WD 03/ 053791 PCT/ US02/ 41307 APPARATUS AND METHOD FOR MONI TORI NG

ENVI RONVENT W THI N A CONTAI NER FI ELD OF THE | NVENTI ON [ 0001] The invention
rel ates gewensalss®ito the transportati on of sem conductor waTeu®2/4830d ot her
sensitive conponents. In particular, the invention relates to an apparatus
and nethod for sensing and recordi ng environnental conditions within a
contai ner during transi tAraxgdTos AepDNEITRD FPRM@YBORIBACKCGROUND OF THE

| NVENTI ON (0002] I nt egr at edpaiiesugNTdEMHGES Carearthypi cal | y manufactured on a
relatively large sem conductor wafer, and a single wafer will often
i ncl ude hundreds of such devices fornmed thereon. Once the integrated

circuits have been formed on grfpHEPREUSHANTRNET and subjected to any
necessary testlng, the wafer is cut into a plurality of die - a die

| ncl udi ng [@(ﬂﬁ& r et mveéxatgﬁgerlﬁésegden%r'agf gcitth trans}ggatfo% sgﬁucon&ucfowe\?a%%y ently

packaged ft a e evi ce or
Packagi ng i nclude the attachnent of_ | eads %& fra
bal |- § o480 PRy eSOy e Tahaseiih e el R rRtc e i o EPRs 0¢ | ng
material, as well as electrical testing and characterization. The
fabricati eretiyrd fof sgRsing apd f,eﬁwéu@teawrmfa@ conditins Wiifhn 8 FANtAHE dgng o
circuitry or other structures fornmed thereon - as well as the fabrication
of i nt egr dteedt @ridfasgkiendprshsterege. are  each performed in a highly controlled
and nonitored environnent, and these environnents are difficult to
duplicate outside the fabrication facility. [0003] Many integrated circuit
(1C® manufacturers do not fabricate raw
BACKGROUND OF THE INVENTION

[0002] Integrated circuit devices are typically manufactured on a relatively large

semiconductor wafer, and a single wafer will often include hundreds of such devices

formed thereon. Once the integrated circuits have been formed on a semiconductor wafer

and subjected to any necessary testing, the wafer is cut into a plurality of die —a die

including one or more integrated circuits — and each die is subsequently packaged to

create a packaged integrated circuit device or “chip.” Packaging may include the

attachment of leads (e.g., a lead frame or a ball grid array) to the die and the encasement

of the die in a potting material, as well as electrical testing and characterization. The

fabrication of “raw” semiconductor wafers — i.e., wafers having no circuitry or other

structures formed thereon — as well as the fabrication of integrated circuit devices are

each performed in a highly controlled and monitored environment, and these

environments are difficult to duplicate outside the fabrication facility.

[0003] Many integrated circuit (IC) manufacturers do not fabricate raw

semiconductor wafers, and it is a common practice for IC manufacturers to receive raw



sem conductor wafers, and it is a common practice for IC manufacturers to
receive raw WO 03/ 053791 PCT/ US02/ 41307 wafers from outside vendors. Thus,
t he raw vwaDaes®s3Tast be shipped fromthe nanufacturing faeciusy24m30the |C
manuf acturer and, as noted above, it is difficult to duplicate the
controll ed fabrication environnment outside the manufacturing facility.

Furt her, iwafes foht emsidecasisasr yhue, the mnspatts raust pé sigsddebm gem conduct or
wafer - i.e., a wafer having a plurality of integrated circuits forned

thereon - hifmduliglfheilifyab ueacCtMidut@nfraCdnld] ddnot<d ABOE MEk dlfpgatibon for
cutting, packaging, and electrical characterization. In addition to

transport 'dl@héa%ﬂh‘é%Ht‘r'cﬁleﬁrfa%%@&?env‘irbmhént%ﬂfgﬁfe'tﬂ@ﬁlan GEIRPhYiIL0 Store raw

and processed wafers for extended periods of tine at |ocations” outside the

cont 1 ol ek A0 WILEAN LS ) Yo 80K HRYANS PLAGRARES. BT CRnduCt OF

wafers are réns or I'ng con ai ners $ich shi ppi ng

cont ai ners ] .art . 0% 41 Se g or wafers,
whet her in” t}ﬁ %ad?lurﬁrg'c Iétg‘%faggﬁﬁﬂlf g?lllm qgerﬁ?ng rﬁmr{ %ﬁél tive to their
environnent. For exanpl.e, senjcaonductqr wafers and any circuitry forned
t her eon ar‘Banag?FHrV’ggﬁ%‘ETé(ﬁ? PRtherdocating r@%ﬁtln&rﬂi“’]&ﬁ“ﬁa el eleeriednt ani nati on,
as well as to other environnmental characteristics, such as tenperature,
humi dity, chagcisrieaionr én addgiapdp drapsporting S@W@ﬁd“%%d@ﬁferﬁﬂpls@ams@néﬁxcess| ve
stress in a wafer, as well as any circuitry fornmed on the wafer, resulting
in fract urresesaag tcdarmagew agdl pogetsed walktssfor extéralet) pediatiswp tiofe at foat@nect r i cal
charge on a sem conductor wafer and/or its shipping container - and the
subsequentouttidcthacgerobibd fdbaitatineadilityc Aotichsar 4@ prodessed danrgeductoe wakt<er |
especially the integrated circuits formed thereon. Further,
el ect r omagnetrhnspb@s &di @ Btotdddh Bhippk Rb@aia®d, such shipping containers being well

known in the art.

[0004] Semiconductor wafers, whether in the raw or processed condition, are highly

sensitive to their environment. For example, semiconductor wafers and any circuitry

.formed thereon are highly susceptible to chemical and particulate contamination, as well

as to other environmental characteristics, such as temperature, humidity, and pressure.

Severe vibratién and shock may cause excessive stress in a wafer, as well as any circuitry

formed on the wafer, resulting in fractures and damaged circuitry. Also, the build-up of

an electrical charge on a semiconductor wafer and/or its shipping container — and the

subsequent discharge of that electrical charge — may damage the wafer, especially the

integrated circuits formed thereon. Further, electromagnetic radiation (both visible and

non-visible) may damage a wafer and its circuitry. In some instances, two or more of

these adverse environmental conditions may be present in combination, and their effects



non-vi si bl e) may damage a wafer and its circuitry. In sone instances, two
or nore of these adverse environnental conditions may be present in

conbi nat i wo,03mpxfot heir ef fects WO 03/ 053791 PCT/ US02/ 4130 PCTAISO®Y130®
accurnul ative. By way of exanple, therngal-induced stresses nay be present in
conmbi nation wth stresses due to excessive vibration and/or shock. [00051

The shi ppi mgy beadcamnbitivelsBd wag of eanga thers@hindased 4o tBes mayj Be present @it her
sensitive conponents nmay itself be susceptible to adverse environnental

condi t i ONSeopkihatioBXAMANRsscRANEISRABIVE VBRIRALAd/ LIkt i Ons (e. g.,
tenperature, humdity, and/or pressure) wthin the shipping container nay

| ead 1o OlBSST NALE SAGH Aot ARlsBIARALAITicorkior ShieRR) BeLONt ai ner

typically ing formed froma plastic materi a such outgassing my

cause cont gLl &&Hn%o%mgpaﬁgms Bl 1 ASEHSONANEN BT, MBIRTS. 311 ed

wi thin the ne rnparted to
el ati ve novenent, bet ween he contai ner

the shippin |ner
and 1S CoMa YT G U FERLOOR (& o BOTAT e O % B PHeRgr
cont ai ner and for exarrpl e, a sem conduct or vvaf er gﬁ |ead to particulate
gener at i onWithiprbe SipRRg cAniAinas maydead ' QteRTSHIA FarR thershinpingFoRBImERT Hsr
material as well as fromthe wafer material - and these particul ates nmay
cont ani nat Sipmeg copddiedr 4y pieably dgingiformad frame a phistipnpaigrielonand suelr outgaseiosl 1f a
sem conductor wafer is subjected to any of the above-described
envi r onnenmay cove dortamninstiouef thgcantents(eqy, tsgmiceaduces (watéraptatadrmghin(tee g. |
m cro-fractures, chem cal contam nation, particulate contamnation) is
of ten ti neshippdhg coddddindry Fohises shabit #nd vibtiti frfipaeted to the skippiag t:ont;ﬁmsrtdw such
damage (or the effects of \ such damage) may not be

cause relative movement between the container and its contents. Relative movement or

rubbing between a shipping container and, for example, a semiconductor wafer may lead

to particulate generation — the particulates emanating from the shipping container

material as well as from the wafer material — and these particulates may contaminate the

wafers stored within the shipping container.

[0006] If a semiconductor wafer is subjected to any of the above-described

environmental conditions during transport, the resulting damage (e.g., micro-fractures,

chemical contamination, particulate contamination) is often times not readily observable

and difficult to detect. Further, such damage (or the effects of such damage) may not be

realized until IC device fabrication is nearly complete (i.e., at the time of final electrical

testing), resulting not only in the loss of damaged IC devices, but also in the resources

devoted to processing damaged devices that will not yield marketable products, Thus,

significant environmental damage can lead to low production yields and high production

costs.



realized until 1C device fabrication is nearly conplete (i.e., at the tine
of final electrical testing), resulting not only in the |loss of damaged IC
devi ces, wotosabxo1in the resources devoted to processi ng pdanesgedi3devi ces
that will not yield marketabl e productts. Thus, significant environnental
damage can lead to | ow production yields and high production costs. WO

03/ 053791 [Ba7]USOQ1H#R 8fvironthehQ0) fdnsitvB @ bmponentsaiiyElY tadnkporea@asd/bi stéred
conponents may be transported and/or stored in shipping containers simlar

to those UhishipgRe cbRhineRMBHRPUS HoSE uiTBEE bt selBoh@ictRwar@XaBPWay of
magnetically or optically accessible disks are often transported insimlar

shi pPing B3I, etlgb’l'fsho RALAL LBLLXIAR QR 415l df e&%gﬁm 1§ di sks are

used in, ruction o riv It may be

desi .rab l € %gf;r{ga}:%s&gf{e% fédl%%ll’rp %cally 51%3%)%%%1 py acc?551bti'eec5 Lsgetgﬁl% b in the

partially Fca encr Pher .
[00081 One co n solution t abo descr . oblen1mas to p a
oSt wnrERTORr ean G SR BES L odt may he drupbiEdo Brbbad ket
shi pping container) for testing. The test wafer was, after shipping or

ext ended ﬁmlafgewfeﬁﬁ*sﬂry%alefw Haﬁmgélaﬂhé&tbmﬁtﬁé/ copiteo e PP RE AR m t he

waf er bei ng subjected to any undesirable environnental conditions.
However , tdpelo optiirerof the wafer often necessitated the destruction of
the wafer, or at least a portion thereof, which required that t-fie IC
manuf act ur[@d08acr Ohe cenmsondutoroditbe aboﬁu-ldts’weibed peblemewasadopl) affested, it is
often difficult to detect the damage that a sem conductor wafer has
i ncurred. vifel’Hein & gtoubiofivatdrd @R., eEphaiye dtov@iSinlo@e bigpping covadiadr) for

testing. The test wafer was, after shipping or extended storage, analyzed for damage that

may have resulted from the wafer being subjected to any undesirable environmental

conditions. However, the analysis of the wafer often necessitated the destruction of the

wafer, or at least a portion thereof, which required that the IC manufacturer sacrifice

some product. Further, as previously noted, it is often difficult to detect the damage that

a semiconductor wafer has incurred. Another solution often employed was to test a wafer

in a simulated transportation and/or storage environment; such that the effects of certain

environmental conditions could be quantified. However, a simulated environment may

not accurately represent the actual shipping and/or storage conditions.

