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ELECTRONI CS MANUFACTURI NG 5 FI ELD OF THE | NVENTI ON The invention relates to
i nprovenents in the field of electronic packaging & assenbly and the

sol dering of 1Cs or passive devices on printed circuit boards. 10
BACKGROUND COF THE | NVENTI ON The ongoi ng integration and m niaturization of
conponents for electronic circuitry has becone a growi ng challenge to the
limts of printed wiring board technol ogy over the last twenty years.
Printed circuit boards or printed wiring boards (PWB) as they are nore
commonly terned, play several key roles. First, the electrical conponents,
such 15 as specially packaged integrated circuits, resistors, etc., are

nounted or carried on the surfac i ke
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board, the PWB forns the desired electrical interconnections between the
conponetts. In addition, the PMB can include a netal area serving as a heat
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sol dering techniques. SMI is revolutionizing the electronic manufacturing

i ndustry by reduci ng assenbly cost by about 50% i ncreasing 25 conponent
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t he packagese components. Secondly, using chemically etched or plated conductor patterns on the

surface of the board, the PWB forms the desired electrical interconnections between

the components. In addition, the PWB can include a metal area serving as a heat sink.

20 Increased use of integrated circuits, and surface mount technology (SMT) has
accelerated the densification of electronic circuitry. Surface mount devices (SMD) are
applied directly to the surface of the PWB and soldered using vapor phase reflow
(VPRY), infra-red (IR) or other mass soldering techniques. SMT is revoluticnizing the
electronic manufacturing industry by reducing assembly cost by about 50%, increasing

25  component density by over 40% and enhancing reliability. '

Ina convenfional 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

30 to the high temperatures of VPR, IR soldering, or, if the package is submerged in
molten solder, wave soldering. Under cerfain 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,




1 band damage, wire necking, bond lifting, thin filmcracking, or cratering
beneath the bonds. In the nost severe case, the stress can result in
external package cracks. This is conmonly referred to as the "popcorn”
phenonenon because the internal stress causes the package to bul ge and
then crack with an audi ble "pop"” sound. Surface 5 nount devices (SMD) are
nore susceptible to this problemthan through-hole parts because SMDs are
exposed to higher tenperatures during reflow soldering. The reason for

this is thahnd 55m§§€ Y REKRPBBA liftry, s filmogackingoor writeripyamesthdee of t he
circuit board as the surface rmHnt devi ce. 1: ?}éfé&"b%ﬁ‘%ﬁ %]ngvp ges, the
sol deri ng- dpedsain b Mmest eeiese ¢AsAPe BIRSSCRP Ceiutt "hB4Y FEIdS ¢ he
thrfjlugh holi&mb,%eﬁ#&g&ﬁﬁtabgﬁw'@bpﬁb "mbﬁﬁﬁenﬁlb@oa@erﬂmnaterw siBNBs h?ve a
smal l er mninmum plastic thickness fromt chi terface to
t he outsi déa'é)‘-’resttﬁ%%ﬁ kage facbyipeanddeen qercly! aé"salgjl‘bgatpogvémk? he agﬁem ve

mat eri als, %ouﬂ?éi@JEééQSM@)aﬁm@r’@%u@d&bme Vﬁhzssmhmemﬂ‘tae thmughricie pattr e t he nost
common causes of acka Suc ¥pgomon in the

" popcor n" P@@Q“SGWQ% ffeeX g%ﬁ%b'ﬁﬁ‘ﬁ%@ﬂ%r? wb; C{u”% eetsﬂtw S&@ Pé[;gfnventl onal SMD
packages caghsen ot tma%smtahae kd16dring wherafian mumwcmﬁb@sam‘gSldﬁ gf theggiigi ng

El ectronic G PC) th t Co I
(IEDEG) L ovarrosits shise etoeite: £ Houdr-fab ufloceo b S8ig gﬁgﬂci%%é’gﬁﬁan pass

the Level c2ci¥busdertee Senlibbard) whichTeddlds thathrodgh- m@&/@v'@smmst afet

Sensitivity Test S FOEp bbi st
Sensi 1110 1 yoREe Ao G R SR (B enilel A prosktnORbs R R o1 sture

