METHOD AND APPARATUS FOR SOLVI NG MASK PRECI PI TATED DEFECT | SSUE
CRGSS- REFERENCE [ 0001) The present disclosure is related to the
foll owi ng commonl y-assigned U..S.. Patent Applications, the entire
di scl osures of which are hereby |ncorporated herein by reference: 1)
TSNC2003-0610; 2) TSMC2004- 0457; and 3) TSMC2003- 0482. BACKGROUND
[0d021 The present disclosure relates in general to sem conduct or
manufacturi ng technol ogy, and nore particularly, to reducing or
sol'ving precipitate defects associated with photolithography

phot omasks. 100031 Phot omasks, or reticles, axe comonly used for
phot ol i t hography in sem conductor manufacturing. Photomasks are
typically made fromvery flat pieces of' quartz or glass with a |ayer
of ,chrom um deposited on one side. The pattern being used to transfer
an‘imge to a wafer on BIMor PSM nmasks during a photolithography
processi ng. Wiile contam nation of photomasks has al ways been a
probl em high precision masks, such as are used in photolithography
havi ng wavel engths equal to or |ess than 248 run, are particularly
susceptible to defects.. | [0004] One type of' phot omask
cohtamination is referred to as haze contamination. Haze

coptam nation is a precipitant formed from mask cl eani ng chem ca
residual or inpurity of fab or tool envirnnrnent cross exposure. For
exanpl e, when a solution including anmonium (N {4} and sulfate (304)
isjused to clean a photomask, contam nation becones apparent when the
p hol omask is exposed to' a short wavelength WV |ight such as 248 or
198 nm . Haze cont an MEHTHOD ANIDAPPARAIUSHFOR/SOLUVINGY t he phot omasks
with a general gas, suclMASKHRECIPFNADED DEFEQT ISSYEai r, Purgi ng
typically involves diffusing the gas into a reticle pod via a gas
infet and diffusing inpurity materials, such as ammoni um and
sulfate, out of the reticle pod. [0005] Photomasks also suffer from

ot her de . t hose caused fromel ectrostatic discharge
(ESD) . he pattern on the photomasks, resulting in a
d ef ect ed[ﬂblﬁ?g € The present disclosure is related to the followmg commonly-assigned U.S. Patent

Applications, the entire disclosures of which are hereby incorporated herein by reference: 1)
TSMC2003-0610; 2) TSMC2004-0457; and 3) TSMC2003-0432.

BACKGROUND

[0002] Thepresent disclosure refates in general to semiconductor manufacturing technolegy,
and more particularly, fo reducing or solving precipitate defects associated with photolithography

photomasks.

[0003]  Photomasks, or reticles, are commonly used for photolithography in semiconductor

manufacturing. Photomasks are typically made from very flat pieces of guartz or glass with a

layer of chromium deposited on one side. The pattern being used to transfer an image to a wafer

on BIM or PSM masks during a photolithography processing. While contamination of
photomasks has always been a problem, high precision masks, such as are used in
photolithography having wavelengths equal to or Jess than 248 am, are particularly susceptible to

defecis,



produced on the wafers. SUMVARY OF THE | NVENTI ON [ 0005] Therefore, a
need exi st’s for a nethod and an apparatus that m nimzes haze
contam nation. Al so, a need exists for a nethod and an apparat us that

reduce d nasks, due to ES]j. Accor ing to the .
.nvent.oi‘%?ﬁergm? % Pk e WO&MIF%H%W@ e foamaingiign. Himze
phot onas kprimianipads H\ptbﬁpmnﬁfoﬂhéﬁ mﬁssmﬂémﬁg GhediicA BRI dYal of aguAB ol fablor
corypr1 se omask reticle assenbl
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renlcle assenbly for reduycing precipitated defects to the photonask.
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gas$ inlet configured gas can be diffused into an |nte
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the net aI shi el assenbly confi gured uci ng precipitated

defects (}da”Plﬂﬁéinésﬁs ESuBROAHNBR- de Bk BRcEHERE Bl &l eidddbstatic
DRAW NGS IO #Aspects of the present disclosure are best understood

