1 METHOD OF PREPARI NG A MASK FOR HI GH ENERGY PARTI CLE BOVBARDMENT  Fl ELD
OF THE | NVENTI ON [ 0001] The present invention relates to masks and nore
particularly to nmasks for high energy particle bonmbardnent of

sem conduct or wafers. BACKGROUND OF THE | NVENTI ON [ 0002] Al umi num pl ates or
plates forned fromother high atomc weight materials are comonl y used as

a mask to pa of a sen conductor wafer for h ener gy
particle i anﬁiE’télgﬁn‘aé PARING A MK KO BEGH EHE&G\S&’A H@E in the
sem conductor wafer. These plat eﬁOﬁEﬁAWENﬁ”ed bet ween the particle
source and the sem conductor wafer to mask the wafer. The use of such

plates as nmasks in formng isolation regions is described in, for exanple,
U.S. Patent No. 6,046,109 tcVIEId}Odt THIE INGENTIONd " Creation of Local

Sem - I nsul ati ng Regi ons on Sem conductor Substrates” issued April 4, 2000,
the enti rl8#92]of \AhrT:}w}Pfgseﬂieneblsthnncbtrqsdoamaeﬁsmdmelfeejaetmmrherbemsks f&at t er ns

are for ni cal renmovi ng portions of the masks.
[0003] Kﬁﬁl ghetr%e §§“‘° éﬁmj’“ﬁf ?g%eﬁ“?oé‘dé‘é@rc?’i‘%@d in US Patent No.
6,214,750 to Liao, entrtled "Alternative Structure to SO Using Proton

Beans" issued April 10, BAUKGROWNBOFTHE IRVENTIONi S al so her eby
incorporeﬁ%lg@dby reference herein. Liao describes his mask as an al um num
cont act " t hatAEingg nplated|i ore platsp Hrimed ﬁaeisrorhﬁrﬁaghletymrc fesigled over

an i nt eghadigsh1€ b{e%hhnorﬁ?l 680! PHELL fospagtgﬁ)lotﬁ g %%Fm Ehth ass| t‘éﬁto on

| ayer to allow electri continurty to ane

deposi ti dirgh)ﬁneray smrtaﬂdumgiahayrem suehleayﬁ]r {bﬁnmgoieep dsdlation seglidﬂﬁnml @ed down

over thesgeed WF%& hotlg{?esr st LS e osed t rou h a suitabl e nask
uI

and t hen 8%% S &% B%S’I”é‘?“ f"t’eérlﬁ icleotsre adethpwher e

except we@hRohdudiér wareewmsk%egwe%ra%easyé'&f'saa@ lakRYR' The
additional | ayer of netal is then deposited by el gc?t%o% Igtsrfkrsrglmg%)r’tqllﬂngeed

| ayer i nisolgtionggpioneds desgiibassin, fﬁeﬁ@b&bleﬁ &F.5i Pajerd Nmr&,@kﬂ;l&?amkha{) @0ay] There
are sevepabndy apbagks &SEQSAI%&%—I\QAS&I& Redivhs o ger%ggogguctor %ubstrates”

issued April 4, 2000, the entirety of which is hereby incorporated by reference herein.
Patterns are formed in these masks by mechanically removing portions of the masks.
[0003} Another form of aluminum mask is described in U.S. Patent No. 6,214,750
to Liao, entitled “Alternative Structure to SOI Using Proton Beams” issued April 10,
2001, the entirety of which is also hereby incorporated by reference herein. Liao
describes his mask as an aluminum “confact mask” that is formed dircctly 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



pl ates as described above. First, the accuracy obtainable with the mask
plates is generally limted, often to within a tolerance range of 50 m
This range is not appropriate for newer generations of integrated
circuits, which utilize ever smaller device features. In 2 addition, the
coefficient of thernal expansion of the mask generally does not match that

