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WD 2004/ 103050 PCT/ | B2004/ 000996 DRY CABI NETS FOR USE

I N MO STURE SENSI Tl VE DEVI CE MANAGEMENT | N ELECTRONI CS
WORNUAAGITLIRI NG 5 FI ELD OF THE | NVENTI ON The i POEIB001000996

relates to inprovenents in the field of electronic

packagi ng & assenbly and the soldering of ICs or

passi ve devices on printed circuit boards. 10

BACKGROUND OF THE | NVENTI ON The ongoi ng integration

and mniaturization of conponents for electronic
DRY CABINETS FOR USEINMOISTOURE SENSITIVE REVICE MANAGEMENT IN

ast tventy yearstEeTRAAUEEMANGERETIRRNG, Lr  ni'ea
Wi ring boards (PWB) as they are nore comonly terned,

pl ay several key roles. First, the electrical
conponents, such 15FHEtDsQECTHEIINVENKENG i nt egr at ed

cL R Brub R B e BiovaroBi TR R A if i febeoio &
assafily &nd R SsoldetgRNECs @ essive devivesm prifited circhit boards.
conponents. Secondly, using chemcally etched or

pl ated conductor patterns on the surface of the

board, the PVB @fdﬁek?ﬁ)ﬁl@%l' F%@iwtp&?@p o
i nt erconnecti on . addi ti on,
t hﬁﬂé’%ggoimg integratibh andratikibtuaizetios ef compoasnts fbealectronic circuitry
sin ncr ease integrate ircuits,
has BEpere@ oW 9@%'%7@ ﬁ\% éw)sgqmmg%iwm %Q%S%?%@O'Ogy over
the I%@tn@é‘n't)‘??%?;%n PRhted &Fc,tuﬁt (??d§ bf BHht‘eHerlﬁﬁ Hoafds gFgg‘Bgfas they are

evi ces are applied direc to e surf
more kbenmPivd v hermsal, gdayesbvesalieywrates: Fp'a’ailee elefdtrinal conpRNents, such

as speSinll BRcidsh RS roME TP BHTS: S v S CraliiEg or cafed on the
suﬁéd@@%éﬁla@ﬁsﬁﬁl%hf&ﬁj (?&?éﬂilf@'bba‘iv@sr hd?é/ tI?é)PWB%@%eS as a support for

I ncreasi ng 25 conponent density by over 40% and
the eathponents. $@¢orww lusing chemigally alabedi wrdategongyetasgeatterns on the

s RGPV 80 B B P etcer

the SoHPOHEHLS, InSadttiire theVPIVB @an inclbes avhetdhardn bomilgy é&a heat sink.
silicon die to the substrate. Unfortunat el gtﬂ noi St u

i niicarased ysenakinteamied sickiigeand syfageomens caﬁalogy (SMT) has

cco 800 it A IBRSY e RRRl S UResunlofod (Sv0) are
applisacdiegntlyite tse/bodagedf ihe PWB and soldéezd usimyge/apol ghase geflow
(VPIEk g o0 )OS OLiS Taep SUUSRTG %@S“re SMElsaolutionizing the
elecﬁSb@%éﬁ%ﬂaﬁfbﬁ@ |ﬁ@tﬁst§)rﬁ? éo%carf dé %g)b(fb ggégf 5%/0, increasing
compahseinitensity thyeoyeadké&gand enhancing rellablllty

In a conventional SMD package, a silicon die is mounted on a die pad of a
multilayer organic substrate. The entire die pad area of the substrate is coated with an
adhesive which bonds the silicon die to the substrate. Unfortunately, moisture inside a
plastic SMD package turns to steam and expands rapidly when the package is exposed
to the high temperatures of VPR, IR soldering, or, if the package is submerged in
molten solder, wave soldering. Under certain conditions, the pressure from the
expanding moisture and steam can cause internal delamination of the plastic from the

chip and/or substrate, internal cracks that do not extend to the outside of the package,
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1 WD 2004/ 103050 PCT/ |1 B2004/ 000996 band damage, wre
necking, bond lifting, thin filmcracking, or

wee@uaoiongy beneath the bonds. In the nost sevECEIBRA6#100996
the stress can result in external package cracks. This .

pand, daags. tire et enaond fitBos e AR SR, of SRAHRG BRneath the

bono%“'lr?fhea%sf b8fere cagk, thetdireds caindebliein' @Brnat PaBRage cracks. This
ace 5 nount devices (SMD) are nore susceptible to

is commenlgrrefﬂrmd toremthet'popgdrnti phenpanenen higserse ehasimterngt stress

r te ratures "
causg5iiiE prrsoa L oiog ABReR G Wt ahi it B8k ot Syrface
mouﬁpéé\ﬂ&éé)(smmtar@ﬁfd#é sQBcéptd|é athis petblérh thbﬁ? th‘rbuth«Hole parts

board as the surface nount device. For, through-hole

becayeei FMDs arﬁ@Xi?@S@I‘éi(P higheptarapersiires cuiipg raﬂ\%rSO{q%lng The

reasﬁ:l éﬁﬂh# @ﬁ@%{d@S so eglé@mr%rgﬁoﬁ Qﬁ.lg? gﬁwﬁ%ﬂg‘g dgeeéf the circuit

boargn®l ﬂh@rsug‘ia@:enﬁﬁl}miﬂm/loe: Fﬁh lthrbugls-gloie ?evmdasz thaispldaring operation
mount,_pad interface to f t si t

ocoumRdgbmerFE It HBET VIS SRias TedneaRole Yaeas fpm the hot

sold%{. @‘l’ﬁ@&hﬁ%@w oSvdls e é‘gﬁﬁﬁ?ﬁ’ @mﬁﬂx’?ﬁ’fgféﬁ@ thlﬂkﬁégsaﬁ@m the chip or

‘conmbn causes 0 package fail ure.
mouBtipad inteffacé to thel cmtsude;of ¢Iumptazst|c patkage€.popcorn" test,

R 3s3LS I SIS Vb di o8t aq s Breh e Rhesive-
subétﬁé‘t@irﬂ@ﬁﬁ@éhfé%e@ﬁ@st FRiaI dlisBh oF BMIDipackades fHiluse. Such a

and the Joint Election Device Engi neering
fanumsmery commzmsEm) thedpepcanitgst s whish $e adneisture pemsitivity test.

con B 15 ScRRCET oR B The WGy bR sty
Pacl@%ﬁﬁ ERsBohic Cﬁé@utsﬁ(TPC))( aftiahé gomit Fectidd Dédcé E@gﬂ’c‘d@‘fﬁg Council
g%ur e Sensitivity Test (the popcorn test) has 3

(JEDFeQ)eL@,veI IBeMeistgre Sensilivity el ssén3ompAdVANEed eaﬁlé%gqaq%an pass the
Level mg%@%ﬁ@é@ﬁ%e}?géﬁmgg&& f@l&%tﬁb §Q‘:}(gl {/]lfyle‘géét"r%mams

extrérﬁélgrcuhaﬁehgmg heat i ng cycl es whi ch foll ow specific
UI re nts

Fibe IRe Rk Meisied sepp it dentltas bepaprbsliascs levels. Level 3
S 0 B s g . o
relativeehumniglity Sor 192 hbust themcyted mromg;feﬂlreellmqoylvecmheatmg cycles,

which o SpePiR roadraTaant. Levrle Motz Seritoe ehiinds i she

pacl@;gel ¥ SQRueRl t8rB5 Rkt 6@%(@%%%@5@@&%1%%0&\@ and then cycled
SD22- AT12- A Moi sture-1Induced Stress Sensitivity for

thromrathree IRGonveckoMbeaitngmwgiese $pvel 1, which is the highest level of
moisture insensitivity, requires that the package be subjected to 85° C at 85% relative
humidity for 168 hours, then subjected to three cycles of IR/convection heating (See
JEDEC document No. JESD22-A112-A Moisture-Induced Stress Sensitivity for Plastic
Surface Mount Devices).

