1 METHOD OF PREPARI NG A MASK FOR HI GH ENERGY PARTI CLE BOVBARDMENT

FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to masks
and nore particularly to masks for high energy particle bonbardnent
~of sem conductor wafers. BACKGROUND OF THE | NVENTI ON [ 0002] Al unmi num
plates or plates fornmed fromother hifh atomc weight naterials are
commonl y us METHOD O PREP ARINGAMASK FOR HIGIRENFR G Y EARTOC paf er
for high energy particle inplantation, such as for form ng deep
isolation regions in the sen cBRMBARDMENY . These plates are
positi oned between the particle source and the sem conductor wafer

to mask the wafer. The use S in formng
isolation regions is descrigg%ﬁﬁw?gﬁgim. S. Patent No.

6, 046, 10 Li ao & g j cal .. - Lhsul.atd ng
Regi ons I?rqbgerri cong%ec 8§en§§%b§%f%%at%t§gﬁbes%9&§5r m%le?Argggg{1y kchlélaSks fot

ent i r et yhigh eidriy partislettonHaydndit of sepniadrethctoy wagh€er ence herein.
Patterns are formed in these masks by mechanically removing portions

of the masks. [00031 Another f of _al um mask is described in
U S. Patent No. 6,214, 73@8%11(8% ot ‘M@Nat ive Structure
to SO Upopg Prot onnBaai® platsUss fikd | fodfed fRQ:Qlothérhﬁi%maaanﬁE Ywight

whi ch is also hereby incorporated by reference herein.

descri bematefigls megskoramonly ustding amask topatteen theeaséa' oft heemicenduotonsafer for
directly..on a passi.vatiaon Layer fqrned oyer.an.inte ted circuit. A
seed | oyl iQorgl BRHE iAo, bl B ToR oY aol RBlsTa ggions e
el ect ri camicsnduttotiviafer! OTlaRe lgast 4r0lpobitiohed Betiveén ﬂﬁ?}éﬂﬁ&@%bﬁﬂc@ An@fthe a
shielding l.ayer. A layer of photoresist is then laid dowmn over the

seed | ay®miconductop Rl tagnask the vealerosthe usg ofisirhaplates eamasksins forayes

th d : LOG LA : ' t t
excopt vRopaoy roe I R IE P S ThplcPO Talal N pTRKN0 S IFEy IR ©

et of "ne
The addi drititled| “Cragtém of ImenkhlSeims-Insutating eRegiotse dn b§ensicemtuctyp| Subistrates”
onto seed | gygr .. e.expased regqigns,, thereby formn cont act.
sk, [ o A 2PH" B8 BRE of S RubellBrtmasiel B et et
al um nunpARsls arPfornRa ittheStantdks B9 hhMYBallyemdVing HBRIOAS 6EHHE TYasks.
obtainable with the mask plates is generally linmted, often to

wi t hi n al0P83ler anc eAnretherdonn of glomipm mysk isrdepeyibeil én Hot: Paispt Dpr 6.314730br
to Liao, entitled “Alternative Structure to SOI Using Proton Beams” issued April 10,

u

2001, the entirety of which is also hereby incorporated by reference herein. Liao
describes his mask as an aluminum “contact mask” that is formed directly on a
passivation layer formed over an integrated circuit. A seed layer is deposited over the
passivation layer to allow electrical continuity to an electrolyte bath for the deposition of
a shielding layer. A layer of photoresist is then laid down over the seed layer. The
photoresist is exposed through a suitable mask and then developed, resulting in a resist
pattern that covers everywhere except where it is intended to grow and additional layer of
metal. The additional layer of metal is then deposited by electroplating onto seed layer in
the exposed regions, thereby forming a contact mask.

[0004] There are several drawbacks associated with the use of aluminum mask
plates as described above. First, the accuracy obtainable with the mask plates is generally
limited, often to within a tolerance range of + 50 pm. This range is not appropriate for

newer generations of integrated circuits, which utilize ever smaller device features. In
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newer generations of integrated circuits, which utilize ever smaller
device features. In TSMC2002-0482 2 addition, the coefficient of

t hermal expansion of the mask generally does not match that of the
bonbar ded sem conductor wafer. This in turn | eads to alignnent

probl ens between the nask and the seri conduct or wafer due to mask
heating ddditiong thé glefBEieAOYf theradal egpmsion DI aAkBEK genStdllyl ddedhbf@htch that
there are_limtations on the patterns that may be desilgned on the
mask. Foff éb@akﬁ!“g?rdﬁd cepdendpsion walaie  dhist By fire derdst top eligmeenpioblens
wi t hout blakd b i | at rt.,.The mask
of the ° %%%%P%%??Skl%d&ﬁ%Sgﬁ{cgéggf(g%%gg?%a@eﬁa%g{ﬁ%&r??ﬁ?rééﬁ %ﬁgFiepg,r,gy
i's not upatitle, bdmehandmedtat Still firshernthegyr arel lmitdtionsea thetgattee th& may be
substratﬁ. .Furtheté, thE rlrgask of the 750 .conplicates and makes npre
costly t Fesigngt oncthe maskp FOE sxanpaca plosedoingriyRg atterm cennefrhscacgemplished
addi tion iztd i tehi

Ther ef or & g Reraig A holdts AtNRGY RPN pRE 11 SBLIe ThORRRE O thd 130 phvent,
energy #thougk|nsovidisigagreater design flowibility disemat whblsebeingritlatcitds inefatly

and neth f.or.n t he s t hat provides.f.or greater flexibility
in patt eg)(riljm Ileé"ll1 %‘ntﬁér%g SPW&?\‘/%&’ gl}ea‘ﬁﬁsg( Ofgg‘?‘njég .CO%‘PFIF‘F“’% TH@ies more
t here regmtipgha fateRdti6® ?r@eéﬁﬁ&aﬁi@éacﬁ%eﬁﬁhsﬁtﬁ& o hd@d@i i&?é@ﬁ'&n,
probl ens_assocjated with m smatch in the coefficient of therma

expansi oithegeReand ¢iehingpegeessh®l t he semi conduct or waf er. SUMVARY OF

THE | NVI [ 000 : ] f bonbhar.dnent of a

sem congﬁig'? %ir\l sub“gl'g[?rgﬁoe ’\t/t\nﬂ é[}g rﬁ%xag&?é nrﬂgg(g&pé;ﬁ%{éc aglé s}lﬁéﬁq%goégi%glhgn%@%p

of f or i pegticle pamplantatiod drhoatbasiment offlseicondnomat waferl andvigethad BEFErming
rticle bonmbardment . mask pattern.

substrate to defi.ne a. high ener ]

The bl oclBe Fgmireihal Pravides dotsgrester fIHPLIY, it RAG deieh (ad fmprovsdtiplerance o

subst antjaakdsy St Rkt BRrs RMARNIMEH 5 SHASK fha%@?( %fr&lﬁf‘ér‘ﬁ\%#gli e
e

energy parficles in areas overlapped by the nask pattern e
mask i s RIPPigmshsensited withguisimetshdodheoeoefBeibytafthermal @90kAIoA tetasdenf the
bonmbard f d.cond or. substrate with high energy particles
is al somglg%{vé}lgetgege‘%%lc§%d§1cﬁ°§té%af%' mask substrate having a patterned

| ayer of blocking material formed thereon to define a high energy
particl e bonbardnment maskSUMMARY OF THE INVENTION

[0006] A method of forming a mask for bombardment of a semiconductor

substrate with high energy particles includes the step of forming a patterned layer of a
blocking material over a mask substrate to define a high energy particle bombardment
mask pattern. The blocking material has sufficient thickness in the mask pattern to
substantially shield the semiconductor substrate from selected high energy particles in
areas overlapped by the mésk pattern when the mask is aligned over the semiconductor
substrate.