Sensi ti vi t ynauatipad ieeribato thieutsNBobhe kigghc Prskagbj ected to 30 C at 60%

relative hum digy. Pés ér(?ﬁ ?ﬂ%éadka@@w%Y&iaﬁ‘ér &ié’lérﬁlﬁgi’briéll’ﬂ%adhﬁém@nvect i on
heating cycles, i

ow specific reqwr%/rér@;‘ % F Cg lsture
Sensi ti vi t pubsiipte méeffapﬁate tﬁﬁ@“‘pﬁé’&%’éaﬂé@%‘?ﬂﬁ gy YEC U B0% rel ati ve
hum dity f o, 68 vB%o%rﬁ’d}ﬁnftﬂéﬁ“lﬁoﬁdbﬁ{"%btZﬁncEH"léQU@&sttu’@rseesﬂ:\R&m&vect i on
heat i ng cycles. Level 1, which is the hi hlestt 3 ¢ PO ’E@g&%ﬂ
i nsensi5i viGopventionai TV pesiages fal GRasy d1,/8s gldltsj ACTRTNY at 85%
relative Imggk lﬂQ/Elfe@tForﬂcﬁ@lrcfmﬂsl(lSC) 4rlethe Soibf Bedtied Degice Fngipeering| Gasingif
| R convecti on he &l # Ds& C.doc Qﬂ?/ J%%B%%a 127 Bass the
Mbi st ur e- | ‘&ERFe@ g% °§gﬁ% Bis |V{t3§/?? (ﬂt' |an8 ur g% Mbunt Devi ces).
Level 2 Moisture Sensitivity Test, but the Level 1 Moisture Sensitivity Test remains
exiremely challenging.
20 The IPC/JEDEC Moisture Sensitivity Test (the popcorn test) has 3 ievels. Level 3
Moisture Sensitivity requires that the SMD package be subjected to 30° C at 60%
relative humidity for 192 hours, then cycled through three IR/convection heating cycles,
which follow specific requirements. Level 2 Moisture Sensitivity requires that the
package be subjected to 85° C at 60% relative humidity for 168 hours and then cycled
25  through three iR/convection heating cycles. Level 1, which is the highest leve] 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).
30 Various technigues 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.




30 Various techni ques have been used to either limt the anmount of humdity
a SMD package is subjected to between manufacturing of the package and the
time of soldering to a printed circuit card. Techni ques have al so been
used to help the SMD package to pass higher |evels of the popcorn test. 2
To limt the amobunt of npisture an SMD package is subjected to prior to
soldering to a printed circuit board, such packages are packed and shi pped
in hernmetic bags to prevent the absorption of noisture fromthe
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have been subj eto édit the anasinbefmoigiiesn S package ifestiPigated 4 PRE 1 j ndust ry

standard tq, @@hﬁ /oS ARGKRERS BB PARag rapciERUAY ERBped MNGmALAi Li onal

steps of eit aC| ng packages Tn hernetic ha baki ng them
i ncreases thags tﬁaﬁf@?%‘éth@rabﬁqpm(ﬁff@ﬁ'ﬂ%ed@m tha epfirogmsRlH g MDW%@P% and

non- her met iy S ﬁ&cp%ci@a"lﬂhe%‘t’b BESS &aﬁmsves@ééncsus;we@mgeav.fornmt fabsor bed
moi sture overpressure when refl ow sol der ed this from.1l

happeni ig, sassims| ibis@ntngdusinastapdasd tabake §0shg P%‘?yégﬁsi Q%Of&ﬁ&“?“@dﬁ?‘f%g

appr oaches A adaReRA Bieps bﬁélﬁgyplhéwg)ﬂhXéWEﬁbwkhg@ iy Rernsatit bagss onbakiig devi ces
in dry cabinets that can nmintain an_at her e (ﬁl%l ess than 5% RH.

However, t &hem l%%ﬁ%ﬁelnéﬁﬁuf@%'ﬂ%c%tOﬁ%ﬂ%"h‘iecor@rﬂl‘? nment, one must do so by
sweepi ng the drmagmﬁaetoa Hatrhdtichugihicd hewit dedtessanbe deyoghsiaftagpd Gainl y N2) .

As a result erating such cabi nets hecones expensiv ternms of
oper at i ng @B%?r ed ISR Qverpeaire \.’"ﬁ n NgOWé@ﬁ?ﬁ‘% n rseve'%@gf g‘ be a hurdle
t hat prevemnuppdring, asscaitlidrs hawmddopfed tvadoysmoeeatvel andaeMM@BmmheﬁgApl ant .
U.S. 6,560, 839 og?sﬁ?ggggﬁgﬁ% gtn%n?b%%&% duﬁ?de-l;ﬁgg'fﬁocirgggbmét@&at@érﬁo

protects a° 3nent from exposur noi st ure above a
pr edet er m medhtaihlanedhodptictoa ss lﬁ;an;ﬂ‘yaBHng*Owwerd@\ﬂ”@W speft BWRMedme ai ner with

a_desi coanty adc LABRAREAL IR0 S ANBLAS e ERitdIELIRhBhER sensitive

conponents e eva I her I's unseal ed and the
conponent s ra’temm gt GyniaaleNe). Ao byl pperaingsiuch é%'l"ﬁ%??‘?ﬂmestel’@e'@&’ﬁpo nent's

are reskor ﬁffjteFrﬁs Er&e?é?i% Rb4ET In rM‘é'HyQﬁsésS tHeh@Tedilﬁn%ﬁ@h%Cbm\B’tB bealiandle St eps are

repeated until the conponents are. placed jnto t%{t ?I ner for either
shi pnent , ﬁTatPFedﬁgtﬁﬁ?Q%?WﬁhW@ff&@ PFQ5EST g N Hf'ﬁ‘gp i ronnent. The
protective 25 coit 8i56€839, Ssaigied tyDetegrhtedRivios Teehrolugy, Int,ralsu metscts e

exposure C)fmo Lllrsetslérrxs%tlvseec%%ponen? from exposure o moisture above a predetermined

threshold level by placing the device into a container with a desiccant and then sealing