of the bo r.ded seqnﬁ;iéfqnductor wafer. This in turn |leads to alignnment
probl ens 24 dbe e9eEhertiof thmah exrapie oh discmask eaeieally does 1o matsk teat i ng
during hi gha@nepQy (A Ntp: St f r,.there ar
limtations on themgg?ﬁg?ggﬁgﬁ%?b%&gggeﬁhﬁggig%%dgg%nﬁhggﬁg§ﬁ.pﬁgﬁm3§anple,
a cl osed bétwgen {heengsitandrthe saminodutor aeatemdieits medk habtinpodiiringtHillh 2hdigy @
hol der affixed.,to,th | ate. far .support. The mask of the " 750 patent,
al t hough %ﬂ’ﬁ@'f’a‘i%&’a&ﬁ’é‘g‘{-erse*&@fﬁﬁ%f i %FHWIWOP% Ohdbe padwne thayanmigbe hat it
i s i nt egr @dsigaed foart@ thawi.t ot a&rﬂ&,wagéera%?g.tygyw@ﬁ calf bg%&r{i@iswae 750
conplicates and makes nore costly the fabrication process because each
vaf er nusVitheiexigisingcdialdardlixefetodbe plasmfor shippdrogFlapmysiaotithet: 250 pgent,
processes Therefore, .there repains a ne for. a _new nmask sujtable
Por “hi oh ibebE Bros Mk gl Al BeBTRY = i B i 8 o, Besdlor
waf ers anfdrimed il tef 1T aibRirig. FiiBerS id8ndsRaf (R QY0 g&ﬁpﬁ&'ﬁesgﬁg%ag{%s rore

[

flexibility in pattern design and iInproved tol erance ranges.
further, QRRY &b Ebaicaionapioeess tesnuse qaals Raferamusi ouengot addlitfomel déprosition,

al i gnmenty;i, ;Eeﬂﬁi a@&ﬁ%' W th msmatch in the coefficient of thernal
expansi on1 b‘g% n the %I%Egz;sg%f'the sem conduct or wafer. SUMMARY OF THE
| NVENTI ONOQ@RI06] A Tetdfoe, dferd renivimga acdbfl af v hasibaneBRMor ‘Bf%]haenergy

e step of

sem conductor .substrate Wt i gh epergy particles includes t [

Form ng. Patitie aRNBRE] B Vi Dardmip ok rore oHEIor STaTesy and ancibeakob GstTRt o € 0
defi ne a thé gimeme FroRadst fop! : : ckin
material has suffi giif%nt St hi ¢ %@%Hm&&ﬁﬁggﬁéé ﬁﬂ{émg@g%cgkog%r T4t | y
shiel d t AangsemSEddatier othersubmpinanaetd fmasehskabadiohs git seffer fiyympdighinehes i n

areas ov . . k ttern whep.th sk is aligned over the
cem con dgvg(%l%?rﬂ?gslsj Sltaﬁegﬁzg%%lsrgﬁch il the'Coeticient of Termal expansgon getween the
mask and the semiconductor wafer.

SUMMARY 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.



[0007] A mask for bonbardnment of a sem conductor substrate with high energy
particles is also provided and includes a mask substrate having a patterned
| ayer of blocking material forned thereon to define a high energy particle
bonmbar dnent mask pattern. The bl ocking material has sufficient thickness
in the mask pattern to substantially shield the sem conductor substrate
fromsel e?(iﬂeﬁ’% hi gh energy particles in” areas of the sem conductor
substrate |1 apped Peyndthed uk maplaetley foxesnter Hesigm Skxibdity deiguednover t he
sem condu .3 ] h d sk | ow for_greater
desi gn flgi}?)r |r ﬁﬂﬁ%%gggﬂ)gete&%g&/pglcla-fghkbgegg@%ﬁlggofafgw {Iﬁ%t“?aé Rabeni Hidexd:can be
utilized tolimgedndesign petsdnpedrt be obtaledegd the 4dabld f86k 8SL@A R-Pésta&-ﬁﬁ% can
be obtained,via the reusabl e mask, including closed-ring patterns not

previ ous! JAFERS P RREVIPYSY RSt with kagih on-cantash shaminves esksst St fukthe, her |

t he mask gibghia bials ) rate terial ,can be
mat ched such thg‘?jsgﬁtg?h %tﬁgérdgﬁghgl@?gﬁe&wgggggyg‘l}bg%?é:){? Et%ﬂglr??ﬁll ee?ﬁécﬁgﬁlon and

thereby. &ubi that theyalshayartbatsapeotdediierduel tierhalatipagsioh e sasdy ass@ci at ed
The above,and ot her features of the