[0007] A mask for bombardment of a semiconductor substrate with high energy
particles is also provided and includes a mask substrate having a patterned layer of
blocking material formed thereon to define a high energy particle bombardment mask
pattern.  The blocking material has sufficient thickness in the mask pattern to
substantially shield the semiconductor substrate from selected high energy particles in -
areas of the semiconductor substrate overlapped by the mask pattern when the mask is

aligned over the semiconductor substrate.

TSMC2002-0482



pattern. The bl ocking material has sufficient thickness in the mask
pattern to substantially shield the sem conductor substrate from
sel ected high energy particles in areas of the sem conductor
substrate overl apped by the mask pattern when the mask is aligned
over the semi conductor substrate. TSM32002- 0482 3 [ 0008] The net hod
and nmask [@6008pw f or The eadtRed ehed sk hllewifor bidater @6 TR IOIRY because know
I ithogra[i), ic fabrication techniques can be utilized to formthe nmask
pattern. lrlmé@al,c fabricatipn: eahnigagsgianpba viilized toaformethe inask rpattexn. a Indeed,
reusabl e HBs i J - e no reviously .
possi bl e wi t ﬁei ﬁgﬁﬁ"‘lﬁ%ﬁ&’éﬁ hiﬂggg ogkﬁ%dn‘ﬁ%ttﬁrfa{se&gébl%haglf’ ing ?‘ﬁl rclosegiing
mask subgeitahenctgirevipadly aosditild evithdmooantbnedontacs sl fiimah enaded. €S1ild FurdRp

be matched such that they sh t he sane coefficient, of thermal
expansi oﬁ‘ea S mﬁ@é?‘d”ﬁﬁ?a?%ﬁ??@ﬁ?‘%%‘bﬂt@%n’é%al 6arh ba thatgheds

the masksahs gt Ahad sk T dafe BbMAEMTLM P HeBans| OB aliehy?R088
and other features of the present invention wll be better ‘
under st osdsaligomenthproblshisaiuertg hteting b thedmask agsodiatad ofitht pdompare hbmiaam
enbodi ment Sof the invention that is provided in connection with the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] The

acconpanyoo0g] dr awi MHe abblelshd adtRerPfcafuRés 8fl tRITDAALIEHvEn®n Wi be better
invention, as well as other information pertinent to the disclosure,

i n whi chungsreteod fram the dallowing detailed descoiptipn af thei prafeaned embodiments of the
Cross-segt Lok | - - . i Str xenpl ary net hods of
form ng %S tél%ﬁrlgﬁd&{l%e? lgggllﬁlf?@n ‘5541?% aér?cl&ﬁl? %ngl?n?rfgﬁy%f an

exenpl ary fabrication systemusing a mask of the present invention.
DETAI LED DESCRI PTI ON BRIEF DRSCRIPTEQN OF THE DEABANCGS- | C, a new
mask for dyflgp ener% particle, i Iantat.{' on is descrjbed, along with
a net hodl abri c P AgCQRRAYEe drgyyipgs fllustraje. prrjerged smbgdimants, ofj they
10A of  ainvestion?as wéll 89 oBOMRoriatibh Fertihéhtits 1R GRS fEGhRAA! Vi ew 20A
of the mask 2a taken along |ines 20A. Mask 2a includes a mask

substrate 4a, FIg-di-16 caglyiarladeitap plapsicer andoronsciedtionnl vewl ot ngdsksnd
panel or ilﬂlsﬁﬁ@e&&ﬂﬁﬂﬁftxﬁém&@ &t foﬁ'}ﬁﬁg aHtash structure; and

FIG. 2 is an illustration of an exemplary fabrication system using a mask of the

present invention.

DETAILED DESCRIPTION

[0011] Referring first to FIGS. 1A-1C, a new mask for high energy particle
implantation is described, along with a method of fabricating the same. FIG. 1A includes
a top plan view 10A of a mask 2a. Also shown in FIG. 1A is a cross-sectional view 20A
of the mask 2a taken along lines 20A. Mask 2a includes a mask substrate 4a, which is
preferably a wafer formed from a flat glass panel or a semiconductor wafer such as a
silicop wafer.

[0012] The mask 2a includes a patterned layer of blocking material 6a. The
blocking material 6a is patterned to define the mask pattern for high energy particle
bombardment/implantation of a semiconductor substrate having an integrated circuit

formed thereon (not shown) described below in connection with FIG. 2. The particular
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silicon wafer. [0012] The nmask 2a includes a patterned | ayer of
bl ocking material 6a. The blocking material 6a is patterned to
define the nmask pattern for high energy particle

bonmbar dnent /i npl antati on of a sem conductor substrate having an
integrated circuit fornmed thereon (ndt shown) described below in

connect i askpitterdilastrated I gopided forullastrativd/pupOsts 98 %nd doBRad fBAh hPaR

illustrated is provided for illustrative purposes only and does not
form a péaf the pesephi@ventiodent i nvention. [00131 The bl ocki ng materi al

6a prefe has i [ i .er.. than that. of the
subgt r at L@igy The F%gLol%lﬁglggg%tgﬁiy}gqra %E%Ea#g E%rsﬁglgl 1rd atee? Oﬁﬂr’eéf %a{%l%ea; e
formed fthamthatofrthaksbstiatet 4chaThe dlozhingt mf]taﬁﬁl- Aﬁidf rBaskf §u©l§tra1|5 @r{tf@ralbbleare
i npl antation_process., ]t is preferred.that there is a relatively

f ast dec@ﬂ&@ %iOanﬁa%l?JéttP%tdlaWﬁ o bad e AR use b thsdpplasfation precess. Tt
daught er jsnyektedSihar ikrd 86 TL AR, i Sdekgsa%f?t?{% %&iﬁtﬁor?%l QU Pask ThHe
provi des for safer handling by operators. Exanpl es of exenplary

bl ocki ngberabardingnts Therdauglter sudléisboyld ideomasede lasmttian®% gfied 24ubmurs. This

tungsten | atinu tantal u ol d, alumnum and titanij . Thi ckness
congi der%rtoieléﬁg f?rolrsgf rhﬁ lf’gergyng%er?té{gfer B?mﬁ‘]fe%@ ieﬁﬂnﬂlﬁfyeH‘l’gkngamatﬁﬁﬁs
the subsinthide siRoA or] @efhadia, Baliaw, tungaem NR&iHuRY) tMibmb&d, Auntifum
one exenpl ar enbodi ment, nmask substrate 4a is a glass or silicon

waf er an#d Waniyatt dhiskpess pasiderptions) (o khnpatiemedrlaydr @zblpckingimyterish 6a