20 the container. Once the moisture sensitive components are to be evaluated, the
container is unsealed and the components removed from their container. After
evaluation, the components are restored to the container, which is then resealed. The
above steps are repeated until the components are placed into their container for either
shipment, or transportation outside the local testing environment. The protective

25  container is any type of enclosure that minimizes the exposure of moisture-sensitive
components to the ambient environment. Due to the effectiveness in stemming
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.

30 Equipment commercialized by Seika lnstruments 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.




conponents to the anbient environnment. Due to the effectiveness in stenmm ng
noi sture accunul ation, a baking step is not necessary imediately prior to
shi pment. CQbviously, the repeated opening, testing, and reclosing of the
contai ner are added steps which increase the manufacturing and handling
costs of the device. 30 Equi pnment conmercialized by Seika Instrunments uses
a self-desiccant material to dry the atnosphere of a dry cabinet. The
Sei ka I nstruments cabinets, however, do not maintain a RH% of |ess than 5%
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of this invention containing a self-generating dry gas source.

DETAILED DESCRIPTION OF THE INVENTION
20 ' The introduction of surface mount devices (SMDs) has significantly

contributed to the advancement of electronic assembly. Plastic SMDs, especially, have
gained extreme popularity as such devices offer versatility and the inherent low cost of
plastic packages. These devices, however, have the disadvantage of being sensitive to
moisture. Moisture from atmospheric humidity diffuses through the permeable SMD

25 package and if the moisture 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 casé, external

30 cracking. This is also referred to as the popcom effect due to the audible popping at
faiture.

To avoid moisture-induced failures and popcorning, it is necessary to

scrupulously comply with the floor life recommended by the manufacturer of the




25 package and if the noisture |evel inside the package reaches a critical
point, the device nmay be danmaged when brought up in the tenperature during
the refl ow soldering process. The rapid increase and hi gh vapor pressure
in the package conmbined with the thermal msmatch stress the conponent.
Typi cal conponent failures include die cracking, internal corrosion, bond
w re damage, and, in the worst case, external 30 cracking. This is also
referred to as the popcorn effect due to the audlble popping at failure.
To avoi d noi sture-induced failures and ?opcornlng IS necessary to
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with nitrogen usage. As dry cabinets gain adoption in PCB assembly environments, the
need for cabinets that have lower operating costs is emerging. This is particularly

20  critical in plants where nitrogen is not currently available. Installing a centralized
nitrogen source can be expensive.

This invention reduces the costs associated with the adequate operation of a dry
storage cabinet used for moisture sensitive device management in a PWB assembly
environment. The cabinet unit of this invention has a self-generating dry gas source,

25  which only requires some electric power and readily available compressed air. The
cabinet unit produces dry gas at a very low marginal cost. Accordingly, 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

30 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 aflow the interior of the



ni trogen source can be expensive. This invention reduces the costs
associated with the adequate operation of a dry storage cabinet used for
noi sture sensitive device nmanagenent in a PWB assenbly environnment. The
cabinet unit of this invention has a self-generating dry gas source, 25
whi ch only requires sone electric power and readily avail abl e conpressed
air. The cabinet unit produces dry gas at a very |ow marginal cost.
Accordingly, the dry box or cabinet can be |ocated anywhere in a PVWB
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centralized nit Aggevefatring to the Figure, compressed air from any available source,

whether a modular supply of compressed air or centralized compressed air system,

20 enters the dry cabinet 10 via line 20. A valve 22 can direct the compressed air via line
20 to an air drying system 24 or nitrogen generating system 26, or both, contained
within the structure of cabinet 10. The air dryer 24 and nitrogen generation system 26
are built within the base 18 of cabinet 10. The specific location of the dry gas forming
system within the dry cabinet 10 is not critical to the invention.