with priog.art alum num sks. [0009 . s

pr esent i{rr\l\ll%ill‘.g?%ﬁ&v@rf)ﬁe%lgﬁgﬁ? &egtl% theitl Fsesiatehwithgrics drhajuaenua | ed
descriptimasigf the preferred enbodi nents of the invention that is provided
in connection with the acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS {0@@%] TheThe aboysanyd thedr fzofuragsoll tHeusteset enpersioar walll be g nent s

of the inveRkd her, i,nf or mat i pertinent tg the

di scl osure, P’Irt]é fr?:lﬂsth%@(“lﬁvﬂatg %Etlaﬁ@ g‘%ﬂptf%?’ﬁtg‘g péefl?‘a B@Qﬁ‘%meé’w of ke

cr oss- secinveria thaténpoiided irmsdnnactibn with the bEend@¥RERkALy et hods of forning
a mask structure; and FIG 2 is an illustration of "an exéenplary fabrication

system usi ng a mask of | nvention. DETAI LED DESCRI PTI ON [ 0011]
Referring first to FI C%wﬁg-%émwalmemﬁ@r gy particle

[0010] The accompanying drawings illustrate preferred embodiments of the

invention, as well as other information pertinent to the disclosure, in which:

FIGS. 1A-1C each include a top plan view and cross-sectional view of a mask and
illustrate exemplary methods of forming a mask 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-IC, 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



i nplantation is described, along with a method of fabricating the sane.

FIG | Aincludes 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 |ines 20A. Mask
2a includes a mask substrate 4a, which is preferably a wafer formed froma
flat glass panel or a sem conductor wafier such as a silicon wafer. [0012]
The mask 2a includes a patterned | ayer of blocking nmaterial 6a. The

bl ocki ng Watkepatigrn dastraiedysiprevifechior allusepiiveepurprsenerdk apddessmot fom hpagh

energy p nt/inplantation of a sem conductor substrate
havi %g a?gﬁ %ht%éﬁ?saegggpég{tggﬁlt formed thereon (not shown) described below in

connect i ofd0RBY h FI GheZbloditiag peatdriat Wagire fBrablyelsds aps’hﬁdi@;h? pokwet Sifak ?s'{ @G%t?st he
orma par

ded | 1 yust ' rposes. only and, does not
B: g\s“ente i Ié#li%t& Shf{ g@?‘ﬁ%%e%ﬁepﬁ%gwﬁ@g meateigl apd @a@SbrsebSéwsﬁbprffqndgy are
hield
b1 ocki ng  ioarar fop!Bkctidls BRBLR o AHEREIE o0 nld B RENERL o Broetlattr i s

t hat haveisapreieored thatl thetd i aafelativelys st detdyeof lﬂ’ml adiaAiohoid HeORRSS aftbt 1S
the radiation in the

d
ek af ¢ ST BSHREEah DG sl AR FRereeF oo i ad M) 4B { han
3% af ter évileyra. saﬂaﬂlfﬁndﬁrﬁg)‘b?rmreft&rs s@ﬁplmékeﬂqalﬁy Ha&ﬁe%ﬁ{a%en@a”p' €S

of exenplary bl ocking materia i nclude si'licon, 1ron;, gernanium gallium
t ungst en m?}ll@ﬁ FHERR ntoang@“rr@mur@cgaﬂlmw tungsmmnplaanun;c fap@hinyrgoldl hilakinesis

ons'der r d the
gubs!t rate gngl}lg&d e@@?ﬂ% E%{S %\?\? tiog R ?érn & &ahgﬁe@m?%ﬁi f g[ocgjngl ’ﬂat%
exenpl ar yand eh&)euhsmm,a drasléscsibes theRie ird €onnSctBnOki@s F1©Q 2.SiTh | loﬁ@ @xé’i’ﬁ‘ﬁl@rry and

th atterne bl ocki ng material ,6a is tungsten.
Coﬁvgnt i g} ‘é’g’inéﬁ‘e&ﬁ{ﬂl?’@u‘i‘% 15(?@}asﬁﬁbrsllwﬂlvﬁfefp@@bﬂ@swewd llbﬁelmf lized

to formt R bl ocking material 6a on the substrate 4a,
t her eby grp‘%\lfu |ﬁr%gté %%ad%?{ﬁ%f@féd range of possible designs. Referring again