00141 vent J I I . L} I QN processes.can
be ut 11 DaEe sEte M RAMALRAUISY i bbb RN, 20 B P SR
t he subs¢mbddimént, nidskrsabstrans duiislianglassaor sifibonmivad ahdrge pafterpe® sayet &f
designs., Referring. again to FIG 1A, the desired nmask pattern is
et ched iWnglP%Q’aé‘%’ﬂgg‘?ﬁ'ttEngfémusi ng |ithography and etch processes
famliar t hose fal Il dseoi | j I.8§:

t hen deplgg?‘t‘]ed ovecr:'gé‘?legﬁg{ljdgE{It}églt%{éedfémugg?q)lb#apﬁtgdﬁ@grfgg%gf)ég'?étagr%% detfilczﬁ%d
i nt o t hetodfons thepasterned 13yes of blooking euhtérial ér onghd substrate Hasthedby psvidings

by chem cal .rechani cal .pol i.shi ) -t echni ques o,.the top. surface
of the SLUNPRIRERES o5 PBrulF fihs) RO IRERPIRe B LAY s droired nad

t hi cknesgatetn shawied itd-tHe. subéiraté Q9 %&gﬂﬁhaérﬁﬁifna{d ¥8h RS R8s Fmiliar to
fabricating a mask 2b is illustrate via FIG 113 Like FIG 1 A

FIG 1 Bhefovfkordinappskilladhiblagkmepnaferial Gaeis hepidepasitedpvehthesuhsiratndi
to fill the mask pattern etched into the substrate 4a. The deposited layer is then polished,
such as by chemical mechanical polishing (CMP) techniques, to the top surface of the
substrate 4a to provide a planar surface and uniform thickness as shown in FIG. 1A.
[0015] An alternative method of fabricating a mask 2b is illustrate via FIG. 1B.
Like FIG. 1A, FIG. 1 B shows a top plan view 10B of a mask 2b having the same mask
pattern as the mask 2a of FIG. 1A. Also shown in FIG. 1B is a cross-sectional view 20B
of the mask 2b taken along lines 20B. The mask 2b includes a mask substrate 4b having
a patterned layer of blockiﬂg material 6b formed thereon. In the fabrication method
illust;ated by the mask 2b of FIG. 1B, a blanket layer of blocking material 6b is first
deposited over the substrate 4b. Then, lithography and etching are employed to pattern
the blanket layer into the desired patterned layer of blocking material 6b, i.e., a
photoresist layer is depbsited over the blocking material, exposed through a suitable mask

and developed, and the undeveloped resist and underlying blocking material are etched.
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pattern as the mask 2a of FIG 1A Also shown in FIG IBis a
cross-sectional view 20B of the mask 2b taken along |ines 20B. The
mask 2b i ncludes a mask substrate 4b having a patterned | ayer of

bl ocki ng nmaterial 6b formed thereon. In the fabrication nmethod
illustrated by the mask 2b of FIG 113, a bl anket |ayer of bl ocking
materi al [@d6] s fir Still fiepasiotled teshaiqueh enubs emdloyedto ptoEle a patterned
IithograPa(?/ aﬁg t.ching are enpl oyed to lErfiit tern the blanket |ayer

i nto t heldBs? Racking mefeisl and s mask and faliqagonsiceniaye ieuld nas be limited
phot or esj [ [ h ki [ e

t hr ough gos tsaﬂgl’ ?aé% Fc(lel q%atggmgg n‘%jteg)é@ ‘iélfg; bﬂé"d? at%nmdf%t jﬁlggru ggtg%%kgl&'e Hl%feg%?fs ?F or
and undeexanmplg & dbisiragd mee ehé ahaskrZze of FHEd 1CT SMERM32er4Bidcbss FddRibly

Still further, . other techni b | t i d e
oat 1 er no WAL oF “BiPep EBERPHA Ny o5 SRS 16 HHESKe! WG PR ereseial s
t echni qu@egelinst Bvéiothe Rabitiam 4ed THenABaIPR i {rtﬁﬁlpﬁ&eﬁlé& h/?eg' éiﬁfog{'aﬁ}hgi B

the patterned | ayer of blocking nmaterial. Fi exanpl e,
i |1 ust r attebingite farmethanagk pattesn terein. [Te blockingusaterind 6piivihes deppsited avdry

utilized,f r.elegtrapl ating may,be enpl gyed,. /A bl anket. | ayer

of a mat GeiafieHHl S andu e Ehed Sogny Ald Sihsqtent TRlished o Riayide plangr
i s then pafdceranédonsistent thivkgesapRYshawd in RIGNINCQY \atb@4IN8 I Sref@Siy not a
pattern ]taher,el n. The bl ocki n? material 6¢c is then deposited over the

mat er i al PI8CkiRg matenigldl. ¢y it pepiantigily passembigh eperay wariiclss Wein esmenptredowith
provi de : 4.6 [ .13 FI

e Nt e B e BRI AR Fora s WD rcfiad IR e
subst ant Pif),) PiRaSHRN, Ki,gwhicheargyreghilyt aciileblevinethe conpattaalME Fabridi€ion
sel ected deﬁgosi ted bl ocking material 6c. Exanples of appropriate

mat eri al P8°Pficl ude S 021 SIN, SION, Si, which are readily available
in the cpoygnti onain 4t rdticr GRbindtive RAMSERSNL, &@%%Luéd"“l?ﬁ-?kﬂ 8080

al ternative enbodinent, the so called "lift-off process” o’ et a

pat t er ni Mgtahiptiesaingt mpy beditiliged &0 fornh theppattemed daydranfeblodfing inttdriahg A

mat eri al 0f .0 [ is.d §t ver sk substrate an
patter nell! ds?rie%igt {Soa ef)igésq £ ?%rggﬁﬁgesk %’I%(S)‘g%? ﬁaé%r$5me§|9n%ht8 g‘fp&?%i“ﬁgthe
mat er i al bloskihdyenatebégios iThe dolosidtig tolersal bist thad elepoiiked Plet @hé &dbstrate and
phot or esi st I%ﬁr. The photoresist |ayer is then stripped along with
the bl ocRAtSEedmaPtoresaY layrnt Thophataresistdaysnét e sinigped dlang wifh thhblocking
patter n%aﬂeﬁﬁﬁha@ov@ﬂs%%ﬁ!ﬂoﬂgﬁgt?fehp%? &e&%&%{/meﬁ TayePbFb1BBARE fnateMaB ! Y

accurate mask designs can be acco
[0018] In this manner, highly accurate mask designs can be accomplished by

utilizing know lithography and fabrication techniques. Still further, there is no limitation
on the design for the mask pattern. Design considerations for an exemplary mask are
described hereafter.