Various techniques have been used to either limit the amount of humidity a SMD
package is subjected to between manufacturing of the package and the time of
soldering to a printed circuit card. Techniques have also been used to help the SMD

package to pass higher levels of the popcorn test.
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the anmobunt of humdity a SMD package is subjected to
whedmaedsianuf act uri ng of the package and t he PECTEB2064/000996

soldering to a printed circuit card. Techni ques have

SR RER R LA HEN e
soldgﬁ%ﬁ k33 ggﬁﬁé@&?&ﬁt bodtd! sier pé&lég%@%@tpa@f(edfﬁhétsw [ﬁ)e@ﬂn hermetic

package 1S subjected to prior to solderin
bagspto preyentihecabisorpiioir of meisturefraR é@@@nwr@ma@k% rﬁMiD packages

et BBE o i, B8 e Pl 038181408 onment o

som@’fu%en flis @ﬁ‘iﬂftﬁﬂstﬂyrhtéﬁdé@ttb%a*kégﬁy fHie bb&ad‘e%vt%fbﬁﬁsurface mounting.
ect ed theé environnent for 5 sonetime, it is

The |addjﬁ@lnayst§pa@cﬂ giter plapisgdhe SMIP mcbageksl@blgermgt@r lgags or baking

fa
thor e B R Trnitacl G BOF Rt & BBRlce R gl 12
t hpastis ahdaseshémeetisuraet moungdedsds cén be devibuslyatanaaged from
product. Plastic and ngn-herneti cwsurf

abserber faaisiiip ONErrsessIE IYREEiRYEEPldersR: afcéﬁeé'ifégﬁfhis from
hap;?%rﬁlﬁé rom%él%rl?aiz%ué éﬂ@@%ﬁﬁ% Ei’év% |9@'éﬁ§ red&ti c}lér Ssi8hches. A

eni ng, asse ave adopte
comwaon stustegy wmluesrsioamgitheeamfaoeemppt devibess in dry aatimeta that can

maiRfpl ¢ B eIt 1655 b e i exrgs Alap SHish PR % in a
dynéc(hﬁsrbrﬁﬂlﬁoﬁﬁerﬁbdﬁé’ Rlust HS s Eypﬂ\#véé’ﬁiﬁ Ltl‘i’e‘!"dB"l%/ablﬁet% W|th hlgh flow

ynam ¢ envi ronnent, one mist do SO by sweepi ngb
rateshof/dqagmméyalcahly Ng)hu@mafresmﬁ aperatingosudly gahjasts ecomes expensive

it ettt e bt B MG PP PR e 2 e
that PR&Verfts #es estabRsHBemtasTuhé piGdYss iRaviantfcheiny ;Jnanﬂl e

that prevents the establishment _of the process in

nmak® a€:600i83§, pesigned tp tegratebDegige Taghnglegy. ing, also protects a
mm%}gf S?%ﬁééﬁ\gee@hg@eerﬁ?%%kg%uqerte%o@ ut8 a'%Q{a %Cﬁr%d@ ermined

om expos

thresivsid devel Dygslading the@dvicé iiﬁte%h@irﬂaineva,hthka/d@dnemntgartmmen sealing
device into a' container with a desiccant and th

the genfpineg Quce Hie MoiRtuerRansittyr COMPRNGASE Sfaiid %@M@kU@F% the
contafHg: %‘Eg%éalgﬂ %HHQhQ%oﬁﬁﬂn%ﬁfse%mé\fégi f{&ﬂr’tﬁ F R8htdifer. After

unsea e conponents renov rom-t e| r
evalaatiomy the rconffanents aneaﬂesmredrho theheomielmm nehich isthen resealed The

restored to the container, rt res al ed
abovg,§ sgrgrggp%@ d L ecapr[]mnqn §ﬁ§e E’%’r?ﬁaﬁ eglcgntalner for either
shipPeHte8r ﬂréﬂébdrféﬁbﬁ o%%’l‘&é“tﬁlaefocﬁptresﬁhé BAViroERTENe protective

transportatlon out si de | ocal testlng envi ronnent .
confainerps angtypevef aElosie élnatsmmrﬁlzaa;the sapeowree)fdn@gwé-sensmve

c:omponen{n to tme Solerrl]teenev)i( RRIENT. Bue ng;t té'ﬁect%@ﬂééé i gtemmlng
moisture accumulation, a baking step is not necessary immediately prior to shipment.
Obviously, the repeated opening, testing, and reclosing of the container are added
steps which increase the manufacturing and handling costs of the device.

Equipment commercialized by Seika Instruments uses a self-desiccant material
to dry the atmosphere of a dry cabinet. The Seika Instruments cabinets, however, do

not maintain a RH% of less than 5% in a dynamic environment.
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conmponents to the anbient environnment. Due to the

ef fectiveness in stemm ng noisture accunul ation, a
wh20ungpost ep i s not necessary i mmedi ately pri oPCT/IB2004/000996

shi pment. Obviously, the repeated opening, testing,

and recl osi ng of b Ty 6 steps which

i ncrease the man sts of the

deYﬁéEres%Q\t FANBBR Y dFECBBRE 'aaddvéﬁérwda@%tk@sed to store SMDS at

Instrunments uses a self-desiccant material to dry th
low mmﬁhtvmdepreﬂeat moystu:r@bnde@ed frilrescoitheldevioesndniofder to reduce

the & s'r ase%osdwﬁgl)p{l %rﬁ(?ﬂ qr&ﬂﬁg(::ﬂbrﬁ gt 'e%iﬁ%%g@a ifveht olﬂacfbnswts of
builditg N, B2 @p# 429 efftage SHMBRYthaEintilidd &Y N}rﬂr@ky Has generatlon system.

present invention is directed to a ngvel cabi net
The @@@@Oﬂtalrs@d; Ne osKins 9as geneiating yateny eliminas ﬁ‘éﬁfﬁﬂeed fora

I t :
B b A IO I AR o
elimipating tiser ihétellatian o&tts @%sd)dnatedl vmﬂean Il‘anﬁ’aﬂkSliJGtUE oThé cabinet

hen%ll)elp\qgolrggs E}Qq?%r@ag% @qaug:ygl rr;/eéqsgeﬁgg s. ﬁljsulg performed at
mlmﬁﬁl Eo&OJHdaél hab%s G %Xp&?s?vegﬁl% ll%hbﬁ'@:o%bégﬁa?me Nf'z infrastructure.

m nat es e need for centralized nitrogen o
The aedddam cbmpms;sedyasn@wer mdsuld ol sentrane geaeratioal system can be

I|mnat|n ot her installatjon costs. .
insta8d st 2l bipSsick HriwoRed Rafekr siel o vePh e GarRkping cabinets to
stord'B8¢S, IRABIE JeddEtarpRIBAE-SRIE 88ddmiflEaRWBRIor EMDK.Y

gas needs. this is perfor med at 10 m ni mal cost and
el i m nat es ot her expen3| ve installation costs for the
N2 infrastru dryer
nodul e or N2 F

i n?»'h@'F'igiﬁeWa&idntbhﬂﬁd@éleﬁéﬁoﬁl @i@@,q)a?ﬂibbnﬁé\‘ﬁaystbfﬁé Hry cabinet
or very @g i ncludi ng cabinets to store trays,
aen