[0009] If an IC manufacturer had knowledge of the environmental conditions that a

semiconductor wafer was subjected to during transportation, the IC manufacturer could

assess the viability of the wafer. For a raw wafer, the manufacturer could avoid

allocating production resources to a potentially damaged wafer that may exhibit a low

production yield. Also, monitoring the environmental conditions of a processed



in a sinulated transportati on and/ or storage environnment, such that the
effects of certain environnental conditions could be quantified. However,
a sinul atwd sessmoNment may not accurately represent the paarusat/4shi ppi ng
and/ or storage conditions. [0009] If &n |IC manufacturer had know edge of
the environnental conditions that a sem conductor wafer was subjected to

duri ng tr aapandattbowafet heingGanspouf dliod ertendrdutadageasselssuset oruaby | ity of
the wafer. For a raw wafer, the manufacturer could avoid allocating

product i Onygk@aRr7E o InBurd hdtyBatd Rithout dAMHREY WeBprotiat Fomperexhi bit a | ow
production yield. Also, nonitoring the environmental conditions of a

processed AI,\QE O{n%ﬁ’e? %gg@éﬂtﬁ%é‘iﬁggs?w'tﬁn%%m-gﬁ@ggklg{ag{er 4@y 86 udulh il

transport an r -exten storage may be use Ity assurance and to
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manuf acturers do not have the abiljty to track .environnental, conditions
within a sHvpprmgriaknenditines wikipiasirpingceparend i nenosieiondtdided st or age
of sem conductor wafers or other environnentally sensitive conponents.
SUMVARY OFexTeded NoEIE oOnenjicomoptoOvalees s otheremtironaepialls sepsdiyei nst r ument ed
substrate for use with a container, the container having an interior
cavity forcongmeemsng a plurality of conponents. The instrunented substrate
i ncludes a substrate that can be inserted into the interior

SUMMARY OF THE INVENTION
[0010] One embodiment comprises an instrumented substrate for use with a
container, the container having an interior cavity for receiving a plurality of components.
The instrumented substrate includes a substrate that can be inserted into the interior
cavity of the container. The instrumented substrate further includes a monitoring system
disposed on the substrate. The monitoring system can sense at least one environmental
characteristic.
[0011] Another embodiment comprises a container. The container includes a housing
having a housing wall that defines an interior cavity. The housing wall also includes an
opening into the interior cavity. A plurality of shelves are disposed on the housing wall
within the interior cavity, and each of the shelves can receive a component. A door is
movably secured to the housing proximate the opening. The container further includes a
monitoring system disposed on one of the housing wall and the door. The monitoring

system can sense at least one environmental characteristic within the interior cavity.



cavity of the container. The instrunmented substrate further includes a

nmoni toring system disposed on the substrate. The nonitoring system can
sense at weastszimae environnmental characteristic. [0011] Awarusez/4sobodi ment
conprises a container. The container bncludes a housing having a housing
wal | that defines an interior cavity. The housing wall also includes an

opening into the interi GREFVDEIJCRATIONGE THE IRABINIGEes are di sposed on
the housing wall wthin the interior cavity, and each of the shelves can

recei ve aﬂ%@fﬁoneﬁfG 1ARQQL pl p 1§}€ehcm?é’ aﬁl)vyof 3R6HV oA shiPFinh 04hinG: 1BF OXi mat e

t he openi he contalner er includes a nonitoring system di sposed

on one of {LOSAONSLId BRI A0 LensiTE HRALL ﬁ{s' ng system can sense

onrren arac eI'IS I C Wlt |nter|or cavity. WO
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transporting sem conductor wafers or other senS|t|ve conponents. [00131
FIG 2 sh statper spect i ve view of an enbodi nent of an instrunented
substrate. [00141 FIG 3 shows a plan view of the instrunented substrate

i |1 ustrat el®014 FI BG.3 shopge phn vigver! the gnstwmentpd atbstpaie ilBstratedin HO- 2
instrunented substrate illustrated in FIG 2. [0016] FIG 5 shoms a
schemat i ¢ [0Sy of FHG.Aoshbtve ni plgvatioatvésw dithe instumenied snbsinate dlussaipdior at e of
ne = FIG. 2.
[0016] FIG. 5 shows a schematic view of a monitoring system for the instrumented
substrate of FIG. 2.
[0017] FIG. 6 shows an elevation view of the instrumented substrate of FIG. 2, as
disposed in the conventional shipping container of FIG. 1.
[0018]  FIG. 7 shows a perspective view of another embodiment of an instrumented
substrate.
[0019] FIG. 8 shows a perspective view of a further embodiment of an instrumented
substrate.
[0020] FIG. 9 shows a perspective view of yet another embodiment of an

instrumented substrate.

[0021] FIG. 10 shows a perspective view of an embodiment of a shipping container

having a monitoring system.



[00171 FIG 6 shows an elevation view of the instrunented substrate of FIG
2, as disposed in the conventional shipping container of FIG 1. [00181
FIG 7 sheox3asyer spective view of anot her enbodi nent of aaTiusst/misoent ed
substrate. [00191 FIG 8 shows a perspective view of a further enbodi nent
of an instrunmented substrate. [00201 FIG 9 shows a perspective view of
yet anot her enbodi mrentDRIFAIRRD DESCRIFHEONeOF SHESNVENTINO0211 FIG 10 shows
a perspective view of an embodi ment of a shipping container having a

noni t ori ngoRept M, cMRRIHABhiSHindEobtdifeld 3043 3hhspoftihEdl deER#RESCRI PTI ON OF
THE 1 NVENTI ON [ 0022] A conventional shipping container 50 for transporting

and/ or st Qérhfégndu%ﬁﬂ‘u%?é?gy?sts%wﬁ@rf BIG 15 The c§1§'k%¥iﬁoda'1‘sﬂ:b;§n dontdifig sponventi onal
shi ppi ng cont ai ner 50 |nc udes a housing 52 having a housing wall 53, the
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sem conduct or vva ers one or ¢

inserted i.nto the nterlor cavi t an openin t her eof . Wthin
the inter éé&orcrﬁ?ﬁ“flﬁ}g B¢ ornyF a?‘ﬁ‘lcg‘%“?i‘c%?f Wé"ﬁeéggé l%%‘Pasihg |f%tp$a§£§ on the wall
53 of the ousi ng 52, and.each shelf 56 adapted to receive_and support
a wafer 5V a?*LFFé §ﬂ‘?§bliﬁ lﬁﬁertegbrﬁ? E}eri%'ie“%fcfaéﬂtiéé‘? hi’i%‘fgg(f@é’pﬁmﬂﬁsgmeé@oéoor or cover
58 for covering the opening 55 and enclosing the interior cavity 54. The
movabl e ddbithig gle”ﬂger@écawéﬁg% aalwaligyof @@dng,tSédirq ¢jsposed on the wall 53 of the

housing 52, and each shelf 56 is adapted to receive and support a wafer 5. The shipping
container 50 also includes a movable door or cover 58 for covering the opening 55 and
enclosing the interior cavity 54. The movable door 58 may be removable, as depicted in
FIG. 1, or coupled with the housing 52 by one or more hinges. To transport and/or store
a plurality of wafers 5, the wafers 5 may be placed in the interior cavity 54 — each wafer
being received in one of the shelves 56 ~ and the moveable door 58 secured to the
housing 52.

[0023] The shipping container 50 illustrated in FIG. 1 is representative of a broad
array of conventional shipping coﬁtainers, and it should be understood that the present
invention is not limited to the specific container 50 shown in FIG. 1. Further, it should be
understood that the present invention is not limited to containers for shipping
semiconductor wafers. For example, the invention may be applicable to shipping
containers for transporting and/or storing other sensitive components, such as
magnetically or optically accessible disks used in the construction of disk drives and

other devices, as well as flat panel displays.



FIG 1, or coupled with the housing 52 by one or nore hinges. To transport
and/or store a plurality of wafers 5, the wafers 5 nay be placed in the
i nteri or wawstg3?®d - each wafer being received in one of Pirassshelzves 56 -
and the noveabl e door 58 secured to tBRe housing 52. [0023] The shi pping
container 50 illustrated in FIG | is representative of a broad array of

convent i on§d028hi ppihgh the roahbiedsor 58rislsdctired hothe thobgingI fTiRY it eda plnalitt he
present invention is not limted to the specific container 50 shown in

FIG 1. FuptWefers I WitiAoh SieBi6r cavitg8h Stho fferididbvity?t DIde8RBAthBYRMolRa I s not
limted to containers for shipping sem conductor wafers. For exanple, the

i nvent i on @&%&Bﬂéﬂt%@o%maﬁ LR R RUBRE P lind GRABSRRLS | N9 and! or

storing ot sensitive ¢ onents, nagnetlca y or opttically
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54 and its contents are housed in an environment that is generally seal ed
of f and/ or IPOBOE tRetheMish ReFaeats the sliRBING GontaiRgs ?%n/ﬁlé%tcoedltl%mém, certain
types of chemi cals and/or particulates, as well as_ noisture, be abl e

t 0 penet r af@raunding eayirgnmesit 3 ey Hapysk E1s enieonieans wiginhe qummm . Byoor 58
or to otherw se perneate the shipping container 50. Also, conditions in the
sur r oundi ngag Y exaomphes Ah eBvated temppeatire irhibe emvdundmgemircwimdmt B wilhéypicaller i or
cavity 54. By way of exanple, an elevated tenperature in the surrounding
envi r onmentesadlt Wi dnl eléwapddaéhpatature within the shipping container 50. Similarly, vibration

and shock imparted to the exterior of the shipping container 50 will generally be

transmitted to the contents resting within the interior cavity 54 of shipping container 50.

F uﬁher, contaminants may be generated (e.g., by outgassing or by particulate generation

due to relative movement between the container 50 and’its contents) within the shipping

container 50 itself. As noted above, these adverse environmental conditions may damage

a senliconductor wafer 5 (or other sensitive component), and an IC manufacturer may

have no knowledge that a wafer was subjected to such conditions during transport and/or

storage.

[0025] An embodiment of an instrumented substrate 100 is illustrated in FIGS. 2

through 4. The instrumented substrate 100 may be used to record the environmental

conditions within any type of shipping container during transport and/or extended

storage, as well as to record the environmental conditions within any other type of

container for receiving environmentally sensitive components. Also, the instrumented

substrate 100 may be used to monitor the environmental conditions for any type of



result in an elevated tenperature within the shipping container 50.
Simlarly, vibration and shock inparted to the exterior of the shipping
cont ai nerwB®3xwsi7b1 general ly be transmtted to the contentETrEss/irsg7 wi t hi n
the interior cavity 54 of shipping coatainer 50. Further, contam nants nmay
be generated (e.g., by outgassing or by particul ate generation due to

rel ati ve mevsitien¢onnmnestenintloéing osthidbimdictod Wvadins] bbthaawand pricessedMat en t he

shi pping container 50 itself. As noted above, these adverse environnmental

condi t i ONSasMAYen ?%cce@siﬁl@ Wi skOHpHEL R ack@biBle sk Qind Tahlneb@RAYsI-V e
conponent), and an [ C manufacturer may have no know edge that” a wafer was
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enbodi ment of an instrunented substrate 100 is i1llastrated in F
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transport and/or. extended ., stora S |1 as to record,t
condi 1 ons HIERY A SIRPUECRBPIRED BEMEH *° QiR arod gt bethydy |
environmental |y sensitive conmponents. Al so, the instrunented substrate 100
may be use@FBOTHARt or the environnental conditions for any type of WD

03/ 053791 PCT/US02/ 41307 9 sensitive conponent - including sem conductor
waf ers, bol0A2¢law Batrprededdaeds thaaghd) the ingirumgginéd subshnte ) 0@ oshislss dl e di sks,
optically accessible disks, and flat panel displays - where know edge of
such condi subsirete 2Hyaridrones eing spsdent 80@ nThe smbsiste 20vbes at oppes surdard 210 npr ove
product quality. Further, the instrunmented substrate may be used to

eval uat e tdd andpposiny oiveasisfacpp20)gndhnsabsneate, 208 alsokhd a pirh@er3a) Taée nodes
and net hods of

substrate 200 may be of any suitable shape and configuration, so long as the substrate 200

ORe envi ronnent al
g

can be received within the interior cavity 54 of a shipping container 50. For example, as
illustrated in FIGS. 2 through 4, the substrate 200 may comprise a generally planar disk.
Such a planar disk may exhibit a size and shape similar o a semiconductor wafer 5 or,
alternatively, a size and shape similar to a magnetically or optically accessible disk. The
substrate 200 may, however, comprise any other suiiable configuration and shape, such
as a square shape or other polygonal shape. For example, the substrate 200 may have a
configuration and shape similar to a complete or partially fabricated flat panel display.
Further, the substrate 200 may include one or more apertures extending through its
thickness. By way of example, the substrate 200 may include a plurality of “cutouts”
(e.g., to reduce weight), or the substrate 200 may comprise a lattice or honeycomb
structure.

