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PHOTOCHROM C SUBSTRATE CONTAI NER Thi s application

clains the benefit of U S. Provisional Application
w®erosakooNo. 60/ 514, 164 filed October 24, 2003, PeTESBa4HE35217

bei ng i ncorporated herein by reference. Field of the

| nventi on The HHOBOCHRONEC STARSTRAREGONSTABRERI ner s

for transport, shipping and storage of substrates.

Background of the Invention During processin

serhisc aprlisetion clame the deref e Bey-eBroviionahdiupligation Serial No.
L. i .

603G o EOBR e D FAI, Mol LR GGl it BY Soference

wor kstation to workstation and fromfacility to

facility to acconplish Fheberthalnv@utost eps. Nunerous

types of shipping devices are known for handling

storing and shi pping sem conductor wafers. In

geMbeahyersionhrebitesi to exafbus| epntdieeraddrotranspartashipping and storage of
SubaI %q%negl arrays. Wiere wafers are shipped fromfacility

@t ac lity the wafers may be exposed to sunlight for

significant periods of time. Sunlight includes

substantial anounts of,f&LRALHIYIAGEBYLGIMAd ation in

the ultraviol et wavel'engths. Vafer contal ners may al so

be exposed to ultraviolet Iight from other sources.

Cu rI?jL&ﬁtg préotéking @bmi-bendactor weaders -asosubhyestadl tol nunteogyrsagbgess steps
. production processes, use deep uljraviglet |lasers to
in aABR TRIHEGP (29t YATIORT (1PRUODF 0tk Sets AR §% frespgied from
workstatSPtd witksfi6n B %ﬁpfakﬁit{r Y t4cRit9 RS attoRPIRH thdst birious steps.

nanoneters. It Is expected that in the near future
Nurnerbts tales o€ ahipping demyces lrd kitown for kandling stegiag ¢nd gbipping semi-

eventy_nanqneters. |n the prod ion _proce f
cony licéors}%‘#r%o SR r?“gh 6%?5’5’%? Z‘gﬁgfhfe hid éerspﬁlo? %’I? ia@%ﬁ 6d, arrays.
Whikaafbaked stippafiemerability © fabRityveHeewafeiiemby barxpoedeo sunlight
of the desired circuitry is projected onto the wafer X
for sighifigant pasiode b timst | Smlight meludas substaaiial ameunts gf electromagnetic

SRRty R RSl L BB oo oTBgose o

ultraviolet light from other sources.

Current, state of the art, semi-conductor lithography production processes use deep
ultraviolet lasers to image circuits with critical features ranging in size as small as one
hundred thirty to one hundred fifty nanometers. It is expected that in the near future

critical features may shrink to a size range of about seventy nanometers.

In the production process wafers are spin coated with a photoresist. The
photoresist is then baked to adhere it to the wafer. Next, an image of the desired circuitry
is projected onto the wafer using electromagnetic radiation. Today, this is commonly deep
uliraviolet radiation from a laser. The photoresist material is chemically altered by
exposure to ultraviolet light to create either a negative or positive image of the circuit
depending on the process used. The undesired photoresist material is then etched away

leaving an integrated circuit pattern on the wafer.
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exposure to ultraviolet light to create either a
negati ve or positive imge of the circuit dependi ng on
wo b@spswmeess used. The undesired photoresi st nMBCBEUSEN4/035217
is then etched away | eaving an integrated circuit
pank efistusdedt s veapletordsistdi thatuss esed ho \semi-phudustarsprocesses are

sensiigngp t18pe 1t 11 IGO0 oh YHE B b REHGE Ol B iAot the il

elem@ﬁ%ablis%n ent I?ﬁte%r'gf&i_ Sit&BtsObnly N ey tenfdll eRpSRERNES @controlled
nodern 1 ntegr at circuits ohly a very snmall_ exposure

