it METHOD AND APPARATUS FOR SOLVING MASK PRECIPITATED
DEFECT ISSUE CROSS-REFERENCE [0001] The present disclosure is
related to the following 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) TSMC2003-0482.
BACKGROUND [0002] The present disclosure relates in general to
semiconductor manufacturing technology, and more particularly, to
reducing or solving precipitate defects associated with photolithography
photomasks.. [0003] Photomasks, or reticles, axe commonly used for
photolithography in semiconductor manufacturing.. Photomasks are
typically made from very flat pieces of quartz 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 less than 248 nm, are particularly
susceptible to defects. 1 [0004] One type of photomask contamination is
refereed to as haze contamination flare contamination is a precipitant
formed from mask cleaning chemical residual or impurity of fab or tool
environment cross exposure. For example, when a solution including
ammonium (NH4) and sulfate (SO4) is used to clean a photomask,

contamination PECPAGH ANB PP ARATHS FRIOBDIAPINE eXposed to a
short wavelengtrASIoPRBOTPIEATEDMEPBreMssii@ze contamination

maybe isolated by purging the photomasks with a general gas, such as
“nitrogen or ‘

CROSS-REFERENCE

[0001]  The present disclosure is related to the following 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) TSMC2003-0482.

BACKGROUND

[0002]  Thepresent disclosure relates in general to semiconductor manufacturing technology,
and more particularly, to reducing or selving precipitate defects associated with photolithography

photomasks.

[0003]  Photomasks, or reficles, are commonly used for photolithography in semiconductor
manufacturing. Photomasks are typically made from very flat pieces of quartz or glass with a
layer of chromium deposited on one side. The pattern being used to transfer an image fo 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 fo or less than 248 nm, are particularly susceptible to
defects.



clean dry air. Purging typically involves diffusing the gas into a reticle pod
via a.gas inlet and diffusing impurity materials, such as ammonium and
sulfate, out of the, reticle pod.. [0005] Photomasks also suffer from other
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a photomas
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 .
[0007)  Aspects of the present discloswie 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 industyy, various features are not drawn to scale, In fact, the
dimensions of the varicus 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 1o other embodiments. _

[0908] Fi e. 1 is a diagram of a reticle assembly for purging a photomask.

[0009}  Fig. 2 is a diagram of exemplary ESD damages suffered by photomasks.

[0016]  Fig 3 is a reticle pod with new metal shielding.

[60611)  Fig. 4 is a graph of the diffusion rate of sulfuric gas in mini environment over a

. period of time.



[0009) Fig, 2 is a diagram of exemplary ESD damages suffered by
photomasks. [0010] Fig. 3 is a reticle pod with new metal shielding.
[0011] Fig. 4 is a graph of the diffusion rate of sulfuric gas in mini
environment over a period of time,. 2 DETAILED DESCRIPTION [0012] It
is to be understood that the following disclosure provides different
embodiments, or examples, for implementing different features of the
inventiqn.. Specific examples of components and arrangements are
described below to simplify the present disclosure.. These are, of course,
merely examples and are not intended to be limiting, In addition, the
ay repeat reference numerals and/or letters in the

F B ' repetition is for the purpose of simplicity and
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edges of the reticle blank 12. The side support.frames 18, the frame 16,

various, enhodimenisaptlion coniigprations dissseds. The side support frames 18

re attached using a e or, ame adhesive 2Q.. Th tlcle
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residue, che |caI rowth deposition from the reactions, and mixing of
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support frames 18 are attached using a ghue or frame adhesive 20. The reticle assembly 10 is

-

enclosed within a storage structure known as a reticle pod 13.

[0014] Currently, precipitated defects may be caused by airbome contamination from the
environment, pellicle glue, reticle pod out-gassing, péllicle frame residue, chemical growth and
deposition fiom the reactions, and mixing of chemical solutions. When the reticle pattern 14is
cleaned with a solution based on chemicals such as amunoninm and splfate, 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 wavelength,
precipitated 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 injet 23
and a gas outlet 30 are used to allow particle movement within the chamber 15. The gas inlet 23
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.



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 wavelength, precipitated
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 inlet 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
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diagram of'‘cxentplary ESD damages suffered by photomasks. Scattering
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[0018]  Referring now to Fig. 3, in order to rgduce ESD damages and forther minimize
precipitated defects, a new metal shielding is provided by the present disclosure. The metal
shielding assembly comprises an upper metal shielding 59, a pellicle frame 18, and

side support fiames 18 of the reticle assembly 10. The metal shielding assembly may be made of
any metal, such as alloy and stainless steel. In order to allow purging of the photomasks to

occur, the metal shielding asscmbiy comprises a gas inlet 31 and a gas outlet 32

10019]  In anillustrative 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 structure, Similar to the metal shielding, top cover 54
may also be made of any metal, such as alloy 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 assemnbly 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 as alloy and

stainless steel.



