wakch transmt 30

t he Wptsi ses FLenf system 23 then focuses the image from photomask 22
onto the arf% ‘the top resist layer 3 creating imge 24 of the mask
transmtting port |Féﬁ%€42xZB°“ahr4DrPfPs&Chf‘é&W§Q§$ gctippsilasitinghestpiee ect ed | nage 24

i's shrunk rel afd deeicd 2 irtrdiedBfe pomssiduihntatphotolitehgEpliy process usih the resiets,  whi ch
i ncreases the,gf é:jlve power density of the light at the resist surface.

Thi s focused Iig t he, ace of the r epasiting energy
'n both the top | ;_ﬁﬁ% s P g oo s AR R 0 < SEC
2004 WO 02Po6 s of w@ﬁp@&@ﬂﬂ@imwwwwwh‘é&m&%@ere@% st, increasing
the tenpexat uwih edposues aniedavelapiteniachf hr eshol d. In the Bile resi st enbodi ment
the 110C alloying Pﬁg%fé%qglﬂ&éiés%ﬂ&gﬁ%oﬁﬁ@m offé 1%E1st o?ﬁi@ﬂ'@sl'tﬁée to low light
| evels. In the &%’ erre ’Eﬁ hﬁfpf e@’use QE q% rmhélng
tenperature i§ o VIR s ST P8 AT AT TR B r i al of top 5
resi st |ayer Blth@rFéSlSélﬂﬂ@)@eb@grf%mﬁf@dMﬂshtbﬁfeﬁlﬂﬁ@nﬁl nterface between |ayers 2
and 3. Th@3Sal | oy frigires ifustimistaesicdlaie of thdvaérgy Eeposition witk pepids onent 0 t op and
bottom resist, ﬁkEOfEhﬁmg%Ipﬁ&ﬁﬁﬂéﬁﬂ8ﬁm%§§ unal | oyed layers will, in some
t

ar eas, exceed t tectic point King for a rapid advance of this
melt front into the heated illum nated area 10. The eutectic alloy wll

advance only Besgigtionj nt o any

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.

w

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




10 non-illum nated resist. The xesult is an alloyed area 10 wi thin

unexposed resist that still consists of the separate |ayers Zﬂdﬁ@Eﬁ 2004

Thi nner | ayers take | ess exposure energy to cause the alloying to occur so
that f~Ins of less than a total thickness of 70 nm (3S nmof Bi 15 and 35
of Inin. one enbodinent) usually provide the nost sensitivity. Less
desirably, but still useful if the resist thickness is too |arge or for
sonme resist materials, the process may occur by nelting the top resist

| ayer 3 do¥R"%YE%f he interface, at which poi nt the &ATENNY*Dbegins. I n one
enbodi mrent 150 nm Bi and In layers fuse into a 300 nmthick Biln alloy area
at exposure |levels greater than 2Q14Qmll sq cmfor 3 nsec pulses froma

Nd: Yag | aser running at the 4th harnonic of 266 nmand indicate 4 ml/sq. cm
for 15 nm Bi &mehtibmthédramey . mard thirstwa lag@s. Jbe mattriials thahare patntil, t hat wi th sone

materials oXi gl forMhetlb Gethdr®Ryddd ark mesewcmwwmaf pﬁ'déédﬁa‘gﬁﬁﬁ of the all oy

may occurvmth al &l msp her nthefllln 25
Figure 3B shofs nﬁnépera%mauf)y’ ar F ‘ghoseme pO&qib f%}thﬁpﬂg 24 areas 10

replicating tHdivigaal fagers, Bett resplis Oﬁ"‘é&f@f %Ctlclt%@%slbés?@éooapé&’s 10 in some
mat eri al s Baveprefembly below 2@ € nwithopterat gdod cla@ridcdear 10810 @delbwoNvtthe t op resi st

layer 3 maki nﬁblﬂe@)ﬁasé ﬁ'i%ﬁnsqh&@ﬁ&ﬂehaﬁ)%%ﬁ%@ﬁht@na@fah@(vﬂﬁéﬂﬁbﬂ%ﬁ@s In the case of
a Biln re5|stb‘%¥1e nﬁﬁ? %{? rom hi'ghly absorbing to nearlytransparent
In particul ar "T@e’r“g% S B0 PIHad in relation to Figure 1 with 15 nm
per layer filnms shows neasured transm ssion changing from< 7 %in the
unexposed areas t Camlidabiargdtalifherival st {rel giparia Tablp Jovhichleentansposur e

condi ti ongp 'Eat&@fen%ﬁ phdsd Madrosth fhRle 11 ght range (350 700 nm. Bi Sn

thermal resis also show.a tendency to transparency after exposure

(al t hough thi sTAB’eﬁ/l be due to oxidation). 35 Thi cker Bl ns (200 Nnm were
nmeasured w th{transm ress than 0.1 uch changes 1n pptical

par aneters al low-the %?n' 8@1 a |ncnnr~f E/}?(Q'FHC§ defects As ) 3 DEC 2004
WO 02/ 06897 - [IEerR@Y/ cﬂ@mwecams t%mpoalthnoy Tﬁ@pmtmf@sse@m;@SMmﬁnl y not
affected by reppgated [pgposures tﬁlp@ al I ojws a resist [to be re-exposed to-
correct | ow ekpestres—oex—probl —Rdepd—as—t+re—Hrage—+s—oebservabl e t he
al i gnnent 16f BiGd exndé‘hre patte415°ﬁBlcan be to the exgosed pattern and not to
structures on|gike Iaﬁ%SS 0X belgg%gl whi ch gives bettler result$. In addition
the 5 electri lenty f fe—atHpyetd—areas—v ) to rangefrom
the sane to 3|8 mes |ldéger than 2K8 unexpH8ed areas.|thfiis meaps the
transparent f mrm may b|Q5 conductmg%a. whi chighas i npor t|astpiconsi flerati ons for
sone types of chin gure—3 tostrates—thewaffer—after—a devel opnent
etch. The et chf 10 t}?&\;cess ij@‘@r wetlor dry (pldsma or reactive ion
etching) 26 usEzh to ri@gbve the |gawdiposed||ayers 2,3 [while only slowy
attacking the c*loye tayer 10 the particutar enpodiment of the Biln
resi st a wet €¢mh of IJ 3 (7()%97(45°I|qfinn) CH3COOH - lwater in the ratio
1:3:6 wll etcCiPaway [t48 Bi and 7R%PH ayer s 2, 3 whil e |reduci ng @l | oyed areas
10 by less th S5O0 - é@e etcnan,glgbcnose144grust be 15 55:00 atible with the
resi sts and al-oys—use - sone-cases—a anoudt—otr alloy will form at
the interface| GiSh | ng |[dépositi on 68%E t hi s will Ieave |snal | grajns of a

remmant ngker| & after205 he etchifgy Suchfremant alljoy can be|renmoved with

a | ess et chi ng—verst t+he—restst—20-btrpptrg—priecess—tA{ t he

particul ar ent@di rent| 268 a Bi || %81 st a|dilute RCA|2 stri p of HCl: H20z: H20
in the ratio 1Ga1n 48 at15roomtenpg%ﬁture nas proved gffective |{n renove

t hese remmant Fegutre—3b-+Hustrates—the—devetoprert—eteh—of{ t he
protection rekae L ayeB5 1 25 whifChe geplitHles the i nd¥eC%f the thernal

resi st all oyefdsggatter|{pplO into t5b1,snprote,t| on resistl. Prefereptially an

ani sotrop I —sugh—as a pt Y epcttve—+omgtch,—Tsused to get the
best pattéﬁn éfaz?wsfer % n _one }/"?ﬁ‘ cul ar enbodi ment jwith an aporphous

carbon protecthSn | ayled7 1 an oxy@®sh pl aspre etch will| renove the carbon not
prot ected by g art oyﬁéi rest S[rﬁ gas 10 The purpogeof —tte protection
resist is 30 tib_fol t provi athirker resist |larea thanlthe thin

t hermal resisgMgPbr et|@hi ng proceds¥iis t haf46Bay attack 19%Rb resi st (for
exanple ion mlling). Secondly, 1t may be desirable To use etchiung
processes of types which will attack the thermal resist for etching certain
| ayer 5 materials. At the same tine the thermal resist |ayer provides
protection to etches that would attack the protection layer 1, such as
oxygen pl asna.