[0019] The appropriate ﬂ)icknesses for the substrate and the patterned layer of
blocking material of the mask described herein depend on the particle energy and the
radiation extinction coefficient of the selected materials. As can be seen from the chart
below illustrating a few exemplary blocking materials, the penetration depth of the

protons (in micrometers) is material and energy (in Mega-electron volts) dependent.
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utilizing know |ithography and fabrication techniques. Still further,
there is no limtation on the design for the mask pattern. Design
considerations for an exenplary mask are described hereafter. [0019]
The appropriate thicknesses for the substrate and the patterned | ayer
of blocking material of the mask des& ibed herein depend on the
parti cl ¢ Baamygpf Hind t heSi radj ati @ ext{nctinin coefficywent df thgy

sel ect et—rBterials|-As can_bi,%mnme chary below ililustrating
a fewe elrMP ry bl | dckdr ?lﬁmmat M-apm the5’déﬁétrat| o apt h cf54hm

pr ot ons [T Cr omet T —an ) Mega=el on
vol ts) 136\gﬁgqent TS%&Z 1(51? Omb%ner 92?1‘”%& Kro /&&”

m4. 3 gnesMeW. 3 nH. K00105udvEMEI0B.07u ms94§z i 5 M8@9.0 -9 33009um
MeV1400 Ho—peil300. 0 lgm52. 1 mB09. Q nrrRQ') 0 ogm- 30 MV4800 0 m300. 0

T oOov——v R~

J )
gni500. 0388, 5 nilots08 ym [‘tﬁ@ﬁé]umhe & umnf oPrdbivon c4r08@0ysed
to design a mask 105 for use Tm anm Tntegrated—circurt—fabri+eatt+on
system 100 of FIG 2 for creati ng sem -insulating regions 110 in a
sem cond {026} subsﬂbataboﬁ@&foﬂniatmﬁrﬁaheieeudedﬁb desigh ab@LWEEO5 FRAIseNA dnS

desi red, the yst em shoul.d be designed such that the high energy
particl el fﬁ%@ Hﬁﬁ‘lt ésl?ﬂ"?no‘% RYsegH O Bﬁg HGnBdon stpating sempinsulgfing segions

nearly thioug | b
substrate 108B S%%ecrag&grtcg sglb%lun%zgg o?i ‘SSO%EBl}gttH I %&H@%&h%e?\geeﬁh eéiilagso a?esued

regi on Heeslstany shouldobea dssigmeds slwhnthatielm highebmangy tpartictys pass f@ﬁ@laély

t he subs ases al | through to t bott gm
sur f ace %gﬁgqtégﬁgpg’gqs ﬁcﬁ“lﬁ%&a § 8ot PeS ougg FHPEFARIE ) 6‘?%&0% BYTass,
real i zat 1091 00thdig@trade| mucmﬁ@ aena auinlbeloaf §tua86ndReere! tﬁé isoldtfgUe foﬁ“
of transm ssion |ine Ioss for gh frequency I Cs, and the separat

of diffeResds togpplesa signifison anatbeémsmgaqerqfrﬁlq;sgiﬁlme 08, lin rsoinar
from CMRBcef Qi 2ht A;ﬁﬂﬁ&%&le@ thB o ﬁ&s 2 406° Fdgy ries. fhe ge,mgén of

particles, such as otron. energy p

pr ot ons wbsﬁeuetnmmeodphng,emhzdtmn ofEHugth GRAgGREs od Jilkebnaini-@d, med« hC@S
lized. A mask 105 is ali

X-rays or me rays, .y al so be ut ne
bet ween ’Eeﬁgaé%‘?frc%%f@?%’ﬁdm&i%%rf%gﬂhJ’E?HB‘T’I‘CA( Jbgtandithe separatipn of gﬁfﬁxent
may types of devices such as analog from digital or bipolar from CMOS.

[0021] The system includes a source 102 of high energy particles, such as a
cyclotron. The high energy particles may be protons or deutrons, for example.
Electromagnetic radiation, such as X-rays or gamma rays, may also be utilized. A mask
105 is aligned between the source 102 and a semiconductor substrate 108. The mask may
' be suspended above the semiconductor substrate 108 or be directly placed on the
semiconductor substrate 108, as long as it does not scratch the semiconductor substrate
108. The mask 105 is shown as the type fabricated using the method described in
connection with FIG. 1A, but this is for illustrative purposes only, and one of ordinary
skill )should realize that these design considerations apply equally to other masks
fabricated as described above. The semiconductor substrate 108 may include an
integrated circuit formed thereon and include both analog and digital circuitry. As is
shown in FIG. 2, mask 106 includes a mask substrate 104 having a patterned layer of
blocking material 105 formed thereon. The substrate 108 is shielded from high energy
particles from source 102 in areas of the substrate 108 that are overlapped by the
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be suspended above the sem conductor substrate 108 or be directly

pl aced on the sem conductor substrate 108, as long as it does not
scratch the sem conductor substrate 108. The nmask 105 is shown as
the type fabricated using the nethod described in connection with
FIG IA but this is for iIIustrative7purposes only, and one of

or di nar y patédthéd bbhking dnatedali 106. t Aadas toe skielded ibyrthe dlsckiigr Mbietinls 1 G ey

equal | o othe sks . fabricated as_.descr|bed above. The
sgm' coﬁdbe?iﬁ?fla %Bg‘a}l‘egll%h ?L’E?SgYTﬁWIFlﬁEf%i@’éfnéﬁm“ifﬁP]éB?&fe@wfbﬁ I0cui t formed
t her eon gmriz j ncl udershpt Qvﬁﬁ%ieoﬂlf@ﬂl%t%gkﬁcﬁl agugt{?wl irf\Shd Sab?fer fle.