from t hedisdpiss Samaggdaegpaiten op Hhophetamakadesiiting in adefected image
ac Oﬁpanijﬂoﬂ&eﬁbﬂﬂ%%fﬁ!{ﬁ i s enphasi zed that, in accordance with the
st andard %ractlce in the industry, various features are not drawn to
scal e, | BUMMARY QF THEJMYENBIOMNf t he various features may be
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al so enphasi'zed that the draw ngs a ustrate only typical
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lifiting hdioé&ﬁ@(ﬁpeté EsDt Q&ohﬁngqamemeﬁmx m&pﬁﬁayov&%ﬂea%.!eaaoeﬁ@ﬂ&d&c ot her
em)odlrrents [ 000 Fig. IS a diagramof a'reticle assenb ?

puf gi ng @%ﬁo‘@@r?&@tkmask ap@%@]wthn@ph%om@kaeﬁalﬁ atjeiaply-ofe é%@ﬁ?)F%WlsﬁgEﬁfusmg
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DETAI L EQe&ﬁ&%&e@ -ﬂtm defects to the photomask. There is alse provided a photomask reticle assembly
comprising a photomask disposed with the photomask reticle assembly; at least one gas inlet configured

v

so that a gas can be diffused into an interior of the photomask reticle assembly and towards the photo-
mask; and a metal shielding assembly enclosing the phohtomask reticle assembly, the metal shielding

assembly configured for reducing precipitated defects and damages to the photomask.

BRIEF DESCRIPTION OF THE DRAWINGS )

{Uﬂﬂ:?] Aspects of the present disclosure are best understood from the following detailed
description when read with the accompanying figures. It is emphasized that, in accordance with
the standard practice in the indusiyy, various features are not drawn to scale, In fact, the
dimensioﬁs of the various features may be arbitrarily increased or reduced for clarity of
discussion. It is also emphasized that the drawings appended illustrate only typical embodiments
of this invention and are therefore not to be considered limiting in scope, for the invention may

apply equally well to other embodiments. _

[0808] Fi g. 1 is a diagram of a reticle assembly for purging a ?hotomask..
[DO09]  Fig 2is e diagram of‘exeiﬁplary ESD damages suffered by photomasks.
[0010]  Fig. 3 is a reticle pod with new metal shielding.

[0011) Mg 4 is a graph of the diffusion rate of sulfuric gas in mini environment over a

. period of time.




[0012] It is to be understood that the follow ng disclosure provides
di f'ferent enbodi ments, or exanples, for inplenenting different
features of the. invention. Specific exanples of conponents and
arrlangenents are described below to sinplify the present disclosure.
These are, of course, nerely exanples and are not intended to be
Iiditing. In addition, the present disclosure nmay repeat reference
nuneral s and/or letters in the various exanples. This repetition 1is
for. the purpose of sinplicity and clarity and does not itself dictate
a relationship between various enbodi nents and/ or configurations

di scussed. 100131 Fig. | is a diagramof'a reticle assenbly for

purigi ng hot omask, As shown in Fig. 1, reticle assenbly 10

i ngl udesmww blank 12 with a reticle pattern 14
adher ed {mp12PNenSE Se ukit@stbat thatlie: fBﬁ&th% J!sol(ﬂ;ui rvRiRk BiFfereRtenitddidRnts, or
proj ected an exposed onto_a sem conduc er. In addltlon t he

retflicle & j Spr ipplementing didt eenbféquféhqmaqwo&asneﬁaﬁew&sg t he
retiicl e chafdnShtRantthrraffithepls A c&humea Senﬁv{} er@ﬁplﬂf?mteaeka@aedaﬁca%eéé aieg

t he outer edges of thereticle b he sid upport.franmes 1
the frantfcogrse perely seannlesiapd e"cwpblmsnd@ t¢b¢kmen& rieﬁﬁ@horwe PIeSEt s de
support ﬁifsasﬁ& Ay ﬁf:é‘at ;%E"éré}ﬁQ ﬁ&n&ﬁk Qﬁil@r 16tekSn Be visi B AHIRS THR repiitiohN e