precipitated defects, anew metal shielding is provided by the present
disclosure. The metal shielding assembly comprises an upper metal
shielding 50, a pellicle flame 16, and side support frumes 18 of the reticle
assembly 10.. The metal shielding assembly may be made of any metal,
such as alloy and stainless steel,. In order to allow purging ofthe
photomasks to occur, the metal shielding assembly comprises a gas inlet
31 and a gas outlet 32.. 100191 In an illustrative embodiment, the reticle
assembly 10 comprising the pellicle frame and the side support frames,
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In this example, the diffusion rate of total sulfuric gas increases dining
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Because aiitheie metallisrostiyssdheeeerb sty ibieldiag o Quithe methickifgme hnd
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 produetivity. In one
example, 18000 wafers aze produced by a photomask with metal shielding compared to 1150
wafers produced by a photomask without metal shielding,

[0022]  In summary, the combination of purging and metal shielding helps in solving

- precipitated defect issues by minimizing the giowth 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 mere wafers can be

produced from the same mask, fmask productivity is increased and less masks are required to be

reworked.




.metal shielding is much higher than the number of wafer produced by a
photomask with purging only. For example, 28000 wafers are produced
by a photomask with both purging and metal shielding compared to 1500
to 2000 wafers produced by a photomask with purging only.. Because of
their metallic nature, the upper metal shielding 50, the pellicle frame 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

wﬂﬁrfgg@g Bhﬁ(pmask with metal shielding compared to 1150 wafers
produced by a photomask without metal shielding. [0022[ In summary, the
combination of purging and metal shielding helps in.solving precipitated
defect issues by minimizing the growth and deposition of impurities and

1. prevewniihg doédetamgalgtecfdparpisatintiig shaaketpithinopbiieaizdnetidask
cﬁgn' 9 freguency, and the dimension-on-mask loss after mask cleaning
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.1 5WHAT IS CLAIMED IS: I".. A method of reducing
defReiinis RiHaaReals 3008 WHHISHAARIARk Falid gaaangmbly.,

the method comprising: diffusing a gas into the photomask réticle
aspeiVidivigRur@talshislging ateehiityasis siipahea baimaasiteliAsteMbly for
diffused.qgas; roviding,a metal shielding assembly enclosing the
reduﬁ)‘ﬁ%%ﬁ%%%i%%@ﬁ%eg §8 I *ﬁ%{;"?%%‘ucing precipitated defects to the
photomask, 2. The method of claim 1, wherein the photomask reticle
assembly comprises a reticle blank, a reticle pattern adhered to one side

2. ofthp fﬁ%i:ﬁlﬁi Bledina rl]gzme{eifrm@ szﬁmai%mhae tﬁﬁﬁ%ﬁﬂgﬁ?mﬁ%
btan LR e e o ey e S S WA EN AT, e
reticle pattern, and side snpport frames attached to outer edges of the reticle blank by frame

adhesive.

3. The method of claim 1, wherein purging a gas into a photomask reticle assembly

comprises:
diffusing the gas into the photomask reticle assembly via a gas inlet; and

diffusing the precipitated defects out of the photomask reticle assembly via a gas outlet.

4. The method of claim 3, wherein the gas is at Jeast one of a nitrogen, an oxygen, and an
argon. ' -
5 Thc‘method of claim 2, wherein the metal shielding assembly comprises an vpper metal

shielding, the pellicle frame of the photomask reticle assembly, and the side support frames of

the photomask reticle assembly.




1 The method of claim 1, wherein purging a gas into a photomask reticle ,
assembly comprises: diffusing the gasinto the photomask reticle = - S ﬂﬂ
assembly via a gas inlet; and diffusing the precipitated defects out of' the
photomask reticle assembly via a gas outlet. 4. The method of claim 3,
wherein the gas is at least one of a nitrogen, an oxygen, and an argon. 5. ]
The method of'claim 2, wherein the metal shielding assembly comprises
an upper metal shielding, the pellicle frame of the photomask reticle
assembly, and the side support frames of the photomask reticle

. and the side support rames of the ph »
L e b O

gas oufl&, wherein the upper metal 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, 8.. l

The method of claim 5, wherein the metal shie]ding,ass Iy furth
7 TR o T R R SIS SR B e i

photomAReLaRIAsKERIM ArbREYEe sBpforeimatof the olwitoniasnaidmathenblpare |
cover is ma(?_e o;lft Ieaa’t orge f an alioy and a stainless steel. 10. The vl

made of 1 35 PRF OfAFHASO% A &R HRETREEAT shielding assembly further Hl
comprises a handle assembly attached to the top cover. 11. The method
of claim 10, wherein the handle assembly comprises a handle and a i

g PHELGPYERAR T heansihad atekifeiiaydicseinytehandenpristshaop

handle cover are made of at least one of an allay and a stainless steel..
cover enclosing the upper metal shield%mg and the photomasl%rcﬁ/cﬁa assem{:&}y..