ultratipletnedintiomtarebadi b spilagd of arveaferat Conseguantlyetids dlesirable, in the
spoi | age of _a wafer.. Consequent | it.is. desii '
ProdpeHioT, PROGERSt ﬂ@ﬁ%ﬁ?t%’ég&i OB GRBTH Dbk tr%ﬁ‘%’lﬁﬁgé‘% teniths of
lightQHHRESEfe fufly LhRrdlleh caNdiAbRY. UaMRnliengiosurefwillidghiroyihdasability
carefully Tontrolled conditions. Unintended exposure
ofwmﬁkd@qﬁsﬁtoy the usability of wafers exposed. Thus,
waf er shi pping containers used in the handling,

oL OhAne S0 L 18, OVl 15 95 IR v o

Wafef?f1 eVeRhdb b i RRA fRREdIRIMRIAR! that BRICRiltMtidlet light to prevent it
photoresist material. It is also desirable that, wafer

frons hifpgingywefent avatet withephoteresistamatesiak-t ifaly §ise [dgpEabls dt wafer
.to visible light. to allaw work . - 1]
shipB g EBTRGS ol HRPor e PPy yISBR ARG, R, Refhers 1o
detefRiNc AW INERS DSHiRe eshtaBeeisFmpiRice filal Thtd)ahipping containers have
transparent, at least in part, to visible Li. t.é%ﬁ)
beent frarle @f enatetials ihablaje Bpegaent ot Jast By PBhdP ‘11?18% light but that are
relat’i?e@?fo?&iu%%%ult&bfo%sﬁgi'gﬁ{ et bl ocking is never absolute

1S desiranl 0 expose wafer containers to
ultraviolet radiation as little as possible. Thus, it

WO sheltR1ds,D@RaViblet bibckiig Bersvenablotitorand ritlisstesjrable to expose
waf er containers thensel ves could signal to workers
? urdgbe a benefit to

wafertantaihes iewlievielsh riation aRdidtlcer PRSPy Eusol &
the %g@%@gto%?%lr%&g £t J 90y coméiﬁer@%n?seﬁjege 1d 582 W &kedsQhat the

( . .ontalner tfo an ultraviol et sheltered
wafélos@tt%iaep V\Aﬂd:hfrbﬁ.’tl}alekptxse($ itoriuli@aviolss wekationi sThisi would signal the

regard to the storage and processi.ng t di.sks for '
workerrip e the vafeg conagienion Higaviglef %hfeg fﬁag‘?‘:a{lﬂ%

I'ithography operations. Summary of the Invention
Additionally, similar issues exist with regard to the storage and processing the

disks for computer hard drives and the reticles for the lithography operations.

Summary of the Invention

The present invention solves the above problem by providing a semiconductor
wafer, substrate, or reticle storage or shipping device that includes a photochromic

indicator of ultraviolet exposure.

Photochromic materials darken when exposed to sunlight or another source of
ultraviolet radiation. Photochromic material transitions between two different states. A

low energy state in which the material is clear, uncolored and an activated state in which
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The present invention solves the above probl em by

provi di ng a sem conductor wafer, substrate, or reticle
wat@sag®ior shi ppi ng device that includes a  PCT/US2004/035217

phot ochrom c indicator of ultraviolet exposure.
the mipseriad Hs oodorednaeien alestaragaetiontrdintion py SEARNEORIIAY agiey level
. or another, source. of ultraviolet radiation.
lmpﬁ%ts(%ﬁ]?eo?ﬁogocrﬁra nélfir%aftel?arlansi tions between two

different states. A low energy state in which the

MRt Eld Blesdn® ieRBON iMdNERE e %c@%)rzﬁfbna&td PRSt8Ehr&indt Matefial into

whi chthe material is col ored. en el ectronagnetic
the miahitiat ised toffabmicate peroisoiditatorewefegydiskvet ratielsi plgyppingror storage
con%herghotochrom'c material. The present invention

P Udes the incorporation of a photochromc materi al

into the plastic used to fabricate sem conduct or

waf @ opdiatibn, e MotédhPoriftl RBhfAheP! isSWRERIS transport and store

contai ners. 1n operation, the photochrom c contai ner
semiisondetdr wafdars sns piotitar fastiicst torany éindr somihgodestonghipnisg pentainer.