25 Compressed air via line 20 is directed to either or both the air dryer 24 and
hitrogen generator 26 via valve 22. if directed to the air dryer, the compressed 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

30 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 %.




ni trogen-generating sources. Again, referring to the Figure, conpressed air
fromany avail abl e source, whether a nodul ar supply of conpressed air or
centralized conpressed air system 20 enters the dry cabinet 10 via |line
20. A valve 22 can direct the conpressed air via line 20 to an air drying
system 24 or nitrogen generating system 26, or both, contained wthin the
structure of cabinet 10. The air dryer 24 and nitrogen generation system 26
are built within the base 18 of cabinet 10. The specific Iocation of the
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cabinet via line 36. The flow controller should also include an on/off switch to initiate or
stop gas flow if desired. From flow controller 34, and line 36, the dry air is directed to a
series of dry gas injectors 38. The injectors 38 direct the dry gas, whether the dry air, or

20  as will be explained below, nitrogen from nitrogen generator 26 into the interior of the
cabinet. The exact number and type of gas injectors directing the dry gas into the
interior of cabinet 10 is not critical for this particular invention and one of ordinary skill in
the art can determine the amount, size and type of dry gas injectors, which would be
required for the individual cabinet interior space.

25 In the Figure, it is shown that the dry air from air dryer 24 can be directed to a
starage tank 40 prior fo be directed into line 32 and ultimately into the interior of the
cabinet. The storage tank 40 is optional and can be used fo 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

30 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




of the water vapor initially contained thereinis directed into the
interior of the cabinet to sweep the cabinet and maintain an interior
envi ronnment containing | ess than 5% 15 relative humdity. Thus, fromthe
air dryer 24, the dry air is sent vialine 32 to a flow controller 34

whi ch can adjust for the volunme of dry air directed into the interior of
the cabinet via line 36. The flow controller should also include an on/off
switch to initiate or stop gas flowif desired. Fromflow controller 34,
and line 36, the dry air is directed to a series of dry gas i tors 38.
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expl ai ned b%eérp%Y o BL Lo %en fromnitrogen generator 26 into the interior of
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centrall Zedcor}rllgr(rags :r%t?gaeng %tdlregteg ?ouglﬁggenvgqén%rato&% l?1%w\r/‘aeasymembrane
modules 27 and 29, where the air is treated to separate oxygen from nitrogen in the air
20  stream and produce a highly concentrated Na stream.

The permeable membranes that can be employed in the practice of the invention
will commonly be employed in membrane assemblies typically positioned within
enclosures to form a membrane module comprising the principal element of a
membrane system. As understood with reference to the invention, a membrane system

25  comprises a membrane module or a number of such modules, arranged for either
parallel (as shown) or series operation. The membrane modules can be constructed in
convenient hollow fiber form, or in spiral wound, pleated flat sheet membrane
assemblies, or in any other desired configuration. Membrane modules are copstructed
fo have a feed air surface side and an opposite permeate gas exit side. For hollow fiber

30 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




costly to construct and maintain. Accordingly, in this invention, a nodul ar
nitrogen 10 generator is incorporated into the dry cabinet 10 of this

i nvention. The nitrogen generator is shown as reference nuneral 26 and
general ly conprises one or nore nenbrane nodul es, used for separating
nitrogen fromthe conpressed air stream 20 and for producing a
concentrated dry nitrogen gas stream For exanple, one or nore nenbranes,
such as pol yi mi de, pol ycarbonate, nylon, 6, 6, polystyrene, or cellul ose 15
acetate nenbranes may be used. In this invention, conpressed air via line
20 is directose redily pasieabla cpapdanebiof W feed gas, i.0. ain. Gelluipse gadvatives stel ough
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cel lul ose acetate butyrate and e pol yam des and pol yi m des,
i ncl udi ng aPpressolfyReinwndiomnd aryl pol yi m des; pol ysul fones; pol ystyrenes

and the like, arghdigR8LBMPEONMSosRE n@HﬁJﬁaﬁé’@i@ﬁubfﬁﬂh@ active layer is positioned

coextensively adjacent to a structurally supportive and usually porous substrate. In a
composite membrane the active layer and the substrate are not partial elements of a

20  single, monolithic layer. They usually are produced by laying up one layer on another,
suich as by laminating two separate Iayers;.' The substrate can be a selectively gas
permeable material but typically is not. As mentioned, due to porosity the substrate has
negligible gas separation properties and presents little resistance to transmembrane
flux. The substrate primarily provides structural integrity for the active layer which is by

25  itself normally too thin to form a self supporting film 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

30 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



5 As indicated above, the perneabl e nenbranes conprising the nmenbrane
system positioned within cabinet 10 of the invention may be in any
desirable form wth hollow fiber nmenbranes being generally preferred. It
wi |l be appreciated that the nenbrane nmaterial enployed in any particul ar
gas separation application can be any suitable material capable of

sel ectively perneating a nore readily perneable 10 conponent of a gas of
fluid mxture containing a | ess readily perneable conponent. The polymers
di scussed i nedi atel y above are representative exanples of such materials.
I't will be wsnbstasdteoddheiskintiiesuallytlessihan mtifircdthe toickess peheaammestienbr ane
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permeabl e polybenz:mldazoles polybenzoxazoles, cellulosic derivatives, polyazoaromatics,
poly(2,6-dimethylphenylene oxide), polyarylene oxide, polyureas, polyurethanes,