[0027] The substrate 200 may comprise any suitable material or combination of

materials. By way of example, the substrate 200 may be constructed of a semiconductor



transportation. [0026] Referring to FIGS. 2 through 4, the instrunented
substrate 100 includes a substrate 200 and a nonitoring system 300. The
subst r at ewd@3/0b&rs1 an upper surface 210 and an opposi ng | eearuseaufiate 220,
and the substrate 200 al so has a perimeter 230. The substrate 200 nay be
of any suitabl e shape and configuration, so long as the substrate 200 can

be recei veawtiblnbuthtiie therdubstiats 20028khibyts Bheclafvic (&b pRicAGalGR Bleatibary, 50. For
exanple, as illustrated in FIGS. 2 through 4, the substrate 200 may

conpri se acaanR@NIR ft BBk ok Sdnicordd6dr Raflt §chlﬁihﬁ¥ bEBIAHB 'fcttl dert@inSi 2€
and shape sinilar To a sem conductor wafer 5 or ernatively, a size and
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substrate may, oweve conpri se ‘any ot sul tabl e con rati1on and

shape, sucf 6@%3%r1§19v% ?10? que r(%crmsOt en%nRé)rlr Ill%t ?als 51 Bﬁ)rg?os?tr exarrpl e, the

substrat e Cguratton an pe 5| & a¥Conpl et e or
partially f ri at f.l at anejé)les Wg ther substrate 200 may
i ncl ude on qﬁ%‘tteﬁﬁ&rﬁt‘ g‘?‘ﬁ%erf 8@1‘51‘?”? tl? ’Famp@scgmpB?esway of
exanpl e, the substrate 200 may include a plurality of "cutouts" (e.g., to
reduce wei yfrpent Htatet“ﬁle(eﬁylfscteﬁlﬁ??’é“ Eﬁt?nﬁﬁtfp esRprydesignblesubstansesie-groney conb
structure. [0027] The substrate 200 may conprise any suitable material or
combi nat i oyater molsirdy thateby regyovigsuch subsangrisdrom the infehartcreteS2e0heray be
constructed of a sem conductor WO 03/053791 PCT/ US02/ 41307 10 materi al,
such that shiygpisgdretaizsr 60 200 mendmizing songanitedtawmiof the(@nginer’s conterdtur al |y,
electrically, chemcally) that is simlar to a sem conductor wafer 5,
whi ch may [9028lesi Thbheniteinge®steai300 is disposed on the substrate 200. The monitoring

system 300 may be disposed on one of the substrate surfaces 210, 220 (e.g., upper surface

210, as shown in the figures) or, alternatively, the monitoring system 300 may be

disposed on both surfaces 210, 220 of the substrate 200. In another embodiment, all or a

portion of the monitoring system 300 is disposed within the substrate 200. For example,

the substrate 200 may comprise a multi-layered substrate (e.g., a circuit board material),

wherein all or a portion of the monitoring system 300 is disposed on, or formed within,

the inner layers of the multi-layered substrate. In a further embodiment, all or a portion

of the monitoring system 300 is formed directly on the substrate 200. By way of

example, the substrate 200 may comprise a semiconductor material, and at least a portion

of the monitoring system’s circuitry is formed directly on the semiconductor material.

[0029] When the instrumented substrate 100 is placed within a closed shipping

container 50, the monitoring system 300 measures at least one environmental

characteristic within the interior cavity 54 of the shipping container 50. Environmental

characteristics that may be monitored include, by way of example only, temperature,



types of neasurenents (e.g., acceleration). However, other materials -
including circuit board materials, plastics, both ferrous and non-ferrous
netal s, awo osposites - are believed suitable for substr @ca/A04130n

anot her enbodi ment, the substrate 2001iconpri ses a sorbent material (e.g.,
a desiccant material) to absorb undesirable substances (e.g., water

noi st ur e) , hunfieitys Pyessieanlié Pgseaue bf SetestiiaRs plekat bheurlidilfed or cavity 54 of
the shipping container 50 and m nim zing contam nation of the container's

contents. dQ@RBhgldne rﬁmﬁidnﬁ)él%&lﬂcai)éﬁérgérb@% shgstﬁitesmscﬁe'/opgm,tsg}@g substrate
200. The nonitoring system 300 may be di sposed on one of the substrate

surfaces 2] tair%t?ﬁ%(aﬂd Qccelér'fﬁfbgrofﬁ}érs sagaéeoz?&r?ga;ldgoz sﬁgﬁxgg cé)rﬂzaih&%of iﬂﬁﬁeers) or,

alternatively nonitoring system osed on both surfaces
210, 220 t he. subst r.at Q0. In another enbodi nent, all or portion of
Che moni t ors ST R B0 SR BulBR e T AR e Bl Puenoed. For

exanpl e, he substrate 20 maey copprise.a multi-layered substrate (e.g., a
circuit bERPRCREIUSS] Syel that é‘}é‘?‘ﬁecg&aw(ﬂe”ﬁ“‘ﬁd}“ﬂ srindicatehto 44565 ®%or i ng syst em
300 is disposed on, or formed within, the inner |ayers of the

mul ti -1 ayetesgwisggevpiepded from therppniteaing sy PARFr anglysis.or a portion of the
nmonitoring system 300 is fornmed directly on the substrate 200. By way of
exanpl e, t[AGSYHubsRefarmg20b1GRy2 throwph # siecenjenetive omd FdG o, whachdtlinsttatesand at

| east a portion of the nonitoring systems circuitry is formed directly on
t he sem conbkmdtiodiagedne of ede. emfodi2a1 o¥¥he mdnlitering sitsteun®0®X € rsanistingt e 100 i s
pl aced within a closed shipping container 50, the nonitoring system 300

neasur es aksttR3sd iheleshyidcesmtedice 3thaTReHoEdssihg Gevbd MoNmi@nipaker i or
cavity 54 of the shipping container 50. Environnental characteristics that

may be nonisl aniedid fI6Ldas, apphcabRY sPlcif ARt Reditctit (ASIDESBLARSabld0 03/ 053791
PCT/ US02/ 41307
logic device (PLD), or other circuitry. As will be explained below, the processing device
310 controls operation of the monitoring system 300 and may perform data acquisition,
post processing, as well as other functions.
[0031] The monitoring system 300 also includes one or more sensors 320 coupled
with the processing device 310. A sensor 320 may comprise a temperature sensor, a
humidity sensor, a pressure sensor, a sensor to detect the presence of a chemical or
chemicals, a sensor to detect the presence of particulates, an electromagnetic radiation
sensor, or an acceleration sensor (for measuring vibration and/or shock), as well as any
other suitable sensor, as desired. During operation, each of the sensors 320 outputs an
electrical signal (e.g., a voltage) representative of the environmental parameter being

detected, and each sensor 320 may provide that electrical signal to the processing device

310.



11 hum dity, pressure, the presence of a chem cal, the presence df

particul ates, electronagnetic radiation, electrical charge on the

subst r at ewdB/0837di or shi ppi ng contai ner 50, and accel er atricarusot/4i30e
substrate 200 and/ or shipping containgr 50. Further, the nonitoring system
300 stores data indicative of any neasured environnmental characteristics,

such that {ies2peasihe esbnitban@otsedi S10 Rghdrayclins aridiaairat dedica 33 eduplid
ot herwi se downl oaded fromthe nonitoring system 300 for analysis. [00301

Referring (@nhfhdGRocedsihPHOHES 14. 'T’Ee@@ﬂﬂ]sﬂiﬂé‘gte'c@%c%ﬁ@stgﬂegdaé repMit@htive of

illustrates a schematic di agram of one enbodi ment of the nonitoring system

300, the ctn%&tglgs]’%§ Yrb&om d%p schiifi $AESTIR dAf Cﬁ?c?ré%ér&gmg%‘s‘b ﬁﬁég%@}m@e

pr ocessi ng devi ce rrse any sul ta ocessor cation

specific inte ted ci r UIt r ogr anmabl & devi ce (PLD), or

ot her ci rcwytgltgblismemqr 1u<£m3}&| gg Cgogrf access %Vggléglgmﬁlﬁogew ce 310
controlsoeratlo t he nltorln stem3 ad rform data
acquisitio matBE?s ISli)‘irbV(?e%rsq g, RELOn F‘fl n(?f“?lg qi’ﬂ??@f‘?%ﬁs'ﬁe fRDHYRET he

moni toring system 300 al so includes one or nore sensors 320 coupled wth

t he procesd¢gs BOVRdedes paemovablsragipory gigvige (& ohisioyabls flagpepery e sensor

a humdity sensor, a pressure sensor, a sensor to detect the presence of a
cheni cal oPurishepsratitnsthe prasessieg devise d&0 ail rechize pleeisierlsegnols fpparthecul at es, an
el ectromagnetic radiation sensor, or an acceleration sensor (for measuring
vi brati on sadéroB2@lasakied absveysid widalsstcae];lataoetﬁmentaﬁl@etﬁbhcseskenskoal,si@alsdesi red.
During operation, each of the sensors 320 outputs an electrical signal

(e.g., a vl thags) stoee dedsd 300. \@ptivhally)as @fly be edplatnddteldia e mbassibei ng
detected, and each sensor 320 may provide that electrical signal to the
processi Ngd&lgdd 1@ may store unprocessed electrical signals in the data storage device 330.
[0033] The processing device 310 controls operation of the monitoring system 300,
as noted above. Exemplary functions performed by the processing device 310 include
data acquisition and post processing. The processing dévice 310 may poll the sensors
320 to determine their respective states (e.g., a voltage or current level). The processing
device 310 may poll a sensor 320 periodically or, alternatively, the processing device 310
may poll a sensor 320 in a non-periodic manner. Alternatively, rather than being polled
by the processing device 310, a sensor 320 may output an electrical signal to the
processing device at regular intervals.
[0034] Typically, a sensor 320 will provide an electrical signal that is indicative of
the particular environmental phenomenon being measured, and the processing device 310
may perform post-processing to convert the electrical signal to a value indicative of the

measured characteristic (e.g., temperature). The processing device 310 may then store

the converted value - or, optionally, the unprocessed electrical signal (e.g., a voltage or



310. WD 03/053791 PCT/ US02/ 41307 12 [0032] The nonitoring system 300
further includes a data storage device 330 coupled wth the processing
devi ce 31Wo oBhs37dat a st orage device 330 stores data reprevemEvensonf the
characteristics neasured by sensors 380. The data storage device 330 nay
conprise any suitable nenory, including RAM (random access nmenory), flash
menory, a dumh@t-un thediaslstatagevdevico330t fike proesisiny deldsd ). miynack ngdener

enbodi ment, the data storage device 330 includes a renovable nenory device

(e.g., a r@muama%etféfaﬁgamaﬁmrsyor&arn@Roxvmaurtgumerhaiyr) 919, thd!lROM ocessi ng
device 310 will receive electrical signals fromthe ‘sensors 320, as noted

above, andpyhbly 3&@‘Béﬁgdﬁs{ﬁed@Rﬁ%eﬁ?&&%l‘{ged&fcetﬁ@se electrical signals in
the data storage device tionally,”as will be explained below the
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storage d roce si'ng device rol's operation of

the nonitori a ot ed_above. functio per f or med
by the proaéég(g”?'lésﬁ(}gj‘\g} Zgugli%”? e Oaﬁcglfoweéc?%?%fd‘\éw %WIEB’Q“?’ processi ng.
The processi deV| ce 310 may oII e senso 320 to determine their
respect i v EaThieed batiery. Alieighiyety g%wepbecwﬂéw@rsw@ﬂ)e mepiering sYsiss PO
device 310 may poll a sensor 320 periodically or, alternatively, the
processi ngnaewilize ag egernghgowssIspurse. s Bieswr b@mbpqwer souren3 %bmrpwdwpm frer .

Al ternatively, rather than being polled by the processing device 310, a
sensor 320amhig couplpliwitheach et theipoakssgiggisaice 8 60, sbresorspi20 cdmastoggeldarice  at
regular intervals. [0034] Typically, a sensor 320 will provide an

el ect ri cal339] gl OMhatmory 340giscedll asetlek components of the monitoring system 300.

[0036] The monitoring system 300 may further include a communication mechanism
360. In one embodiment, as shown in FIGS. 2 through 4, the communication mechanism
simply comprises a connector 360a that is coupled with the processing device 310. The
connector 360a enables the monitoring system 300 to b& coupled via a hard-wire
connection with an external device (e.g., a computer system), such that any data stored in
data storage device 330 may be downloaded to the external device for subsequent
analysis and/or processing. In another embodiment, which will be explained below, the
communication mechanism 36IO comprises a wireless communication device.