retjicle asse Iy encl osed hin a st or age structure known as

a rleti cl & frthe msposp@ﬁamthapé ﬁIPFSY anéﬁeeé inpfi itself digtaigatrelationshiphetyesn
caysed b¥arﬁsb§5]ﬁ5d§n&@d%m8ﬁ{ﬁ' (lf,,fsgfgcﬁgg environnment, pellicle
0

glue, reticle po ut-gassing, pellicle frame residue, chenical

growt h aﬂlél:wep i { is%%ééa?r%itﬂ%hél@%%hﬂf'ﬁn pﬁ?ﬂ;g'ﬁ‘pliét@:ﬁa&f AGRRIRGARig,

solutlons eretlcepattern 'S eaned wth a solution

based onl.apiis wsagmably Lincludesairapmatent r&h@e blanks 12 vaith 5 relicleipatters lpdheisline
trapped pRsidie ThoRtclRamRes 14n c&%%irédh@bé ﬁB}e&E@mﬁ%{;ﬁcﬁE&‘o&éa scfonductor

exanpl e, preci p| tated defects deposi ted onto t he

reticl e Waler draddition, the refiedn %SF%WY %mﬁlﬁféﬂ@eelhelpeameIéﬁlﬁt@ﬁ%ﬂiﬁe psfickised

inithe p;{m&emt Bﬂ&!&@hﬁboﬁrﬂ%ﬁ&ﬁs th@Nes Mﬁwobeﬁagem&eadwm 12.
acg¢elerate th gr owt h "of 3£reC| pitated defects. For exanp a

W1 ght Theiflesapepndrasyes 18, %W%%%?W“cleblﬂé‘&?%ﬁoﬂ&ﬂéw Esct'@ezee
can gr oVveppsH RimétaRRsd éﬁa&ﬁﬁﬂsxﬁ% 2 BR8br diee Jd8Esive!26. @ﬁézteaaeas]s&nb;&@@iwl

| njorder to mnimze the growh and deposition of' precipitated
deflect s, en&O%Wlp’r\‘!éftoxzaes%‘iﬂ”%]"ljé’&aﬁ)ﬁfqt‘é‘@%‘b}%re used to all ow

parti cl ement wi.thin_ the nber s inlet 28 he
as out | IOVEHG " C Gty matinitted AeRbmey Posused iy SEhores copmgR ot By ¢ o
t he f r anmvashHnesit, pellicle @uehetislopsd Wgadsﬁg,qiellﬁn faheigidub chedichiGhavth adl
13.

deposition from the reactions, and mixing of chemical solutions. When the reticle pattern ;4 is
cleaned with a solution based on chemicals such as ammonium and S}llfate, residual ions may be
trapped inside the chamber 15 near the reticle pattern 14. For example, precipitated defects 22
may be grown and deposited onto the reticle pattern 14, In addition, as the reticle is
continuously used in the photolithography process, energy from a light source may accelerate the
growth of precipitated defects. For example, with a UV light source 248 of 193 nm wave]ength,
precsztated defects 26 can grow and/or deposit upon or near the reticle pattern 14.

[0015}  In order to minimize the growth and deposition of precipitated defects, a gas inlei 28

and a gas outlet 30 are used to allow particle movement within the chamber 15, The gas inlet 28
and the gas outlet 30 can be formed.‘in the frame adhesive 20, be adjacent to the frame adhesive,

or be in other location along the reticle pod 13.