35 Using a protective resist

| ayer,

| ayer
conbined with the protection of the thernal

provi de good resist to al nost all )
02/ 06897 PCT/ CAO1/ 01045 -16 Figure 3E illustrates the result after etching

the layer 5 with the correct etch for that
pattern fromthe thernal

this is done with a dry plasm or

where | ayeWO&4Y7 5 t her nal

pl asna,

substrate 4 while only slightly attjgcking the thernal

3F shows a first resist stripping step where the thernal

1, in

pl asma et ches.

silicon oxide (glass)
such as CF4, may be used to etch the glass down to the silicon

one enbodi nent an a
resi st
0~

| ayer,

, BTAUSIHhe

resist |

Jgiqaﬁyﬁg@?rbon

DEC 2004 WO

and thus transferring the
resist alloyed area 10 to the layer 5. Preferably

reactive ion etch. In one enbodi nent,

5 cont ai ni ng

ayers. Figure

xesi st pattern

10 i s renoved I'S Tpyy,be done proce$ggs such as etches or dry
etches or 10 M§$n1||%¥” as Lhrg% erral §ﬁ°-°+ oy 8 hin). In the
particul ar ca:Mgbe t hE20Bi | n res|8kTla wet |@3ch which [48%Tldenti ¢al to the
standard RCA n( 2 or Fgy P02 T Tn the rﬁgA% 2:3:14 at 80C) has
proved effect4¥e A—SHppihg—t eggi{awu st j ban i s al ready
comonl y used PORt i cr p3%8br i cat | p# W% ocesses. 15 Fol ljowi ng the|therma

resi st strigp ﬁgbprotqgglon Iayemﬁébls sfripped in Hgure 3G |In the

parti cul ar beth-rert-of—at—afreFphods—eat-bor—proetectoen—tayer{an oxygen
plasma is veryPiSPfect|1Pd. Note {@S4Bhdi ng|on the processes usedl it may be
best to reverpgrt hese| jogst two pgpggesses|stripping the protection |ayer
first and theptemovipg-tHe—thermpl—restst—n b'ca”ﬁﬁfggftfzz?n' In the
particul ar enb%ﬂinent 20 t he| B*f& and @Erbon fil e oxygeén plasma etch
coul d be follamﬂd by [ 1716 RCA2 wam%gtch a$ a clean upl Figures|4A through 4D
illustrat §I metat gostages n te—pattermng of jatayer S|by a simlar
process t Ei ?qu 3A ¢ Vo gh 3Gibut with the resist ?5 directly

deposi t ed on the mafer as in Flgure 2C. Thus the resist exposure of Figure

4A is siml ar
| evel s due to

to qq@

5

affibuide 'eﬂb’cfdﬁne%Bﬁﬁ’ &wﬂH@y % 'BB\QQ& ¥8n ehhifnf48% 20

R gt BF oo ol g g BB PR

Figure 4B as d

mafer
n Figure 4C as

[ | um nati on
is etched in

descri bed in Killgvingfigees. However s mpigsdlsfor ‘ih%m@tﬂa]/% prsigt whichifiogur e 4D as
descri bed 15n Hidgsithat havfe. meBihg benperattss Shwandd ok indilided Lpdasdoligser di rect

Write processp
41 onto the t
exposes and h

e

bizke) afy
F@W&r&q‘}“@é‘%’t PYS e

er.mal

Wthe c'ﬁﬁt) é‘orh%%&f ca&ﬁ&d{eﬂ?)r

SIS

S s g | e
%@neqﬂliﬁ?@t%f“?%ef 0@8@8%‘8 area 10. The

| aser can be Seigiaiegivesyperion awilty. Serpesparticlariy-iateresing other gmbagineehis prey 35

control | ed W Biln (20%iBi), @statiicofociseadyGovacoh R téhipetitds Y7200), frdd@isnpat t er n.

AR e

direct wrigjge
| ayers or to

inrelation to Figure 3Cto

Qltlf:slilﬁal{ ﬁ'm

patterning th

,n

Lk \Bgd

Such

cts¥espatterned |ithography
Is etched as descri bed
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_yield a resist [Fablebdoas ups ingladeesissivhete gueras n®R; layets i iselpossi bl e to do al
the steps of Edngmirﬁ nhtekil (ésb@mﬂyamaummés, bitiideddrtbdrileivhicict Write | aser.

Figure 6 iIIu
consi dere
| ayers.

the vari ati on

eIer

Fi urédé op

out of the | oW&sts
of ener gy 30n figreesoolyitwlerkr rasists ste disagsed althouph drisGihvsiniom alsé cainiisoh mat erial to be

used in top | ayaimentEeHichRvERES of BorYiafdrdd @ m ninumreflection and maxi mum
absorption using curves Like that of Figure 6.

reflection (cu?%gﬁg%zg

35

f@ grgé@séaret Clohle i
W, ‘Pf& 1a1E)

i lb‘B

P i

f"c“&?r?'PPﬁ‘ﬁa“Plﬁy

&3 the detatledidesqriptions affhe,

tﬁat should be 5
the order of the

OB, MITREN LY having an I n
| ayer 2, and gydgigenﬁ%fheguwpn@qmosnhm@ncmgtsgveaas X4@plesierpditel ength as a
function of t ke @oind&shetiféresknesoysaiith kG@ir&ist dhapeerssticd. At 3. Figure 6 shows

D’Iadog% ttec"’:itél

In addition to the low temperature eutectic point the layers, should show
desired thermal and optical characteristics. Both layers should have a sufficiently

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

nd 3 of the
i ght (curve 61)
tion (curve 62)




15 The curves of Figure 6 may be generated using the known optical indices
of refraction and absorption indices at the desired mavelengt&i b b
materials to be used in layers 2 and 3. As many naterials suitable for use
in layers Z and 3 are highly absorbing netals these curve cal cul ati ons nust
be done using optical multilayer thin film analysis including conplex

i ndexes and the effects of internal 20 reflection using well known nethods
to practitioners of the art. For netal |ayer resists these optical
charact eri ¥PP¥%8% esult in nodestly nore energy bei F§T§8H60¥ I ed in the

resi st at shorter wavel engths. Thus the optical exposure threshold only
changes nodestly from LTV at 350 nmjto the deep W at 150 nmor shorter. 25
Since the netals, unlike organics, do not tend to suffer photoabl ation at
wavel engt hs f adjacem desstwhich presed thesthieshokd enpkrafretdoriips aftemexpasugee(tiehi s makes t hem

good candi dat %oiu@méy%_@pﬂﬁﬁé&,%%ﬁﬁxhﬁ}@ 288 puRe). T aeehipdieed |1t hographic

i unages For i th@gr%%{(}lbc resi s.tqs] t 3@5?;%] ection freg}r‘%.tt Qe f:f |uIJn surface
shoul d be ni nfiy&Y | .tejaf“r’?%mt% Lihe X X%qsmFFyétﬁ? 6|§n & Foner | ayer is
not to i nport &ulse HEakopdp exppsurss wd thug wrilkgsparally R pepieprovide RPOTFEE gener ati on of
phot omasks,5 t Beatérrtmntebpplietieltirghdld Belsao producOinifotsi regflts t Tie alvat t om | ayer 2

shoul d be bel gy fRERmY ﬁéaP@ouldTéB}e% Wi YietErRfHd ife Gesbididn!eG4ilafld i¥Pthe | N ONE
enbodi nent to .etFa trag%m.s}il on_of esﬁsﬁéh%g. 1.%for %I e@n In resist,
each | ayer sh&FFGFPE SET FpliHemg g rpdwion oy hpue d BYOPRP M Fes of Figure 6.
Such thicker fiadgigondpwer theemal eanduchityiicadynipgepaerause/ess ensigy uppdesi de bett er

bl ocki ng of | ket thenocalarearaboyp as @@rndl £asion poidd wherEhEmaMAY WO 021 06897 _ 1g _
PCT/ CAO1/ 04 gonfidtivilyiStoased protection an overcoating layer can be added
to the photomask on"top of the active layers. Such a protective transparent
overcoat may conprise a cross-linked organic material or an inorganic

| ayer, typically iguies bk tofilbillpstrete, i simplifigd form, intejmedipte stepsén thte energy Q
(curve 70) depgsdificadf P@ErmdNindrgankdlntliayér\Mesist dccdriling fo®hé endt8ditnt éAr i €s i n