in FIG mask 106 includes a nmask substrate aving a pa
| ayer of apISPRIGAE Hyjcknessssifed theoBaténialsrefimabled @band dvegysiesis fart the Paftidles

hi el ded I f f th

ubst rat SORORRE SoGREN 8 pREf e Rinid ArRR B g, it gavrosrmgy
bl ocki ng40@iar oBpentBBtionAS i\ Wsirsd ireh dﬂﬁoﬁ’)ﬁerhi&@ndﬂc&ﬁ' khiBGraf®i & iMform
106 are bonbarded by, the hlﬁg energy particles to form

semi - i nsmBrnRYatingFegioni il 9490 nusdapth Basibe dl didknessy Teafithe sehstrhte

t hat hi th
?r;t er ?al zbgmmh@kagg?@%\é%ghg%éy lgggfgs@e?%‘%@{’ﬁ ufég $essesdefp$lb}ﬁss than
particl et}salhrckaesmg ofitlye substdstt 40 fliBihg nﬁﬁﬁﬂﬁﬁ%n ﬁ@m %& QBW@chaf'th a@fcan be
t t th is desired jn a silicon
Son Conaptiited gt ar g e R amick T fer SEimeste th 2 Fitsthegnash fon 00 MV s
400 gm dpikdh PaKicRS. t MRethiiiess B c‘afculal?(% g'UHIS b 5Hn€irati %88{3_&1% Jormula

conpl ete isolation between regions is desire require
dept h | eBuniligrta thasgof prdindryekidl. The shme hghmbwrpattmlemﬁvm@ahmgergy of 10

i nf or mat e abov art can,be ted that a 175 m
t hi ck (TM%Q/ éneer@a%;]t 1 Rgs ‘féﬁql@ %Slé?%cé?wlﬂ% megk gphgtrats, s
particl eﬁhcdfbelssho\ml e LChickBessCR) of |a9b1%€hrﬁ£t€l§7‘ﬁ59§ﬂ% EAukOR padidtion
formul a pzlglllar to those of or |nary ski | The sane hi gh energy

particl e@e of H@TSWWYQ‘Q ofm i Se%%%mtsﬂbﬁt@tq w&nmnmmi%dmglnns

silicon.
have a t h| ¢ ness V@%@%ﬁ?@%@g‘?&téﬂ@ QI% dgse Jrhggggﬁgﬂgf?%al%%
dept h- of d@pipronfxuhcm]t(bll\/je\ll()ﬁrtg:hem in sitiodico nﬁuaﬁmwybﬁd efdrgy 1d¥8the Nparticle
non- masked .r Lons e conbin s of the substrates
104 and TeRBNA or houmbaBkheh s e | GrnddBioRRESeRS Qe eShBpsiate 104
particl egnd moélhh%tﬁwendl 108 YWHB@H e %tb%teﬁ%ﬁﬁ%a@?a&ﬁi%s%sts'tﬁé fhask 105 in
i npl antati on or bonbardment from source 102 an I cknesses th
mask subeRenapen-blpgking material areas and penetrate a desired depth into the semlconductor
substrate 108, and that the particles stop somewhere in the mask 105 (either in blocking
material 106 or mask substrate 104) for areas shielded by the blocking material 106.
[0023] The thickness Ty of the patterned layer of blocking material 106 can
certainly be controlled during its formation through process parameters associated with
deposition and etching processes familiar to those of ordinary skill. The thickness of the
mask substrate 104 is preferably kept as practically small as possible, so as to reduce the
eneréy of the particles required to pass through the mask substrate in non-masked areas.
An exemplary silicon substrate, for example, preferably has a thickness that is between 0
and 1000 pm. The thickness of the mask substrate 104 may be controlled even after

formation of the patterned layer of blocking material 106 by polishing or grinding the
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and bl ocking material 106 shoul d be selected such that particles
cross the mask 105 in open, non-blocking material areas and
penetrate a desired depth into the sem conductor substrate 108, and
that the particles stop sonewhere in the nask 105 (either in bl ocking
mat erial 106 or nmask substrate 104) f& areas shiel ded by the

bl ocki ng remntserfaed 10061 tHeOR2K sibbeatt Buck thas theTBadkf subbatp abtaeksde desy@r
of bl ocking material 106 can certainly be controlled during its

f or mat i ofIFFRESY ks-process paraneters associated with deposition and
et chi ng sses hhi . O i il k. i

of the Irr;?aﬂsz(liﬁsubst ?g{&g& legélm? %%?glgl%??&ﬁéeg?‘glgslﬁgfag%tsygga Ilty@’sﬁrr%ﬁﬁg%s
possi bl e substrates! Qdoisrfethaekfromethe eame guaterial tak ¢hepsenticadastor eupstrtaed1 080 In

th h th k bstrate i - ) xenmpl ar
D con Stibexpial BB, Tt studafts B AE Sion) B IS Fannry the
bet ween askRabskRAQD 1¢Mand e bdthickRRrfor Alibdthee T89S havdl Bt £aﬂ£eec<]§e@ﬂci8ﬁyof

be contrqglled even after formation of the patterned |ayer o
bl ocki ngthesmak ¢xpansion, die substetes 1§40108y rﬂnemfgrﬁg exprad TBAS200 2mousdiging

rear sur such that th k substrate

obt ai ns Pﬁgﬁﬁéglg?’gge&ﬁf@?\iégzﬂéjrﬁés.rﬁ%ilgﬁfﬁmfaﬁfu gnte&ée;@%ﬁ?@w“% prior art
enbodi mealmgfiura maskk bEGocedndie Implaanmtidn Pattémeenimslied HUSthake1 504nd the
formed fromthe sane, materjal as the sem conductor substrate 108. In

‘one exenpfracHn grbatite 1080t h substrates 104, 108 are silicon. In
this man t he - 1 {

108 havenﬂ%g] sane (E:]%gfk]l‘l ?‘gﬁgﬁt i%r?x &%&g@%e&%%?ﬁdgugﬁf%ﬁ%?inﬁ% razg@%é&
104, 108aretunstableooer lengperibdstod teaani maintaitted diti témyppratures| ia rkedss @ff about
t her eby 1, ing.th ossSi bi li.t. f. msalignnment oft found with
prior ar #861@? umqﬁﬁl}‘?f%g’s C bséwié@ﬂ?ﬂ“ﬁé [P 8N A5t i%ﬁgeﬁg& efPﬁnm ethe
in the napiufhOfradtiht ittegSRM GRER 4 Edtpleed ShitR SubsEe 11080 zﬁ]c(ej lihis ![iéthe

men

known that sem -insul ati ngmgegl ons produced by proton bonbar
are unst §¥Fethg\pEpcespanry pistenbdescybed ahove intaynke impd¢mendedito producer the sere’

in exces : 4 f m.-4 nsuyl atjng regions. are
prefer ab?’;?&]{agl?‘%g#%l}st 2?0% hh-egpgllinlgjrlllggl g}:et %“?tg"dz‘ﬁe tﬁfgsﬁr‘lrﬂ?gat’%‘%ela ELIeP ARt E ™S
conpl et edf ansiliben subsitatentl 68, 1€ pfasar dyliem iafd thethod as€ not NEn#EPD &S Ihis
and system.descri bed ahove may he jnplenented to produce the sem -

i nsul at i SRPFRRIUGHE maggrdl andayould: il b 2pmitcablenis githes remirosdystar sush dve

I's gi vengdrhahRiBgallium arsenide, silicon-germanium, indium phosphide, or gallium nitride

—+

were selected.