a simlar fashion to.any other sem conductor shippi .
Hoggirtatinale, RS o 1o SRPREL G s oF SOPURY sBisBEy graviole
radfaflo® WMt i8R wath RediBRItiHeURse Mf afftct bﬁ\th@?l@étofe@ﬁi RiybiOWhich is

that may, wth sufficient tinme, have an affect on the .
sengitive dp eglirgviolehyradiatigil, cthei shipping j container ovill dpgkgn omegolor.  This

adi at WeloIMy! i.ner w | I ]
darf @b Qlor MIEpRIRRI iSRS R Bgefbe fo BB KB Workers that the
contdifgs aat ingekiposdd toruliravidleelighti angishouldbe kemesvddomithesituation
containers are peing exposed tg ultraviolet |ight and
as s9RB @ HOB1¢ WAYoRhavirgm Resatixs plisat oB therholsgsistjgaterials.

possi bl e to avoid having a negative affect on the

ph resist. . . ' eI i -Qf:.ar .

P SRR FEb P ok bR BRI Rhol o
propé&r@ipeinid & umbérofdightirhesmisdibleiagilest r ansm ssi bl e

articles. The fabrication of photochrom c polyners is

known in the polynmer arts. Sone avail abl e options for

i nt Tl fabirsgtiany esphatechremgropglymersaist knowar insthetpodgner arts. Some

f i er. . f . : . ti .
oS it S R RGPS Pt e
for leR@mplel Y1 relgBtidmneoinfbibiag it affluidimediogn tontactingshe surface of

coatli ng apﬂl ied to the surface; (3) . )
the polymer, (2) Incorporation of the dye in a resmn coating applied to the surface; (3)

Impregnation or diffusive transfer from a solid or gel in contact with the polymer surface,
(4) Dispersion of the dye in the monomer or thermoplastic from which the article is to be

fabricated.

In operation, the photochromic container is used to transport and store
semiconductor wafers, disks, or reticles in a similar fashion to any other known substrate
container. However, if the container is left exposed to sunlight or another source of
ultraviolet radiation that may, with sufficient time, have an affect on the photoresist layer
which is sensitive to ultraviolet radiation, the shipping container will darken in color. This
darkening in color can provide an immediate indication to the shipping workers that the
containers are being exposed to ultraviolet light and should be removed from the situation

as soon as possible to avoid having a negative affect on the photoresist materials.
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| mpregnation or diffusive transfer froma solid or ge
in contact with the polyner surface, (4) Dispersion of
Wo b@sgy®1i n the nononer or thernoplastic from rei/ch2onhess217
article is to be fabricated. In operation, the
Adqthnacbkyhﬂmrdad(eumgt iai qodor das puedde the ﬁmampbeﬁfe% of reftuging the UV
ctor wafers, disks, or reticles in a simlar

ent {c]oné:l# n
%ﬁ o ny ot her known substrate contai ner.
However, if the container is left exposed to sunlight

or another source o t hat may,
with sufficient ti n%;rfé%%)%_gﬁibﬁhf&%ﬁb%ﬁhr%ﬁe d
phot oresi st |layer which is sensitive to ultraviol et
r adiFId. il GRpictshm exbmppirn gartialty ahisparent Whied aoideimer; and
color. This darkening in color can provide an
i medi ate indication to the shi gpl ng workers that the
conlf 141 Ralepictsran exemplpre spsiatially ranspprspt WRSE contgiRer. and
shoul d be renoved fromthe situation as soon as
possi bl e to avoid hayi. negati f on the
phot oresi st materi &m .ﬂn %M@E@%Q&eni ng in
col or can provide the functional effect of reducing
t heRJ—:Mrrﬁ%ttS rFIGQlt:i"qarEQW ﬁfbﬁk%ﬁrengﬁvh%fr chRaiket PO beibrAly includes a
t he Draw ngs depi cts an exenplary partially
case ﬂarasﬁaxrm lafase darmahud@ra hanﬂe 6 Eor usedasiagysgaand encloses a