i nt en|Si tyf pasﬁfe'ﬂﬂeﬂi@ﬁ.oﬂ i _eretﬁé%Bc)essI Wit cew%g ogfievﬁggﬁ_r ek7 is for the.
Cayer 3 oflSLSPRESh AR P W%smw%wméﬁ HEEH e Dot om of
| ayer 2 corr edfhegrephy inpreyioys eperatiens angfa lgyenhthat Trie bppatternesinlnghe Q curve 70

| abel | ed 72 i smiQinfeliguitfifié §youtiepaprst & tilidod vafeLard (ybr@ootladyes 2, while the
portion of Q gxlé{rﬁ?goxzc{g g@{ﬁ%'sxﬂo%&&. MEReRS G \bRe SRLEYs HER@SHdd £N 1N top

resi st |ayer cknesses are_best, when the optical energy
absorption raP@Y@‘%ﬁ‘P&ﬂgCG %E’ffbﬁlmﬂgﬁ’@s‘?"tl‘?‘yﬁ‘%ﬁ W’ﬁ ®(th filmlayers. Note the
sudden dr@® of the Q energy deposition at the Biln interface, point 71 (15
nm t hi ckness). 15 Wigle 1D B gsk: praecatnanet 1S degositi bd ©p 6ftte saBtrati al s the Qrate

w Il be higherg, i : yer i ace then at the
top of the to%y‘%rg Vé;eh%ﬁéﬁ gigf}%@t ﬁ,laoggené%%eﬁ?%ﬁteﬁggcgg&%giThese cal cul ati ons
are done usi n&’“%‘éﬁf"i‘?’?@" 0 Waa(\%?ﬂg?eﬂsﬁép H{’f’i’gcr‘{“ﬁgucg‘fefsects of internal
refl ections, ueferrgd deposition propasses ark dwyprocedyreg Qickp assputier ¢ogfingr chemyifalt he art. In
geneLal kt 195 acdpodldegsias:C V) deRapiatian Ih Bl ®Rsifablk Flopesy, abiétkdnicvol ume i ncreases
as thickness NyTote) . .1 enper at ures
for a given i p(?ﬁﬁn? %ﬁt&lsa(%ﬁ% evelp;ﬁmgpﬁ%@’g’i%lle%é%r?ﬁ%ésﬁ?l%%e?g&ngésﬁgt ures at the

i nterface, thP’Qteﬁtf"EZﬁy@sl'rmre sensitivity thinner filns, especially for

total filmthicknesses |less than 70 nm 25 Note that the ability of the

Biln resist to beo@BRwali@Fig@e!ehiesiibbibnEKRO3 Wikn IBHIRE Thistihat it can be
ot SR plchfy Qo e L s LEPRpBYERETLOD b Libllien [0 PT OCuCe
phot omasks "wi thout “etching t @.rems : iugle mgﬁon tn,e exposure | evel s and
filmthi cknesyergicpraprises agyndiva i, of befyren 3 and 200 np Fickgad, i speficnay el engt hs as
short 30 as Smmﬁelﬁluhi_ek.absorpti on begins to rise. rn resists using other
materials this transm ssion may extend to shorter wavel engths. For use at
B S T L A
this shoulnjé cge%%a%% IyRreipralp gour bﬁ%‘%&@‘i"gesi Fochps SRS OH CVBe hni ques whi ch
i nvol ve phot oPwérably bafypésistlayersiiend B dre Soneiipihp sagie dafopitionIPotei wiott wri ti ng of

i mages on r esbéig dkpdséiio §id GEiREHhEre bIR&E A, IRhethbtimeByetde useful for
optical information storage. 0 ~ DEC 2004 WO 021 06897 '




-19 PCT/ CA01/ 01045 Sone phase di agrans show nore than one pha%ﬁlgjaé rb@I
ratio with tenperatures bel ow the individual |ayer nelting poi I2

when heated by optical exposures that create tenperatures in the filmabove
the eutectic point the filns begin to alloy at the interface between the

| ayexs. Since the alloy has a lower 5 nelting point than either individual
filmthis reaction will occur at a nuch | ower tenperature than the nelting
or vaporization tenpexatures of the individual filns. None of the filns
tested shoWOaKIS¥Ii on of the materials after exposurBET&AOY®] s near the
threshold. The ratio of the filmthicknesses should be such that when fully
conbined the resulting alloy will _.ngar the desired conposition. Since
current |laser 10 optical UV mcrolithographi c exposure systens involve very
short pul ses {oalpdses a Bdmathdiim of betwess)) and P@) miedoad thivie | The litiokneas/&@r age ener gy of

expolsure ?ct ueeklktxomﬁ%pk}s%ﬁos%aﬁtﬁutg@ kBt g ta m%m%%f%ken??mr? during a
single pul se a s of power per
square cm durﬁaeﬁ@%eﬂﬁﬂ}%{m%ﬁfn%ﬁd% “B@XE‘F&“&*FF@"’{% \gfal oyi ng process

if the film izaeifsireneisgpzet®s As will be apparent to those skilled in the

art in theSlight of the foregoing disclosure, many alterations and
modi fications arelxpﬂ§§ds@$f%né]§ﬂntah ﬂb@@&eﬂe&s% uhsyaﬁrbﬂfﬁﬁa ecﬁm wi t hout

departing fro It or ngl scope of the
|n5ent| o% i's %hﬁge%%ﬁé Béeﬁfﬁggﬁemf&ﬁ a%@?ﬁ”'"‘%‘""hx fl E% de1P| ned by
the 20 fol | owmddbedismufpsiiim of lyer3 pEExch gput Rl thisktfiaderogiigecogrol DEC 200 WHAT

| S CLAI MED | SwilllprobAblyradthaliely ihé exadt @it ofdp %Bi).. nor gani ¢ thermal resist, the
met hod conprising. 5 depositing a first layer of an inorganic thin filmon

Tetal s deposi ¢ | g e 4t RpPL ARt S wed Gnee BB or gani 0
material or n@ftaépnowaalctbamlreslm@éwt@@a@&ﬁmﬁ@u&m@meal}e@n@y the exposing
creating a resdivdiayts dbfositeatd@ecipbn e lajer 8iwihick isadbe RtieAiFgGregr act eri stics

from the fi 1S /Rdes seAMenk @s»grtﬁmug%gc%ogg%m&udfegfedsp@g ig3g_an i nor gani ¢

thermal regis n eposI Strate a first
| ayer of gﬁ |?1E?F‘§tzRFﬂt?9u? PW f(}gllgrr{B& gt%ﬁ ’é‘}e}’féﬂ dig?qs’rug"tofl%é‘?‘s bnic material ;
deposi ting onkstign lwﬁm@&mw@ﬁusmgam@ems deseeibed rforFiigues 1§econd i norganic
mat eri al s; anﬂlgurbBﬁgﬁjﬂsﬂﬁn%ﬁtéiﬁi:h@@eﬁoﬁﬁmfdfﬂﬁ'&op&&ﬁtIiybbsesmgﬁmi | ayers, the

EXPOSI NG C7 ©abibidts delkcbl LAk 151°8 FRODBMAY §6% nybtpyl L ant mater| 2
having a nelt i $O| nt QI Nt.S Irst and subsequent
| ayers, the r"“ § %ﬁ‘l anrl?‘é’t‘sé Ie’“ﬁ? n’rnﬁléfcéc E?%P’é"%ﬂ‘? %dus phase t hr oughout

each expo?r@d éﬂﬁ@aonﬁvemtmtamdmmhlswmwtg an inorganic thermal resist,
the nethod conprising: depositing on a substrate a first |ayer of an

i nor gani ¢ thi n f'b@&%@ﬂ&%gﬁ% lf@dfotnaﬁﬁeeb@&ﬁrg&m@her};?&&m s deposi ting

one or nore sub one nore second i"nor Ic material s;
and used to pattern a lay w1th a thermal inorganic resist deposited as shown

Figure 1. Figure 3A shows a simplified version of the exposure process and
25 equipment. A light source 20, typically a UV laser, produces high power UV light
pulse that is expanded by a lens system 21 into a uniform light illumination onto a
photomask 22. Photomask 22 contains a pattern to be projected on the wafer (1-5),
usually at a larger scale than the final desired pattern, The photomask contains a
~ pattern of dark portions 22A that block light and clear portions 22B which transmit
30 the UV pulses. Lens system 23 then focuses the image from photomask 22 onto the
surface of the top resist layer 3 creating image 24 of the mask transmitting portions
22B.