Ofthl’ﬁolﬂbﬁmit@nﬁ ing: 8 self;geheeatinadry 0asesasred PWBs, or
SMDs. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS The Fi gure
is a front and side elevational view, partly cut away,
of a dry caDHETAILES DEBICRIPT@NI@BTH it'YEMTHINa

o T TRRmirRcitoB o Aurck modt APUReSTSMMR Jes S@ilheanty
contﬂgﬂﬂeﬁ% tlﬁ@'é@@% é(;lf'}geﬁﬂ SHHIEAtRGHIE h%?eyrﬁ@g rF’IQé‘ﬁ@QMD’s d3Becially, have

advancenent o ctroni c asse [astic
gained patreald gopuian'vtg asgaliahedevicas effer eopatilidy ang ttae; mhen:ent low cost of

evices off versatilit andthe nherent | ow cgst.
plasff Bafitabeaclinsecoviess Lol Pl dave bR aRatenists Giieing sensiive to
mo@u@ad\na@hﬂﬁen&ﬁ a%b@ﬁhérﬁ’ﬂﬁumidi‘@ onmsemh%ug]ﬁhel\@rﬁ{éab% SMD
from atnospheric humdity diffluses through the
packsgierantbif $hesivpisture level inside the package reaches a critical point, the device
may be damaged when brought up in the temperature during the reflow soldering
process. The rapid increase and high vapor pressure in the package combined with the
thermal mismatch stress the component. Typical component failures include die
cracking, internal corrosion, bond wire damage, and, in the worst case, external
cracking. This is also referred to as the popcorn effect due to the audible popping at
failure.
To avoid moisture-induced failures and popcorning, it is necessary {o

scrupulously comply with the floor life recommended by the manufacturer of the
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25 package and if the noisture | evel inside the

package reaches a critical point, the device my be
welawagedswhen brought up in the tenperature dupCTEB206KN00996

reflom;solderlng process. The rapid increase and high

ComPHE essur TS, iI:? ”§qtr{'s§g}°tyﬂ§(§9§%¥ﬁggb¥&} & %appr(g)gp%t has qualified
(IPCC}SE'D?EGGJlSTf[ﬁOBQAFﬁ]didé@ééJ% R lifs:r RC&vetgday pEtioa] this is not

corrosion, bo W re damage, and, in the worst case
alwaystastident f@Opr@ﬁH@Ekh ragsomh(teackingdl By way ef f pragatitiomeandwhen the

rooBRSOA RSt LS AR P A RIRRO R 2k

comirp_énéﬁl%Qﬁ Deder tbGenfselths Inssistuye ammha/ve/v?éuheﬂ i bmv' ent humidity
ife recoomended by the manufacturer of the 4 WO

expopua; Babirnappsy tf@zﬁemﬂ@fdog agrmalyrfene st anlevated iamperature for

= el i ML E 2 Tl 088 32 oty
cond:erﬁe onlyncavpornyetity qﬁtelaml Bde 6 duE to theirmelativalyvenpst floor life.
ractical ,reaso

@3&@@%%9 By R moistare- mﬂ%éé aalfgki ngéd @Sépﬁwaé%goiqﬁ%er
apprba%ﬁ@é BRRMFRSE &étﬁr%trv%%mﬁn’é e Ratton b’ﬂ@éuEDEC J-

conponents I n or to renove the noisture they have
STQ;GB&erdJmlypzﬁ)@?rbia@matba ondilieynativemadutians. Bayical sefutioas and

strafegiRsc ALY RTONG i 7 8 SR AU G CAN Fintain @y aimosphere

less@hark Q‘V@Rﬂﬁyﬂoﬁ/@%mé\ﬁ of itk @ilstlﬁﬁ‘btdﬁ é‘@éﬂﬁbté’are able to reach and
concerns only conponents of | evel due to their

mainteirathiat leivel ha proguction envirenment. | Eh@;éw @gbmeés/t’mtt gliow such low

e AL T AU VR R SRBOL o PR o By o il

N, frone ardtyogerie sofirceRsut HRPBE o mémbrahdBNL Bodld! e ugd)?2 As a result,
el aborates on alternative solutions. T Bi cal solutions

operifg ssich sebiieis bepemes SXPoN$IMG B tas the @pefatifigycosts associated
. i t j . i . 50

it RS S NS FBUFL BB BF B ol it 20y Binents, e

neeafibrecabinets dledit vaé lower opeiating ltastd is\arherginga 'bhieds:pia'rtlarly

enyi ronnmen few, cabj nets that  a h ow 15 .
crta BBMEoWH e AEBERRLS DAL AP eG4 geniralized
nltrdgjeﬂrbofulr(%’"céﬁb@%@fengﬁ%r gas (typi caI ly N2 froma

ryogeni ¢ source y air or menbrane N2 coul d be
us étis. invention reslulces th@p@taasagciatmmﬁlammadeqwﬂie@:pemtion of a dry
i er ne. erating costs assocCi

storgy RARneF Wil it sShs Ve HBVRE esiRi TR BN pssembly

envnP&ﬁ’néﬁtsemé YalsinEt liDEERiSinveRton RESE sfe‘lTligI_ biveg anyt & source,
have | ower operating costs is erer gi ng his is

whigheenly cequirasysaroe eleatiic apwehapd seadilyvawailgble earopressed air. The
cabingl U&%FO%P cle)c(. cﬁ)\/ %ag %lrt)laﬁ/ery [ ﬁlel@'ﬂ% éos‘ie'xorc%tﬂlﬁ&? the dry box or
cabinet can be located anywhere in a PWB assembly plant and does not require the
need for a centralized Ny system.

The dry cabinet of this invention includes a self contained dry gas generation
system and is indicated in general, by reference numeral 10 in the Figure. The cabinet
10 typically will contain an access door 12 with handle 13 to open and close door 12
and allow ingress and egress into the interior of the cabinet 10. The access door 12

may include one or more windows or visualization sites 14 to allow the interior of the
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ni trogen source can be expensive. This invention
reduces the costs associated with the adequate

wop@raciosn of a dry storage cabinet used for POI/BE2004000996
sensitive device management in a PWB assenbly T

e GO e 458 By e i GRS B Aoty of
shel§é’§“?6 %reﬁbﬁh% {ROVEFa & fhouRtdblived VRtHGhS F&W@ﬁéﬁ& box shape

inet unit produces dry gasS at a very
cablnairlglsntnaWncmsthe Figurer thierpgriiculahshape obibe Qablneimeﬁmot form an

e 5 S e S kAR BRI sB R 9 nctuc

wheéhésétQﬁé bolBrPtheréstab RRbwHaskiif mbvetasht ¢fithé Rabléeardund the SMT
contai ned dry gas generation 30 systemand is

PFOGUIGUQIG&QMW n general, by reference nuneral 10 in the

acggé'§a|&'gg$ "ﬁm\ﬂqf% l%\égmgfﬁ‘é’ Ibg \gyooﬁ’?‘ré%ﬁtavg@ﬂﬁ ﬁ‘i'(\)és" gggmet the prior art

diredtdd itodhalchbinet A atds ef aelryg gas typidatly inittayeéngbtdined from a
t he cabi net 10. he access door 12 nmay include one or

centrajized oNMAET BirogeR siEh 2513 BOSRR SYPRIY AT GIVOERNICHPe generation
systbft ﬁ{{r@g&f doifetdf ﬁr el fﬁﬁ’/@ﬁﬁ i Fﬁérle%ﬁf%(/lgggga%%ae@rated dry

cabi ne e Vi ewe e ou S e cabl net
gas gehératingisyatdny withirt tiencabimetistraiciurg. the dehghs genéfatingrsystem
storing the surface unt

dev . Alth h
receNES ARG O oS HESE whelharia e fort gt mdfiugreource or a
centfAlZEH %ou?&a'etd)ﬁ‘r’otvio‘"el@hérde%héﬂ%lr?ba& RatHiPHe@ibiAeE TheAse of a

orm an |nportant part of the present i nventi on.
centrdlized lmhnmulaso@wpremduanresomoe aad denerating thewdasied diy gas at the

cableggg bo I§/ gg%@ﬁt%rtﬁ%&o%ﬁﬂﬁ prﬁy@gﬂ&ﬁ] cﬁf§|%queqn\ﬁn%rr9ent% fhin the interior

of thEyd?rz‘é@bMét rélativ@td il dbst of piv%vli‘dJmi; #hé Prienait ceptfaited nitrogen or
in the cabinet, the prior ar directed into the

nltrO@&Brg%’terﬁﬁl@wswrﬁﬁﬁrat es of a dry gas, typically

{\bgg\épefeﬂjﬂ{%ﬂontﬁg Fi . Eo ?)?égsrel?iléfﬁgm %Q@al%ble source,

n s as a n bgen su or a

wheﬂwﬂ%r mbdalar 30pplyssfemmprasddikbaid by ceﬂhﬁalimﬁ c!fm[brhaesed air system,
present invention, there is praqvided an integrated ge}(
qu&'g ir via line