3 10016] An inert gas, such as inert gas nitrogen, oxygen or argon,
Is allowed to diffuse into the reticle pod 13 thnugh gas inlet 31
thereby creating a positive pressure flowin the pod.. The positive
pressure flow allows the inert gas to diffuse into the chanber 15
through the gas inlet 28.. The inert gas then interacts with any
Inmpurity materials 22 inside the chanber 15, such as anmmoni um andl or
sul fate, which then diffuse out of'the chanber 15 through the gas
outlet 30. The inpurity materials can further diffuse out of the
reticle pod 13 through gas outlet 32. By purging the reticle pod 13
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andl si dethewplport frames 18 of the reticle assenbly 10. The net al

shiel din assenbly maybe nmade of' any netal, such as alloy and

st hi nl esl80%] eelFig. 3 ivn @&mof’aicmvwmlgﬂwgwmﬂfhed hpitotumeeskss Statering
ocbur t r n

gas outlﬂe&t%%g}ﬁquglggaﬁﬁng%%@ l'us ré q,g%geg ?%%‘Jn S;t}d%ll%

ass e nbl yTHGs ecsergrad 3¢ sratiauing bpm P pEa wtisle patierm, almjslmm irswhite, suappd? bf

fr n op
cofor 5 MGERERC PRCLo TRl & B Ut o wBLR DR ofhd 0P,
net al sm@mﬁlﬁgﬂhoto@askcﬂémdusas may al so be made of'any netal, such as

al | oy and stainless steel- A handle assenbly is attached to top
cover 54M8}chRe gt@@‘?%%&%@%’@ﬁ%@ﬁﬁwgﬁéﬂﬁmmﬂmm epl ace

the ret ipedeRpitdidd Sffeckd)Snewt &Ehpihﬁa]cﬁ@i@mviﬁeégy thbﬂ:egéﬂﬁdlm&ﬁz%ml'hemetal
enbodi ment, ..t he handl e assenbl y e{gprl ses handl e
shielding assembly comprises anuppar metal shielding SO a pellicle ﬁa:ne 16 and

side support frumes 18 of the reticle assembly 10. The metal shleIdmg assembly may be made of
any metal, such as alloy and stainless steel. In order to allow purging of the photomasks to
occeur, the metal shielding assembly comprises a gas inlet 31 and a gas ontlef 32.

1001%]  In an ilustrative embodiment, the reticle assembly 10 comprising the pellicle frame
and the side support frames, and the upper metal shielding 50 are all enclosed by a top

cover 54, which protects the entire reticle structire, Similar to the metal shiclding, top cover 54
may also be made of any metal, such as slloy and stainless steel. A handle assembly is attached
to top cover 54, such that the top cover 54 may easily be removed to replace the reticle 12 of the
reticle asgembly 10. In the present embodiment, the handle assembly cornprises 2 handle 56 and
a handle cover 58. The handle assembly may also be made of any metal, such s alloy and
stainless steel.
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a handl e cover 58.. The handl e assenbly may al so be nade of any
metal, such as aIon and stainless steel. 4 1f, .. r c 10020] In
addltlon to purging, by having the reticle assenbly 10 fully shiel ded
by netal, the gromh and deposition of precipitated defects, such as
sulfate, may be further mnimzed, Fig, 4 is a graph ofthe diffusion
rate of sulfuric gas in mni environment over a period of tinme. As
shown in Fig.. 4, the Y-axis represents a diffusion rate of total
sulfuric gas in a unit of nglcnklday, The X-axis represents a period
of time in a unit of 24 hours.. In this exanple, the diffusion rate
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| n r ed Bjagiol SiprelapiREd deféite decaaseok b ossult of FiSRrdartigeci meslekigldiag.t he
lifetime of the photomasks, and thus increases photomask

pr oductfdezi} y. Td miditios, ﬂ:@mmt ef waf@9fR0dwed by & plantengsk with bt phrging and
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mask clBranseef tlimxeq&iﬂh@mturo,rﬂzb upiper metaj shielding 50, the pe]hcla frama 16,
and the side support frames 18 help in reducing ESD damage. The reduction in ESD damage

increases the lifetime of the photomasks, and thus increases photomask productivity. In one
example, 18000 wafers are produced by a photomask with metal shielding compared to 1150
wafers produced by a photomask without metal shielding.