In most exposure systems this projected image 24 is shrunk relative io 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




i magew se exposing the first and subsequent |ayers in at |eas OBE exposed
area, the exposure creating a resultant nmaterial which is a e eBEC 2085
alloy of the first and second materials, the eutectic alloy formng a

si ngl e conti nuous phase throughout each exposed area. 4. A nethod for
creating an inorganic thernmal resist, the nmethod conprising: depositing on
a substrate a first layer of an inorganic thin film 0 ? DEC 2004

Repl acenent page 0 1 DEC 2004 conprising a first inorganic materi al;

deposi ti ngWBAHSHT nore subsequent |ayers of one or BEHICAIHEEDNd i nor gani c
material s; and i magewi se exposing the first and subsequent |ayers, the
exposi ng 5 causi ng one or nore reagqi_ons wi th surrounding gases to create
one or nore oxides, nitrides or hydrides of an alloy of materials of the
first and subsempaBinbeals sheedsist, incleasing @raénpentirecbea the ngctiontestdld.ant mat eri al
having di ff er gfthe BiiCdidd Btolide BileS1 b dllbfing thriaRmALs hdiesigat erial s of the
first and subse&uent Weﬁtﬁ' 0,5 A%frret hod,..as .in Clt@e'em[e . Wherein the
eutectic al | ol BrAUvedo lpRiligptleyelsofnipe 15 F%%e%‘g‘&m?f@d?“éa&e SHtTgrade. 6. A

met hod as in @elipgtempeyFiae isiwiell pehew hemelting temperapuag of s materilof 9P | east 5 15

per cent of 5ongsigtflayed@thé hilo$ begaid b HRCAME interRcHRWeen IRty andB SThe 7. A nmet hod as
in any of claj L& s 14" nd i norganic
material s ar emﬁgﬁﬁ?mgl%néée%ﬁat Zﬁ@%&%h%g n%‘?%%ﬁdr?% &oélﬁ{é |gsrﬁd?&§'ni c thernal

Fesi st, the mEHEERBRN S ROV EES Pl MFOBR Mo ot A {1y st | ayer
conpri sing a euiictc Foirt aking fana fapié pdyanst of thismelf frept intocthgseted i ng one or nore
subsequent | aji@mfated ared 0t Tiereutedio bR Wil adVRicesnlypdlowdy intsaier i al s; and, 25

i mgew se 1@xp90§1i_iﬂ,gﬁ£g£rgs yers, the exposing creating a resultant nateri al
with different etching characteristics fromany of the |ayers of unexposed

materials, wherein the r_esul tant mat e_ri_ al has opti cal. tra'nsm' Ssi on
characteri stics diThe wpuiris anfafleyad arpat 10cwithintunerpesed wsift dat dilaongistsef i stics of the

i nor gani ¢ nat ge kephite Byert D endf3. Matnm@MFers WReRE UGdturd YRy H.cad@8. A net hod as

in claim2 ""_hﬁfoi{'g%ﬁo@&u Eoftﬁ#!lﬁhﬁ%tfleﬁé% raittﬁ%ﬂ% es?&%.gﬁ ésstrfgﬁgksd?‘ sSi on

char act erilgtl CS eren rom an I rst an C I norgani c

mat eri al s.192120d mlﬂE@‘*f@W’“ﬁé’SFé@g’@éWﬂde Q‘é’StGenmeE'CE?E)O4 10. A nethod as
in clai m3 whéssiedbly, biietill usefol if thetesistaitickngsals tdodageoy forserhe esisinsmi ssi on
characteri st i gstehls fe pRBdss dyQdtud By melfing thetof dekisi layarsiosg&ansl | nor gani ¢
materials. interface, at which ﬁoint 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




5 11. Anethod as in claim4 wherein the resultant materi al %cal
transm ssion characteristics different fromany of the i norga ailbal s
in the first and subsequent |ayers. 12. A nethod of creating an inorganic
thermal resist conprising: 10 depositing a first layer of an inorganic thin
filmon a substrate; depositing one or nore subsequent |ayers of another
inorganic material or materials; and, inmagew se exposing of the |ayers, the
exposing creating a resultant material with different etching

char act er i ¥00¥%3% r om any of the l|ayers of 15 unexpoX&&EAMNMEY | al s, wherein
the resulting material has optical characteristics different from opti cal
characteristics of materials of thesfirst and subsequent |ayers such that
exposed areas can be readily detected by sinple illum nation with optical
radi ati on t hushealeyaigiprgesses sicamnbdndy noraipetedby rbﬁeaecsaxpdsmeethisﬁnbwﬁ A net hod as

in claim2 wheskRihpd R%xﬁo@e%% SokrBd ldWxEJsh@J, orribf’o‘BleBPt In@ééh t1§r| stics
S of t L rst and

different fro teri

subsequent Ia% abé%tﬁ%al ng %?‘88?“%??8%3‘%& tﬁéhere&?ffdlp eHJef’ln%ct ed by sinple
i1l umnation WPtihStyEReEe th@rlé)m £1 bslowy Whish gives batterygsulis vin gddisios fiermge on 25 the
surface. 14. Aetmdah@dduaiivity of thd Aloyad ArewdvasielotmdtthRngedoul thd sage wwst er i al has

optical char a%gilhrgérlt&ﬁtﬂéhﬁ&ﬁj’sﬁ%eagI’ﬁﬁg]ﬂ%tﬁ%m hath Gy 64 1 ¢S of materials

f the first b dil
et octed by SOVSIRS ST FRAPET SHoO ERR g PRENPR ALFSion  hus cr eat | ng 3

vi si bl e image on the surface. 15. A nethod as in claim4 wherein the
resulting materi aIFlgnﬁ:SSOGmIsﬁ-ﬂaltheoﬁmaMreﬂévslbpm@t ¢lohf fre¢ @etingf r om any of the

unexposed j§Rt GfbRd %11:@1"& o”ﬁ‘? aor acgve%gt ﬁpoq fif page 0 1 DEC
2004 exposed areas dﬁ 5 el etected en%l 1 mnation wth
optical radi aPREPSEHEESEPIdr fYy Sowy efaping erdfe face. 16. A

met hod accor dpatcutap emhodiment Of:ilhaBlh‘sres.!Stazlet gh Of)HNQa (Ap% selitivn): ragewi se 5
eXposi Ng CcoNpCH§EIOR Xpa&iinge taie1:B: 8yl act Mvagine BL bueidn (296 2B W@l conpri si ng

optical 1] 1 umdahsd (}Ja@weaagowﬁ't@ﬂswsq&,@mcﬁl@s%gﬁ%s%e 10 nmto 100

m crons. ]1% l cord galt? al ns , 4, S or 6 wherein
i mgew se “10 8‘3???8%‘1‘?1%‘ resendaleys Bedi ng at the layers a directed particle

beam of el ectrons or ions. 18. A nethod according to any of clains |, 2, 3,
4, 5, 6, 8, 9, 11nsbde i asBhll dfoudve a0y Rvill #38n hit@feUhibrdiod dup@g eri al conpri ses

any of the fo 4,3 Mo e thd Rl e raick B £ ¥efRant FliCels arPh f@urcttly ™ B PP B SN,
Bi Zn, CdIn,
remnant afloy 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 jon milling). Secondly, it may be
desirable to use etching processes of types which will atiack the thermal resist for
etching certain layer 5 materials. At the same time the thermal resist layer provides
protection to eiches 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.