ente@%ﬁweg@w&aévn% Gyiadim3R- Arvalve Re cearlirest t plRSse
20 tJ Eﬂ 4y g/ﬂ'gf%}%‘f ?ﬁ% g@?ﬁtrﬁﬁélﬁ ﬁgbgﬁi‘ﬁ%‘oﬁﬁ% PF B&tPcontained

npr es orm ar source
W|thrmrthe steehirealficabihes d0r The b dyyev24 and hmirar@‘l genkrdtign system 26

are BBt bnbre 186" Grbineb i Hiaaeegln ialiph §f Hredn Ges foming
systgﬁﬁhﬁmfl tﬁéweéb.ﬂbt ‘id)‘?s AGt &mebnt%tthewédtabnr educes the

providing the desired environment within the
i nCempresseﬁ air via liney2@ ibdlineated & aitherconkoth ke asiryef 24 and

nitro%e%vg'eorl{err] 58 Vi vglve ?2 i e e‘%l fo t‘?‘:g aﬁtl Ehrygg %Re %ompressed air

through valve 22 enters line 28 and then a filter 30 so as to remove air borne
contaminants such as minute particulates and the like. From the filter 30, the
compressed air stream enters the air dryer 24 via line 31. The air dryer 24 is a
desiccator, which includes a mass of desiccant, which removes substantially all of the
water vapor from the compressed air stream entering cabinet 10 via line 20. As
previously stated, it is desired to maintain the environment within the interior of cabinet

10 to a relative humidity of less than 5 %.



10

15

20

25

30

ni trogen-generating sources. Again, referring to the

Fi gure, conpressed air from any avail abl e source,
wob@thedosa nodul ar supply of conpressed air orPCT/IB2004/000996

centralized conpressed air system 20 enters the dry

C BBl IeRIGRaR ThishaDaY besutable arevntiaes f fhe st below

whlc?lrls Mok &2 §l§‘st%n§fu%lhﬂga|§bfﬁﬁlﬁﬁ‘o&§je %'btl\%’cbﬂ ,caﬂ%ﬂ Ebeﬁ‘fi@% oxide,

thin the structure of cabinet 10. The air
baruamd)elrclnlocajenczgelum homide sgalciom dﬂoru@e,ecam@umh rtdfﬂ naICIum oxide,

b 1 hi 10. Th i
ELEEE R O S T
lithidn§ ldﬂ?&e%bghéﬁhni&lél*& InRAGE IR é&ﬂ@@rmrmsgﬁésuammfate
via line irected to elther or both t

molenujast sievesa minosphenus penteyidarratassion hMOkEOﬂde\(félS,@Qz stigks, etc.),

* ot Db L84, R B RSl R i c

titanfuB@llidatd, 'zebleB£zin o biewiidea e chiridel ainadi dumiginations of such
particul ates and the [ike. Fromthe filter 30,

desigearif e R@ degiceantsraaybe Meed dn VAEOUS forptsy Epr Qaampg ithe, desiccant
may3c}e ?-Egﬁd Sy diaY I?({)w@%ﬁédéslé?arﬂ\?\ﬁéfﬁ%BQfo’m\}Y\@eCﬁ'art of an aqueous

es ‘a mass ‘desi ccan reno
sowauhstantlally all of the water vapor fromthe

P e 4ainaPmPTPESec: B SUREY NoY e o Tupetantialy al

i
of thr%g)ééatre?\'i/}gﬁ rt in gﬂ y cBngl?%dsgk? gﬁé di?@}oct‘égl?i\}%etgg dri{;éilbgoﬁthe cabinet to

sweeCthé Babmét GO@MntaExamrmtesoroen\dr@s\mmﬁmpgtammg Hessathaipedb %

bl d th t bel whi.ch
relafig AGRNya T Rup o35 al Brveliad a6 aby a2t Pohilia'ite 2Rl a flow
contRsildr @ WhicH®an dHustyon Meranirhe df ery aitldresBdihfinit@ésinterior of the
cal cium chl ori de, cal cium hydride,” cal ci um oxi de,

cabiget viadiae 3. yiherfiaw centyalisr should: alsaincudamen omlafj awitere to initiate or

R A O T

serigalbf atyeyas iNfEcesrs |38 Thiedvjestory B sieet the mrgaym@xher the dry air, or
pot assi um hydr oxi de (fused sticks, etc,

as V\&Ibbg &xatained beloms mt@gqncfgprgQltro%g%rﬁwrzg(mgéthe mterlor of the
cabxﬁ@fjI l'l“ll{éJ &fdk ﬂﬁmt%‘r‘ lhH &gﬁe ?f% (ﬂjﬁégénl%gd FéEtlﬁglthé AP gas into the

Zi nc brom
lntemxm'rdfloMJinem@ ishos oitical fersthisqzartisulafineedtian andmine ofeprdinary skill in

the 2 CRATSLRTAME NS AMGHAl Gi2oTH GRS 9384T ERiRRGY would be
el YPRARII OBl taes, S0l Lt on, Do S
suhstl'wnElgare yit |a|shown that the dry air from air dryer 24 can be directed to a
storage tank 40 prior to be directed into line 32 and ultimately into the interior of the
cabinet. The storage tank 40 is optional and can be used to more accurately control the
flow of dry gas into the interior of cabinet 10. Thus, at times, the environment within
cabinet 10 may be such that no additional gas is required to be used to sweep the
interior of the cabinet. At such times, the dry air or nitrogen can be stored in the optional
storage tank 40. Although one storage tank is shown, a separate storage tank for each

of the air desiccator 24 or nitrogen generator 26 can be used. Further, a single storage
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of the water vapor initially contained therein is
directed into the interior of the cabinet to sweep

wa b@4aedosmet and maintain an interior environnmer/IB2004/000996
cont ai ni ng | ess than 5% 15 rel ative humdity. Thus,

fromthe air er 24, thed air is sent vialine 32 .
tankiwjthhsenasare ? Fef comparipents farihe @érta'?c\!;P%'toﬂé‘“ respectively
ry air directed |nto the interior of the
can é%@i ne Vle{:gl line 36. The flow controller should al so

i ntristemi efireorovirig trmmvateln vapor fiomi the@ompressexbagasttreahn\xhe dry

gas, ych s njested g Hae eyl o1 48e pabingH. caf Pyt Bapderbpd by o
nltroggn g@?‘\%rétﬁf E&rﬁtgfr%d?\ﬁltrﬂhrc%tnett h@ W*th Qﬁﬁ)r toMgE FerttibA, nitrogen

air, as Wl | be explai ned below, nitrogen
has beemuaed rt@gwaeg@mepab@etsz@ matngaintes enigningnter law gelative

038 e AR S ARG By BB, PRI fovgrer.su

cabih&ts'@éredinket @8 la demtralitéd nREsdencyeridratiyy eotiicen whith earebe very
of ordinary skill in the art can determ ne the

costiitenenstryczandamaintgine Agcoutinalyds thigjirvardios, avm1>éwar nitrogen

gendfBitrds WoridiBied il U o Uapitd ] okt fARRRL, TG Rltlen

genér@ttm 1§lshonecgrre&_,4'ena@ ngmaﬂalﬁtﬁlzamﬂ gtanemllgsbrmm@;estcaﬂor more
prior to be directed into_line 32 ultimtely.