20  polyhydrazides, polyazomethines, cellulose acetates, cellulose nitrates, ethyl cellutose,
brominated poly(xylylene oxide), sulfonated poly(xylylene oxide), polyquinoxaline,
polyamideimides, polyamide esters, blends thereof, copolymers thereof, substituted
materials thereof and the like. This should not be considered limiting since any material
which can be fabricated into an anisotropic substrate membrane may find utility as the

25  substrate layer of the present invention. Preferred materials for the substrate layer
include polysulfone, polyethersulfone, polyetherimide, polyimide, polyamide
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

30 polyamides, polyimides, polyesters, polycarbonates, copolycarbonate esters,
polyethers, polyetherketones, polystherimides, polyethersuifones, polysulfones,
polyvinylidene fluoride, polybenzimidazoles, polybenzoxazoles, polyacrylonitrile,
cellulosic derivatives, polyazoaromatics, poly(2,6-dimethylphenylene oxide),

10



substance. The skin is usually less than 1/10th of the thickness of the
asymmetric nenbrane. Typically, the thickness of the skin is about 50-3000
A, preferably about 50-1500 A and nore preferably about 50-1000 A The
asymmetric membrane can be either nonolithic or conposite. That is, in a
nonolithic asymetric nenbrane the 5 active |ayer and support |ayer are
parts of an integrated nonolithic structure. In a conposite asymetric
menbrane, the asymmetric nmenbrane includes a substrate adjacent to the
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embodlment whereln the discriminating reglon of the hollow fiber membrane is internal

20  to both hollow fiber membrane surfaces, the inside (lumen) surface and the outside
surface of the hollow fiber membrane are porous, yet the membrane demonstrates the
ability to separate gases. In the embodiment wherein gases are separated, the
preferred polymeric materials for membranes include polyestercarbonates,
polysulfones, polyethersulfones, polyimides, and polycarbonates. More preferred

25  polymeric materials for gas separation membranes include polycarbonates and
polyestercarbonates. Preferred polycarbonate and polyestercarbonate membranes for
gas separation include those described in U.S. Pat. Nos. 4,874,401; 4,851,014;
4,840,646 and 4,818,254; the relevant portions of each patent incorporated herein by
reference for all legal purposes which may be served thereby. In one preferred

30 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

11



pol yet hers, pol yet her ket ones, pol yetherim des, pol yethersulfones,

pol ysul fones, polyvinylidene fluoride, polybenzi m dazol es,

pol ybenzoxazol es, polyacrylonitrile, cellulosic derivatives,

pol yazoaromati cs, poly(2, 6-di net hyl phenyl ene oxi de), 10 pol yphenyl ene
oxi de, pol yureas, polyurethanes, polyhydrazi des, polyazonethines,

pol yacetals, cellul ose acetates, cellulose nitrates, ethyl cellul ose,
styrene-acrylonitrile copolyners, brom nated pol y(xylyl ene oxide),

sul fonat ed pol y(xyl yl ene oxi de t et rghal ogen- substi t ut ed. pol ycar bonat es,
t et r ahal oger@eﬁéﬁg‘?‘? f it HCHBY ngNa Qa%&feé"m %ﬁQP@’d‘é 1S B@¥Tf&rﬂ‘g‘f‘8}égr3nes
pol ycar bonatpeoRet®bypthelppétathsarisad, | ArcLiquids, yiaddrdel traddasme MEDALam de esters,

bl ends t her eof | hereof , substituted materjal s therepf. d th
i ke. I addi ] ole PRI EO0a PRI hG Sayer TGy arRRes o Oy

i ncl ude th%@%@@ly@ﬁééﬂhe&&t&rh@p&?ﬂw;@o siq:xagataifrclngtﬂeamml ftedgenfcompomasi t € gas
separatign ranes. ese gaterials include polysilox o

pol yacet ;%I eﬁg‘é?m%%ﬁomﬁrﬁﬂﬁgﬁ'hﬁéﬁ\égﬁo%ﬂ AEIvT EG@QI , 9881]?7?%-??7%%' [ﬁ;/'f]%é'%t ene),
po: y(tri hmst leyth b :omliqmﬂgp%m@)j ’ir]l stpeigy (:glmkizlalpkiw teideyzbai?ed;tgdl dadiggd 32,glolvwyur eas, I

pol yur et hanes ends er C el ' erials
t her eof , an&o?tﬁoglef QZE%{’C} Ilgree%%g? Fheedf)rfrﬁ?%lm ars #&fg?@%ﬁ,ea %%%%‘Zé {aégtsdﬁgg'gg% ating

| ayer i ncl udeeditocratittee $odasatriedm, froar themattiogemodngraiori$ relatiysolsistaragesof