to FIG |[#14]he degioneehtrmmskintqpasted civciis (I€Y) diteitaiion procbges tishe atikzeda Usi ng
bl ocki ng urkiar s P acdnRL SRS Heriis melial Gron e SHunbeterdn ey providimg
an unlimited range of posszble designs. Referring again to FIG. 1A, the desired mask
pattern is etched into the substrate 4a using lithography and etch processes familiar to
those of ordinary skill. The blocking material 6a is then deposited over the substrate 4a
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 blockin’g material 6b formed thereon. In the fabrication method
iIIustLated 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, ie., a
photoresist layer is deposited over the blocking material, exposed through a suitable mask

and developed, and the undeveloped resist and underlying blocking material are etched.



to fill the mask pattern etched into the substrate 4a. The deposited | ayer
s then polished, such as by chem cal nechanical polishing (CWP)
techniques, to the top surface of the substrate 4a to provide a planar
surface and uni formthi ckness as shown in FIG |IA [0015] An alternative
met hod of fabricating a mask 2b is illglstrate via FIG 113. Like FIG IA,
FIG | B é}fbﬁw}i a tog ,rgl an view 10B of a mask 2b having the same mask
pattern atflfb naskStl ferther) athen fechpiques wiape ¢mplPye@ tol Bravideaa patterned

et ndos o pnaw T #alod I RBR e Pub PR R R B0 roths Wt or i ol

6b f or medtot ey @ericulan thétkod atfrfonaingOfe RUBASI lhydr Ust bRLRE . DMafthg. MRSk 2b of
FIG 113, a blanket |ayer of blocking material 6b is fi rs%g deposited over

the substPaMPIes Hyshated jvit dhsr B3k 28rd B hihgn alremasgept ayeetss @epatliser n

t he bl ankgtiiAa | | I f. bl ogking naterial 6b,
i.e., a hgtioﬁi?%}{ﬁkfg%g?olﬁgﬁi e!glg}é Pt@tggﬁ([)d&gg tﬁﬁéﬁw%clf% er{got%kr?a{ng?afrgg]ltglsexposed
t hrough alepaitesihder s kubstag 4tev &hopetkriahBdstthen patdenel oﬁeletm%@j)@ add
under | yin | ockjin terial are etched. 5. .[0016] Still further, other

t echni qu e@Chﬁ% FQD%) ”g r]fgtTB W%patt@”bﬁ‘ﬁ(ﬁ“}j 2ﬁ§ lﬂ%“tkt“%ﬁ’r RaTial 65 is thegy deppyterioner

mat eri al ,thanehtérii® S@Kiname cicyed iréab: ' be, Ligted to
any particul ar rmet hod lgf flgr m né h%oﬁgt%ggﬁgggﬁggggﬂgéq%?g%vﬁ‘?en%blr‘?a 'eri al .
For exarfgriace aad ponsissant dhieknoss as shawvmisskKIRd Gf Ma@rial €, is prefarbBcene:

process : AL for..gopper. el ectropl at|. y be enployed. A

bl anket %gé}g(ﬁﬁ%&t@fn%tl'g? i%lg%b@t%{l%aﬁ&oé;agsgg i%f@dengﬁé’r pﬁ@%u ?Fﬁ?@g}éé Witphe

mat eri al tBe sededttbdeppaitédbloaidny infutdrial BOIEREMM eRPLapRbSktd thatRiaf 91 e mask
pattern t@sr e%{?\{ 'Iimb ,oghjéag mat erj al 6¢ is_the%prﬁe}gﬁ(;ds_i tead lgvgr}mhgcﬁe

mat eri al “Boandy ¢ PEgFSAdy analablmire disepenvgnional JBethbricatipmovi de a
pl anar sWsdegdce and consistent thickness as shown in FIG 1C Material 8 is

preferabla/ not a blocking material, i.e., it substantially passes high
energy pdP4i7dl es whentiid enptheraltemative embedigehe thed ddlposiitadt ploosd’ rg

S Cuiy o RS e PEERR rofndhe Srisered bt of Bekibe eHenen A
process. thtragefies; Ism df%féd;ditled aet hemadlt bedshalel ¥R BARASHATBAL: « REpsiAinGAl:ed
blocking material. The blocking material is then deposited over the substrate and
patterned photoresist layer. The photoresist layer is then stripped along with the blocking
material that covers the photoresist, leaving the patterned layer of blocking material.
[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 thicknesses 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.