SRR oSUREL BB e LAEPBRSL el LB A o it

alignk®arrdys. @ partlally transparent waf er cont ai ner
generally i ncludes a case 12 and a door 14. Case 12
i ncludes a handle 16 for use in carrying and encl oses
a waif this dxeingds; ca®. 12/ichide$ o [tosparent adrijpned) ansl gmqapg pprtion 22.

e Bl et SPGB AR BHReah hchnee

colaﬂoa%@lqne@& if)&f‘e)?p%-se k¥ afteR it ight.r TRGBPLEMtpdpist 2OMaglalso be a
is formed of a photochromic material that mnll change

portioh of denr 14 nrsar@blewmdowp@s\@afpbcqntm%r\hoo| et |ight.
Transparent portion 20 nay also be a portion of door

or ﬁefselr*rrlangI Sow V%Ao rﬂ%"v |t lg)sth%laﬁgl t%a%rsllga%n wat%r container 24 generally

includes a case 26 and a door 28. Wafer container 24 encloses wafer array 30 which

includes a plurality of wafers axially arrayed. Either case 26 or door 28 may support
handle 32. In this exemplary embodiment, wafer container 24 is substantially transparent
throughout a large portion of its construction. At least a portion of wafer container 24 is
made from a photochromic material that changes color or darkness in response to exposure

to ultraviolet light..

In operation, partially transparent wafer container 10 or substantially transparent
wafer container 24 are used to transport wafers between work sites. If either partially
transparent wafer container 10 or substantially transparent wafer container 24 are exposed
to ultraviolet light for a significant period of ‘time, the photochromic portions of the
containers will darken or change color to signal this to the workers handling the
containers. Thus, a worker having received this readily obvious signal indicating exposure

to ultraviolet light can alter the location of the containers in order to prevent signification
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Referring nowto FIG 2 substantially transparent

waf er contai ner 24 generally includes a case 26 and a
walo@s/02B11 Waf er cont ai ner 24 encl oses waf er arPEyUSD04/035217

whi ch includes a plurality of wafers axially arrayed.
ultigiviohes expessee R6ding tobem 28 theayausppahe dadeding i821f thay reduce the

this exenpl ary enbodi nent,. fer container 24 is
entiy {13 G R wP AR Sh BRI £ g o PRrE BTttt
of its construction. At |east a portion of wafer
Congl Nierfidn' HRES JoAThdaRRR! RGIAM fu TBEAL! Brili02! Reticle
changes col or or darkness in response to exposure to
cartbtsragsvilloktedted ingltS. Patent Npe 6813054 apd16t21&l873 which are incorporated

transparent. wafer contai ner 10 or suybstantially, i
by FelZrBE, SHRIIHGH dpe EBpdrmeEclisss S HERert sy axillygraied in US.
PatdRi 1965 41387 982 Bn 881K 3 F5 5 68d irkchrpBldtteherB@ iy 1 felr?hce.
transparent wafer contai ner 1%)or substantial ly
transparent wafer container 24 are exposed to
ul t The prsatt ihvephion ooy e ahpediéd mastherpspetidid fofmd witout departing
t he photochrom c portigns of the containers wll
froff e ﬁe%xa? ARyt C@P%?Pgt eEfoffalthe ffustiatyds ﬁtewvﬂsmse?ssshould be
cor{rigigga:dl/iggal% E%%g&@@E@!ilﬂﬁfétéveTMnot?reygFﬁ%, rBRYINRE being made to the

readi 'y obvious sign I ndi cati ng
appexnpek glaams gathlet rtharn dhetfolegghy desoriptianeto tihdicatocthti ssape of the
inVof,t.the_(:on_tainers in order to prevent
SAY fi cati onul traviol et exposure |eading to harm of
the wafers or the darkening itself may reduce the
entry UV radiation and prevent or mnimze damage to
the substrate or reticles. The invention includes
- photochromatic materials in reticle carriers. Reticle
carriers are illustrated in U S Patent Nos. 6,513, 654
and 6,216,873 which are incorporated by reference.
Simlarly, the invention includes disk shippers such
as illustrated in U S. Patent Nos. 4,557,382 and
5, 253, 755 and incorporated herein by reference. The
present invention nmay be enbodied in other specific
forms without departing fromthe central attributes
t hereof, therefore, the illustrated enbodi nents shoul d
be considered in all respects as illustrative and not
restrictive, reference being nmade to the appended
clainms rather than the foregoing description to
i ndicate the scope of the invention.d ains:



What is clained is: 1. Acarrier for transporting

articles including sem conductor wafers, disks, or
WO 240504$1 conprising: a container conprising BET/US2004/035217

openabl e encl osure, the container being forned to

supPbirhs: encl ose and protect the articles; and an at

| east partially transparent portion at |east partially

forped of a photochrom c material that changes col or

or kiseddmed 1S esponse to exposure to el ectromagnetic

radi ation of a sel ected mavelength or range of

wavel en S, 2. T, carrier..

whi {cezh t%}é&co raf?rntgarensg%%g 2L, esén%lﬁgmgﬁﬁlawémglé%?r ‘gafeﬁsl’] disks, or
reticles, idogiprigihge! ai med in claim 2, in which the

transparent portion is a part of the case. 4. The

carrier as clainmed in claim?2, in which the

tr ams;pafram qwrptrism g oa»elpﬁéxlet eoflosure, theocontdinerTheing formed to

1, in which the sel ected

sup Veqng% %pm} g@%‘ﬂ‘ﬁe Wa¥et engt hs conpri ses

ultraviolet light. 6. The carrier as clainmed in claim
1, zirf‘atVY@és@ Baﬁﬁﬁy%ﬁhﬁfa}ﬁffl %%ﬁla@%‘é{?ﬁﬁaﬂfﬂﬂﬁlegfof a _Photochromlc
wavel engt hs conprises deep ultraviol et |7 ght
matgpk that chengdsaroled orrndarklmsmnz respomhuto hexpobstatot Ebirgmagnetic
tirne rmed of .t he.phat ochrom c

d
racllBa BFh b S Y g PR RO ARG Cl aim 2, i

whi ch substantially the entire case is fornmed of the

phog ochrppe gariief & é1§1|med%n I £3h Wiféh 8% &hﬁhﬂ@QOfn rises a case

claimi1, in which a wwndow in the carrier i's formed of
andradoophot ochroni ¢ material . 10. A method for determ ning

if a carrier for transporting articles including

3. The carrier as claimed in claim 2, in which the transparent portion is a part
of the case.

4. The carrier as claimed in claim 2, in which the transparent portion is a part
of the door.

5. The carrier as claimed in claim 1, in which the selected wavelength or

range of wavelengths comprises ultraviolet light.

6. The carrier as claimed in claim 1, in which the selected wavelength or

range of wavelengths comprises deep ultraviolet light.

7. The carrier as claimed in claim 2, in which substantially the entire door is

formed of the photochromic material.

8. The carrier as claimed in claim 2, in which substantially the entire case is

formed of the photochromic material.

9. The carrier as claimed in claim 1, in which a window in the carrier is

formed of the photochromic material.



sem conductor wafers, disks, or reticles is exposed to
undesired el ectromagnetic radi ati on conprising the
wer@pm4mit placing the articles in a contai nerPCT/US2004/035217
conpri sing an openabl e encl osure, the container being
forited t & mefipdrfor deteehoties dhal cprrivy ot tlahepoating eftietss including

and n at | eas artial t ranspar ent portlon at | east
Sef‘b‘&?’% ugtoryy %‘fﬁﬁsn‘i‘étlgsof’f ’é?“ﬁi‘?étl%%’FPPé 1 Yhgdesirgdfl e?t%?agnetlc radiation