pol ysuf one, . h f : ' fJ menbr anes
w th dense rd g%’pc/){r?fgsm gieeﬁgér%%e@r% i @@‘39%5%%}@@%&3‘3%{? %ﬁ?b‘hﬁ%ﬂﬁ%ﬁﬂe?%m | ow
fiber mafbr sortwl mwknonnd thearidinderd parirularglesaigdin (b5t Relr New %208.10dut si de
of the hol | 8ehish6!s s@l 118, dedoles A1 o506 a3, ¥lo 4tk AL | ber, or

| ocated sonewhere interna outside and inside hollow fiber

nmenbr ane suthigh@se hempintineEPAERBSBY FAMIENGRer ei n t he di scrininating region of
the hol | ow fi berywARnRE A@gbPgérithnbalstad Zehabobéh hsklivsy dd daiprismgbrane
surfaces, the inside (lunen) surface an th(? o%m e su[)f %C? of the holl ow
fiber membr ShBOKBEMBRER SIUGHEPS (O BeMPRICARRIURSn BASPROSEPIR OIS ity to
Sep?r at Qé gaﬁiﬁ‘&;enﬂrz!jteﬁ hﬁogéﬁ)@elfﬂ smfeam fWﬁﬁdﬁcﬁhﬁrem_ﬂeﬁluﬂIimgsaammﬁmﬂaid, t Be

preferred polyneric nmaterials for. menbranes U r onat es,

pol ysul fone@?goﬁt&?%'f%g?‘%f)f%ﬁ% ,SW|5'8| PHP 'ens(,dsgﬁaysgeg]rsggh%%%’%g'tcg[g{e Mor e
preferred 25dgpobgniesich asettivatal oy sieesgete pad abieoriansiess agush asaedlirle

pol ycar bO”alar“r‘c?titQ{éﬁg swgfr%%?’;geﬁ ggégg%%%%ﬁ%r SBp&LEST & LirRb XS RuRRREH e and

pol yest er carbona _
components including formation of a concentrated nitrogen gas stream. Accordingly,

20 the nitrogen generating system 26, which is incorporated into cabinet 10, can include
one of more beds of adsarbent which under selective pressure conditions can adsorb
oxygen or nitrogen and produce a concentrated dry nitrogen gas stream. Operation of
PSA systems are known in the art in which cycles of pressurization (adsorption),
depressurization (regeneration), and equalization of pressure are used to adsorb a

25  gaseous component from a mixture and regenerate the adsorbed component form the
adsorbent bed. U.S. Pat. No. 4,933,314 describes a particular molecular sieve carbon
used for separating nitrogen or oxygen 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,

30 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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gas separation include those described in U S. Pat. Nos. 4,874, 401,

4,851,014; 4,840,646 and 4, 818, 254; the rel evant portions of each patent

i ncorporated herein by reference for all |egal purposes which may be

served thereby. In one preferred 30 enbodi ment, such nmenbranes are prepared

by the process described in U S. Pat. No. 4,772,392, the relevant portions

i ncorporated herein by reference for all |egal purposes, which nay be

served thereby. Particularly useful nenbranes for the air seperation and

11 generation of a concentrated dry N2 gas stream are hol | ow fjher

pol yneri ¢ nenbr aiart ?‘SWWGP%@“W %’s?g?ﬁ‘ﬂ 08P rgge,d n&irqgeﬂiga?]?tgeém under

the tradengepidERARS nldiRilc@nphbiaAY BE sotdd if gRraggdsnist( aanthérsdisefpditat ed from
i gﬁter vapor is also

the conpressed air and is sypstantiall ry . as,t.he
separ at ed fiFBAMIRS ”H?‘t't?ré&éﬁ' 5 %niqwc‘g&l@&?’éér?\”gbm? #& nenbrane. The dry
ni trogen gas st ItgaNbd @RIErAGHAIANENIAE tie &G cabimet!i0nepatBoulariyudedl tppstodngl | y

stored in storage tank 40 prjor tp being .difected vi i : w
control |r SYFAGHEOHTLHEVISRS &Hlnﬂﬁéa%ﬁffs b‘Y’r"iﬁeéﬁwgrgts"X%@fké&g@?’%ﬁmg%%par ate
t2 gnk I40t f)al’fu?mar ude epbrb@r?ih@a@ ﬁ/h@oﬂ\d%v'gaﬁo&tbesm i dveisaiy taffectad b{ bereid ajener at or

relative,to storage,o ry.air frop . dry i trogen
gener at i ng Y89 &ipka q{rﬁragiﬂo% %{0(5? éagg 5ﬁ5&$,ﬁ%§/5@gﬂ%rbﬁrh%ﬁe 31lr\|e known in the
art and ar esepatdnidoctbelegtratés oplidabar iagngfiScorRatneniugl. thé liggan be Bioredin284, 506;
5,302,189, 536 488 ;en\%ro%?n%aﬁg%éeﬂ'?g] \éatéli%pérg_@/fﬂcﬁ len BOidaR &Nt ent' s of