[0037] It should be understood that the monitoring system 300 may include other
elements — which have been omitted for clarity and ease of understanding — in addition to
those shown and described with respect to FIGS. 2 through 5. For example, the
monitoring system 300 may include additional circuitry to perform signal conditioning
(e.g., for sensors 320), to perform filtering, and/or to perform addressing (e.g., a memory

controller). It should be understood, however, that any of these functions may be



the particular environnental phenonenon bei ng neasured, and the processing
device 310 may perform post-processing to convert the electrical signal to
a val ue iwodisasi?ve of the neasured characteristic (e.g., pcanerainre). The
processi ng device 310 may then store 14 he converted value - or, optionally,
t he unprocessed el ectrical signal (e.g., a voltage or WO 03/053791

PCT/ US02/ 4%807medlid titproedsting device 3 10e Thahaonstbonggstete3chaBath indlge a
processi ng device 310 may act under control of a set of instructions

stored in puR@Ylof sgasl-1aieb ¥ndRiEY Y Whidh Bavd hren BEMed IR FIGS40nRakLng, £oupl ed
wi th the processing device 310. 100351 The nonitoring system 300 may al so

i ncl ude anyQnasaRAL F}ICF)S).WQBIO%@H bCer gﬁx@ty - iﬁ@r&m&\ﬁnh %eﬂa%u%%%r%lgﬁiéﬂﬂe 4. The

on- board power source 350 may conprise, for exanple, a
Al ternati Vrﬁ&}{toriﬁ%sﬂténll s8¢ expl ained below, the nonitoring system 300 may
utilize an external power source. The on-board power source 350 provides

power to é i scoupled with) e CQ&%{‘ t.he prqcessi.ng device 0, sensors
320, datal @Hokﬁ ag eTl&ee\??tE‘gnengé\gos}l%gﬁge %?Fd%@ceg&b? SIEB&% FentgieeroOndy
conponent s, of t nitoring system 300. [0Q0361 The nonitoring system 300
may. T ur { hePOVREI (166 CaloBIRIR e ARy BTTHAEh SPRCHARS SN 16 CONEBHBOAE ment | as
shown in FIGS. 2 through 4, the comuni cation nechanism sinply conprises a
connect or BeeReriakeR andiorstnipgee d bginsiumgricd pustate il AQ isdaserted imga one offike
connector 360a enables the nonitoring system 300 to be coupled via a
har d- wi r e shelgem¥aqrpvidednintthe mteriox tavitya of ehei sbipp{ng agntaingr f@isuloeer syst eny ,
such that any data stored in data storage device 330 may be downl oaded to
t he ext er natfad20 of ifemubstabsHGueapported padxyBats tiaeetialeted 28€ drsdofigy then anot her
enbodi nent, which will be explained below, the

shelf (or shelves) 56 that extend about at least a portion of the perimeter 230 of the

substrate 200. Although shown in the uppermost shelf 56 of the shipping container 50 —

which may provide more clearance for the instrumented substrate 100 than lower slots —

it should be understood that the instrumented substrate [00 may be positioned in any one

of the shelves 56 of the shipping container 50. One or more wafers 5 may also be

disposed within the shipping container 50, each wafer 5 received in one of the shelves 56.

The movable door or cover 58 is secured to the housing 52 to enclose the interior cavity

54 and the contents placed therein. The instrumented substrate 100 may then measure

environmental characteristics within the shipping container 50 during transportation

and/or storage.

[0039] Alternative embodiments of the instrumented substrate 100 are illustrated in

FIG. 7. In one embodiment, the monitoring system 300 includes clock circuitry 362, the

clock circuitry 362 being coupled with the processing device 310. During operation, it

may be desirable to log various environmental conditions as a function of time, wherein



communi cati on nechani sm 360 conprises a wireless conmuni cati on devi ce.
[0037] It should be understood that the nonitoring system 300 may i ncl ude
ot her elwomaitos3791 whi ch have been omtted for clarity andpeagesoniizo7
understanding - in addition to thoselsshown and described with respect to
FIGS. 2 through 5. For exanple, the nonitoring system 300 may i ncl ude
addi t i onal bath theumdasyred ohqpantdretimasd g abrrespoading Gmk wglue (. stpred nake ddnsor s
320), to performfiltering, and/or to perform addressing (e.g., a nmenory

control | ergtoragd dskvew3d. Tae viaeletisdudeg3 6 arvRdey an ihfiadticanf tiafe th iRse functi ons
may be WO 03/053791 PCT/ US02/ 41307 14 performed in the processing device

310. The n%,ej:gsgﬁig&gvi(gé@ltoem 300 may also include a plurality of signal
| i nes and buses - which have been omtted fromFIGS. 2 through 4, as well

as from FI 7t el Qmbd ' = if0uUs
4 MY bodieftt, & : HGbHR 6{
el enent s o@t e monitori 1?llg syset ém %1&%:11 “f gg%g}]r’ ﬁ1%he I nst gfﬁrﬁe%ﬁ e(gwstﬁbst rate
100 may be. Iac%g in hj ppi cont ai ner_ 50, . shown,in FlG..6, to
roni tor ¢ RENBR s eardy | REhAR e Bl Rendl msReRrha dupriigen o
transportatian and/ or stor age The.instrupented substrate 100 is inserted
into one oPESAE ValpSEHROnsTR eondiings fo sSPREAHSH dpvelpading prdanglysiss of he
shi ppi ng contai ner 50, the |lower surface 220 of the substrate 200
suppor t ed iBliskitherod tihaaykt dessalde togepbrapeds abipdicgion K papscifiedr shel ves) 56
that extend about at l|east a portion of the perinmeter 230 of the substrate
200. Al t howhgtactshietinhasgxedededppredefonet thypsbiold. 3®r exane rathéngpimigegont ai ner 50
- which may provide nore clearance for the instrunmented substrate 100 than
| ower sl ot temperaturesinoasucknipatsithebaplsdud det dukeion oh eanspsitationen sechgs,ubst rat e 100
may be positioned in any one

threshold indicator 364 can indicate if the temperature within a shipping container 50 has

exceeded a specified threshold temperature. If the temperature has exceeded the

specified threshold, thereby triggering the threshold indicator 364, the contents of the

shipping container 50 were subjected to a peak temperafure that exceeded the threshold

and, further, that may have caused damage to the contents of the shipping container 50.

If the threshold indicator 364 has not been triggered, no adverse temperature conditions

existed during transportation and/or storage.

[0041] The threshold indicator 364 may comprise any suitable device capable of

providing an indication to a user that an environmental parameter has exceeded a

specified threshold for that parameter. For example, the threshold indicator 364 may

comprise an LED (light emitting diode) or other device — e.g., a display device, as will be

described below — providing a visual indication that the threshold indicator 364 has been

triggered due to an environmental parameter exceeding its predefined threshold.

Alternatively, if an environmental condition has exceeded a predefined threshold, the



of the shelves 56 of the shipping container 50. One or nore wafers 5 may
al so be disposed within the shipping container 50, each wafer 5 received
i n one ofwohw/sitel ves 56. The novabl e door or cover 58 i cyamor/edot o t he
housing 52 to enclose the interior cawty 54 and the contents pl aced
therein. The instrunented substrate 100 nmay then measure environnental
char act er i gbiéessingwléicaB tOheayshomp datadn thedbaisteigeSRveta BB0 hdicadngihar that i on
and/ or storage. [0039] Alternative enbodi nents of the instrunented

substr at e h@Ro@hénthll doHgitibateReddd thdthfeshold. | N one enbodi ment, the nonitoring
system 300 includes clock circuitry 362, the clock circuitry 362 being

coupl ed Wphydjhe Rf DRLHS HPbRAGHLE §h<§>v"1pin IR ALY ﬁBﬁE&Edg%Pstex‘ntBOO BRy be

desirabl e to Iog vari ous envi ronnent al condltlons as unction of tine,

wherei n VWG Q3 053 9s?nbé° x[gé %ﬁflé&e%% cou;io% el 38&‘%@&3‘%@5%9 é%@%ﬁ@cé eristic

and the correspon Ue are Stored rnth orage’devi ce
330. The cl pck CIrCUI 362 rOVId S.an jindic n of ti he
o ocess: ngeEvEE UGS e nES R ERaReuat he e Sl B e 7,
the nonitori st em 300 of |nstrunented S bstrate 10 |ncludes one or
mor e hr eStHShd ohaPYRR G1A CSBIISq RAHRLPERIERT 1 YEYERY enticae 2
environmental conditions for subsequent downl oadi ng and analysis - or in
| i eu t her engteraljbeingdiangnorigd end/eiteed withingshipppesenaecaf.i Refiexamplenifi f a
specified characteristic has exceeded a predefined threshold. For exanple,
rat her t hahe toggitnof a shipniey contairer A8 asinde aptarslity lof sanghonductohwafter Jttieon of
transportation or storage, a threshold indicator 364 can indicate if the
t enper at urtestwbiigtinmmay hipe agindbntamnit@rdubior matrial. After transportation and/or

storage, the test coupon may be removed from the coupon holder 366 and subjected to

further testing, including destructive testing. Use of a coupon holder 366 and a test

coupon allows for the testing and analysis of an actual material sample without the need

to sacrifice product.

[0043] In yet another embodiment, as illustrated in FIG. 7, the monitoring system 300

of instrumented substrate 100 includes an air sampler 368. The air sampler 368 will

collect a sample of the air (or, more generally, the atmosphere) within the interior cavity

54 of a shipping container 50 during transportation and/or storage. After transportation

and/or storage, the air sample collected by the air sampler 368 can be analyzed for any

adverse environmental characteristics (e.g., chemicals, moisture, particulates). The air

sampler 368 may comprise any suitable device capable of collecting and retaining an air

sample. For example, the air sampler 368 may include a sorbent material 369 that may

absorb a volume of air for later analysis. It should be understood, however, that the



exceeded a specified threshold tenperature. If the tenperature has exceeded
the specified threshold, thereby triggering the threshold indicator 364,

t he cont ewn3m637he shi ppi ng contai ner 50 were subj ect ed PCa/E@BIpesk?
tenperature that exceeded the thresholdd and, further, that may have caused
damage to the contents of the shipping container 50. |If the threshold

i ndi cat or B6ditdiag sy¥m be@may iric@e hefimbePoAENREST 0 BRI I a acaNdf t | ons
exi sted during transportation and/or storage. [0041] The threshold

i ndi cat or 36 RBYHGOIRI HEvialY tUhiall &vReYi 682 B &on@finerBHOVi di ng an
indication to a user that an environnental paraneter has exceeded a

speci fi ed [ggn%ﬂﬁg;kﬁ%ifg%alFeﬁl%diﬂf%ﬁ%%‘??lﬁrin tfiHenfRA AR B 159%4 IS

i ndi cat or nprise an ght emtting devi ce -
e.g., a displ aypdevice i1 ]. _be. described bel ow 5. providin Vi sua
“ndi cat o hd RERETPERR o bl GrokaR S ShBl 3P RpEhEdnde to an
envi ronnent al . par r. exceedi its predefin t hr eshol d. ternatively,
if an envﬁ#ﬁﬂﬂ%&Pﬁ?ﬁ%gﬁd@PPéﬁgﬁgg‘B%@EE@E&Y%Fﬁsg%%??ﬁ@ﬁ“?ﬁﬁ%ﬂﬁ%ﬂqf the WO
03/ 053791 PCT/ US02/ 41307 16 processing device 310 nmay store data in the
dat a st or a8 reipgladespowegprigeiondsSt arosming thayupRikying sy dem é8hwith pan
exceeded the threshold. [0042] In a further enbodi nent shown in FIG 7, the
noni t or i ngexéysal oaweoEuesk 10i frsa alienative esbodimenit the hMitoring shdtes 0goaypon

hol der 366. A test coupon (see FIG 8, reference nuneral 367) may be

i nserted iintlodeador-kdaad pecerByurtdh2SCmuporbidadbaeithA@ower Gunbcter I56$dr coupon
may conprise a nmaterial sanple that is simlar or identical to a nmaterial
bei ng tr anspplidgesitandéaermnstppmnetsotkdeion 1A tiHemiddigeOmt ahbeird pOwetor

exanple, if
source 350 may serve as a back-up if the external power source 10 fails or is
inadvertently disconnected from the power connector 355. In yet another embodiment,
the power connector 355 and the connector 360a comprise a single, integrated connector.
[0045] In a further embodiment illustrated in FIG. §; rather than a connector 360a for
communications, the communication mechanism 360 comprises a wireless
communication device 360b. The wireless communication device 360b may include any
suitable wireless communication technology and/or method. For example, the wireless
communication device 360b may comprise an RF (radio frequency) or microwave
communication system, an IR (infrared) communication system, a satellite
communication system, or a cellular telephony communication system. An external
receiver 365 may be coupled with the wireless communication device 360b. The external
receiver 365 may comprise an IR receiver for receiving infrared signals or an antenna for

receiving RF, microwave, satellite, or cellular communication signals. Use of a wireless

communication device 360b allows data to be downloaded from the monitoring system



the contents of a shipping container 50 include a plurality of

sem conductor wafers 5, the test coupon may conprise a simlar

sem conduwoas/orEmeri al . After transportation and/or stor @ga/UDhelsnest
coupon may be renoved fromthe couponishol der 366 and subjected to further
testing, including destructive testing. Use of a coupon hol der 366 and a

test coupmp @hhﬁ%ng‘p@ftaﬁﬁ%ﬁ@% tioR@e andtadna! BesdovnadaindehlUhe, gRL eri al
sanple without the néed to sacrifice product. [0043] In yet another
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i nstrunent’ed substrate 1 S an alr sanp alr sanpler 368
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within the 1nte cavity I'ng contdi'ner 50 during

transportat| angd/ or storage. After trans ion and/or storage, the
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adverse environnental characteristics (e.qg., chemcals, noisture

parti cul ati@gjumenptsd S&P?tfates]é}QﬁP@PdeS@sGlﬁﬁé; Pogiioning 8vsiery (GhP)seaieerdédi ce
capable .of collecting and retaining an air sanple. For exanple, the air
sanpl er 36Bhafalpbil Robitigeing Sgeemdna cohgcon ofisagBdes dibitingragovedhsloath whidlol ume of
air for later analysis. It should be understood, however, that the WO

03/ 053791 te@imiiSRERAK 1130 ¢an He/demmridtusmigrag apgrepeatel3@Oningyed rctivate- i&.,aunber of
sensors 320 that neasure a variety of characteristics of the air within

t he i nteriQPS eavivéry I5theafgnals $iohPd Agqenhdhtee bf Sdellifed dd4letcbad) thésenal
enbodi nents of the instrunented substrate 100 are illustrated in FIG 8.
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substrate 379 may comprise any suitable GPS receiver known in the art and, further, the GPS
receiver 370 may be adapted to receive Differential GPS (DGPS) correction information.
Differential GPS systems, such as the Wide Area Augmentation System (WAAS) and the
Local Area Augmentation System (LAAS), provide error compensation and improve
GPS position determinations using one or more GPS receivers fixed at known locations.
[0047] The GPS receiver 370 is coupled with an antenna for receiving GPS signals
and, optionally, DGPS correction data. For example, the GPS receiver 370 may be
coupled with an on-board antenna 375a. The on-board antenna 375a is disposed on the
substrate 200 and may be formed directly on, or within, the substrate 200. Alternatively,
the GPS receiver 370 may be coupled with an external antenna 375b. It will be
appreciated that the wireless communication device 360b and the GPS receiver 370 may

share a single, integrated antenna, such a shared antenna comprising either an on-board

antenna or an external antenna.