CdTi, Cdzn, Gin, GaMy, @GSn, GaZn, InSn, InZn, MgPb, MSn, IYP?Mﬁ@'
PbPt, PbSb, PbSn, SbTi, Seri, SnTi, or SnZn. 19. A nethod forY ér i a
patterned resist on a substrate, the nmethod 20 conprising: providing on the
substrate a first layer of a first material and a second | ayer of a second
material, the first and second materials each having a nelting point higher
than a nelting point of an alloy of the first and second materials; 25

i magewi se exposi ng the substrate by heating sel ected adjoi ni ng portions of
the first ¥RA¥¥¥éond | ayers to i magi ng tenper at ur esP@KBEOH*hg the nelting
point of the alloy and thereby causing the first and second | ayers to nelt
together to formthe alloy in the sgected adjoining portions; the alloy
having different etching characteristics fromany of the 30 | ayers of
unexposed mat er i alFigureXE. illibiatesti:t rotl aftef etchisy tha 14y@r Svivith ehie portebiestcal | oy is a

bi nary al | oy kCus I JEhRAG R 8 MR hR sl Hond RisOMOR Lol DY 504 from
t he group coni&bﬁﬁer} ef)%‘a%fﬁ‘ﬁ?lygisdﬁl,&m@w ?d@ﬁﬂaﬁac’éﬁgﬁt}"%§3§ﬁg éi zn, Cdin,
CdPb, CdSb, Cd%rembesiment, wheEhayenSis a themmgiliconpxdls (clegizm, lupi®n, | nzn, MyPb,
MySn, MyTi ;5 PbéhinidgpRkma, Rixklas CRHmay beSkelito etdhatid glasSiolin, to @velli®aZn. 5 22. The
nmet hod of cl ai ' ' ' at s are |lower than the

5 tga%wmhe kb Ghi sttgffy IR A o BPREA(AER

melting points o i rst ‘and sec mat er | 23. The nmethod of claim
19 wherein the first |ayer conprises an oxide |ayer. 10 24. The nethod of
cl ai m 19 wher ei n tHigareg3F|shawsaisst aqsist strippingstepyeereitedhepnil ¢sistiatierdli f f er ent from
optical propemnd isegnodéd. AFhBasay bl @dne by prodesses suthss wagtithesar anytichayer s are
unexpos ed. 1015 nifly @O AbhdYesif 1581 B%id). BALS SEREL: Loiritkpgl @ substrate,
€ metho resist a wet etch which is identical to the standard RCA clean (RCA 2 or HCI: H,0,
:H,0 in the ratio 2:3:14 at 80°C) has proved effective in stripping the alloyed resist.

This RCA clean is already commonly used in microfabrication processes.

15 Following the thermal resist strip the protection layer 1 is stripped in Figure
3G. In the particular embodiment of an amorphous carbon protection layer an
oxygen plasma is very effective. Note depending on the processes used it may be
best to reverse these last two processes stripping the protection layer 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 5 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




conprising: providing on the substrate a first layer of a fi rﬁ:?aﬁgteé'j gl
and a second | ayer of a second material, the first and second i 40

each having a nelting point higher than a nelting point of an alloy of the
first 20 and second nmaterials; inagew se exposing the substrate by heating
sel ected adjoining portions of the first and second |ayers to imging

t enperatures exceeding the nelting point of the alloy and thereby causing
the first and second layers to nelt together to formthe alloy in the

sel ect ed aWPd?4¥ig portions; 25 the alloy havi ng di #GT&EAWE04EL chi ng
characteristics fromunexposed portions of the first and second | ayers; and
providing a protection |ayer betweep the substrate and the first layer and,
after imagew se exposing the substrate, etching the substrate to renove
unexposed por Yyieldngesat paibra af sho®i indpilreIBC Qislpdsanie toslo ammdstspsHbSeqUﬁngl yf 30I
removi ng expo L i er. 26. The nethod of claim
25 wherein thgfg%reg'?%%%?%% af}eplﬁgg{ﬁngp?‘%giﬁghﬁier of carbon. 24 0 ~ aEC
2004 Repl acenent page 0 1 DEC 200 27. The nmethod of claim 19 wherein, for
at | east sone wavdligreftiHesiratesnpticy] ¢hapcteristios obhe Eimsithat $hguld beanspar ent and t he
unexposed f5i r sénsidsrel 16 @QerfiheliR)OMined e itknEss Bikil (R drded bf e layedBNSparent. 5 28.

A method as i @*‘%%gllegi' s&a?es}%}kﬁ%ﬁéapbeﬁﬁﬁ% &% ﬁf&%\?a@fgé ?[Inlnc dsspqnd |ayers are
&3 '

bet ween 5 nm ) 9. ) ai m,19 wherein each of
the first and?"é’ 8‘1“?%&1?@85?%2458‘{}8@1’“?% B2 ncpr ot thesembigle sel ected from

t he group condgiickndsnef resist layepa & and 8. Higre @shownidic vashadon vatltheyeipd aasist deposi ti on and
evapor at i on. #knefs 6FRdyBOTlanll lof GicQerleliidg (Rfve 60Tt er ned | ayer, the
met hod COngey | §Bine#ERPRIE B oft of inh Rlved @YESs bBlonfin b wlaify 0ani ¢ materi al
on a substrate; an eposIti nig one or —nore [ayers of one or nore second
i nor gani ¢ mat é‘?sf’@?l%n(ﬁﬁvet%g"ffefl?r@t g Gepbingd esis 7€ al | oy of the first and
second inorganic materials has a nelting tenperature |ower than nelting
tenperatures of t e {Hofcs bf wikmB@HilGo BERIsEY ih @ 149Er 3y b maddieyisiecond i nor gani c
mat eri al ;- ang 3l IRARH 38 EXRRR Aot XS iRl bhakgby creating a
conti nuous, film tlhe cont 1 nuous |ImrcDerpr| 'ng t, e_?a ers 1n unexposed
areas and ]15heTE?)‘P‘?f"ieﬁ‘Ef(ﬁ%“?qu‘%t{?(gFPﬁ’fafengﬂé“ﬁ“%@’h?@&aﬁtmdﬁét"éri al in exposed
areas, the r esaffattianandrabsoeptiomindices aithe desired vaveleapthofpr thé matéralsfté best and one or
nore second ORGARM 1yeFsata8d B.oAsSmany Matddals stiBle 18 tubeid 129€rs & hai3me30 conpri si ng
etching the 'qg%3%s§r%m§§188ﬁﬁl%selcﬁ%('gga§cuj H?ng‘ﬂlu&‘ogﬁ‘cﬁl%siﬂg%t‘{”éﬂ ch the resul tant
mat eri al has etching characteristlcs di eren rom aﬁy_of the layers. 30
32. A phot om&@t%?rgti‘“i‘Qllmaé’élﬁ%srlp@‘idﬁ’écﬁ%‘m‘fxé%’fesf‘whq effoeit &f W§oal hi n i nor gani ¢
coati ngs, Xai deflewtian nsingsved] fraovgi nmeghods to pracijtieupsef the attr Horsyedl Bydr when heat ed.

33. The phot opgsk tede oftica dMrduter BRN RIS BEdRH! hetd sl ®Rkg RpAk&QCt i ve over coat .
25 in the resist at shorter wavelengths. Thus the optical exposure 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.




0 ~ DEC 2004 Repl acenent page 0 1 DEC 2004 34. The phot omask OETCDEC”YWW
wherein the overcoat conprises a cross-|inked polyner. 35. A photonask
according to claim 32 made by a nethod conprising: 5 depositing a first

| ayer of an inorganic thin filmon a substrate, the first |ayer consisting
of a layer of a single elenent netal; depositing one or nore subsequent

| ayers of another inorganic material or materials; and, inagew se exposing
said layers, said exposing creating a resultant 10 material with different
et chi ng ch¥P4¥¥¥i stics fromsaid first and subseqU&HCAY 4t s. 36. A

phot omask according to claim 32 nmade by a nethod conprising: depositing on
a substrate a first layer of an inqggganic thin film 15 conprising a first

i norganic material; depositing one or nore subsequent |ayers of one or nor
second i norgani c et iereas¢dprotestieh anjovmmepating dayerccrpbesaddrg tosth¢ phofopaskt and
subsequent | ayeiof of EdcHveANRASSUNa FroBaiv fighspartnEovpOGEta opSea conti guous

| ayer of are t erial I; Ay point.sbel ow nel ting

poi nts of sai %Si@isa{dOg%g%ﬁ%lé%gﬂ%%agifl%9%%@%&%11%&8@%%%5k according to
claim 36 wherein said resultant material is a eutectic alloy of said first
and second Smat er i Jigore 72Bus88es the epérgit @ kmek 7@cieppsitkil pey univvalinee m 32 nade by a
nmet hod conpri gWRE) by USRAS it YdrR&in GensitypdeBb tadugh Brebist! Ble chidd/BV ofof an i norganic
thin film CO”B%&%W oPl bladble bf‘a%&%n%rélﬁ'%ﬁ%ﬁ#rz%i%oﬁd&ic sON€ O nore
subsequent | ayé€rs _of one or  nore Seco d organ) ¢ materials; and 30

i magew se expdiaR) layendpii pay foriflumisina dtdam Wavsleaths Thebeitem 8 hosi ng causi ng
one or nore r &xeaticomspands ta adisknce of i The paten df @ corve @ kbelede’26 nor e oxi des,