ﬁ%ﬁmﬁgﬁmgggggﬂor darkness in response to exposure to

el ectt omag etic radi ation of a sel ected wavel ength or

range of wavel engths; transporting the container; and
obsplaviingghdé betici ot achniaitiet comprsingan opetibfc&iciosary the contalner
n col or og@ﬁarkness 11. The nethod_as cl ai ne
be% %ga?%taosuppwi ooyt PEQtRY fh?eamcl@ﬁ gpd san @t:tlﬁﬂeﬁ@ partlally
ny
ol IENSRBAL Rl Gt 1) Sl s cons
or &rkpessfin mpansbltn gxpdserenaveddotogiagnéta sadmtionef deelgcted wavelength
ultr |0I? ght 13. The nethod as clained in claim
O”fﬁge‘? tlhe in which the container conprises a
case and a door 14. The carrier as clained in claim
13, rhispWhideing BSntlih@ sar ent portion is a part of the
case. fS e carrief as claimed in claim 13, in which
the transparent portion is a part of the door. 16. A
met blesdrfing therpbbeehiongc atatdrial ®sdibdeeh btk clgnge i edordiiclatiness.
waf ers, disks, or reticles fromexposure to undesired
el ectromagneti c radiation conpr|3|ng the steps of:
ol ablng THemsthodcsainmmed & o H.rirbeqopmrisingghasicp of selecting
g the container to support,
ﬂmgﬁk g%' g%h@%#gg?w§%eﬂgﬁticles; andform ng the
container to include an |l east partially transparent
pori12.0n Fhe hR@RId RaHihad inyclhied (®FuRherdoRpRERETNOBEF of sclecting

mat eri al that changes col or or dar kness in response to
the wavelength to include deep ultraviolet light.

13. The method as claimed in claim 10, in which the in which the container

comprises a case and a door

14. The carrier as claimed in claim 13, in which the transparent portion is a part
of the case.

15. The carrier as claimed in claim 13, in which the transparent portion is a part
of the door.

16. A method for protecting articles including semiconductor wafers, disks, or

reticles from exposure to undesired electromagnetic radiation comprising the steps of:
placing the articles in a container comprising an openable enclosure,

forming the container to support, enclose and protect the articles; and



exposure to el ectromagnetic radiation of a sel ected

wavel engt h or range of wavel engths. 17. The nethod as
wa@bk@soemii n cl ai m 16, further conprising the spPepusioos/03s217

sel ecting the photochromc material such that it

c hafageimgChk Afontiined abkidbRde Cand By Partitlly efaneeirerithgortion at least

undesired el ectromagnetic radi ation. 18. The nethod as

partgglly; fomaed af ¢ Phetashremic waterial thabrhfngss Frjox Aelasingss Ippesponse to
expggﬁsfova@a{]o%aﬂ%a& gﬂ%k&sélgaga 3464 tsﬁgaﬁagsomavelengths.

or or ess; and actin 0 reno ont ai ner
fromthe exposure to undesired el ectromagnetic

radiat i orhe théhod BeclaRidiod ckimCl R ifiretbr comptigihgtikbstep of selecting
further conprising the step of selecting the

the pholerkiogtin naterish shddthat ft shanges elon ergdrkensgo aprerb or reflect the
mdgs}é?loeq?c%n?agﬂ%tm&l[aﬁor?l aim , further conprising the
S select

ep o ng e wavel ength to include deep
ultraviolet light. 21. The nethod as clainmed in claim

16,18.n Wi ndiitRl a® cMiinel inhelagAni@i Arthef @BRIPLSAE the steps of

case and a door. 22. The carrier as clainmed in_claim
obserying the whotephromic tordisrepna elrangp it eqlemor darlgnesy apd of ¢ he

case. 23. The carrier as clained in claim?21, in which

t heac i%%”n% praerrn%% 5 E:(t)l’lltgirl’]lell froth HE éxp%fsurter%% udn%%giired electromagnetic

radiation.

19.  The method as claimed in claim 16, further comprising the step of selecting

the wavelength to include ultraviolet light.

20.  The method as claimed in claim16, further comprising the step of selecting

the wavelength to include deep ultraviolet light.

21. The method as claimed in claim 16, in which the in which the container

comprises a case and a door.

22.  The carrier as claimed in claim 21, in which the transparent portion is a part

of the case.

23.  The carrier as claimed in claim 21, in which the transparent portion is a part

of the door.