[0822]  In summary, the combination of purging and metal shielding helps in solving

. precipitated defect issues by minimizing the growth and deposition of impurities and preventing
ESD damage. As a resuli, the mask repeating effect, the mask cleaning frequency, and the
dimension-on-mask loss after mask cleaning are reduced. In addition, since more wafers can be

produced fom the same mask, fnask productivity is increased and less masks are requited to be

reworked.
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di mensi on-on-nmask | oss after mask cleaning are reduced. In addition,
since nore wafers can be produced flour the sane mask, nmask
productivity is increased and | ess masks are required to be

reworked. 5 Clainms What is clainmed is: 1. A nmethod of reducing
defects in a photomask arranged within a photomask reticle assenbly,
t he met hod conprising: providing a shielding assenbly fully encl osing
the photomask reticle assenbly for reducing precipitated defects to
t he photonask, wherein the shiel di ndcldB¥nbl'y conprises an airtight
seal and a gas inlet and a gas outlet; diffusing a gas into the

phot omask reticle assenbly via the gas inlet; purging precipitated
def ect s OWhaofs chipbdisomask with the diffused gas via the gas outlet.
2. The nethod of claim1l1l, wherein the photomask reticle assenbly
conprises a reticle blank, a reticle pattern adhered to one side of
the reticlhe bl i ﬁ@ﬁ i r

and side guppo??ﬁ??§%§§£éﬁéﬂgﬁ§% ?gf&ﬁggg%Q%?%§E%¥%E??@%§§IE?%ﬁk
by frane aubweblyyée ngthoflhempesingd of cl a| m 1, wherein the gas is at

| east one of a_nitroge n, Xy n.ar e..met hod, pf
charm o wher PR RRe R AER AT Sndihidt PEBuotdimadFufE e o
shi el di ngredndsiﬁg pgketipiated fdolicets ab ihhepﬁm@ﬁl@imsk’hé@hl ehee sBRERND| Asentng

the side support franmes of the photomask reticle assenbly. 5. The
met hod of C?}P@?%@alm@maha&%g%%@a@m%ﬂﬁap ®%: the pellicle frame of

the photomas kd1E"t%§1h§ E%a@&ﬁjeﬂi{@ b}{@toﬁiﬁ& zteB@le SbHRbBHAR Heloal friAgreS of the

photonmask reticle assenbly are made of at |east one of an alloy and

a stainl ess stpwing@reciiatadedeficsts oft of hahniomaskithghe diffusedsgas efialfha gas

assenbl y fﬁqgher conprises a top cover enclosing the upper shielding
and the pﬂ CGmask reticle assenbl y.

2. The method of claim 1, wherein the photomask reticle assembly comprises a
reticle blank, a reticle pattern adhered to one side of the reticle blank, a pellicle frame
covering the reticle pattern, and side support frames attached to outer edges of the reticle
blank by frame adhesive.

3. The method of claim I, wherein the gas is at least one of a nitrogen, an oxygen

and an argon.

4. The method of claim 2, wherein the shielding assembly comprises an upper
shielding, the pellicle frame of the photomask reticle assembly, and the side support

frames of the photomask reticle assembly.

5. The method of claim 4, wherein the upper shielding, the pellicle frame of the
photomask reticle assembly, and the side support frames of the photomask reticle

assembly are made of at least one of an alloy and a stainless steel.

6. The method of claim 4, wherein the shielding assembly further comprises a top

cover enclosing the upper shielding and the photomask reticle assembly.



6 7. The nethod of claim®6, wherein the top cover is nmade of at | east
one of an alloy and a stainless steel. 8. The nethod of claim®,
wherein the shielding assenbly further conprises a handle assenbly
attached to the top cover. 9. The nethod of claim7, wherein the
handl e assenbly conprises a handle and a handle cover. 10. The

met hod of claim9, wherein the handl e and the handl e cover are nade
of at |east one of an alloy and a stainless steel. 11. A photomask
reticle assenbly conprising: a photomask di sposed within the

phot omask;r et i ?h@nﬁﬁr%@@?lo}éim\@h%glieﬁl ﬁlé%oﬁ, ahet RRsle drek ﬁ&kt%nf%ﬁ%gghxy

conprises at |least one gas infet rough which a gas is diffus

into an i atdks steinless stedle phot onask reticle assenbly and towards the
phot omask; a shi el ding assenbly encl osing the photonask reticle
assenbly, the shielding assenbly configured for reducing