Ini trides q!odhmd @ﬁe?@&ieﬁsitearﬂuﬁéwecym%erm;mreit@é portidh oS@bilvel0NSkieand subsequent
ayers, sai act |

n I ng .a.r | 3R i | i fferent
et chi ng characterisi _%§%?§%%$@%HEE?E§EV%%£%terfgﬁgﬁg?ggéﬁﬁg?grst and 26
~ OEC 2004 when the optical energy absorpfion rate Q allows energy deposition in both film

layers. Note the sudden drop of the Q energy deposition at the Biln interface, poinf
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.

e

0




Repl acenent page 0 1 DEC 2004 subsequent |ayers. 39. A photo Siéﬂﬁhordlng
to claim 35 wherein said resultant naterial has optical trans 2604
characteristics different fromoptical transm ssion 5 characteristics of
the inorganic materials of the first and subsequent |ayers. 40. A phot omask
according to claim32 made by a nethod conprising: providing on the
substrate a first layer of a first material and a second | ayer of a second
material, the first and second materials each 10 having a nelting point

hi gher t haWo&2#81ti ng point of an alloy of the firskCT{#d/'8¥eond materi al s;

i mgewi se exposi ng the substrate by heating sel ected adjoi ning portions of
the first and second | ayers to inmagigng tenperatures exceeding the nelting
point of the alloy and thereby causing the first and second 15 layers to
nmelt together to fSomephabediggtans yhowmdrdrbarsmb picteanhtaif raiowithg portions. 41 A

phot omask cONg8kilils bitsie ABBLEAS qleﬁiagﬁoént@@ms%eﬁn&&&sye%cagp; ical Y o
| ayers of di fF’@P%‘ﬁ?S@? ﬁgPaéeatﬁ[F’%?raﬁﬁ‘its t?%ﬁlg‘a%?‘ﬁéﬁ e&%‘%‘r‘i@"ﬁa %onprl sing 20
conti guous r edeeisia abigy ak ke interfasy besiveaniie layarsr Sined the allay BasRHIWET the al | oy havi ng
a mel ting GSenpetiag poie tao ks indidduanintthingadienpiiiroadutistasmol lotvere | nor gani c
Second ar eas Kap RO ohif O Shiiol cipduliedk dIRE AR ANE T L0 ek
according to %a %%bffl%%t@ eéll téﬁgmﬂ’ﬂ??ﬂ&mé%fl Y #i5t BY‘FPrSaHﬁ‘Ee PP s conpri se

di fferent net #@eséﬂdﬁefﬂopmﬂm@@mﬂwdrbgsw theti véienfully wherein the

al | oy has opt bﬁﬁim&ﬁﬂﬁ!’rﬁﬁltlﬁallsjiWﬂl&eﬂlﬂfefdediled\&onfpﬁsﬁmcﬂﬁcb edtentinar act eri stics of
a topmost 1gne i tRemicRRig Sﬂhfce éeéyé‘éexﬁsm%\}é%er? ﬁ?ttrguﬂ& (@281 bl e i mage on

a surface of t e Iesl Vi e (gtlon wi th optical

radi ation. 2775CgF lessibe eng?B' 202 ‘ie%?éee‘fPéW ﬁa"fua WA 45, A phot omask
according to bnghmmevmept@&lmowmd@m @ngﬂsa(lﬁwmmfguarﬁﬁnhm 2Bel ow 300

degrees Cel si usgc. i¢6.5 mbglam o Pk pa c@@arednigriigahdfuite)NSddh dhgowdrn t he al | oy
contains at | m%éugﬁﬁﬁg&ssgm@ﬂﬁbqﬁmte%gﬂ.nor ganic materials.
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.



5 47. A photomask according to claim4l wherein the all oy conﬁr'ﬁgg ﬂE#
bi nary alloy selected fromthe group consisting of AsPb, Bi Cd, 'B , E8it n,

Bi Pb, Bi Sn, Bi zZn, Cdln, CdPb, CdSb, CdSn, CdTI, CdZn g%in 'gawgé GasSn,
Gazn, InSn, InZn, MyPb, MgSn, MgTl. PbPd, PbPt, PbshRePBeNe®pede 10 set
SnTl, and, SnZn. 48. A nethod for creating an inorganiﬁ'Ppthmngd | ayer,

the nmethod conprising: depositing a first layer of a frrst rnorganic
material on a substrate; and 15 depositing one or nore |ayers of one or

nore second | ' ri.als on the first layer wherein an alloy of the
first and seggﬁggiggiégﬁﬁﬁ terials has a nelting tenperature | ower than
nmelting tenperatures of the first inorganic material or any of the second
inorganic materials; .and,. 20.i magewi se._exposi ng .t he | rs_and thereby
creating a c ﬂtiﬂ%&%%h ‘ﬁﬁFmPﬁ%mgﬁﬂ??Wﬁgﬁ%“%ﬂ?%$€£ Fﬁéﬁﬁﬁm?¥%n$ayers in
unexposad areas and t hiRpodimig £ diest Saykt bfarcmoipanisithig fAmresaubstbamitetae eri al in
exposed areas, the resultant. material conprising. an glloy of the first and
one or rore secondSi AT GERTEES &ﬁa}yﬁT%‘f.ca lggom tr?éettﬂod according to claim
48 conprising etching debesitin®@awios anéx¢ubsdubmylay&sidf aothet diapinic n whi ch
the resultant material has etching characteristics different fromany of

the |ayers. 30 500 FRF A #%i ng to any one of clains 48 and 49
wherein the resultant jfagewisalexpessngOficilapdrs, thaeamisiig Gtdting didshiement from
any of the unexposed materials. 51.. A method . according to .any one of clains
48" and Yo mhereinmﬁﬁﬂdﬂggh@%%WPt? g5m§“§ﬁﬁpﬁﬂ%ﬂn%§H@EE§W§wﬁqu?ﬁe 0 1 DEC
2004 material hasjapgbical characteristics different fromany of the first :
or second inorganic materials thus providing a visible inmage on a surface
of the resist which can be viewed by illum nation with optical radiation. 5
52. The method of AGRNhéI®r katilgtinBorgshit Miehial Wit @hdmedod cahpridheg: f i r st and

second inorganic materials is a netal and_the resultant material..is a
eutectic alloy of the 4PPEHNG G & sWhsHate) % GF)AMNE oxét“elr“f"éﬁagl.c %’gl hknmat hod

accordifyg to cl ai @rytisMaers kiinbfganicuiageii;c all oy has a nelting 10 :
tenperature bel ow 300 degr.ees Cel si us. ﬁg. A nFthod according to 8Iain153 ;
wherein the eutectic af9PBHE®APSCHEOLE syhse@ieniSlayers of ope OF MUK KENYPY  he first
and second i nor gapiofgafiBto@itéralls and,5 55. A nethod according to any one of ‘
clains 48 to 54 wherein inagemﬁse,exgg%jng t.he Iaéerﬁ conmpyi ses gernitting
the first and second nERA8FVEF$XPeingthedingand syRsrghsnt ?ﬁefsr’ééfef?‘pé?ﬁ Bot h
oxygen and ni t r 0ggRaieipdin/ ®a6i dheleRose @ arehd, @ Résuli@it eidtetlal BARY 4 SRRingnNe or

nore oxi des, nitrides or hydrides of an alloy of the first _inorganic

mat eri &40 and one BYInfRglew seltingepainis of theifieagd srbseats iy ers; e LosuBg™t The

nmet hod of cl ai m 5gwRer Bihink AQinRIARAHARUS BhEE ShréughSaCdatPBxpdkddaréd)r r oundi ng
gases.

3. A method for creating an inorganic thermal resist, the method comprising:
depositing on a substrate a first layer of an inorganic thin film
25 comprising a first inorganic material;
depositing one or more subsequent layers of one or more second
inorganic materials; and,
imagewise exposing the first and subsequent layers in at least one
exposed area, the exposure creating a resultant material which is a eutectic
30 alloy of the first and second materials, the eutectic alloy forming a single

continuous phase throughout each exposed area.