[0026] It is contemplated that the entire implantation pattern for a semiconductor
substrate 108 need not be formed on a single mask. Rather, smaller masks patterns may
be fabricated on a wafer that is then cut into smaller individual masks. Specific areas of
the semiconductor substrate can be exposed to high energy particles through the smaller
mask or masks separately in a shot by shot fashion. This feature provides added
flexibility. For example, a plurality of different mask patterns can be formed on a wafer
and then cut for later usage.

[0027] In still another embodiment, a mask may be formed from the mask
substrate itself. For example, a patterned photoresist layer may be formed over a silicon
mask substrate in the pattern of the desired mask design. The silicon mask substrate is

then etched to form relatively thin or open regions designed to substantially pass the high
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of a silicon substrate 108, the present system and nmethod are not
limted to this sem conductor material and would still be applicable
i f other sem conductors such as germanium gallium arsenide,
silicon-germani um indi um phosphide, aor galliumnitride were
selected. [0026] It is contenpl ated tfat the entire i npl antati on

pattern femrgﬁ pSﬂﬂ&ie@Oﬂ“ﬂH ofigihal thih&éssalf eheldiifconarabkRabstRe: kQEBERE] R hAe a
singl e Rat r, smaller masks patterns may be fabricated on a

waf er th ciept tof 3ft 35 Srklpekdng MagRTiAl derathe welskied higheenetgy particles.
of the t i

o eg%fﬂﬁxrqg%ﬂiﬁﬁ% %%anz@a%F (R A: u?%%t S%ég%goreg ag{we Rofection wifh
shot fas ﬁi@nz ag ﬂhstratew; tlree)r;glmnl it eleneas dﬁﬂle sflicex lnhnsklstlb'strafwcfanaz)eadﬂ&c%d

hen cut 4 g T o eCgeatT gtysh e Resimfin ARoimaF TehtQaMrShProtEnsrisi
may be f gﬁﬁ@ﬁﬁnﬁaﬁﬂﬂmﬁﬂ fniTEEHe m%k%&éﬁatl@ tﬂeh%?dhtad 1&9 Eheesflmlrﬁaskﬁébstrate to

patterned photoresist |ayer may be forned over a silicon
subst r at 8 depthtof @ppraxinestely efual h@odgsatﬁetlllanﬂ@q?( e &ayimg 3Pheins tlhclcmﬂesmﬁk

substrat edto rmrelatiyve thin or open re
desi gned 1c§n Hyaf ‘i] 152% o I Ui, ainesy, %%966’5@54@2“ es B?Fé rough
particl eshesél'élﬁhaf tegidila lcaﬂ pérkarsBe @ésied @081 &I6 tH@(ﬁi‘%eﬁI@&’qlE@ﬂ ﬁlusﬁate
sel ected.to have gé t hi ckness sufficient to act as a bl ock i ng

P

mat eri al I Ay AEeriepped by thensteftedersatony apdihe kigk snererariclésnigeidenttdrethe
exanpl e i e 0 con ion
win py Qieksh S, R LUROF BORIGIPG RN SEARCKE (PoRRERE he Sk
mask subsubstiate fmmrdaeluagﬂmm@t ICt mhhm sahstedte.t 0 or greater than the
penetr at | epth r oxi mat el y 725 gm

h ,
The nas kh@g?f ern i gﬁtp 'égeb ég‘?: HEYF Sh&’e!gl} |4eé~“cﬂbeﬁg§k tetss Of agxSmPAry
dept h of erABSdifeh#¥Bit 8¢ HotafHRdd therefy. Eétﬁ@xt e %éﬁeﬂ%ﬂl@sh&ﬁ&\ﬁh anﬁgfédm

thick or less of silicon in the etched areas 'S nmanner
hi gh enebigpdlyde tlmiuwtb@rs\@mgts tahd emghdimentssxf the inveutionethitonsy bamade by

B oas. ovPTAaaar b P o ik A ParE RORL AR seore S geahe G of g

i nci dent inventidne th| cker 725 pm non-etched portion of the mask
substrate are stopped by the mask substrate fromreaching the target
| C silicon substrate. [0028] Although the invention has been
described in terns of exenplary
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enbodi nents, it is not limted thereto. Rather, the appended cl ains
shoul d be construed broadly to include other variants and

enbodi nents of the invention that may be nade by those skilled in
the art without departing fromthe scope and range of equival ents of
the invention TSMC2002-0482 10 Wat & claimed is: 1 1. A method of
form ng &lmskcléiaredianbar dnent of a sem conductor substrate with 2
hi gh energy particles, conprising the steps of. 3 formng a patterned
| ayerl of 1a bl dckiethgd wéf@tiing a ovek for boastardiiéis tof atsemicdnd@ftdrabaraté with
hi gh ene particl e bonbardnent mask pattern, said blocking materi al
havi n% sh%’ie&”@hpm@?sh?%ﬂé%%ﬁhﬁSECQFG ‘mask pattern to substantially
shielq said sgw ] i e

part i%l es in areas %ygéﬁ%%%gat{/f%stg?@&m%%ﬁ%?tr%%&%sg r?ggséfedge {r(r)lgaés/e@nfsa
7 al i 4gnebighearrgygiadide hbrbardwehtmasiupsterygtseid blocking Tmeterielt wthgafuffdiantm

1, wherepn,sai d. nask substrate is a gl ass; .or. a.sem.conductor, 2
wat or | 1 MAcKngRin aid, masl pattam o, substapfally seldsais semicandvgton arbsitalg from

sel ecd edsdlecwa KiBR eférgy Partidles A eiedd bigI by dafcPRask ,{c}gm’ i
gal I'i um St ungst gn,e_ r?g?i num tar?t al umaﬁgﬁ(ﬁﬁr?iénum aSIdBﬁagtgPd‘ggél b is

titani unfligned ovaai ieendgetog ulistrate; wherein said fornming step
includes the followi ng steps: 2 lithographically defining said nmask

patteyn en sai te; 3. etehi id.mask ;pattern in said
sk sungt r at e RO EBIET, Fhetib it SR TR PR Sfimichnditi o
patt e n. wafeb. The nethod of claim4, wherein said depositing step

i ncludes the steps of 2 depositing said blocking naterial over a top

surface of saigd mask ,substrate. and polijshi.n 3 sai d bl ocking

mat er al 5 1o sZﬁ%lmte_ dé’gl"ﬁ“ﬁﬁge Wwhergin é%ﬁl_ef’lﬁaflﬂgﬂ‘aﬁugséf*wtﬂ fiprethe igroup
sai d £ or sdm3Btisg 6PsiliosH, #eRSedranilf], LANURY nHeSBS plattude Pﬁﬁdlﬁmngu@iﬂlﬁﬂer
of said blocking material on said Substrateé; 3 patterning ah orm’ng

a phot or 8¥fl gnd fitppiim.over said bl ocking material to define 4 said
mask pattern; and

1 4. The method of claim 1, wherein said forming step includes the following steps:
2 lithographically defining said mask pattern oﬁ said mask substrate;

3 etching said mask pattern in said mask substrate; and

4 depositing said blocking material in said mask pattern.

famoy

5. The method of claim 4, wherein said depositing step includes the steps of
depositing said blocking material over a top surface of said mask substrate and polishing

said blocking material to said top surface.