n porated by refer Waile th

whi ch are herei’n i'ncorpor | ence. e nitrogen generating
system B6 imskdgiwnormy pordsduthasievionplrioirn gnd Aeusedemgiant en
struct Ures,sé&%g@@mrﬁﬂ%sfgﬂ%n%d dfsE. is also possible to forma 15

concentrate trogen gas streamfrom ponPr essed air utilizing a

particul ate ad3be Beraas. havingiswRRt (e EdeioF @ %e\mnﬁy%@%?‘mal%v?&ﬂ) syst ens.
Thus, par t i gihdd KimiddsRERenb isis Br s cabhéMatepshse@fdinhe Siinetsiaged s, and
nol ecul ar si eves, S-1, are

, such as zeolite and.tjtani Sé'di te i.e,
known for SOpAgahiiBs coptrohpithg ﬁqrgprp§§edie}l(&}1§9p§h§|e cﬁﬁiﬁ%ﬁ%ﬁf @V 9RIPR g
formati on aoragsLAR @0 LHATIEH g%ﬂtzfomgm gaintait the aesiredqrersdiengidyow RAmidie
ni trogen generating syste , iC i nco . . , can
el ude ofenRonoRETyRadTer AR TkPer okl i BPBERLAC.

condi ti ons veAimedidsenibe aveygatingius oF yageternaitientpagiduce a concentrated dry
nitrogen gas st ﬂ\ﬁ]ﬂg}he@ﬁésa[ﬁeg ﬁe%cgiggg rg‘fét;[i ?f%ﬁﬁa‘?é’asse%&%l RN dihbbligneRtsiofi N

whi ch cycl es of pressuriza , -
the present invention it will be apparent to those skilled in the art that variations and
20 modifications are possible without the deviating form the broad scope of the present

invention which shall be limited solely by the scope of the claims appended here too.
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depressurization (regeneration), and equalization of pressure are used to
adsorb a 25 gaseous conponent froma m xture and regenerate the adsorbed
conponent formthe adsorbent bed. U S. Pat. No. 4,933,314 describes a
particul ar nol ecul ar sieve carbon wused for separating nitrogen or oxygen
fromair. US. Pat. No. 5,288,888 directed to producing a nitrogen

enri ched product by passing air through a bed of crushed zeolite and U S
Pat. No. 6,068,682 which discloses crystalline titanium nolecul ar sieves,
30 CTS-1 ar €leMBI8pl es of known adsorbents which can be used to forma

are horein 1 nobf pePLER iy P EHloRE Mdr SRR soE S e MR Res P O e
menbr ane separaltertvmomiyemehfpwa{elemwdmmidia/tc@dipnsmg @gkesicgaisr, stnitegan | eavi ng a
PAS modul e Ca%e?.@?a‘to%?é@% aQs?‘ocfattéH \ﬁngéeﬁ;; ?éb%@gnq Ere?r[%ﬁoﬁéb i ahegh e ef:t ed to

the dry gas injectors oW CO ine
wil |l be @nder do oengive lmaauppibiof @mmeswdwrc:ammt@tcatir@ with gadd desiaghiar prspidus ef uI

for storing Susiy Rg@ﬁer%!"ﬁrtabso%?%fﬁcpﬁx a%'dr}sct%rdrgé segtre%ﬁ%mard the dry

cabi net of this I'rnvéntion urt use I n venting any type of- device
f rom bei ng adv@s@@ﬁ@*&ﬁﬁ@Gﬁ@@ebyewﬂﬂﬁdmﬁﬂhe"@ﬁprﬂﬁhgﬁﬁﬁﬁg@n%moﬂﬁﬁﬁﬁmort

bef ore el ng_uliblindfility bviRAIEhCHIsafint@r spike of - semi conduct or,
- electronic, optical or nagnetlc conponent and the |like can be stored in

cabinet 10. The environnent is free fromwater vapor, which can perneate

any 10 packagion@h&eatAity oPMi@st hBludiRg sai8 nitegedfsréedisr € and cause per manent
damage while in storage or during installation and use. The dry gas,

having swept the interior of cabinet 10 to maintain a very low relative

hum dity vvi t hisnThdreabirat ef dlain 20khdrbia s@ldbilmjg‘en igSnér&ﬂnE&Sﬂ;dusb@énmédﬂﬁambi net
via line t he ﬁontro of the ¢ t hrough |ine 20,