4, A method for creating an inorganic thermal resist, the method comprising:

depositing on a substrate a first layer of an inorganic thin film

20



25 57. A nethod according to any one of clains 48 through 56 m ﬂ e
i mgewi se exposing is perfornmed with directed radi ation havin g hs

of less than 100 microns. 58. A method according to arepleaementrepai s 48

t hrough 56 wherein the 30 i magew se exposing is perfornﬁdbgkhnqﬂ%rected

radi ati on havi ng wavel engths in the range from 10 nmto"l 1 ns. 59. A
nmet hod according to any one of clains 48 through 58 wherein the i magew se
exposing is perf dOMPESIRE RIS IRATga WateHali t i ¢l e beam of electrons 29 O

DEC 2004 Repl acenment pr@ssithgloddss RBRsuBlequemtSlaydes &P oddoPhoRbsedbnb0. A
met hod according to any one of clains 48 through 59 wherein the resultant

materi al conpri sdBOGANE FREYals Yy sel ected fromthe group consisting of
AsPb, Bi Cd, Bi Co, Bil nmaBivibe eBlosing the ﬁfbtag&“sﬁbse%bﬁblay@i;sﬂw Sing CATI ,
Cdzn, Gin, GaMWy, GaSn, Zn, 1I'nSn, InzZn, MPh, Sn, MyTI, PbPd, PbPt,
PbSh, PBSn, SbTI ,causing oneprmore zgtionsyvith sugrpundinggaseol® SHEALAWIRPAD any one
of clainms 48 to GigienAtiled CRAGWIRR SKROIIBY JTORREHSIR oM@ firsgasel ect ed
areas of the layers to an inmagi hg tenperature and the inmaging tenperature
is |ower than theukgqueniglayerspdhatreactignyofrephing f resultani gpgfariplchadn®r i al or
any of the secondyBQLOARKIGg MRASbRlSs fBRr arf) TRAD ARABEUIhO rst Bn@ny One of
clains 48 to 60 wherein the resultant . matérial is substantially
transparent and tfwbsegHeRpyS®d areas are substantially opaque to radiation
havi ng ;3 wavel ength in a first range of wavel engths. 63. A nethod according:
to claim62 conprising applying a transparent protective overcoat over the

| ayers prior5to ihﬁg@gﬁéé‘sé&ﬁ&mnﬁ“@lﬁ@m theequiectig alloy hapaHBelting £8¥Hi ng t o
claim63 wherein g%gy@g%p&gc&g Pigeses a crosslinked polyner. 65. A

phot omask made by a nethod according to any one of clains 62, 63 or 64. 66. .
A patterned resist nade by a nethod according to any one of clains 48 to

62. 67. A thgrmalAio6h8ank Gn BT wHR ki Bftectic alloy contains at least 5

15 percent of one of the first and second inorganic materials.

7. A method as in any of claims 2, 3, 4, 5 or 6 wherein the first and second

inorganic materials are metals.

20 8. A method for creating an inorganic thermal resist, the method comprising:
depositing on a substrate a first layer comprising a thin film of an
inorganic material;
depositing one or more subsequent layers of another inorganic
material or materials; and,

25 imagewise exposing the layers, the exposing creating a resultant
material with different etching characteristics from any of the layers of
unexposed materials, wherein the resultant material has optical
transmission characteristics different from optical transmission
characteristics of the inorganic materials of the first and subsequent layers.

30

9. A method as in claim 2 wherein the resultant material has optical
transmission characteristics different from any of the first and second

inorganic materials.
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a plurality of layers of a plurality of materials, the plurali t_[yggf Wers
including at least a first layer of a first material on a sub8tfr BEE a
second 30 0 3 SEC 2004 Repl acenment page 0 1 DEC 2004 second
material on the first layer; wherein: the nmaterials of Pﬁ%lgcfeggéen@aiegve a
eutectic alloy; the layers have thicknesses such that allgyimec 20
materials of the 5 plurality of layers results in a conposition near that
of the eutectif al X . i i 1 i h

( . : RGE 1% L8]

"nor gani ¢ 1 osi Gt iy oAl es HOALEL b, WHBRAE the SehRRS Wi ha 1551

conti nuous fil m i rirankmiskion eharaetesisiicd diffsfent Heonh aperof the ficst and feoend a new
conposition in th e .areas 10 and the plurality of |ayers of the
first and second rqr% géllﬁé; ggggig preserved outside of the selected areas. 68.
A thernal inorganic resist according to claim®67 conprising a protective
ayer bekweenihe {if&hod 3YSh Ath NGrRHRR AR Eandft Bdnerfh (ST fRlcal nOT NI ©
resi st according to erar me8 whérein e protéctive l[ayer conprises a |ayer
of an anor phous carabgmissiot elidradterisits diffetehefiroralany nbthg &mirganiematstialagcor di ng
to any one of cl aitﬁresffgg tdosu69 %1 Eeierrg 20 the first and second materials
conprise a pair of ne a1 YR R EPhal i norgani c resist according to
claim70 wherein the pair of netals is selected fromthe group consisting
of the pairs Pb,, Bi i.Co. Bil.n, Bi.Ph, Bi.Sn. . BiZn..Cdln, CdPb, CdSb,
Gsn, i | i, AR ebigingcin foognic horl Fis, BRI Lo i, T
PoPd, PupPt, PbSb, PbSnhdeshifing aSadillayeBiolian inargdnic 8id film 62 a shbstdater nal

i norgani c resi st accorgi n(%itt 0 claim70 reientt hergatrnoé]errmr;to%lasnii s Biln.
30 73. Athermal inorg P T s PR_Y R L4SF 41 sﬁq‘tld1 oJ\?K/e Sh&" AT I's) 67

t hrough 72 wher ei nndtéréal etiineetinls; @ldl oy has a nmelting point of |ess than

300EC. 31 0 ~ DEC Zo%llag%e 1éeaecx%rorglgé oP f;ﬁg ?ay%rs}th%lze%pgs()lr(l)é creating a resultant

material with different etching characteristics from any of the layers of
15 unexposed materials, wherein the resulting material has optical
characteristics different from optical characteristics of materials of the first
and subsequent layers such that exposed areas can be readily detected by
simple illumination with optical radiation thus creating a visible image on
the surface.
20
13. A method as in claim 2 wherein the resulting material has optical
characteristics different from optical characteristics of materials of the first
and subsequent layers such that exposed areas can be readily detected by
simple illumination with optical radiation thus creating a visible image on
25 the surface.

14. A method as in claim 3 wherein the resulting material has optical
characteristics different from optical characteristics of materials of the first
and subsequent layers such that exposed areas can be readily detected by

30 simple illumination with optical radiation thus creating a visible image on

the surface.

15. A method as in claim 4 wherein the resulting material has optical

characteristics different from any of the unexposed materials such that
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74. A thermal inorganic resist according to any one of clains ﬁ?DECLﬁWh 73
wherein the eutectic alloy has etching characteristics di ffer% t
etching characteristics of the first and second materi Rbﬁlacéiﬁent»ﬁbgé\s
A ?2.ARA3.,.AYy.A3.A@QA H .A .A .AF. A n. A A A3. A3 . A3! 3r.
[,.Ae.An.A9. A . A A A% A[. A AA Al . A& A, <?y <9bo{s 01DEC200L
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25 imagewise exposing the substrate by heating selected adjoining
portions of the first and second layers to imaging temperatures exceeding
the melting point of the alloy and thereby causing the first and second
layers to melt together to form the alloy in the selected adjoining portions;
the alloy having different etching characteristics from any of the

30 layers of unexposed materials.
20. The method of claim 19 wherein the alloy is a binary alloy.

21. The method of claim 20 wherein the binary alloy is a binary alloy selected
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22.  The method of claim 19 wherein the imaging temperatures are lower than

the melting points of the first and second materials.

23.  The method of claim 19 wherein the first layer comprises an oxide layer.
10
24.  The method of claim 19 wherein the alloy has optical properties which are
different from optical properties of areas wherein the first and second

layers are unexposed.

15 25. A method for creating a patterned resist on a substrate, the method
comprising:
providing on the substrate a first layer of a first material and a
second layer of a second material, the first and second materials each
having a melting point higher than a melting point of an alloy of the first
20 and second materials;
imagewise exposing the substrate by heating selecteq adjoining
portions of the first and second layers to imaging temperatures exceeding
the melting point of the alloy and thereby causing the first and second
layers to melt together to form the alloy in the selected adjoining portions;
25 the alloy having different etching characteristics from unexposed
portions of the first and second layers; and
providing a protection layer between the substrate and the first layer
and, after imagewise exposing the substrate, etching the substrate to
remove unexposed portions of the first and second layers, and subsequently

30 removing exposed portions of the protection layer.