100 may include a power connector 355 for coupling the nonitoring system
300 with an external power source 10. In an alternative enbodi nent, the
noni t ori nyosp®sEm 300 may i ncl ude an on-board power sour ®ETAHD2/i1307
conbination with a power connector 358 for coupling with an external power
source 10. In this enbodi nent, the on-board power source 350 nay serve as

a back- up [0648] he RXdrédrt@bbtpia\walacEOME GeoghibHicl teferbiceipdint baRdvigsd £nt | y
di sconnected fromthe power connector 355. In yet another enbodi nent, the

power CO“Qﬁ&%@%c@@ﬁS%Qﬂakh@BQQ&%§%%ﬂfhé@Qﬁa&ﬁﬁﬁéhﬁﬁr@k%h&&'ﬁan&&%ﬁgrated
connector. [0045] In a further enbodinment illustrated in FIG 8, rather

than a_conpeetol 3698t is GAMDIN SALIAN gl DESAIMN SaLL A IBERANT SM 360

conprises a W reless communi devi ce rel ess conuni cation
devi ce 36 ﬁ e incéude any . suit B% i I.el ess .co i cati hnol ogy
and or methsdeergrs BRapre e REv I P S e R R 2 el 800 may
conpri se RF (ragf fre uencﬁ% or. m,.crowave __comruni cati on system an IR
(i ni 1 ar ed)ONEGHRT CRD SERISyEPER] b ed) ot e Vit e roRe AR or a
cellular tel ephony communicati on system An external = receiver 365 may be
coupl ed widPHrethéngrpisrass HermiinCEarreivendvl ean meoBe themeocssaingrdedice recei ver
365 may conprise an IR receiver for receiving infrared signals or an
ant enna f @i0 wideeiagturgie RAurcaiciimmdhesebysanlling engiromnentd Ichuraeteristioniohel cat i on
signals. Use of a wireless communication device 360b allows data to be
downl oadededotdeah s Aduminn dHtimeagnd pddidomaANE100B DS 16PETE B Z) 4230 18 300
during transportati on and/ or storage. Data nmay be downl oaded in real tine,
at  peri odinfedeftagy val s, or sinply upon request of the user. A wireless
conmuni cati on device

[0049] Using the GPS receiver 370, environmental conditions within a shipping

container 50 may be recorded as a function of geographic location of the shipping

container 50 during transit and/or storage. When semiconductor wafers and/or other

environmentally sensitive components are transported along a common route (whether by

land, sea, air, or a combination thereof), knowledge of changes in environmental

conditions as a function of geographic location will allow for the identification of

locations along the route where adverse environmental conditions are consistently

encountered. Thus, new routes and/or improved modes of transportation may be selected

to avoid the identified geographic locations and/or to alleviate the affects of the adverse

environmental conditions. Also, the GPS receiver 370 may be used to facilitate inventory

control and tracking. Further, because the GPS receiver 370 can provide an accurate time

reference, environmental conditions can be monitored as a function of both time and

geographic location.



360b may al so be used to downl oad data after transit or storage. [0046] In
yet another enbodi ment, as shown in FIG 8, the monitoring system 300 of

i nstrumervedsssdrst rate 100 includes a G obal Positioni ng $yateson/4GP5)
receiver 370. The dobal Positioning2Systemis a collection of satellites
orbiting above the Earth which transmt signals that can be detected using

an appr oprp@sop! ¥ 1698 4 StheCriRRABhMRbf thelinsBrumedted HBtrhi€ Q00,8 shovld it he
signals from an adéequate nunber of satellites are detected, these GPS

si gnal s C%gg.b@; tﬁé%ﬁ&lﬁo?ing%g&éxﬁiso@ir{cnﬂe Qﬁi%ggﬁﬂe\%e_ 1d0e TRESishRGAeVigt 380The GPS

][eceihver > Ogr;gy conpri'se any suitable receiver known in the art and,

urther, the . receiver._ 370 p: ] i | i;al GPS

'(A\ DGPS) coM R8RS fior H%fl? glr?l.lal %apgyg%?i %F«iﬂgj%% %g%ﬁ@?&’%%@?@gﬁdhe W de

rea Augnentati. o st en S d the Local _Area Augnent ati.0 stem

(LAAS), pFWF%Q‘S&W@/ sg%m%i@%asr] PABPIRRREBE RS e?s[?i%g%glf@? nati ons

usi ng one or nore GPS receivers fixed at known Iocﬁ?ti %@% i§l[ 0047]. The GPS
i

recei ver 3ectvso @B OpFraRr ap the diplayifiesish 489 of he UsRleX f5vde cgyardiongng,

optionally, DGPS correction data. For exanple, the GPS receiver 370 may be
coupl ed wivtith eog op mobbeamemanst entity sle Birse(e. oF e ighesppysh dutionse imay tesed by

di sposed on the substrate 200 and nmay be fornmed directly on, or within,

t he subst raatoper2@0for Abterandehtvehnd/or progar@@ig: dtgioukkbe3mdenstgpd.dwwsstrpl ed wit h
an external antenna 375b. It will be appreciated that the wireless

conmuni catthfARodevhd ent364Hd progtathén Sy beabioved uSiotirymethbidsree devisisngl e,
i ntegrated antenna, such a shared antenna conprising either an on-board

ant enna ofguAaseiek B ARble, A4 GA1ERss ORMIRQE3H QdviRCHOLSTRE dikplay devi& 380

may also function as a threshold indicator, as described above. The display device 380
may be provided in lieu of a communications mechanism 360 or, alternatively, the
display device 380 may be provided in combination with either a connector 360a (as
shown in FIG. 9) or a wireless communication device 360b.

[0051] The various components that may comprise the monitoring system 300 —e.g.,
processing device 310, sensors 320, data storage device 330, ROM memory 340, power
source 350, communication mechanism 360a-b, clock circuitry 362, threshold indicator
364, air sampler 368, GPS receiver 370, and display device 380 — may comprise separate
parts that are secured to the substrate 200 and interconnected. Alternatively, one or more
of these monitoring system components may be formed directly on or within the substrate
200, as noted above. |

[0052] Although illustrated as separate components, two or more of the monitoring
system’s components may share circuitry or comprise a single integrated component. For

example. a wireless communication device 360b and a GPS receiver 370 may share
?



[00481 In order to obtain an accurate geographical reference point based
upon a plurality of GPS signhals, it is necessary to have an accurate tine
ref erencewolc/osmet this need, each GPS satellite is adaptred/uso2/priovi de a
hi ghly accurate and precise tine basi®, this tinme basis being transmtted
with the GPS signal originating froma GPS satellite. One or nore GPS

si gnal s r guedeygnf GycuithyeorGRBrnativelyyide pRressognievichdtkiey erovpleguicdssing very
accurate time reference. Thus, the GPS receiver 370 can provide the

pr ocessi ngapbilittes fordhoh vf thé wareleaceuiratiricaiot kewco3 60biang thet GBS ebyivaenabl i ng
environmental characteristics to be recorded as a function of tinme, and

addi ti onal370! Qgk KoLk Eiwduitt 3@%&@@1&05&5@{1% d3viemy100Ray domniRGEeaSAE). [ 0049]
Usi ng the GPS receiver 370, environnental conditions within a shipping

cont ai ner i@%%}i BRpbEGPLACSindfing, ditBgh Eﬁ%g?ﬁg‘?gf%{,@a%i M%@ﬁdrgmf the

shi pping container 50 during transit an en sem tonduct or

waf ers anq][la Cl’(l)% gﬁ{;%n%1?%{%&&%@%%@4%%%?”“ tive conponents are transported

along a co e sea, air, or a conbination

t her eof), ﬁ edge of. changes i.n environnental . ditions as .a function
of geograp %\ﬂ ocatd GOl ‘fqngpﬁn%tﬁ/_ie&r’ W‘Pfgsﬁ“l?e(ﬁetv CF::J)E Seayrui0: agﬁ%at i ons
al ong the route where adverse environnental conditions are copsistently
encount er etPrageigyice 4aQy KViiraemery A8 rPoieh s QU SN tREEMBHCA08 HSSBANSR | on may
be selected to avoid the identified. geogr aphic |l ocations and/or to
al I evi at e Jhebadleekeairuity IR ethasheld sudicatarviot.crenpen kaldes §a6i all sempler Ap&o, t he
GPS receiver 370 may be used to facilitate inventory control and tracking.
Further, BeRSugsaver3§0GRE displeiderice 330 showmpamivdeskeibanh vaibaespattao FIGH 2
reference, environnmental conditions can be nonitored as a function of both
time and theagh 2pfeiiatehdedab repfesent a broad array of each such device, respectively. It

should be understood, however, that the illustrated components do not necessarily

represent the actual size, shape, or configuration of any actual device. Rather, the

components shown in FIGS. 2 through 9 are intended to represent exemplary components

and are presented simply for illustrative purposes.

[0054]  In FIGS. 2 through 9, the instrumented substrate 100 includes a monitoring

system 300 that is disposed on a substrate 200, the instrumented substrate 100 having a

size and configuration suitable for insertion into an interior cavity 54 of a shipping

container 50. Referring now to FIG. 10, a monitoring system may be disposed directly

on a shipping container to form an instrumented container 150. The configuration of the

instrumented container 150 shown in FIG. 10 is only exemplary, and it should be

understood that a monitoring system according to the present invention may be disposed

in any type or configuration of shipping container or other container.



WO 03/ 053791 PCT/ US02/ 41307 20 [0050] In yet a further enbodi ment of the
i nstrunmented substrate 100, as shown in FIG 9, the nonitoring system 300
i ncl udes wodizspi7ay devi ce 380. The di splay device 380 maycaarRor/iise7 any
sui tabl e visual display system incluzting, for exanple, an LCD (liquid
crystal display) or simlar device. Measured environnental paraneters may

be di spl ag@(ﬂss 191 reetihdrbh@nRa ORSHR P ﬁauaéaea HusiRh 252 BAVAELhABRg WHllE
di spl ay device 380, in conjunction one or nore conmand enfry devices

(e.g.. swiLehEsy, Bl %ﬂs%&% ?ﬁﬂ hnt&?o% %\gtyul% %Pr%celg;ﬂgﬁﬂt%ﬂhi?{e for command

entry ang/ or’ progra erstoo owever t hat command
entry an ro b achl eved U net hods devi ces, such
as, for ;5}}5?%&@@{ Xg\gﬁ gl(%@é c%gr Cﬁﬁ“ﬁﬁ) ecggmélgwgl © rﬁﬁé s EFay devi ce
380 may al so func a thresh l.d i.ndi cator scri bed ahove. The

i Spl ay dEVRBRIBB0 W Ry TESHPOPE A 1 B or Caé(“&iﬁ%ﬁ’ﬁ‘?‘@ﬁ“é’ﬁ%mﬂ%cham sm
360 or, alternatively, the display device 380 pay be_ provided in

conbi nat i dAS Werdef.eMithin thy iergisar! \fl%%é)alufzﬁgy 05%%‘?5? ¢ dispeppd gp the

Wi rel ess communi cati on device 360b. [0051] The various conponents that may
conprise twadl I3 nf therhonsing Y53, end 80 shelé ] 3 is adaptestlogedeing add vippertampalersensor s
320, data storage device 330, ROM nenory 340 power source 350,

comuni catsi e iahAaBhdcIbaiach]S0clsodkclades audvaple 362 ortchvesiidlfa i ndi cat or
364, air sanpler 368, GPS receiver 370, and display device 380 - nmay

conpri se geRMNRkE: ofedlnpS 5bRAd el SirpaBe! iredtidr atityel 54U e frdlvabl2 A6braise
i nterconnected. Alternatively, one or nore of these nonitoring system

g ggeg“ent $ndPEé D80T BIdTRIadid &Pl BIGOTD, F coMpldal Witk 1@ houkhsd 1571 ond@P, as not ed
more hinges. To transport and/or store a plurality of wafers 5, the wafers 5 may be
placed in the interior cavity 154 — each wafer being received in one of the shelves 156 -
and the moveable door 158 secured to the housing 152.
[0056] The instrumented container 150 also includes a monitory system for recording
at least one environmental characteristic within the interior cavity 154 thereof. A
monitoring system 300" may be disposed on and/or within the movable door or cover 158

or, alternatively, a monitoring system 300" may be disposed on and/or within the wall

153 of the housing 152. The monitoring system 300’, 300" may be permanently mounted

on the instrumented éontainer 150 or, alternatively, the monitoring system 300’, 300", or
a portion thereof, may be removable. The monitoring system 300, 300" of instrumented
container 150 would function in a manner similar to the monitoring system 300 of
instrumented substrate 100 shown and described above with respect to FIGS. 2 through 9.