metal patterning may be utilized to formthe patterned |ayer of bl ocking
material. A photoresist is deposited over a mask substrate and patterned
prior to depositing the blocking material. The blocking material is then
deposi ted over the substrate and patterned photoresist [ayer. The
photoresist layer is then stripped alogg with the blocking material that
covers the-photaresist—leaving—the-patterned layer of _blocking materjal.
[0018] InEFﬁ'ggoﬁgﬁneér, iﬁlghly accli at e maskMNdesi gns caf be accom!lkl Sha?hte)?/e
ilizi Know Y and ff-abhricaty echm —St+Hfurthers
FglLBZ:Pgltatiokltgzg?ﬁgﬂﬁesigﬁ'for the(ﬁgg pattg$§ﬁnt25ign&éﬁﬁéiderations
for an exébMlary magRlA7eim dedepigyen herizaf uer . [|0V1®LimIhe BppsaRfT ate
t hi cknespes—for—thetsubstrateand the gatterned liayer of  b| ocking nmt
of the nhbkMfdscri bed L) am dépefAdnbn ﬁﬁgjpﬁﬁticﬁﬂwéhgmgy atid.@ e ool ccon
iati AT LCl 1t Frctednpteri-at-s—-Ascan-—-be
1[?glma: Lgn%(ﬁygfre;vnct);lo ;\‘/"f‘?fﬂ}?{:rg???}g“g{f v%/ggg'g}%‘?ar %ﬁd&lﬁl ng @P 8l s| the
penetration depth of the protons (ig mécromat e1[SL+I ; mzjterN: a{Niﬂd iﬁ{/gy
nergy o i

in Mega- tron vqlt dependent . i )
(1I5.n7m %Z@h? .1m 5. ég.ozt’miﬁﬁw%ti%san?bfgﬁfeﬂs .%ﬂsm armaskgﬁﬁ . gsseglgn %17.921 gm
4300.0 gn 100 b g e O BTN oAt PR Can be
used to dddiigr wmiemKudios sittratesldsi i aompictet isglatidre betoictic ttigionk abaése@lj on

' ] - | |.at i egions 110 in a
St condddt oy Ehioesd B R e b el sordn metaeoReegrenlsclys
desired,tmmhgh$M§5@ﬁhﬁ&ﬂﬂhﬂmﬁ&edﬁ%&%@%ﬂ;ﬁg&@huﬁq&mghgtggggbﬁgﬁﬁgxﬁg%rt|cles

pass conpl et el t hrough the bonbarded substTate or as nearly hroygh as
possi bl e 08 aftBe substigia Kk f Abere o9 numbehof siipsionatvéielOtie iTolatin sopna

. . . . . M 28
o 11 casentd, DS slAfiGat Bihch TR Wb PHE oD ER Speuddob i omre
cases al lcasdvenlinvdy why dugielt © tHeebdiint QuRfsser f0BC CEARAplcEXAMRIeER dhdieh Usde
reducti on
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eri al

ulg)sftrate noise coupling, realization of high Q inductors on silicon mixed mode ICs,
reduction of transmission line loss for high frequency ICs, and the separation of different
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
fabric;ated 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



substrate noise coupling, realization of high Q inductors on silicon m xed
node 1 Cs, reduction of transmssion line |oss for high frequency ICs, and
the separation of different types of devices such as analog fromdigital
or bipolar from CMOS. [0021] The system i ncludes a source 102 of high
energy particles, such as a cycl otrong The hi gh energy particles may be

pr ot ons or deut g for exanple. Electromagnetic radiation, such as
X-rays orP ‘?’fﬂ‘ifl Q?ggmg rragterg! ]c96beA[ﬁﬂ$ npt elidelded hpdhe bmk:mgsnabn:gnmdi det ween

t he sourc he na be
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the seni t¥a2lict or Sishgt pediablbOBiformmtibongichsas thada@swioln SRS ab&e the.,
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106. Are rial a by the
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an ettec cfept% rTFISthf: 18rMeV particles in silicon. In summary, the energy of the particle
implantation or bombardment from source 102 and thicknesses of the mask substrate 104
and blocking material 106 should be selected such that particles cross the mask 105 in
open, non-blocking material areas and penetrate a desired depth into the semiconductor
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 um. 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