mermlERE (eIt 1eSh 06 SAING JHTOUAN TaRINS COMRIBSTSHhAI styeam 20

t
and it ftBH GG o lfEcRRBIalyS Rl (RS SBGRY TSI i) i or more
menrases asuchi agesolyintide epolycanbovate, wylohi, 6, 6 cpaliysiyrern) omegllulose
such that no additi S reﬂw red to

b .
acetplp SbsonRs By Bhieed-dp Wi iientEa, SribPressedaiE i e 20 i

dlreétbﬂ%‘% leefsli‘?n ?érx byivae 2@&5 rr@@aﬂ a‘h@r’chéﬁ tﬁrbgpﬁqmtbﬁ anhg remove
Op | oOna orage tank 4 Alth oug one storage tank

particslagemivom theg@mpraseecttatﬂrsérgem am@mrfiter ddcand hﬂe #Bcthgifiltered

com%‘fﬁss'(s% aatlro rtr%qrﬂgﬁ glrgétgﬁ gg Blt%ﬁ%ﬁaﬁi @Ogﬁg\?fn Lé%et‘ﬂembrane

modtfel 2'589@'2/90%89@’[@ gifks Wéated 36 RBapatate anfgsefoatnitrogen in the air
conpartnents for the dry air and nitrogen,

strearesgskipriodury a ighly fogeebisatediNi stea@m. nst ead of
;temé I%%ﬂphgﬂg‘r’@éﬁg;gés{ﬁé’é)mmag hgmb%@nélgy%ﬂfﬁﬁdp%{?ﬁce of the invention

'S in

will ¢arheronby b@%rrtdltwemhl membranassembligsogpitafly positiohgd avithin
nitrog[en gener at or cont Iﬂﬁed wi t hi n cabi.net

_ Th
enclgsurgs tpdofhAdNembEe Blpdulq 9raRESINg the pﬂeglﬁaﬁ@@mq'ﬁ%’f a
menTHBRE SY5kent AR gﬁaér# Sod Llﬁ”réﬂerlﬁré t%r’c}ié rlsmjfﬁ]@)h t@{]rgér?ﬂﬁ/rane system

relative hum e storage o
compebes etmembrarm/mduw orsénpmider of sleete redulasy@nranged for either

nets re li.nked ntralized
pargl (45T oE SEiPRGPerticRe | PREbE Bodylss,can g ppysiructed in
comVéhuérﬂrrﬁinbupﬁbeW@lrmm nal \lv)éﬁﬁw blegied. fldt BhbBt fembrane
I nvention, a nodul ar n| ?
assemblies, or in any other desired configuration. Membrane modules are constructed
to have a feed air surface side and an opposite permeate gas exit side. For hoIIow fiber
membranes, the feed air can be added either to the lumen side or to the outer surface
side of the hollow fibers.
It will also be appreciated that the membrane material employed for the air

separation membrane can be any suitable material capable of selectively permeating a
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10 generator is incorporated into the dry cabinet 10
of this invention. The nitrogen generator is shown as

wO0 ejoanednse numeral 26 and general ly conpri ses PCEIE2004/000996
nore nenbrane nodul es, used for separating nitrogen
fromthe conpressed air, stream 20 and for, producjn

morg serilt RAIMAsiR FOMPPPeRi! t%?@«%ﬁf g8%irhe- Bl at?sﬁ@',er@ﬁﬁves, such

L He 1IRS | pERAIRIABa R

as oBliyBRE SeolEERIRLe AckRTURIIY ) IR IRE PLhaIRg

polyimeidies ainekidirey atyé palyachidesandh gyl ipplyémidesn polysuliorss; galystyrenes
ir vialine 20 js. directed at |east in part by valve

a“d%ie{'i@lqrﬁéeﬂ@sﬁﬁtﬁ'ﬁ’ﬁ&ﬁ SpRh Girganalsy ter 44 to renove
]Piaf\t%'iﬁdibéfe‘asaﬁd\[émﬂé“}gerﬁ%ﬁbléﬁ%ﬁ_ | br@ines TohfBind i embrane

er 44 and line 46, the filtered conpressed air _
systen pasitionediwiteintcabines 1) afrtbg érventioamaay be 26 any iesitable form, with

ol FBEEREm RS BRIt o SiaRY prslFed it B ppbidipR i the
mendhY@nBrAgiesial empldidyin %demé@bd\eeﬁéréﬁ@ﬂbpﬁg@tion can be any

_perneabl e menbranes that can be enployed in t
suitahle statedalranaiie pheelaetively Peimeatingrddinrg readibnptialaaple
compRoBRCHH 205 8RR ET PLARH: % R88 SARNAT M component

The polyménsadis @l sserimnoddiatelynatvdvecare repsdsmtative exaaples @bgduch
i reference to the inventio

W.th i € n, a nenbrane syst 25
mateliaips t ikba URERISTeRr InbE ArbGE NUMAIAYB PNSY Pegable mambrane
mat&fsly aps kn@%ﬁ@ﬁﬂ?@af}%nd%uﬁ%ﬁfe foP@akalin 8lail & aggf?(‘m.)Asoﬁoted, the

series operation. The nmenbrane nodul es ¢
menclonases uas echployedciartke practice od the invienkien, mhay e ioranyrsuch form that

. spiral und, pleated flat sheet nmenargne, assenblies,
s ugshut o e diedBr LA sePann Being FHed REAHEERINS SvStem and
prodERd ¥ @fe AenfigRstructed to have a feed air surface

side and an opposite perneate gas exit side. For

hoQnevisfa $ecaltl fnompasitesnembearialda wiiich thenadsivedayerds positioned

coofphPEY iR Gt S BeruttfiEngpyndarg <Y Sy bb RS sdbistee. 1na
compBsitéBidmbiMethb &ictidé |5/epbal ehe babsiréte drenot paFrtRi aldraents of a
menbrane can be _any suitable material capable of

singlas Ineenqliticyayssr ddgliusyally age podpged bydapng up one layer on another,
/ i | :
suclfgrg b&@%%%t%%%ﬁsep%%t% Iéﬁxf}g' ﬁheps‘?.f&gr?ri%\?é ?ar‘? BERPES %tl\%rly gas

eed gas ul'ose atrves, suc
permsalsierhatietiakEbatctgpisblly isawit] Wsomentiomdd) tducotporasiey thedsubstrate has

neglﬁghjslﬁizdﬁke; ag,l'a\ argpgqepsé‘gm?@nsyd@@é) ggslerr?bgﬁtﬁglgégg Udl’qu tr%rn)élmembrane
st SBRER ARy 54 B ABEROP B KEu e lnicn s
itselfmotmallyeteodbimpoi ferma sdiesuppoblirgntiim or to withstand the pressure
gradient across the membrane imposed during routine operation.

A preferred type of membrane is known as an asymmetric membrane. This
membrane is characterized by an anisotropic structure in cross section normal to
direction of permeate flow. Typically an asymmetric membrane has an active layer
constituted by a continuous, dense thin skin at one surface and a porous, usually
thicker support layer coextensively adjacent to the skin and tending to be increasingly
porous with distance from the skin. The active layer and support layer of the

asymmetric membrane are usually composed of the same selectively gas permeable
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system positioned within cabinet 10 of the invention

may be in any desirable form with hollow fiber
woresobnesoss bei ng generally preferred. It will BPEI/1B2004/000996

appreci ated that the nenbrane material enployed in

subslanemnT be shinde i aRaasas b B BE el hsts A6t agmetric
men%}% el 3‘?@ ptﬁér{ﬁlﬁl% oG R R HboRit 50- m R pidietiaBly about

|n| ng a ess read GK per nmeabl e conponent
50- 1Bl®e Aahgmeore pfefmalslgaiboutrﬁ@dh(mo y Thb@symanetric membrane can be