[0057] It should be understood that, although the embodiments of an instrumented

substrate 100 and an instrumented container 150 have been described above in the



[ 0052] Although illustrated as separate conponents, two or nore of the
nonitoring systenm s conponents may share circuitry or conprise a single

i nt egr at ewoasmpsoent . For exanple, a w rel ess conmuni cat ipom/@eYit3e7 360b
and a GPS receiver 370 may share WO 0%/ 053791 PCT/ US02/ 41307 21 processing
circuitry or, alternatively, the processing device 310 nmay provide

processi ngont@ﬁ%!&iahﬂphi‘tﬁ}% sémti@%mp@ﬁerﬁmtwwneﬂa@ﬁﬁem@{Mﬂ%@@&i on device 360b
and the GPS receiver 370. The clock circuitry 362 and the processing

devi ce 3100 AR GATDY L 3hady SLAGL 81 il bBIRRGRIRANEN ANy BTl aK V. the

data storage devi ce menory 340 nmy conprise an i ntegrated

remory Aol ol 8953calS, ¥RTLAUR SRIPAISLSucn Eu iy L AGESRLAY dovi ce 310.

sensors 3 a orage devi Menory power rce 350,
conmuni cat. chani s 360a-b, cl.ock cjrecuitry 362 .threshold indicator
364, CoupctPitH Bt aBele. LFnaaRisEr St BB be drtbin sPrOSR i spl ay
device 380 - shown and described with respect to FIGS. .2 through 9 are

i nt ended  contpiagyfos BrRSPAItBE SaPIchEPebYeeB REQsCSINgStations wihintBey@s i vel y. It
shoul d be understood, however, that the illustrated conponents do not
necessar i manufagyring &sility he alemnaizielys p reonitehiagpeysteny 3oney erudispaserhof  any
actual device. Rather, the conponents shown in FIGS. 2 through 9 are

i nt ended bechragppessng cantang tafyrmconpanamnnged podtsangcqutasenSedirg andl y f or
illustrative purposes. [0054] In FIGS. 2 through 9, the instrunented

subst r at e rékdfiinghik ea Sondnentah térditiong thas yerh e Arel Snbjected talwihiased on a
substrate 200, the instrunmented substrate 100 having a size and

cszﬁln;‘o ipiglrjl 5 i Q028 ih @ PIcRit) Blay bBIBYifabRAVH R ondBllEdWRirbRhe MM iclaiRdined af
various locations (e.g., processing stations) within the manufacturing facility, but are not
maintained at intermediate locations.‘
[0058] Embodiments of an instrumented substrate 100, as well as an instrumented
container 150, having been herein described, those of ordinary skill in the art will
appreciate the advantages thereof. The instrumented substrate 100 may be placed in any
type of container (e.g., shipping, processing, etc.) to record one or more environmental
conditions within the container during transportation and/or extended storage. Data
representative of the measured environmental characteristics may be downloaded in real
time via a wireless communication device or, alternatively, downloaded and analyzed
after transit. Environmental conditions may be monitored as a function of time and/or
geographical location. Recorded environmental data can be used to identify

semiconductor wafers that may exhibit a low production yield, thereby insuring quality,

increasing production yields, and lowering costs. The recorded environmental data can



container 50. Referring nowto FIG 10, a nonitoring system nmay be di sposed
directly on a shipping container to forman instrunented container 150.
The confiwormtossyar of the instrumented contai ner 150 showedruse/@s3odi0 is
only exenplary, and it should be understood that a nonitoring system
according to the present invention may be disposed in any type or

confi gur at pp belisedlhtb Biliige GRMeSEMES 2 @nthidiels Wwlldsab BeiluatdVRoley BE3791

PCT/ US02/ 41307 22 [0055] The i nstrunent ed contai ner 150 i ncludes a housi ng
152 havi ng,a2aay st RehsP@diion153, the housing 152 having an interior cavity
154 for receiving one or nore sem conductor wafers 5 (only one shown for
clarity) og er ﬁgg@g r may be

i nserted | ?{gbrhe ﬁlﬁiﬂé{e %?Eg%%ﬂllétdyde%%gﬁ lohra }éﬁachcg& eé:ééwm\é?gg er eof .
Wthin the erlor cavit ality o 156 ‘are di sposed on
the  val I~ ThShgpe che bl Yo oy By ¢ 5%%%%9?“&1%5 LrERERBY o recei ve
and support a Wﬁ 5., The msé%ument ed container 150 al so i ncludes a
Tovabl 6 do6PPBE RSy D IgERRdPE O ¢ 8FPHY HtVﬁ@ﬂ%baéﬂ.nﬁgm%@S% BHYIBS TG t he
interior cavity 154. The novabl e door 158 may be renovable, as depicted in
FIG 10, ofo %@r@p@épomtmefirm Nemsrayg a@@Qorﬁydeéﬁ@nérand msdeiqetipRsde thero
transport and/or store a plurality of wafers 5, the wafers 5 may be pl aced
in the int emibodim@atsidtescribsdlhereiea@shwkha‘saltemeiiwgarraeg@hvéﬁ may herdeviedd yhe

shel ves 156 - and the noveabl e door 158 secured to the housing 152. [0056]
The i nst r utheise ddllabinttie mewithd@ dapasting faah ticespiritaf thenirésentyingssive and the
recording at |east one environnental characteristic within the interior

cavity 154s¢dpeioetie-apfende®blaiey.i Ng system 300' may be di sposed on and/ or
within the novabl e door or cover 158



or, alternatively, a nonitoring system 300" nmay be di sposed on and/or
within the wall 153 of the housing 152. The nonitoring system 300", 300"
may be pewoagesi7’dy nounted on the instrumented contai ner PCSQISO2/#1307
alternatively, the nonitoring systemZ00', 300", or a portion thereof, may
be renovable. The nonitoring system 300', 300" of instrunented container
150 woul d function in a manner sim | &LAIMS he nonitoring system 300 of

i nstrumented substrate 100 shown and descri bed above with respect to FIGS.
2 through 9. [ 0@&f]s ddimsthzul d be understood that, although the enbodi nents
of an instrunented substrate 100 and an instrunented contai ner 150 have
been descri bed above in the WO 03/053791 PCT/ US02/ 41307 23 context of
transporting sensitive conmponents between facilities or storing such
conponents for exten i i i de fabrication .

envi ron?rent, ch' pr eggg?%ﬁﬁgggf%tﬁ%g& a‘%%ﬁ‘?%‘%bﬁ"‘éﬁ ngr’qﬁeeccfn?aérhe§§%Y’?%ti on of
conponents_wi thin a.mnufacturing. facility. For.exanple, the instrunented
substrafe %Bqttenréoi C%Velglﬁtgé%felvﬁ aef’llﬂfglbtgé’gg?rﬁﬁor}éf}ﬁn’i?‘ﬁi“?‘ngmF’&th BYost¥por ti ng
conponents between processing stations within the sane manufacturing
facility of"Bi'¥'®natively, a nonitoring system 300 may be di sposed on

such a E})rocessi ng container to forman instrunented processing container.
Sensi ng anaSubséré%rt‘éﬂ%@tfﬁ‘éthéﬂvﬂl@rﬁ%’éw‘aﬁthéé?fﬂ@lil‘?r?oﬁsithat conponents are
subjected to within a manufacturing facility may be desirable where

cont r ol P edaawpiteorgevistes: disposedadmthe sutstiatat the wamitousg dyseat toserse aeleggt
processing stations) within the manufacturing facility, but are not

mai nt ai led at i oteemvidirateallcharattednie. [ 0058] Enbodi nents of an instrunent ed
substrate 100, as well as an instrunmented -

1 2. The instrumented substrate of claim 1, the monitoring system to store data

2 corresponding to the at least one environmental characteristic.

1 3. The instrumented substrate of claim 1, the monitoring system to output

2 data corresponding to the at least one environmental characteristic.

1 4. The instrumented substrate of claim 1, the substrate having a size and

2 shape substantially similar to each of the plurality of components.

1 5. The instrumented substrate of claim 4, the substrate having a size and

2 shape substantially similar to a semiconductor wafer.



cont ai ner 150, having been herein described, those of ordinary skill in the
art will appreciate the advantages thereof. The instrunented substrate 100
may be plwoadosst9any type of container (e.g., shipping, pPCEIOSe%iIsg7 etc.)
to record one or nore environnental onditions within the container during
transportation and/ or extended storage. Data representative of the
nmeasur ed environnmental characteristics nmay be downl oaded in real tine via
a wreless comuni cation device or, alternatively, downl oaded and anal yzed
after transit. &nvirAnaprials @pdisiigons may be nonitored as a function of
time and/or geographical |ocation. Recorded environnental data can be used

to idemnti fMsu&&ﬂ@e@@ﬂﬂé%ﬁhﬂfaﬂ‘ﬁfe@ib?céd?@tof%xntg?ﬁ&i;bi t a | ow producti on yield,
thereby insuring quality, increasing production yields, and | owering

costs. 3rhe,; bREALASHE0Y i ﬂg@ 1 can WO 03/053791 PCT/ US02/ 41307 24
al so be useg tosegafuatem? e ge?#éﬁg%?m% container, as well as to evaluate

nodes d r ortation, 0591 . The foregpin etailed
descrig?io%H%%Qgg%gg%%%Hgg%gméggﬁfﬁagm63ém§H@§pHFFFH§%§§Fngeﬁﬁﬁnﬁ%t

restric{ive. They have beenlgﬁogided.gringfily for a clear and
conpr eliensi ve uiTa&r Bt ENEPHESHH CEHACHIESeM? | nvention and no unnecessary
limtations are to be understood therefrom Nunmerous additions, deletions,
and nodl i 617 SRPSE detisrisRaseben thestbstaiegad coudecheite the presssing devivs.
alternative arrangenents, may be devised by those skilled in the art
wi t hout departing fromthe spirit of the present invention and the scope
of the appended cl ains. WO 03/053791 PCT/ US02/ 41307

1 7. The apparatus of claim 6, wherein the interior cavity of the container

2 includes a plurality of shelves, the substrate having a size and shape suitable for insertion

3 into one of the plurality of shelves.

1 8. The apparatus of claim 7, the size and shape of the substrate suitable for

2 insertion into an uppermost one of the plurality of shelves.
1 9. The apparatus of claim 6, wherein the interior cavity receives generally
2 cylindrical wafers of a specified diameter, the substrate having a generally cylindrical

3 shape of a diameter substantially equivalent to the specified diameter.

1 10.  The apparatus of claim 6, the substrate comprising a semiconductor

2  material.

1 11. The apparatus of claim 6, the substrate comprising a sorbent material.



25 CLAIMS What is clainmed is: 1 1. An instrunmented substrate for use with
a container, the container having 2 an interior cavity to receive a

pl ural i t ywofo3mssrponent s, the instrumented substrate 3 commCirdiSogy#1347 a
substrate to insert into the interior2icavity of the container; and 5 a
nonitoring system di sposed on the substrate, the nonitoring systemto sense
at least 6 one environnental characteristic. 1 2. The instrunented
substrate of claiml, the nonitoring systemto store data 2 corresponding

to the pt |eastinne E Ebﬁlﬂtﬁ@!@f@lb@n@hﬁﬁﬁ&é&ﬁ&a‘!}é Edinprising a JRR AR SaidAENt ed
substrate of claim1l1, the nonitoring systemto output 2 data correspondi ng

to the at | east one environmental characteristic. 1 4. The instrunented
substrate of claiml, the substrate having a size and 2 shape

subst anf Pally S.ﬁ ! hgtagpﬁgﬁg.o?&ﬂﬁlb?, tRcl,' ’sgngt!rlcgéxpglglﬁgggﬁ gﬂg&%gfa’[u%e 5. The

i nstrunented substra I'm he  substTr I'ze and 2 shape
substanfially simlar. to a sem conductor wafer.. WO 03/ 053791 PCT/ US02/ 41307
26 16 ATEpAPUR ALY SRR P EIHIC RO fb P SHALIOP 5P &R EICF FRTBASHRS nt er | or

cavity of a caontainer; 3 a~qrgcessing devi ce disposeg on the substrate;
3 radiation sensor, an electrical charge sensor, a chemical sensor, and a particle sensor.