Varve 25 o astoae vrsrbie R 4l Srrafle i RaRE ARk ile 904 can

mai ntain the desired pressure and |l ow hum dity condltlons wi thin the

interi ogof Cﬁb‘rﬁ‘eeéabi‘n%t fTJ‘aLfﬁsﬁhe‘?é’iﬁ shig Bl ?}én ?%"@}%ﬁga Jol abi net 10 via

line 50 tan be ONn & CONtinuous oOf even n |Ie t here has
been descri bethearidaniel | ustrat ed several preferred enbodi rrents of the
present invention it will be apparent to those skilled in the art that

variations and 20 nodifications are possible wi thout the deviating formthe
br oad scope of- Tl}?eca&mgggrqa!m 4 wherein said membrane is a holiow fiber polymeric

membrane,
20
6. The cabinet of claim 3 comprising a plurality of said membranes
7. The cabinet of claim 2 wherein said nitrogen generator comprises a particulate
adsorbent capable of adsorbing one or more components of air and form a
25 concentrated nitrogen gas stream.

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

30 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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i nvention which shall be limted solely by the scope of the clains appended
here too. 13 CLAIMS: 1. A cabinet having an enclosed interior space for
storing surface nount devices in an environment of lowrelative humdity
conprising; a desiccator, a nitrogen generator or both associated with

sai d cabinet and transportable therewith, means 5 to receive a supply of
conpressed air communicating with said desiccator or said nitrogen
generator or both and nmeans to direct a dry gas stream from said

desiccator or said nitrogen generator into the interior of the said cabinet
to mintain a low humdity environment in said interior space.. 10 2. The
cabinet of cl dilnihe sakinetief C@“s"é’i’*&f@ﬁ‘ﬁ?'@&@ﬁcﬁ’&féf‘g@bwtm%ﬁ" gﬁﬁﬁraloéb“‘i%t of

clai m 2 wher eiflegral phritirbhiQ@ghngener at or conpri ses a nenbrane capabl e of
separating air to forma concentrated nitrogen gas stream 15 4. The
cabinet of claim3 wherein said nenbrane conprising a polyneric nenbrane.

5. The cabi net120fhe0da@météformr1elcant§wng ATRADEOARGIIEr So varfelvoldei dpsdid pol yner i ¢
nmenbrane. 20 6. The cabi

aim3 c ing a plurality of said

menbranes 7. FRIEERBC rS‘Ftegl"é‘?W?f‘t%WéPg?r% 531’ SPnltrogen gener at or
conprises a particulate adsorbent capable of adsor b| ng one or nore
conponents of _ai nce t.rated nltro 8. The
cabi net of cl A?r%rhf’ ‘iﬁﬁ@?ﬁ?m%@ﬁg @BEI[IS% ?'P‘Q?é’&t‘?{?qeﬂ@ %?18 fgﬁz‘) gnlgrs%gﬁws f or ned
by a pressur egsssingnafisorspiiidesiceyst said niB0géh ge‘ﬁlaeat@ajmbntdat of claiml

i ncl udi ?g sai d desiccator. 10. The cabinet of claim!l including both said

r

desi cca and said nitrogen generator. 14 11. The cabinet of claiml
wherei n sai d désitecabioet efrion furiter bgleding erfiiediosempe particulaiasd@iusaidart  of

sai d cabi net. compressed air received from said supply.

15. A method of storing surface mount devices in the interior of a cabinet and
15 maintaining a low relative humidity in the interior of said cabinet comprising:
directing a supply of compressed air to a dry gas forming means in the form of a
desiccator or a nitrogen generator associated with said cabinet and transportable
therewith, forming a dry air gas stream or a dry nitrogen gas stream from said dry
gas forming means and directing said dry air or dry nitrogen stream into the interior
20 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.

25
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
30 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.
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5 12. The cabinet of claim 11l containing a flow controller to vary the
volunme of said dry gas streamdirected into the interior of said cabinet.
13. The cabinet of claim1 further containing a storage nmeans for storing
said dry gas streamfrom said desiccator, said nitrogen generator or both.
10 14. The cabinet of claiml1l further including a filter to renove

particul ates fromsaid conpressed air received fromsaid supply. 15. A
nmet hod of storing surface nount devices in the interior of a cabinet and
15 maintaining a low relative humdity in the interior of said cabinet

reans in the 18 Rl aRARR oGRS & Bhtnd Ref o i S8 0 i 11

sai d cabi net afdait cavisgiortable therewith, formng a dry air gas stream or
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 mabntain a lowrelative humdity 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 streamby directing said
conpressed air streamto said nitrogen generator. 25 V. The method of claim
16 wherein said dry nitrogen gas streamis fornmed by nenbrane separation
of said conpressed air stream 18. The nethod of claim 15 wherein the
relative humdity in the interior of said 30 cabinet is naintained at 5%
or less. 19. The nethod of claim 15 wherein said dry gas streamis a dry
air streamforned by directing said conpressed air streamto 'said
desiccator. 15 20. The nethod of claim 15 wherein said dry gas form ng
means is an integral part of said cabinet. 5 16
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