1 6. The method of claim 1, wherein said forming step includes the following steps:

2 depositing a layer of said blocking material on said substrate;

3 patterning and forming a photoresist layer over said blocking material to define
4 said I;iask pattern; and

5 etching said blocking material in exposed areas to form said patterned layer.

1 7. The method of claim 1, wherein said patterned layer is formed using a damascene
2 process.
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5 etching said blocking material in exposed areas to form said
patterned layer. 1 7. The nmethod of claim1l, wherein said patterned

| ayer is forned using a damascene 2 process. TSMC2002-0482 11 1 8.
The nethod of claim1, wherein said form ng step includes the
following steps: 2 patterning and forflng a photoresist |ayer over
sai d ask. subgheatéhddoAefiin e wikkdn sa3d Mln ﬁk&;% ﬁ{cmdes“%@%mo%ihg

| ayer of said blocking materi’al over said s rate erern

bl ock? ng nmat epPrigtming andfomningd photosesist layes kveyatidenaskamutistoateto daeﬁ'mé sa1d
photo eS| %’9&/?‘{1 and 6 renovi ng said photoresist |ayer, thereby

| eavi ng sallf:i pa? erned | ayer of blocking 7 material. 1 9. The nethod

of claim 1, fdepdsttingCoMer IMGid BROCRINGPmAriMOby et NYaltD s@bsBate! HWhesdih fsake
2 of sal goggwé substrate so that said substrate has a thickness of

| ess auaterial &3 Jepositeshin sgichmask pattermigad puertseid miotasewstiayer; and

a1 S? an T onasag E"?‘ PRt M T fert P ik sk HBH b o Rigsing

greatsr n@testal.el di ng power relative to said selected high energy
particles than said first material. 1 11. A mask for bonbardnent of a

ok Bubdt r ot ARG & il i Fotpeisied Beisisbiol gtihuten poror g%ﬁ%@
ther epn ofsdi®@n@dsi subsirate Rb Aht S418 5AH5HRRHab & M8 IRREPS 188N é@?ﬁuﬁﬁ{e

said blocking material 4 having sufficient thickness In
pattetn 1@00wmst antially shield said semconductor 5 substrate from
sel ected high energy particles in areas of said sem conduct or

substyatey6 o i Sk i | i gned
over 1'rsal go semﬁé%n E{g);a (C)Bftaya'}lﬁgug@t P g‘i(m?%td%&b%ﬁ@%gﬁn%&gﬁnﬁ%q

wher € n satetiahdifferent frohr eaidblosking glagsial, said bldokirg hitedal hving greater

sem condyct Qr substr te 1 13. The_nask of claim 12, wherein said

bl ockl ngliﬂggg’tgl%wef £ %té‘feéEtS%‘& seleefedl Pigh egeigy partisles Shan seid figgt waterial.

silicon, iron, germanium gallium tungsten, platinum tantalum
al ummnumi. 3 AGh&kkaBFbrhbaBEMR of a semiconductor substrate with high energy particles

2 comprising a mask substrate having a patterned layer of blocking material formed thereon
to define a high energy particle bombardment mask pattern, said blocking material

having sufficient thickness in said mask pattern to substantially shield said semiconductor

3

4

5 substrate from selected high energy particles in areas of said semiconductor substrate
6  overlapped by said mask pattern when said mask is aligned over said semiconductor
7

substrate.

[r—y

12.  The mask of claim 11, wherein said mask substrate is a glass substrate or a

semiconductor substrate.

1 13.  The mask of claim 12, wherein said blocking material is selected from the group
2 consi’sting of silicon, iron, germanium, gallium, tungsten, platinum, tantalum, aluminum,

3 gold and titanium.

14. The mask of claim 11, wherein said mask substrate is formed from a first material
2 different from said blocking material, said blocking material having greater shielding

3 power relative to said selected high energy particles than said first material.
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1 14. The mask of claim 11, wherein said nmask substrate is forned
froma first mterial 2 different fromsaid blocking material, said
bl ocking material having greater shielding 3 power relative to said
sel ected high energy particles than Sfid first material.
TSMC2002-0482 12 1 15. The mask of c %jn112, wherein said nmask
substlat 5i s Jht inesk ofielding &2, dvidreif khid gnasR sobstartd idbilicn hvgsd Bldekihg 16-
A nmethod of form ng sem -insulating regions in a sem conductor

subst atg?wqglﬂﬂﬁﬁ$§¥ng the steps of 3 aligning a mask over said
sem conductor substrate, said mask including a nask 4 substrate

havi ng aipat t ar peghd@Ye forthi I%ﬂ'ﬁ&ﬂﬁﬁ%ﬂ&é f i t
define a high 5 energy Barltnlgcl e blonbar e nﬁngigg%{%lgﬁlﬁg{saéis bstrate,

bl ockd ngcemprsingthelsteps 0§ sufficient 6 thickness in patterned areas

t tantialjy.shield id i conduct bstrate from 7 sel ected
0,5 ot i RS A L5500

over | appsubstiyte davihg Spaeiied Bps Fritacking@ifatePial Foraldl ahdBsh &Piine a hi 8
sem conductor substrate with said selected high energy particles f
t hrough SRV PREICly dombardmeahimaskspatigm, rrgid dlgicking inatesial daving sufficient
sem ¢pndyg . . aiLm 16, wherein said
ok Quperiars PG arbacifo nAfE Shell w0 Belchitvdn biiBeed Fram
1 18.7 Theelentedinigh efiergy paniclks in aosy &ff saidsseirdcdaldactst Sistigt X eddpped by said
sel ecj ed ft{?om the 2 Ggr oup consisting of silicon, iron, germanium
gal | ium PGS $dt i num tantalum 3 al uminum gol d and

titag um 1 19rndHiaeRidQehiGindabe} Rikfatc W0t Sl Sal bh
is fornmed fr omzfa1 first 2 r%atner%;a* d%??tgr ent g%l?os%ggtg'ﬁgﬁ%reo%%?iaggmﬁs
mat ekl al threughgaid| oeski ta dommsemirinsuldting ragiony manek sendealdiietbliubgtrgoner

relative to selected high energy particles than said first material.

1 20.; They met | aim 1 er.ei n..sai k ,substrate is silicon
and sai dP{jI ocjgfi?%élg ar?gf: feBrnljailP’ %erflﬂﬁﬁlgtr%?f?( Sn&%?.te 18 aﬁtjf’és ﬁ@fsﬁﬁ'@ ®R
cl ai @ 16semib@rdactor substtateem conduct or substrate and said nask 2
substrate are formed fromthe sane material, whereby said substrates
have .t he, sane 3 coeffi.ci ent _of_ thernal expansion.