I at | I |
cithql1BRRQBSCPTIGTIRRS ar 11Tk 19 BrFEPREN Gsd el atpinpratte the
actnl@el'é‘f?ér"‘gﬁd sUBHEH |Ref afd Sahé‘%‘f"ﬁnhrﬂebi’é@e@hﬁorﬁiﬁﬂﬂé létrh@t@lr@ Ina

use I n a alr “separation. As not ed menbr ane
comassmpswmtmm memebrpnacthiecasyoimetiie mﬂmﬁan%mclu%s @éubstrate

ccio ol e a0 T oA By cEBh L B Sl e
comﬁﬁglte AeiS@ReYant Bieformearty @M anflilar torefofs® pomds%ilbstrate
onposite nenbrane” in which the active layer is

surrpwsded byiaccoaxisd anerler sbegthaa] thecy e HicMP(brane: [y composite
I
s SHRERS Sl 3B AB112 M ol e apo e
sub&tffte rll@yernﬁétsbﬁietmhﬁmlle%tmély ae@@resil togisctherteuppart ldyer". The
| ayer. They usually ar pr duced b@ ayin
asyINEIRING prerapianRdAYer ey bslraleypleally ﬁavg fffereptiamgositions.
| ayplisy Ig@%eﬁlfgrsg%@%%&éﬂoﬁ% 5{%{n%§ta'r<¥ﬁlelﬁu§ﬁﬂy Pols/merlc A

perneab mat er i yplca y 1s not
divecbeavamxatpmf pslymers ltandghssaedatos trhmsuppm'gi/e gub$teatgaczf a composite

merbAtea RRBPAALVS FbSITe oM TS R ofiskTpnge, Boifether
sulf%&vﬁgﬁ%nﬁﬁéggﬁd&l df;d“p%%fétﬁé/ruﬁﬂ%st P@Iyé%eké/ dlyrbé?bonates

I's by normal 'y too orma sel

copslyp@tbonategeﬁeranpowemem polyethekatores mméldegeé@péde,

PTG TR T T e

poly( Btdiaiethyldiérsylergeosata)) odlyargleae axidy, ipobdirdys, ém)lyurethanes

anisotropic structure In Cross section nor nal

polyhiyelegzidasn potyagemeshines feeduloseaaetates ycel %ﬂmﬁeﬁs gthyl cellulose,

oo FRRRE R R SR 08 o P Rcfaunosaine,

poM@WQQ@nndé§ Lpiilya/mldbf‘GSt&G[ blendp anéreba)cxepot;mee«‘s&hsneoé,l substituted

matgimig 6o Aniae AKeaTTHE SHPRAGIA Perfonaiierad g Gpe any materia
Whl(ﬂ'ggal’l? Peﬁ%ﬁce{té‘d g{to%f tirh@otr ¢ s %(Eéftléve gélé'gbeg\g Efmd utlllty as the
subStra® Iﬁ@@rm&ﬂtbé PESsePCIVEREOD AP G5 Q906 mdebalsaﬁoltﬂae S[lh;ztrate layer
|ncqu%pgllg§\4§cg{le;i :pngyetﬁesrgul hr‘?‘en plolly1 %Qnr(r)nfdet P)glytlnq{dpek %8?%rr%e
compositions and copolymers and blends thereof.

A wide range of polymeric materials have desirable selectively gas permeating
properties and can be used in the active layer. Representative materials include
polyamides, polyimides, polyesters, polycarbonates, copolycarbonate esters,
polyethers, polyetherketones, polyetherimides, polyethersulfones, polysulfones,
polyvinylidene fluoride, polybenzimidazoles, polybenzoxazoles, polyacrylonitrile,

cellulosic derivatives, polyazoaromatics, poly(2,6-dimethylphenylene oxide),

10
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menbrane. Typically, the thickness of the skinis
about 50-3000 A, preferably about 50-1500 A and nore
w@e@haormbl y about 50- 1000 A. The asymmetric nePdT/EB2E04/000996
can be either nDnoIithlc or conposite. That is, in a
nonol ithic

th t | .
polyRbpmieRe PHer 53'.3/@'%% Pe nye aﬁﬁt@@fiﬁ#'ﬁ%ﬁﬁf@tﬁﬁe hines,
polyé&ét‘é&t Héﬂhloéé‘ ngeta?éém%%ﬁ IbSe ﬂﬁmtéthﬂ d&ﬁﬁfs@”@t yréM&acrylonitrile

ranelnc udes a substrate h/acent to

copqlmeesspnmmmated polyfrdylend @y@he) sxdfpnemwu lenygppxide),

ttrafaqiet- BT tef BRRGH et derniacoc e app oo ayeders,

tetrah@fogenlsibyitiliad palieatibridte bB%r@%jﬁWq&Iuﬁd»@aliﬂi@”’@b@@mldélmmes
a conposite 10 asymmetric nmenbrane the non-active

polyamm esiers, tends thvereofi copalymermibessnf, suestityiggsnatgrials thereof,
anc % ff, 3§ S0P 15 4k SEhbieEng I EIPERDrIA Bfige may nciuse

thosklfeundibséfupts they densd bypdrating hylet of eotnpositp gastseparation
Mat erials used fqr gas separati on nenbranes, are

membragasnt h9swa;ﬁﬁal§dnclu\de arlyglile@ngsy pelyacelyleissy mer s
poly@ﬁ%z‘éﬁ@g 1@'&?@%{%”& pﬁ%g{) Pﬁ%t éﬁég lﬁ%i (ﬁ'lmethylsnylpropyne)

te resentative
poly(tnakpsilWacelylends ), pulyred s, qobpuretizingst blends Uhéméscopolymers

therfih 9@@7@@%&%8 ohels r4nto b e ke EretegrocDRYGHIT I the dense

f f
gas ge#;yr%&lhgl de @R%Org {)I/ iéblygﬁﬂ?e drHﬁ’{a'tlE'%olylmlde compositions,

ybenzi dazo es oxazol es, | osi c
polydeﬁoneapolyether pulfqrae and dhentdsdbereof.

%ﬁ?\@g@dl i h &%h’gg § Oxrb%fcznﬁﬁﬁpf%ge%%r 35S separatlon

Asyrﬂﬁiéfﬁé ABROW fiBEp m%%ﬂahb@%yaﬁﬁeaﬂ#ﬁdls@lﬂhlddtmg e?eglon either on the
nitrates, ethyl cellulose, ~ brom nated poly | ene

outsigd afdhe hgjpw ther eat tbgmysm{m Nmsieswieces p! the ho ow flber, or located

e

embaRiresntakerelieihecdisemlinatiag Irédien of e hsltswi fidennteniisrane is internal
considered limting since any material which can, be

to bethagiqllewt rerimembranasirizassofiecingidediunen) siifanesand thgoutside
surfafxéé‘gf IH dllb%{rfgfeeﬁrﬁglggghrfeu a{?d%ﬁs ! ﬁ%f?ﬁe HerhB&ang c?rft\jgféstrates the

i nvention he su strat
abllltyrtol seqbaraielgasebf ortbe q&mchhtﬁeat whefain gaspslaye skparatedidhe

prefgires AOMRICBRNETRIS for 4 SR G NG Ol e T BT,
polyEé‘l‘g& BQ@M&S&I?&% Eﬁyrﬁld%s?m bBRRAIHhatds. NSfe! praferred

used In th ctive layer.” Representative
polymm:rmaiesslalmlbr gde s@papaiio;namembsanqsomgziunhem;ﬂycarbonates and

polygg gﬁét’espe[%/j%?r% ﬂg&cg\ &t g an %?%cgﬁosr{a & Fiembranes for
gas B@béﬂ%‘hhﬁﬁﬁ&hcﬁ@ﬂﬂf&e d@écygéafmes Patp Moy 41874,48n64,851,014;

uori enzi m dazol es, pol benzoxazol es,
4 84@&%@@4(&1&%@4 ;dhe relevant porhons of each patent incorporated herein by
reference for all legal purposes which may be served thereby. In one preferred
embodiment, such membranes are prepared by the process described in U.S. Pat. No.
4,772,392, the relevant portions incorporated herein by reference for all legal purposes,

which may be served thereby. Particularly useful membranes for the air seperation and
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cellul osic derivatives, polyazoaromatics,

pol y( 2, 6-di net hyl phenyl ene oxi de), 10 WO 2004/ 103050
weamAhede04/ 000996 pol yphenyl ene oxi de, pol yuP&EBE32004/000996

pol yur et hanes, pol yhydrazi des, pol yazonet hi nes,

gen%%héﬁ%féﬂquricgﬁ Ia{%u{@% ac‘%ﬁt e%‘hiefrg :h:oﬁgv?é@)ﬁg iptyh&rﬁ@effd membranes
prodec%H‘P}/;lb@%r@@éM%QHe@PﬂirQﬁﬂﬁé; ursderitR8 #=@dname MEDAL.