9. The method of claim 8, whetein the top cover is madz of at least one of an alloy and 2

stainless steel,

10.  Themethod of claim 8, wherein the metal shielding assembly further compriscs a handle
assembly attached to the top cover.

1.  The method of claim 10, wherein the handle assembly comprises 2 handle and a handle

COVET.

12.  The method of claim 11, wherein the handle and the handle cover are made of at least one

of an alloy and a stainless steel.




7 13. A photomask reticle assembly comprising: a photomask disposed
with the photomask reticle assembly; at least one gas inlet configured so
that a gas can be diffused into an interior of the photomask reticle
assembly and towards the photomask; a metal shielding assembly
enclosing the photomask reticle assembly, the metal shielding assembly
configured for reducing precipitated defects and damages to the
photomask.. 14. The photomask reticle assembly of claim 13, wherein the
photomask comprises a reticle blank and a reticle pattern adhered to at
13, fﬁﬁ&&%ﬁ@&ﬁé%&ﬁﬂm}ﬁiﬁ!d wherein the assembly further
comprises: a pellicle frame covering the reticle pattern, and side support
iranoesraticahpestd autetheplsmisthameliciesbiabli; by frame adhesive. 15.
The photomask reticle assembly of claim 14, further comprising: at least
sifleagame gieintertiglipared satibat preas paa fevdifiecd snta arbetdits sddheut
photo fr%@eﬁ%‘f#@é@é&ﬁ{ﬁ t@f‘ugggg{g@?}ﬁ)[gﬁgg@(assembly responsive to the gas

eing diffused In e interior of the assémbly. 16.. .. The photomagk

16Hidia assrmlyolai enthniasteipiiisragtatshicldisanssaiwhlval shiclding

comprises an upper metal shielding, the pellicle frame of the photgmask -

assembly condi grsed foB Kedgriag mEcdnitated ﬁ%ﬁ%ﬁé@%ﬁﬁé%ﬁ&%‘mggﬁaﬁ icle
assembly,. 17. The photomask reticle assembly of claim 16, wherein the
metal shielding assembly comprises the gas inlet and a gas outlet.. 8 A

14, iﬁ@ Q%Bgsci}?éﬂﬁ%ka#?%? 5 QTR £ lRIE e HRRERIRENSRIGRLs a reticle

INng assembly fur mprises’a top cover‘enclosing the-upper

blank andetedtihiegaitanadiard tormisashencrdderef thasetisla)lank, and wherein the

assembly further comprises:

a

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

edges of the reticle blank by frame adhesive.

15.  The photomask reticle assembly of claim 14, further comprising:

at least one gas outlet configured so that precipitated defects can be diffused out from the
interior of the photomask reficle assembly responsive to the gas being diffused into the interior

of the assembly.

16. - The photomask reticle assembly of claim 14, wherein the metal shielding assembly

comprises an upper metal shielding, the peliicle frame of the photomask reticle assembly, and the

side support frames of the photomask reticle assemi)ly..

17.  The photomask reticle assembly of claim 16, wherein the metal shielding assembly

comprises the gas inlet and a gas outlet.
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19. The photomask reticle assembly of claim 18, wherein the metal
shielding assembly further comprises a handle assembly attached to the
top cover. 20. The photomask reticle assembly of claim 19, wherein the
handle assembly comprises a handle and a handle cover. 21. The
photomask reticle assembly of any of claims 16, 18, and 20, wherein the
upper metal 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

18, THopRRRANNRAsaSIEm/r il Pio AR MR AasaRYY,

' the pod comprising: a reticle assembly including a patterned reticle and a
further wrapRB CoRTOTRE G itely wramre shigkdingeatd heahermaskpgicle
assembighamber including a gas inlet and a gas outlet; and a casing surrounding
the reticle assembly, the casing including at least one portion through

19. The %%'318&@15 Widcan difiyse ingide (e casng nant AkIGAS LA RCHIN,

rough which a fluid” can diffuse outside of the casing; wherein the casing
compriséy phadlinesisaély atedrd iethedamerwdier surrounding at least a portion of
the reticle assembly, the conductive member being configured to reduce

20. The ﬁ%ﬂ%ﬂﬁi@&@%&%ﬁ@ﬂﬁ'@aﬁﬁ%@,ﬂ%@ the handle assembly comprises a handle

and a handle cover.

21.  The photomask reticle assembly of any of claims 16, 18, and 20,
wherein the upper metal shielding, the

peliicle 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 oneof an

atioy and 2 stainless steel.

22. A reticle pod for use in photolithography, the pod comprising:

a reticle assembly including a pattemed reticle and a chamber configured to cncese 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 including at least one portion
through which a fluid can diffase inside the casing, and at least one portion through which a fluid

can diffuse outside of the casing;

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

reticle assembly.