1 "%1¢ The met%od of cllagnt”, whertl;lm sai block?ng material is selected from the

2 group consisting of silicon, iron, germanium, gallium, tungsten, platinum, tantalum,

aluminum, gold and titanium.

1 19 The method of claim 16, wherein said mask substrate is formed from a first
2 material different from said blocking material, said blocking material having greater

shielding power relative to selected high energy particles than said first material.

20.  The method of claim 19, wherein said mask substrate is silicon and said blocking

2 material is tungsten.

I 21. . The method of claim 16, wherein said semiconductor substrate and said mask
2 substrate are formed from the same material, whereby said substrates have the same

coefficient of thermal expansion.

1 22.  The method of claim 16, further comprising the step of fabricating said mask, said
2 fabricating step including the following step:
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1 22. The nmethod of claim 16, further conprising the step of
fabricating said mask, said 2 fabricating step including the
follow ng step: TSMC2002-0482 13 3 formng said patterned | ayer of
said blocking naterial over said mask_ substrate. 1 23. The nethod of
claim 16, wherein said selected high ergy particles are protons 2
or dedt er ons. farmpdg saldhpatteregi layerdf caid blockirfgahatera tovernsasy s Bubstrate.
conprising: 2 a source of high energy particles for bonbardnent of a

sem cpndygt or ~subst.rate, . .3 ereby sem -insul.ati ng regi.ons are
f or rrelg i gg'sai %5@@%@3&@’8# s‘(}'bgrte ﬁa@,ge W&edjngh ﬁﬁg&y BTHigRRHepERRTN
sai d Boubcdeuddtonssai d sem conduct or substrate, said mask 5 conpri sing

a mask substrate having a patterned | ayer of bl ocking materi al
h, 6 energy particle bonbardnment mask patter, said

defi n{ ng %Bhl icl )
bl ocki ng%frat efdntegmiad rifcati fabrication systephicernEsi®gi n sai d nask.pattern

to shjeld saig gaal i L gh 8 ener
part imcl es i nI grs eas gfﬁgg%gigm%ﬁf 32)&2)1%@%1 gf’ gé g‘\a/ Py up% yws‘[gaé?’d
mask Jat whereby ser@binsilhngtegtonsand forthed im sad sewtiendictosaibstramsdad

substyate is a.ql gss, substrate or .2 sem conductor substrate. 1 26.
The s{/st%maﬁlf g]é&fa eoveen ipid sapsre and spid semic tar sebsérgtes saidmaskind sai d

mask 5 2 did £naLE ] ' e 1.0
substrat es a\}lzé.t he Sg&&ﬁ%%g%gg ?}ﬁgﬁggﬁ @ﬁe{%@%@g&%@ﬁéﬁ &og%-mﬁ% %h}gh
The <yst eneres pastiele hombardntent miask patied sbidddaiking matesinl lalvingsusfdiant ed
from4 he . 2..consjsting.of. .si.licon, .irqQn ermani yum gal l.ium
tu ngs% ent,llg%(?lggimnéanﬂﬁ aaSiﬁlp Sﬁt?fﬁ]to gflglﬁ'l Sﬁ@rﬁeml@n B‘ftﬁ‘g%’hﬁtralt‘? ?fam ﬁﬁﬁi highog.
The st emergyopartities i 22éas ofkgidstmicoaiiomakstiidsteiRbfed B Sid Jnﬁﬁ{bﬁf%gl.

said blocking 2 material is tungsten. 1 29. The systemof claim

wher ei n isaid sk substrate is forned froma first 2 materi al
di f f €r ent”-f r omPSSYSHIP I RPhef hesin sa1d mask gubsiratels a glagmsubsicate ohavi ng

greater sehistidakb@t fshskouer rel ative to said high energy particles
than said first material. 1 30. The system of claim 26, wherein said

source of high energy particles is a source 2 of protons or
deut dr on20- The system of claim 24, wherein said semiconductor substrate and said mask

2 substrate are formed from the same material, whereby said substrates have the same

3 coefficient of thermal expansion.

1 27.  The system of claim 26, wherein said blocking material is selected from the group
2 consisting of silicon, iron, germanium, gallium, tungsten, platinum, tantalum, aluminum,
3 gold and titanium.

28.  The system, of claim 26, wherein said mask substrate is silicon and said blocking

2  material is tungsten.

1 29.  The system of claim 26, wherein said mask substrate is formed from a first
2 material different from said blocking material, said blocking material having greater

3 shielding power relative to said high energy particles than said first material.

30.  The system of claim 26, wherein said source of high energy particles is a source

2 of protons or deuterons.
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TSMC2002-0482 14 1 31. A nethod of form ng a mask for bonbardnent of
a sem conductor substrate wth 2 high energy particles, conprising
the steps of. 3 patterning and form ng a photoresist |ayer over a
mask substrate to define a high 4 engrgy particl e bonbardnent mask
pattern on a mask substrate; and 5 et thi ng said mask pattern into

sai d Imaskl.subAtmethed ofifeeméngna srasld foramknbardasdnt af & serbicbaductdt stibgiagvith

t hi c?ges jn non-etched areas to substantially shield a sem conduct or

7 su tr@ghe?‘?rgwg@lc ét‘é’&lmlsﬁ}gtgﬁé?@?"fgarti cles in areas overl apped

by sa d non-e i | j { .
ﬁ&t&ﬁﬁn@ﬁﬂ&?onfﬁng@ ?:_lll_ot%?ésgt L%gxko%? a%ésg%ggft&;f\i{o & a high

sem conduct or” substrate. he net of claim ereln sai
mask 4s ubetergit pariige hombhidosnt waskepatten @8a maskmsistritey atdonbar dnent of a

sem conduct or substr.ate with high ener particles, .2 caonprising: 3
e et o 5 et e SO e i P
etched Kast higfigient thidleks th $RhEtdhRE kar¥@f &) siRGniMly ishicfNh tdMiesRRSor
in ngn-etched areas to 5 substantially shield a sem conductor

subst’r atbstraierer selacted Mglhyenesgicpaiclonin aredseyerlappad by saidGopretetied proad
by sai d - r i I | i gned over said
sem ?o n dﬂg‘%ho%ﬁ& Sgsi(u & ﬁ g%?démg%%ﬁgg%ff stibstraft

1 32. The method of claim 31, wherein said mask substrate is a silicon wafer.

33. A mask for bombardment of a semiconductor substrate with high energy particles,
comprising:

a silicon mask wafer having a high energy particle mask pattern etched
therein, wherein said mask wafer has sufficient thickness in non-etched areas to
substantially shield a semiconductor substrate from selected high energy particles in areas

overlapped by said non-etched areas when said mask is aligned over said semiconductor

N N Ly R WN

substrate.
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