poly yl'ene o tet al ogen-substitut ed _
polTie@ohoenirated nitogarhghe geeamLs separated froo thescampressed air and

o S A W BRSS9 g componen
stre&naibhet MefdPine CRROH Y TRIr6géh 648 efreamBaVing Weprator 26 via line 48

materials thereof, and the lirke. In addition

can bgiapiibnellyatored phstaragrytankyié: piasitarosing deeed vialing32, flow

conffe Aiand 1580 PR G eIk . AERSF EHPHAI BRI 40 can be
usedred storétite Noglas Gerepm froinl ths atesgerngéyeratindtretstiveltd storage of
ol yphosphazenes, R@I}yet hyl enes,

dry %5fr9(mﬂ\?e@iﬁ§’r}f%@t4e ogesndsharating sxstess Yith byl siejage and flow
con p@:%fé%'o nki}ﬁltﬁélb eﬁé%@@@lgﬂﬁ%%#ﬁﬁ&ﬁn U.Sﬁ Pat. Nos. 5,266,101;

ur et hanes, ynmers —thereof,
5,2848086; i3, 302d8885,63633656;t5)43%607; amdl 51496,388 ¢he Bnéfeccorddnts of
.materials for the nse as separating layer include
whi %fﬁd?‘?ré'np@??%r%t@g%%r&?i?d’gpﬁe'poI yi mi de conposi tions,
pom%fﬁﬁ%itr%%géﬁ%tiﬁg' !s?é’t@?n 25 $aBlRRAIddeabeatas cbmprising one

Hol | ow ti ber ranes W th dense regions are
or morefeemerhnecstrupdyresepamanbsane moeduiestit is @lswpossibleitoderm a
nenbranes nmay have the_ di scrinminating reaion_either .on
conqairate PReHEN 983 Heeath fiostSpiptrsveg: it bl periilay
adsSbehBCiR)krdivri Presbatd SWingideebrption (PSRt SdterBOTEVE particulate

internal to both outside and inside hol'l ow fiber ,
adserbepisastchsas aelivaied carhome siliearigets, eadimoleeular fievie, such as zeolite

onl 355 180 B 91 Ul BT P

comipbaehtsshdadi{ngufornaticn of acenesttratbed nittdgardgas stnedmcAcodrdingly,
the holl ow f|ber nmenbrane_are porous

., Y€ he nmenh .
the piEREAB GeALERING Ry Ste(Bib; Mghiqui%@%rpaf%eé Srtﬁe%.a%mrﬁg?ﬂﬁéggﬁ include
one %Wb'@a% d‘l’%%'éﬁhfér@?@ﬁ& n@ﬁrgersfe%’ét%jﬁﬁgééﬁ}% coNIRichS & adsorb

pol'ymeric materials ranes in
oxygerl gesitregenrandrabdace apongsnirdtedely nitcdgest des stikdran@peration of
i m des, and rbonates. Mor referr

| .pol d 25 .
P rsferde s B B e B JRECLgiPs of alfssufiga s Gasorption),

dep&e@@hHﬁeﬁid@pdrégéwé}ﬁﬂ@ﬁﬁ%na%uamtmﬁa@%@erﬁé%ed to adsorb a
Preferred polycarbonate and pol yestercarbonate

gasemusoecempenénirfrorg asmidperand wgenemtadiee adssbedaarnperant form the
s o 5, F0p s SR8 o B e PO 8% caror
used Fsr¥aparatipnifeyen drBxygen from air. U.S. Pat. No. 5,288,888 directed to
producing a nitrogen enriched product by passing air through a bed of crushed zeolite
and U.S. Pat. No. 6,068,682 which discloses crystalline titanium molecular sieves,
CTS-1 are examples of known adsorbents which can be used to form a concentrated
nitrogen stream from air. Each of these listed U.S. patents are herein incorporated by

reference in their entirety.
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reference for all |egal purposes which may be served
thereby. In one preferred 30 enbodi nent, such

woresobnesnss are prepared by the process descri bedI/iBeo04/000996
U S. Pat. No. 4,772,392, the relevant portions

%’HH@N d her in b razéﬁfggf ﬂ%?éwnc%ﬁg%bmigpg?n gas stream

Ieav&hacg u‘Pé‘@én Bgf oﬁeﬂ@ 5 §toREPRY bR @R 401énd/‘€ﬂen directed to
4/ 103050 PCT/ 1 B2004/ 000996 ener at’l on of
the diyrgasninjesiers 3 vialine gids ﬂQWr ee3hang dlwef360er

pol"x’[nﬁ[?igc en%ggﬁﬁqtﬁgﬁi cﬁ'xﬁébfg@%&@rlg %ﬁglcu?arscy 8&fui for storing

surfase Afdint dbgided during on a8ap a§§érﬁ§l§ﬂ the &?Rﬁb@ﬁé&%f i mtedmion has
conpressed air and is substantially dry as the water

furtheipise in prevemiingaswrtype of devige figen be reelynsdiestad iy humid air

durﬁég@ﬁ%@é{g}%@ﬁgﬁ@?@%@ﬂgIbaeTrfqeut‘ﬂ[z ”Incé%% &‘Iaggeﬁwft&éﬁ

semidamdedtdrneletivorigeoptiosk of thagnetic compamientian itiee tilesl caih de stored in
1 n$ S]ZI,&HOW contrgllety 34 and |ine %6 to the dry

cabiggt 10 ?BY'WB‘BGNA@ fieg, TraMNIaF YaRROM: Wi l@MQﬁ%Bﬁr%%ate any

packixfif P 2By fes PANPUSIRS SHCRER AHcp RS dinid A Bamage while in

storage oddyeng Metalldtipn@pelnusgener at i ng syst ens vv| th bul k

o1 Shady 855, favio SeeBPsibtarr G SRR 10 1 Staiftain 8Vry tow
relaﬁ_\/ezﬁ@micﬂ% WItI'ﬁn ?l%lrﬁ%r o:f RO 2ab B2t isrelcH@dGBRN the cabinet via line
5, 8, the entire contents of
50. Agaiohther @orltmi @If the mpmﬁad@r thyougr linec@.e/alvih 2 ortamy optional

stor%%%%a?ﬁ%m gﬁ@ﬁlé\?vtc'ooﬂrﬁiﬁt Slglﬂ?éﬁ él%e ﬁggﬁ?ciﬁl[e's%ﬁge 8Rd low humidity
condfeois atRintduhtesior bf calsinél f® THRS blY=R [eavihgthe ttdfor of cabinet 10
concentrated nitrogen gas stream from conpressed air

via Imel 90 gampeprpa coNHUSOr eupsdnissmmittent hagifown pressure
a dsor atﬂ gé Q%% %é @aé%nbc' cférzﬁrﬁlusggfé?j SER%F%I a& q??e% emgodiments of

the pﬁr@lsenuﬂn%nﬁorelt edll be @@bamth‘@dﬁcbsie&eklllwdmtthém that variations and
[ wn for separation of a

[ ir
mOdi'#fﬁaé'OP? gre HB?%)P'@L}’&'FhOLEg’n%QﬁE'ﬁFQQ foren thet brgadsicereifihe present
mveﬁh(gﬁnﬂﬁf‘i’él f rﬁogﬁlﬁlg%ﬁﬂgﬁtgteg%élgg 15d 5;%58 mﬁ:ﬁ%ﬁﬂ%isﬁbgéype&%d here too.