proton particles. These values can be cal cul ated froma penetration depth
formula famliar to those of ordinary skill. The sanme hi gh energy
particles having an energy of 10 MV penetrate to around 725 gmin

silicon. Assum ng that the mask substrate 104 is silicon, it should have a
t hi ckness TMS of approxi mately 325 gm {o ensure a penetration depth of
approxi mately 400 gmin sem conductor Substrate 108 in non-nasked regi ons,
i.e., t hereébﬁ«bff#?édl%ﬁmfcﬂbﬁé@@kcwb&tr@ée sishshatathe snask substrdtel @8aies) tied ddsihed 725 gm
penetratiﬂﬁﬁnggpfh of the 10 MeV particles in silicon. In summary, the
energy of the parficle inplantation or bonbardment from source 102 and

t hi cknessi#924f the Ipete exengilagtenbbadtnerand ahagkki 030ani@edy8izhal ool Qe aheu! d be

sel ected sych that .particles cross the mask 105 in open, non-bl ocking
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mask substrate 104 is preferably kept as practically snall "as p SO
as to redeBINURE magkrebejvert thehimpantatian pajtere qubedied fio thraswskt hoHugh thre mask

substrate_jn - reas. An exenplary silicon substrate, for
exanpl e,esgirné?dgl(rag tpgﬁﬁggatglﬁﬁi ckness that is between 0 and 1000 gm The
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of a silicon substrate 108, the present system and method are not limited to this

semiconductor material and would still be applicable if other semiconductors such as
germanium, gallium 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



i npl antation, thereby reducing the possibility of m salignnent often found
wWth prior art alum num masks between the inplantation pattern enbodied in
the mask 105 and the sem conductor substrate 108. [0025] It is known that
sem -insul ating regi ons produced by proton bonbardnment are unstable over
long periods of tinme if maintained at yenperatures in excess of about

400C. Therefore, Ire rs{gm -insul ating régions are preferably fornmed after
the nanufS¢EUPasest hae prigiagthickeess pf thgisilicos meskpitstiet iorecledial st nat e

108. Once}iMirsd : : tem descri bed above may be
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over a silico mask substrate in the pattern of the desired nmask design.
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those skilled in the art without departing from the scope and range of equivalents of the

mvention



FIG 2 as illustrative, the original thickness of the silicon mask
substrate can be selected to be equal to or greater than the penetration
depth of the 10 MeV protons, i.e., approximately 725 gm The mask pattern
is then etched into the silicon mask substrate to a depth of approximately
equal to or greater than 400 gm Ileaving 325 gmthick or less of silicon
in the etched areas. In this manner, tlfe high energy particles passing
through these etched regions can penetrate the desired 400 gminto the

t arget | GVkitli§ damedubstrate in areas overl apped by the etched regions and
t he high energy particles incident on the thicker 725 gm non-etched
portion of the mask substrate are stopped by the nask substrate from
reachi ng the tiar gefa h&hsd bi ReRingURsi-iRLRInd REZAL i bORWEe tubREe sitdyast i on has
been described in ternms of exenplary enbodinents, it is not limted
ther et 0. REPHEPS thetierappended cl ai ms shoul d be construed broadly to

i ncl ude other vari 1%1§11 an%a%ﬂ’%@@l’ £e$mE’Jndh G m\éﬁﬁ%' A K04t i %}{mg% made by
those skilled in t eparting fromthe 'scope and ran
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formed thereon to define a high energy particle bonbardment mask pattern,
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substrate.
2, The method of claim I, wherein said blocking material is selected from the

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

aluminum, gold and titanium.

3. The method of claim 1, wherein said mask substrate is silicon and said

blocking material is tungsten.
4, The method of claim 1, further comprising the step of fabricating said
mask, said fabricating step including the following step: forming said patterned layer of

said bilocking material over said mask substrate.

5. The method of claim 1, wherein said selected high energy particles are protons

or deuterons.