preci pi t aBed dehecicghandf dRimge swhdeih hﬁe @M?ﬂ@&k&embwﬂﬁfr&ieﬂfcbﬂ@ﬁses a
shi el di ng, assenbly conprises_an airtight seal, a gas inlet for
diffusingh@§@3M?ﬁwﬂyﬁﬁﬁmgiFQWBFW§m§§éenbly and a gas outlet for
purgi ng precipitated defects out of the photomask with the diffused
gas. 12. The photomask reticle assenbly of claim 11, wherein the

phot omask2conmpths msthad af eldiml B Whessik thmbendler ess¢rnbly compriessr batidér adl 1 0
at | east Hﬁﬁué&ﬂ%rOf the reticle blank, and wherein the assenbly
further conprises: a pellicle frame covering the reticle pattern, and
side support frames attached to outer edges of the reticle blank by

frame adhesive. 13. The _photonask reticle assenbly of claim12
further cgﬁpr [ E]ilﬁﬁleg‘f)gloéé mc?né‘ﬁ“@%?én %hﬁﬁlaf‘@‘? ap F%%Wdlﬁn‘f%’ﬁf are made of at
preci pit ajgd debest ﬁl@ragd@siafug%qte@yt fromthe interior of the 7
phot omask reticle assenbly responsive to the gas being diffused into

the interior of the assenbly.
I1. A photomask reticle assembly comprising:

a photomask disposed within the photomask reticle assembly, wherein the
photomask reticle assembly comprises at least one gas inlet through which a gas is
diffused into an interior of the photomask reticle assembly and towards the photomask;

a shielding assembly enclosing the photomask reticle assembly, the shielding
assembly configured for reducing precipitated defects and damages to the photomask,
wherein the shielding assembly comprises an airtight seal, a gas inlet for diffusing gas
into the shielding assembly and a gas outlet for purging precipitated defects out of the
photomask with the diffused gas.

12.  The photomask reticle assembly of claim 11, wherein the photomask comprises a
reticle blank and a reticle pattern adhered to at least one side of the reticle blank, and
wherein the assembly further comprises:

a pellicle frame covering the reticle pattern, and side support frames attached to

outer edges of the reticle blank by frame adhesive,

13.  The photomask reticle assembly of claim 12, further comprising at least one gas

outlet through which precipitated defects are diffused out from the interior of the



14. The photonask reticle assenbly of claim 12, wherein the shielding
assenbly conprises an upper shielding, the pellicle frane of the
phot omask reticle assenbly, and the side support franmes of the

phot omask reticle assenbly. 15. The photomask reticle assenbly of
claim12, wherein the shielding assenbly further conprises a top
cover encl osing the upper shielding and the photonmask reticle
assenbly. 16. The ot ona reticle assenbly. of c¢laim 15 wherein the
upper shi BIiPHyK rﬁﬁge aﬁé?‘i%ryc{eépqﬂﬁ%(ﬁéo bie sandepratifhediiniodhs ayterior of the
assenbly, ,dhgpigi de support frames of the photonask reticle assenbly,
the top cover, "the handle, and the handle cover are made of at | east
one of an alloy and a stainless steel. 17. Areticle pod for use in
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16.  The photomask reticle assembly of claim 15, wherein the upper shielding, the
pellicle frame of the photomask reticle assembly, the side support frames of the
photomask reticle assembly, the top cover, the handle, and the handle cover are made of

at least one of an alloy and a stainless steel.

17.  Areticle pod for use in photolithography, the pod comprising:

a reticle assembly including a patterned reticle and a chamber configured to
encase a surface of the patterned reticle, the chamber including a gas inlet and a gas
outlet; and

a casing surrounding the reticle assembly, the casing comprising an airtight seal
and including at least one gas inlet through which a gas is diffused into the casing, and at
least one gas outlet through which a gas is diffused out of the casing;

wherein the casing further includes a conductive member surrounding at least a
portion of the reticle assembly, the conductive member being configured to reduce

electrostatic discharge ("ESD") defects in the reticle assembly.