26.  The method of claim 25 wherein the protection layer comprises a layer of

carbon.
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5 28. A method as in claim 19 wherein each of the first and second layers are
between 5 nm and 200 nm thick.
29. A method as in claim 19 wherein each of the first and second layers is

_deposited by a dry procedure selected from the group consisting of: sputter

10 coating, chemical vapour deposition and evaporation.

30. A method for creating an inorganic patterned layer, the method comprising:
depositing a first layer of a first inorganic material on a substrate;
and

15 depositing one or more layers of one or more second inorganic
materials on the first layer wherein an alloy of the first and second

* inorganic materials has a melting temperature lower than melting
temperatures of the first inorganic material or any of the second inorganiz:
materials; and,

20 imagewise exposing the layers and thereby creating a continuous
film, the continuous film comprising the layers in unexposed areas and the
continuous film comprising a resultant material in exposed areas, the
resultant material comprising an alloy of the first and one or more second

organic materials.

25
| 31. The method of claim 30 comprising etching the imagewise exposed layers
in an etchant in which the resultant material has etching characteristics
different from any of the layers.
30 32. A photomask material comprising at least two layers of thin inorganic

coatings, said coatings changing from opaque to transparent when heated.

33. The photomask of claim 32 comprising a transparent protective overcoat.
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10H&1O0H&L10% & () - ! H&I0% & ()-!) ?h

L&H&I0% & () -!'H&1O0% & ()-!'H&I0% & ()-! " &y @/
10HH&10% & () 39.H&1A %&o(n)asld t)c@brdmg to claim 32 made by a method comprlsmg

&g‘mgoo/g i &.( % 3 i :_ifé(])_oo/g /fL& s|1 100 1rst é)yer §f an 1horganlc %hm fom on a substrate, the

L&HH10% & () - ! H&mwlaye(r)cemmgw&h@r Of 7 sirighe Q@i metalE4/

1OHHEL0% & () - ! H&L10% & %ﬁ .
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10HHEL0% & () - ! H81:RMExa1 (o} miabeyidls; and,

imagewise exposing said layers, said exposing creating a resultant
10 material with different etching characteristics from said first and

subsequent layers.

36. A photomask according to claim 32 made by a method comprising:
depositing on a substrate a first layer of an inorganic thin film
15 comprising a first inorganic material;
depositing one or more subsequent layers of one or more second
inorganic materials; and,
imagewise exposing said first and subsequent layers, said exposing
creating in exposed areas a contiguous layer of a resultant material having a

20 ' melting point below melting points of said first and subsequent layers.

37. A photomask according to claim 36 wherein said resultant material is a

eutectic alloy of said first and second materials.

25 38. A photomask according to claim 32 made by a method comprising:
depositing on a substrate a first layer of an inorganic thin film
comprising a first inorganic material;
depositing one or more subsequent layers of one or more second
inorganic materials; and
30 imagewise exposing said first and subsequent layers, said exposing
causing one or more reactions with surrounding gases to create one or more
oxides, nitrides or hydrides of an alloy of materials of said first and
subsequent layers, said reactions creating a resultant material having

different etching characteristics from any of said materials of said first and
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10 HH&éO%/i & g ) 40. chg? %ft)oﬁ]}lsld &g(g/l?gg&b'ibﬁﬁﬁ % &ially by kLA RofpridibR10% & () -! aa
aaaaadE4/ 10HH&10% & () - '
L&HH&10% & () - ! H&10% & ?%&1‘6"@& sc*straé&&ﬂgh@gm? a first material and a

10HHE10% & () - ! H&IQUrid (a)yell b 2kecond material, the first and second materials each
L&HH&10% & () -! H&10% & () - ! H&10 @{t% (h -1 &a, a- a..al a4a8adE4/
10HH&109& () -! H&llf?%ng g e]ltlﬁ pRint higher than 'a melting point of an alloy of the first

L&HH&10% &' () -! k&l@%&@ﬂmﬂm & ()-!8a>aBaHal aNaCay_ @/

10HHE10% & () - (HEL0% 81Lm(a)gévlw)se exposing the substrate by heating selected adjoining
portions of the first and second layers to imaging temperatures exceeding
the melting point of the alloy and thereby causing the first and second

15 layers to melt together to form the alloy in the selected adjoining portions.

41 A photomask comprising first and second areas having different optical
characteristics from one another, the first areas comprising a plurality of
layers of different inorganic materials, the second areas comprising

20 contiguous regions of an alloy of the inorganic materials, the alloy having a

melting temperature lower than melting temperatures of the inorganic

materials.
42. A photomask according to claim 41 wherein the first and second areas have
25 different etching characteristics.
43. A photomask according to claim 41 wherein the different inorganic

materials comprise different metals.

30 44. A photomask according to claim 41 wherein the alloy has optical
characteristics different from optical characteristics of a topmost one of the
inorganic materials, thus creating a visible image on a surface of the resist

which can be viewed by illumination with optical radiation.
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48. A method for creating an inorganic patterned layer, the method comprising:
depositing a first layer of a first inorganic material on a substrate;
and
15 depositing one or more layers of one or more second inorganic
materials on the first layer wherein an alloy of the first and second
inorganic materials has a melting temperature lower than melting
temperatures of the first inorganic material or any of the second inorganic
materials; and,
20 imagewise exposing the layers and thereby creating a continuous
film, the continuous film comprising the layers in unexposed areas and the
. continuous film comprising a resultant material in exposed areas, the
resultant material comprising an alloy of the first and one or more second
inorganic materials.
25
49. A method according to claim 48 comprising etching the imagewise exposed
layers in an etchant in which the resultant material has etching

characteristics different from any of the layers.

30 50. A method according to any one of claims 48 and 49 wherein the resultant
material has optical characteristics different from any of the unexposed

materials.

51. A method according to any one of claims 48 and 49 wherein the resultant
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5 percent of each of the first and second inorganic materials.

15 55. A method according to any one of claims 48 to 54 wherein imagewise
éxposing the layers comprises permitting the first and second materials to
react with oxygen, nitrogen or both oxygen and nitrogen and wherein the
resultant material comprises one or more oxides, nitrides or hydrides of an
alloy of the first inorganic material and one or more of the second inorganic

20 materials.

56.  The method of claim 55 wherein the exposure causes a reaction with

surrounding gases.

25 57. A method according to any one of claims 48 through 56 wherein the
imagewise exposing is performed with directed radiation having

wavelengths of less than 100 microns. -

58. A method according to any one of claims 48 through 56 wherein the
30 imagewise exposing is performed with directed radiation having

wavelengths in the range from 10 nm to 100 microns.

59. A method according to any one of claims 48 through 58 wherein the

imagewise exposing is performed with a directed particle beam of electrons

29
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20 3. A method according to claim comprising applying a transparent

protective overcoat over the layers prior to imagewise exposing the layers.

64. A method according to claim 63 wherein the overcoat comprises a cross-
linked polymer.
25
65. A photomask made by a method according to any one of claims 62, 63 or
64.
66. A patterned resist made by a method according to any one of claims 48 to
30 62.

67. A thermal inorganic resist comprising:
a plurality of layers of a plurality of materials, the plurality of layers

including at least a first layer of a first material on a substrate and a second

30
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71. A thermal inorganic resist according to claim 70 wherein the pair of metals

is selected from the group consisting of the pairs AsPb, BiCd, BiCo, Biln,

BiPb, BiSn, BiZn, CdIn, CdPb, CdSb, CdSn, CdTl, CdZn, Galn, GaMg,

25 GaSn, GaZn, InSn, InZn, MgPb, MgSn, MgT1, PbPd, PbPt, PbSb, PbSn,
SbTI, SeTl, SaTl, and, SnZn.

72. A thermal inorganic resist according to claim 70 wherein the pair of metals
is Biln.
30
73. A thermal inorganic resist according to any one of claims 67 through 72

wherein the eutectic alloy has a melting point of less than 300EC.

31
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74. A thermal inorganic resist according to any one of claims 67 through 73
wherein the eutectic alloy has etching characteristics different from etching

characteristics of the first and second materials.
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