0. An integrated circuit fabrication system, comprising:



substrate. 2. The nethod of claim11, wherein said blocking material is
selected fromthe group consisting of silicon, iron, germanium gallium
tungsten, platinum tantalum alumnum gold and titanium 3. The nethod
of claim1, wherein said nmask substrate is silicon and said blocking
material is tungsten. 4. The nethod of claim1, further conprising the step
of fabricating said mask, said fabriddting step including the follow ng
step: formng said patterned | ayer of said blocking naterial over said
mask substrate. 5. aTdverceetthingh ahegl gianiicles fuhéoeibardsaing of el ectieshdhitgh ener gy
partlcles or .dept.erons. 6. An integrated .circuit fabrication
Syt em - CURUEET TG seiibgliEE Reons;ign Tomergh ar rirer eorar suBRET dment

of a semggg@nductor substrate, whereby sem -insulating regions are forned in
sai d sem conductor substrate; and a mask aligned between said source and
sai d sem conduct or 245K @Hgited betgen SaideORICE R FAI4 PHBicANdYAIOK SEashigier wi® havi ng
a pattern a I cle
bombar drreﬁl'fc!lSll Q(yﬁﬁ”sm Plln%!s(%@gu %?h%n#éhé p%geﬁ llleéral a lﬁg\t;!?)ng é&%?llg%/gﬁ%ﬁé
th|cknessamnmsaﬁdynaskMﬁnmmwmﬂ@mnshkﬂmwn$aMdﬂ&¢mupomduﬁﬂmwmgubﬁkmate from

sai d high er g ticles.in ar m _conduct or subs rate
overlappeanﬁve%a d ﬁ%gﬁmﬁé??%Pt %giiamgﬁé@%Pﬁg(Wﬁt%gﬁﬁﬂeﬁéV1ﬁﬂ Jiddht er

shi el di ngeoapartitityinraedagbl s6d §mls@ideabe§hbhmaghowapgad bypald hedkgsudhan said
mask substr;be mhereln ai.d semc gctor ubstrate_and saj d mask

subst r at eSH&Y|%"8 et B i BT I B8 of Hivarelativg dnssienied lngh qitagisy st em

of claim @ uW@? '[P%'n RaRiah ek BE kIO A £ Ghidlseh R oB@ Bt tsBBstfF DM B’ mEOUP
consi sting of silicon, iron, ?ernanlunl gallium tungsten, platinum

tant al um sutair@mﬁmngﬁgdhmcam igicntadithemmal@xpaiseonsyst em of claim 6, wherein
said mask substrate is silicon and said

7. The system of claim 6, wherein said blocking material is selected from the
group consisting of silicon, iron, germanium, gallium, tungsten, platinum, tantalum,

aluminum, gold and titanium,

8. The system, of claim 6, wherein said mask substrate is silicon and said

blocking material is tungsten.

9. The system of claim 6, wherein said source of high energy particles is a

source of protons or deuterons.



bl ocking material is tungsten. 9. The systemof claim®6, wherein said
source of high energy particles is a source of protons or deuterons.
METHOD OF PREPARI NG A MASK FOR Hl GH ENERGY PARTI CLE BOVBARDVENT ABSTRACT
A nmethod of form ng a mask for bonbardment of a sem conductor substrate

wi th high energy particles and a mask Lfrned t hereby are provided. A
patterned | ayer of a blocking materiat“is forned over a mask substrate to

define a hig eréﬁl)eaarti cl e bonmbardnent mask pattern. The bl ocki ng
material has YUk F RRERARENG A MASK FQBKHIGHRNERGYOP ARTICAE i al | y

shield the sem conductor substra ed high energy particles in
HOMRRARRT

areas overl apped by the mask pat mask i s aligned over the
sem conductor substrate. The mask includes a nask substrate having a
patterned | ayer of blocking nmaterial formed thereon to define a high
energy particle bonbardment mask pattern. The bl ocking material has
sufficient thickness in the mask paBSERAGD substantially shield the

sem conductor substrate from sel ected high energy particles in areas of
t he semi conduct methodisd ferating avesk fppedtaydmde offaskmpahdietdr swheiatd Wgh mask i s

al i gned %Yg%r er}epg%z Ea?{l‘a%é’ QQAJ gtn?arsk%rbrgé t%%r%by Falrcg;L prozvided. A patterned layer of a
blocking material is formed 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 selécted high energy
particles in areas overlapped by the mask pattern when the mask is aligned over the
semiconductor substrate. The mask 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.

FIG. 2