1 14.  The apparatus of claim 6, the data storage device comprising one of a

2 RAM memory, a flash memory, and a disk drive.

1 15.  The apparatus of claim 6, further comprising a ROM memory coupled

2 with the processing device.

1 16.  The apparatus of claim 6, further comprising a power source disposed on
2 the substrate and coupled with the processing device, the sensor, and the data storage

3 device.

1 17.  The apparatus of claim 6, further comprising a power connector disposed
2 onthe substrate and coupled with the processing device, the sensor, and the data storage

3 device, the power connector connectable with an external power source.

1 18.  The apparatus of claim 6, further comprising a communication mechanism

2 disposed on the substrate and coupled with the processing device.



4 a sensor disposed on the substrate and coupled wth the processing
device, the sensor to 5 sense an environnental characteristic; and 6 a
dat a storwgasasbrte di sposed on the substrate and coupl ed PaiTtUso2/ms07
processing device. 1 7. The apparatu of claim®6, wherein the interior
cavity of the container 2 includes a plurality of shelves, the substrate
havi ng a size and shape suitable for insertion 3 into one of the plurality
of shelves. 1 8. The apparatus of claim?7, the size and shape of the
substrate suitap e fHe apBarkids 6f é1a218, MccoMnBRBLAREELANE OfmrREh! Ural ity
of shelves. 1 9. The apparatus of claim®6, wherein the interior cavity
receives ggpatadlly 2 cylindrical wafers of a specified dianeter, the
substrate having a generally cylindrical 3 shape of a dianeter
substantially equivalent to the specified dianeter. 1 10. The apparatus of
claim6, the substrate conprising a sem conductor 2 material. 1 11. The
apparatus of clgim t he substrate risin sorbent material. WO

05/ 053791 PCT/ b2/ asepbersi 3t G5t vf KT ontn iftsfiof Hegfaisnt LIPrihe S ubst r at e
conprising a desiccant material. 1 13. The apparatus of claim6, the
sensor confFFIETSFgIEHENGHOR deie at ure 2 sensor, a humidity sensor, a
pressure sensor, an acceleration sensor, an electromagnetic 3 radiation
sensor, an electrical charge sensor, a chem cal sensor, and a particle
sensor. 1 14. The apparatus of claim6, the data storage device conpri sing
one of la 2 RAMInenvkhgapparfiugshiclamndl, yhe wimeless cdmgkungriioredevice comprising

2 one of an RF communication device, a microwave communication device, a satellite
3 communication device, an IR communication device, and a cellular communication

4  device.

1 22. The apparatus of claim 6, further compriSing a coupon holder disposed on

2 the substrate.

1 23.  The apparatus of claim 6, further comprising clock circuitry disposed on

2 the substrate and coupled with the processing device.

1 24.  The apparatus of claim 6, further comprising an air sampler disposed on

2 the substrate.

1 25.  The apparatus of claim 24, the air sampler including a sorbent material.



1 15. The apparatus of claim6, further conprising a ROM nenory coupled 2
with the processing device. 1 16. The apparatus of claim6, further
conpri si ngoaspssver source di sposed on 2 the substrate andecaaispt/etdowi t h t he
processi ng device, the sensor, and th® data storage 3 device. 1 17. The
apparatus of claim6, further conprising a power connector disposed 2 on
the substrate and coupled with the processing device, the sensor, and the
data storage 3 device, the power connector connectable with an external

power spurce. bel8. TiRepaRR@E 8f4ginPs, fﬁh}@ér%ﬁpriéﬁg&hﬁéshsfarmaii:aﬁ{ﬂ%u%ed
conmuni cati on nmechani sm™ 2 di sposed on the substrate and couple th the

processj ng, ﬁ&kgﬁxx¥$%éﬁgd%§379l PCT/ US02/ 41307 28 1 19. The apparat us of
claim 18, the conmuni cation nmechani smconprising a 2 connector. 1 20. The

apparatus of claim 18, the comuni cation nechanismconprising a 2 wreless
comuni cation device. 1 21. The apparatus of claim 20, the wireless

communi cati on Vi ce_conprisin 2 0 n communi cat.i on device, a
ni crowave co rm&(ra(l c aﬁ hs ﬁggaé@tluﬁ 8?01%1‘“13%{] gﬁ t&c&%ﬂwmﬁ COBPIERE Y¥side, an IR
communi cation device, and a cellular communication 4 device. 1 22. The

appar atlus Bf#ic¥Phi m 6, further conprising a coupon hol der disposed on 2 the
substrate.

1 28. The apparatus of claim 6, further comprising a GPS receiver disposed on

2 the substrate and coupled with the processing device.

1 29.  The apparatus of claim 28, further comprising an on-board antenna

2 coupled with the GPS receiver.

1 30.  The apparatus of claim 29, further comprising a wireless communication
2 device disposed on the substrate and coupled with the processing device and further

3 coupled with the on-board antenna.

1 31.  The apparatus of claim 28, further comprising an external antenna coupled

2 with the GPS receiver.

1 32.  The apparatus of claim 31, further comprising a wireless communication
2 device disposed on the substrate and coupled with the processing device and further

3 coupled with the external antenna.



1 23. The apparatus of claim®6, further conprising clock circuitry disposed
on 2 the substrate and coupled with the processing device. 1 24. The
appar at uswofozobzbm 6, further conprising an air sanpler dipsgasez4on’ 2 the
substrate. 1 25. The apparatus of cla¥m 24, the air sanpler including a
sorbent material. WO 03/053791 PCT/US02/ 41307 29 1 26. The apparatus of
claim6, further conprising a threshold indicator coupled 2 with the
processi ng device. 1 27. The apparatus of claim 26, the threshold indicator
conprising a visyal Tr dppatat8botlaind 288he GPS rapReF Bipisvi@d arfindichidh off Ur t her
conprising a GPS receiver disposed on 2 the substrate and coupled with the
processj ng;gevice. 1 29. The apparatus of claim 28, further conprising an
on-board antenna 2 coupled with the GPS receiver. 1 30. The apparatus of
claim?29, further conprising a wireless comunication 2 device disposed on
the substrate and coupled with the processing device and further 3 coupled
with the on-bog& aﬂgen a. 1 31.. The apparatus of claim28, further
conprising an eXter faAfPHACENPEPISWSi ed 2 with the GPS receiver. 1 32. The
apparatus of claim 31, further conprising a wireless comunication 2
devi ce 4i shBsHEdRclrdag gﬁeg%%w?aqu%w@&omvmtt ehopstngedal} by ingepi ce and
further
3 opening;

4  aplurality of shelves disposed on the housing wall within the interior cavity, each shelf of
5 the plurality of shelves to receive a component;

6  adoor movably secured to the housing proximate the opening; and

7  amonitoring system disposed on one of the housing wall and the door, the monitoring

8 system to sense at least one environmental characteristic within the interior cavity.

1 3. The container of claim 34, the monitoring system to store data

2 corresponding to the at least one environmental characteristic.

1 36. The container of claim 34, the monitoring system to output data

2 corresponding to the at least one environmental characteristic.

1 37. The container of claim 34, said each shelf of the plurality of shelves to
2 receive one of a semiconductor wafer, a magnetically accessible disk, and an optically

3  accessible disk.



3 coupled with the external antenna. WO 03/053791 PCT/US02/41307 30 1 33.
The apparatus of claim28, the GPS receiver to provide an indication of 2
time. 1 3WO0 odos3at ai ner conprising: 2 a housing includi ngPaThugitrsg7 wal |
defining an interior cavity, the housi3ing wall having an 3 opening; 4 a
plurality of shelves disposed on the housing wall wthin the interior
cavity, each shelf of 5 the plurality of shelves to receive a conponent; 6
a door novably secured to the housing proximate the opening; and 7 a

noni torj ng systggn di SROSHERIRA 0PABINDS4, WIRrAOMIbAATa Petkibn BNGhe hRiEORY . the
nmonitoring 8 systemto sense at | east one environnental characteristic

Wi thin §hegphefsi8hobayd ty. 1 35. The container of claim34, the
nonitoring systemto store data 2 corresponding to the at |east one
environmental characteristic. 1 36. The container of claim34, the
nonitoring systemto output data 2 corresponding to the at |east one
environrental c rac%erlstlc The contai ner of claim 34, said each
shel f of the plUurali i”B?Hﬁ%g?ngﬂ?% 2 receive one of a seniconductor

waf er, neti cal | ccessi bl e disk, and an opti %Ily 3 accessi bl e di sk.
VO 03 / o5 37ggoq§@g/15§9 ylgf ysingyyall defi ining an interior cavity, the housing wall having an

3 opening;
4  adoor movably secured to the housing proximate the opening; and

5 amonitoring system disposed on one of the housing wall and the door, the monitoring

6 system including
7 a processing device,
8 a sensor coupled with the processing device, the sensor to sense an
9 environmental characteristic, and~
10 a data storage device coupled with the processing device.
1 40. The container of claim 39, wherein the interior cavity includes a plurality

2 of shelves, each of the plurality of shelves to receive a component.

1 41. The container of claim 40, each of the plurality of shelves to receive a

2 semiconductor wafer.



1 38. The container of claim34, wherein at |east a portion of the
nonitoring 2 systemis renovable. 1 39. A container, conprising: 2 a
housi ng iwoloa@sargt a housi ng wall defining an interior caviPCr/uShveishousi ng
wal | having an 3 opening; 4 a door m#vably secured to the housing

proxi mate the opening; and 5 a nonitoring system di sposed on one of the
housing wall and the door, the nonitoring 6 systemincluding 7 a
processi ng device, 8 a sensor coupled with the processing device, the

sensor it o senseqan The@bitaineNsRMial 34¢ thalsagdoe tdrbprising B @f terdfdraburdat a st or age
device coupled with the processing device. 1 40. The container of claim 39,

wherei np t m%nédataeﬁdn%itf s b1y a bREINEESs@, Bl Mcaletati¥n sehs@ asielipsendrch of the
plurality of shelves to receive a conponent. 1 41. The contai nér of claim

40, eagh of al j o, i .G r wafer.
WO 03/ %53#6%1%{3’%2%4%%%@&1 ggﬁéy%gé&ﬁge&%g%%{g?rﬁgf g‘ég?;ga[rg?lrgnggﬁgpt he sensor
conprising one of tenperature 2 sensor, a humdity sensor, a pressure
sensor, an accel eration sensor, an electromagnetic 3 radiation sensor, an

el ectrical charge sensor, a chem.cal. sensor, and, a. particl.e sensor. 1 43.
The corlt ai ner o‘g' cl 'ﬁcg’gt?m%%fe%f";%ﬁ’ﬁgﬁeﬁcﬁ%gﬁ d@@‘CEB‘NBP‘i‘%’%‘Q“e é& of a
2  RAM memory, a flash memory, and a disk drive.

1 44,  The container of claim 39, the monitoring system further comprising a

2  ROM memory coupled with the processing device.

1 45.  The container of claim 39, the monitoring system further comprising a

2 power source coupled with the processing device, the sénsor, and the data storage device.

1 46.  The container of claim 39, the monitoring system further comprising a
2 power connector coupled with the processing device, the sensor, and the data storage

3 device, the power connector connectable with an external power source.

1 47.  The container of claim 39, the monitoring system further comprising a

2 communication mechanism coupled with the processing device.

1 48.  The container of claim 47, the communication mechanism comprising a

2 connector.



2 RAM nenory, a flash nenory, and a disk drive. 1 44. The contai ner of
claim39, the nonitoring systemfurther conprising a 2 ROM nenory coupl ed
wi th the woasesybng device. 1 45. The contai ner of clai m ®gI/usem4180ni t ori ng
system further conprising a 2 power s¥urce coupled with the processing
device, the sensor, and the data storage device. 1 46. The contai ner of
claim39, the nonitoring systemfurther conprising a 2 power connector
coupled with the processing device, the sensor, and the data storage 3

device,j the powsy ConpeshRines eNasat ARl Mnmmtleﬁh@emhsnp%mm ce. 1
47. The container of claim39, the nmonitoring system further conprising a

2 co iC ed with the processing device. 1 48. The
T e TR aoe]

cont ai ner e comuni cation mechani smconprising a 2
connector. WD 03/053791 PCT/US02/ 41307 33 1 49. The container of claimA47,
t he conmuni cati on nechanisn1conprising a 2 wireless conmunication device.