i ncorporated into cabinet 10 can include one of nore
beds of adsorbent which under selective pressure
condi ti ons can adsorb oxygen or nitrogen and produce
a concentrated dry nitrogen gas stream Qperation of
PSA systens are known in the art in which cycles of
pressurization (adsorption), depressurization
(regeneration), and equalization of pressure are used
to adsorb a 25 gaseous conmponent froma m xture and
regenerate the adsorbed conponent formthe
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adsorbent bed. U S. Pat. No. 4,933,314 describes a
particul ar nol ecul ar sieve carbon wused for separating

woRamoeds or oxygen fromair. U S. Pat. No. 5, PGBIHES8G/000996

directed to producing a nitrogen enriched product by

cL &%er ng air through a bed of crushed zeolite and U S

* No. 6,068,682 which discloses crystalline
L'A aahiHE? Iﬁ'é\hﬁ@ ‘éh%no‘ﬁds‘é\d%ter%? spase ﬂor%it@rrr@@r!]‘iﬁ’éé@ nflunt devices in

nown adsorbents which can be used to forma
aroerdranmaeridf low relatee humidibheamprisingy a desisraier, 2 Rdggen

R 0t B BseRite i cAombE b8 Y BGae therewith, means

tBFE£4iR3 QO IYRPEPEom PraBiskd rair corhiianitatihg avith seg desiccator or said
rp%Ste a concentrated nitrogen gas stream | eaving a

suem ganerateirerdith angl moame %@I&@Cé@ dry gasoy éﬁg?émfm saig

o5 b e Aierdyericr gy T8 BN GEhS St fatfnet to maintain
alldehsintdiy drividonwerit én aie inteyiocapacet 10 is
particularity useful for storing 5 surface nount
devi ces during or after asserrbly, the dry cabinet of
ng any type
éo'hr %%Béﬁégéf%lﬁgn%& aolhg‘r%éle ??n (%tbgg%gy hum d air
duri ng storage or transport before being utilized. In

B GAPiREe et § Bedbip i B ey ek S5l PBS o membrane
cSetp@bﬁéior §epa¢§{%g§‘ gtr td fornT BRoABYMFABAR OGS fASStrEAMIMN

wat er vapor, can perneate any 10 packagi ng or
any pores in the deV|ce structure and cause pernanent

HATGHING S <l S MR St eryiant Rl helfene

hBmibeam@&i ntain a very low relative humdity within
the interior of the cabinet is released formthe
cabinet via line 50. Again, the control of the

ST S Dl DA M s A S0 P poymre

meinrand t he desired pressure and | ow humidity
conditions within the interior of cabinet 10. Thus, a
gas leaving the interior of cabinet 10 via line 50

%ai"r]eg&t\tﬂﬁetaoffc% QléB ri$in f%@@fé'ﬂg%ff l@}akf PemEraNeS

ere has been esc ustrated sever al (‘
preferred enbodi nents of the present invention it

il be. h killed.i
{etne.eabiRE St 2 T e IRoBEPbnsgion PamAehs gy partioulate
AdRroénti ipaB 610éd§drbrﬂgbfrfé9@r meﬁuo@ombohamsmrea%d form a

i nventi on which shal limted solely by the scope
eincentratgdanitrogap gesdé@anere too. 13

8. The cabinet of claim 7 wherein said concentrated nitrogen gas stream is formed
by a pressure swing adsorption system.

9. The cabinet of claim 1 including said desiccator.

10. The cabinet of claim 1 including both said desiccator and said nitrogen

generator.
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WO 2004/ 103050 PCT/ 1 B2004/ 000996 CLAIMS: 1. A cabi net
havi ng an encl osed interior space for storing surface

woMatl03eyi ces in  an envi ronment of | ow rel at PEIB2004/000996

hum dity conprising; a desiccator, a nitrogen
generator or both associated with said cabinet and
transportable therewith, nmeans 5 to receive a supply
f i
13 TESTRORTIRN cilh RN Sad A AT/ fRBLEA YeMlorator is an
integead pagt afrgaidjaabiset.eam from said desiccator or said
nitrogen generator into the interior of the said
cabinet to maintain a low humdity environnent in
1%3'1'@@' Hiidt cPé?I%O?I cdrftatin Tﬂﬂoﬁﬁ&id’dﬁﬂlepfo vArgithe Yolume of said
i ncluding said nitrogen generator 3. The cabi net of
dry gamsreahediséeted dnta themte@@rrpfwnrécabloet .conprises a
menbrane capabl e of separating air to forma
concentrated nitrogen gas stream 15 4. The cabi net of
1Q. Fihe chbisticFictaimal flrtieriebarening ARstbrigeogmaans fometoting said dry
menbrane. 5. The cabinet of claim4 wherein sal d
arsraireana fiog saidslasirgaiarpsaid Jirggast generdiarpraih. 20 6.
The cabi net of claim3 conprising a plurality of said
menbranes 7. The cabinet of claim2 wherein said
1, Thegeibigstrof ichdivr 1 mnwriimiag pdilter to kertheve pdaimutatas from said
capabl e of  adsaorbi ng one  or re conponents of air and
qoFIRrEased at sReiMed Hgﬁbsﬁ‘ﬁjtSPBB n gas stream 8. The
cabinet of claim7 wherein said concentrated nitrogen
gas streamis forned by a pressure swi ng adsorption
@sﬁt methcﬁj)oﬂstoﬁ‘hg sudbca gtount det/laemlrlthmmtermrmj asedhinet and
desi ccat or cabi.net .. of aim:1 _includin
reaPiaRG: tlon Bt SRR it 1l R seil e rgcing:
d%%ﬁhéw&iblf@ﬁ ¢OrRBRIZALAGHABG A g ey mekansfin Hedioim of a
wherei n sal d desiccator and/or nitrogen generator is
daasncoarmreyramtrp@en gehegatpyassasiated with s@d cag@eé apdinsportable

6f Gl E?Pm},'lﬁé ganér?'aﬁ]r' 5 Grd 4 r GO b §En §9s ¥REY #6m said dry

gas forming means and directing said dry air or dry nitrogen stream into the interior
of said cabinet so as to maintain a low relative humidity in the interior space of said

cabinet while storing said surface mount devices.

16. The method of claim 15 comprises forming a dry nitrogen gas stream by

directing said compressed air stream to said nitrogen generator.

17. The method of claim 16 wherein said dry nitrogen gas stream is formed by

membrane separation of said compressed air stream.

18. The method of claim 15 wherein the relative humidity in the interior of said

cabinet is maintained at 5% or less.

19. The method of claim 15 wherein said dry gas stream is a dry air stream formed

by directing said compressed air stream to'said desiccator.

15



dry gas streamdirected into the interior of said
cabinet. 13. The cabinet of claim1l further containing
wQ@2@u00AG® neans for storing said dry gas strRPENB2001000996
sai d desiccator, said nitrogen generator or both. 10
14. The cabinet of claim1 further including a filter
to renove particulates fromsaid conpressed air
I THeVREtHIOHR Gaihfl18 wWHtr¥in skid dfy G283 Rpehid nida@isii® @n integral part
surface nount devices in the interior of a cabinet and
afsaichcaliaghi ng a low relative hunidity in the interior
of said cabinet conprising: directing-a supply of
conpressed air to a dry gas formng neans in the form
of a desiccator or a nitrogen generator associ ated
with said cabinet and transportable therewth,
formng a dry air gas streamor a dry nitrogen gas
streamfromsaid dry gas form ng neans and directing
said dry air or dry nitrogen streaminto the interior
20 of said cabinet so as to maintain a low relative
hum dity in the interior space of said cabinet while
storing said surface nount devices. 16. The nethod of
claim 15 conprises formng a dry nitrogen gas stream
by directing said conpressed air streamto said
nitrogen generator. 25 17. The nethod of claim 16
wherein said dry nitrogen gas streamis forned by
menbrane separation of said conpressed air stream 18.
The nethod of claim 15 wherein the relative humdity
in the interior of said 30 cabinet is nmaintained at
5% or less. 19. The nethod of claim 15 wherein said
dry gas streamis a dry air streamfornmed by
directing said conpressed air streamto said
desiccator. 15 WO 2004/ 103050 PCT/|B2004/ 000996 20.
The nethod of claim 15 wherein said dry gas formng
nmeans is an integral part of said cabinet. 5 16
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