1 50. The cont aj er Lm4 th i rel ess comuni cation devi ce
conprising 2 o o) i %‘? V\% ‘B%%S&%nm‘é‘n}?iaﬁ?fbéﬁ% COBWRHLAF cat i on
device, a satelllte 3 communi cation device, an | R comunj cati on devi ce, and
a cel | W ar ORhrREceammpnicatiogdyyies a micrppavaspmpppicationelevise, 232l 39, t he

monitoring systemfurther conprising a 2 coupon hol der.
3 communication device, an IR communication device, and a cellular communication

4 device.

1 51.  The container of claim 39, the monitoring system further comprising a

2 coupon holder.

1 52.  The container of claim 39, the monitoring system further comprising clock

2 circuitry coupled with the processing device.

1 53.  The container of claim 39, the monitoring system further comprising an air

2 sampler.
I 54.  The container of claim 53, the air sampler including a sorbent material.

1 55.  The container of claim 39, the monitoring system further comprising a

2 threshold indicator coupled with the processing device.



1 52. The container of claim39, the nonitoring system further conprising
clock 2 circuitry coupled with the processing device. 1 53. The contai ner
of cl ai m@9,03tbsFononi tori ng system further conprising an a&cm/usazssopl er. 1
54. The container of claim53, the ai¥ sanpler including a sorbent

material. 1 55. The container of claim39, the nonitoring systemfurther
conprising a 2 threshold indicator coupled with the processing device. WO
03/ 053791 PCT/ US02/ 41307 34 1 56. The container of claim55, the threshold
i ndi catpr conpr ki noTRe eéh&%kofaamis %ttgfesh&d%camo&gﬁ&agQ@i@uzﬁf claim
39, the nonitoring system further conprising a ceiver coupled with
t he prq? ?ﬁ“ﬁ geV|ce 1 58. The container of claim57, the nonitoring
system conprising an 2 on-board antenna coupled with the GPS
receiver. 1 59. The container of claim58, the nmonitoring systemfurther
conprising a 2 mﬁreless comuni cati on device coupled with the processing
devi ce and further upled. 3 th the on-hoard antenng. 1 60,  The

cont ai nbr of cl 3-m SH eRENGER eam#gtwg?rémrmaﬁm%?geﬁﬁ?wrﬁ@gaan 2
external antenna coupled with the GPS receiver:, 1 61. The contai ner of

clai m6d, Qﬁﬁrﬁ@ﬁ@f@ﬂmﬁﬁ‘§9Bﬂ@ﬁﬁﬁﬁ$ﬂﬁékV@©npr|S|ng a 2 wireless

communi cati on device coupled with the processing device and further coupled

1 58.  The container of claim 57, the monitoring system further comprising an

2 on-board antenna coupled with the GPS receiver.

1 59. The container of claim 58, the monitoring system further comprising a

o

wireless communication device coupled with the processing device and further coupled

3  with the on-board antenna.

1 60.  The container of claim 57, the monitoring system further comprising an

2 external antenna coupled with the GPS receiver.

1 61.  The container of claim 60, the monitoring system further comprising a
2 wireless communication device coupled with the processing device and further coupled

3  with the external antenna.

1 62. The container of claim 57, the GPS receiver to provide an indication of

2 time.



3 wth the external antenna. 1 62. The container of claim57, the GPS
receiver to provide an indication of 2 tinme. W 03/053791 PCT/ US02/ 41307
35 1 63.wAommesited conprising: 2 disposing an instrunment e®CIUSSL/MBOE W t hin
the interior cavity of a container; ¥ sensing an environnental
characteristic with the instrunented substrate; and 4 storing data on the
instrunmented substrate, the data corresponding to the environnental 5
characteristic. 1 64. The nmethod of claim63, further conprising sensing
the environmentgd 2aehaiccdoglprisinbC as a function of time. 1 65. The nethod
of claim®63, further conprising sensing the environnental 2 characteristic

as a fugctj i j : t:he . I -66. The net hod of
H ?f&?ots%r&‘%ﬂ%ﬂxﬁ)éﬁke% sLifgald \ﬁ%xf?fﬁhe d?t%n&%bﬁ%@% orﬂ-aéﬁe@

cl ai m 63, conprising sensing the environnenta characteristic as

a funct4on %fsin%:agg?\%ﬁﬂm%% a?&gagi‘éte‘%isli%ﬁhit}%)e”xn@;urﬁe%‘?ed%%?sgﬁ%%egﬁrﬁd L 67. The

S . .
met hod of &1 &i e ac Sensi ng an envi ronmnen aracteristic 2

conprising one of sensi.ng te rature, . sensi ng hum.di sensin essure,
sensi ng? 3 SORE e th i IBHENRY SerLEr bR aGREOTEPPRINA Bh S SRHETHG
el ectrical charge, sensing a 4 chemcal, and sensing particles. 1 68. The

net hod df cl ai n¥BHCtA§HE-her conpri si ng downl oadi ng the data from 2 the
instrunmented substrate to an external system

1 64.  The method of claim 63, further comprising sensing the environmental

2 characteristic as a function of time.

1 65. The method of claim 63, further comprising sensing the environmental

2 characteristic as a function of geographic location of the container.

1 66.  The method of claim 63, further comprising sensing the environmental

2 characteristic as a function of time and geographic location of the container.

1 67.  The method of claim 63, the act of sensing an environmental characteristic
2 comprising one of sensing temperature, sensing humidity, sensing pressure, sensing
3 acceleration, sensing electromagnetic radiation, sensing electrical charge, sensing a

4  chemical, and sensing particles.

1 68.  The method of claim 63, further comprising downloading the data from

2 the instrumented substrate to an external system.



WO 03/ 053791 PCT/ US02/ 41307 36 1 69. The nethod of claim68, further
conpri sing downl oading the data to the 2 external systemvia a wreless
connect i owo 05/03791 The met hod of claim 68, further conpri sipag/wommizoadi ng
the data to the 2 external systemiméeal time. 1 71. The nethod of claim
63, further conprising placing a test coupon on the 2 instrunented
substrate. 1 72. The nethod of claim®63, further conprising collecting an
air sanple 2 within the interior cavity. 1 73. The nethod of claim 63,
furtheryconprisgng iTwl mehbder didiat 68, Rethe2comtisipnivmlalinghas &ed ®rthst i ¢ has
exceeded a predefined threshold. 1 74. The nethod of claim 73, further

conpri sy ng . mbsupl t)éml\ngé%releggcotnggguohhe 2 environnmental characteristic has
exceeded tﬁe predefined threshold. 1 75. The nethod of claim63, further

conprising: 2 storing the data in a renovabl e nenory device on the

i nstrunmented substrate; and 3 renovi ng t he renovabl e rrermry device from
the instrunente su ratg dVEIOP’/ 1 PCT/ US02 41 ad ?{ c?t7t6 hThe
net hod bf cl ai glapd g e g hePdaty's Owélo SV P o y

devi ce conpri si ng storl ng the data in a flash nenory device. 1 77. A nethod
conpri s? ngexternal system in real time.

1 71.  The method of claim 63, further comprising placing a test coupon on the

2 instrumented substrate.

1 72.  The method of claim 63, further comprising collecting an air sample

2 within the interior cavity.

1 73.  The method of claim 63, further comprising indicating that the

2  environmental characteristic has exceeded a predefined threshold.

1 74.  The method of claim 73, further comprising visually indicating that the

2 environmental characteristic has exceeded the predefined threshold.

| 75.  The method of claim 63, further comprising:
2 storing the data in a removable memory device on the instrumented substrate; and

removing the removable memory device from the instrumented substrate.

(5]



2 providing a container including a housing wall defining and interior
cavity having an 3 opening, the container further including a door novably
secur ed twotld@sitousing 4 proxi mate the openi ng; 5 provi dipag@/Eozwrsnt or i ng
system di sposed on one of the housingd™all and the door; 6 sensing an
environmental characteristic within the interior cavity with the nonitoring
7 system and 8 storing data in the nonitoring system the data
corresponding to the environmental 9 characteristic. 1 78. The method of
claim7y, furthes compymsthe@of sl 15, g Rt cRuiginand da thhd fmoRalbie i nteri or
cavity of the container, the conponent received in one of a plurality of 3
shel ves; di %%%ddmetéaﬁlph%é's@ﬁnwel datalin 4Slasi REmEBE BQsteof claim 78, wherein
t he conponent conprises one of a 2 sem conductor wafer, a magnetically
accessi bl e disk, an optically accessible disk, and a 3 flat panel displ ay.
WO 03/ 053791 PCT/USOZ/41307 38 1 80. The nethod of claim77, further
conprls ng sens5ﬂg %Q%prngEntal 2 characteristic as a function of
tinme. 1 81. The t hiod™ TR further conpri sing sensing the
envi rongent al characterist.ic |on of raj hic. | ocation of the
cont ai nér . PVishng al'ﬁ‘g‘tar}%‘?rﬁ’b‘"du%’?g %F‘I%‘?SI‘H %ﬂ%@rﬂdgﬁﬁ% iCAYHGIYIANg t he
environnental 2 characteristic as a functlon of tinme and geographic
| ocati o of t heoresgath§espntainer further including a door movably secured to the housing

4 proximate the opening;

5  providing a monitoring system disposed on one of the housing wall and the door;

6  sensing an environmental characteristic within the interior cavity with the monitoring
7 system; and

8  storing data in the monitoring system, the data corresponding to the environmental

9 characteristic.

1 78.  The method of claim 77, further comprising inserting a component within
2 the interior cavity of the container, the component received in one of a plurality of

3 shelves disposed on the housing wall.

1 79.  The method of claim 78, wherein the component comprises one of a
2 semiconductor wafer, a magnetically accessible disk, an optically accessible disk, and a

3 flat panel display.



1 83. The nethod of claim77, the act of sensing an environnental
characteristic 2 conprising one of sensing tenperature, sensing humdity,
sensi ng pweIswsx91 sensi ng 3 accel eration, sensing el ectr oragnene/e1307

radi ation, sensing electrical charge,38sensing a 4 chem cal, and sensing
particles. 1 84. The nethod of claim 77, further conprising downl oadi ng the
data from 2 the nonitoring systemto an external system 1 85. The nethod
of claim 84, further conprising downl oading the data to the 2 external

systemyvia a wigoel eShe aRMvaAGTichim 77, Bftherldogpieing @ehsiy thé &ivifoBhenthlur t her
conprising downl oading the data to the 2 external systemin real time. WO

03/ 053491 (;gggcyggyﬁja?{ggcmg%fgny The met hod of claim 77, further

conprising collecting an air sanple 2 within the interior cavity. 1 88.
The met hod of claim 77, further conprising indicating that the 2
envi ronment al char act eri stic has exceeded a pr edefi ned threshold. 1 89 The

met hod ,of cl ai urt o} i vi sual I

envi ror}mant al char a(?{h I}fldco(‘fha ?(t:@%aercfoﬁ?ns ﬁé%glglﬁioes%m%d 1 90.
The nmethod of claim 77, further conprisin storlngthe data in a
renovall e SRERAGIRYSHFAS aTHNCtion §f §oq8 lﬁﬁat‘toﬁé’fﬂ?ﬁi?{}tﬁmeé menory devi ce from
the nonitoring system 1 91. The nethod of claim90, the act of storing the
data in a renovabl e

1 82.  The method of claim 77, further comprising sensing the environmental

2 characteristic as a function of time and geographic location of the container.

1 83.  The method of claim 77, the act of sensing an environmental characteristic
2 comprising one of sensing temperature, sensing humidity, sensing pressure, sensing
3 acceleration, sensing electromagnetic radiation, sensing electrical charge, sensing a

4  chemical, and sensing particles.

1 84.  The method of claim 77, further comprising downloading the data from

2 the monitoring system to an external system.

| 85.  The method of claim 84, further comprising downloading the data to the

2 external system via a wireless connection.

1 86.  The method of claim 84, further comprising downloading the data to the

2 external system in real time.



2 menory device conprising storing the data in a flash nenory devi ce.

WO 03/053791 PCT/US02/41307
39

1 87.  The method of claim 77, further comprising collecting an air sample

2 within the interior cavity.

1 88.  The method of claim 77, further comprising indicating that the

2 environmental characteristic has exceeded a predefined threshold.

1 89.  The method of claim 88, further comprising visually indicating that the

2 environmental characteristic has exceeded the predefined threshold.

1 90.  The method of claim 77, further comprising:
2 storing the data in a removable memory device; and

3 removing the removable memory device from the moniforing system.

1 91. The method of claim 90, the act of storing the data in a removable

2 memory device comprising storing the data in a flash memory device.



