JéKiATICN STRUCTURE FOR CONTAM NATI ON SENSI TI VE | TEMS The present invention
generally relates to enclosures for the packaging of itens and, nore
particul arly, to packaging structures for isolating contam nation sensitive
items such as el ectronic conponents. Cross reference to rel ated
applications :"DOOR OPENI NG SYSTEM AND METHOD'; Inventors: G M Gallagher
and G E. Johnson; Application No. 93480117.6; Filed: Aug.24, 1993,

comonl y assigned and filed concurrently herewith (re- ferred to

herei nafter as Gal | agher et al. | SOLATI ON ENCLOSURE
herei naf ter as Galla ) 1SRRG TN AR
CONTAMINATION SENSITIVE ITEMS

The present invention generally relates to enclosures
for the packaging of items and, more particularly, to
packaging structures for isolating contamination sensitive

items such as electronic components.

Cross reference to related applications :"DOOR OPENING
SYSTEM AND METHOD"; Inventors: G. M. Gallagher, and G. E.
Johnson; Application No. 93480117.6; Filed: Aug.24, 1993,
commonly assigned and filed concurrently herewith (re-

ferred to hereinafter as Gallagher et al.)

"GAS PURGE SYSTEM FOR ISOLATION ENCLOSURE FOR CONTAM~-
INATION SENSITIVE ITEMS"; Inventors: R. L. DeAngelis and
G. M. Gallagher; Serial No. ; Filed: ;
commonly assigned and filed concurrently herewith (re-

ferred to hereinafter as DeAngelis et al.)

For many years, packaging has been an integral part
of the transportation and delivery of products to users.
One principal function of packaging for these purposes has
been to provide ease of handling and space efficient stor-
age of the product, prior to use. This may include pack-
aging features which facilitate display of the product by
dealers or information which is helpful in the selection

and use of the product.

A further and often more important function of such
packaging is the protection of the product*from the time
of production or manufacture until the time of use. Such
protection has become particularly critical for electronic
circuit components which are often subject to damage from
a wide range of environmental conditions. Such conditions

include, but are not 1limited to, accelerations during
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J NATI ON SENSI T VE ITEIVB Inventors: R L. DeAngelis and G M Gall agher;
Seri al : h's Sheet Has Been Riplaead: ConmON| y assigned and filed concurrently
herevvlth (re- tmmﬂumr” after as DeAngelis et al.) For many years,
packagi ng has b part of the transportation and delivery of
products to users. One principal function of packaging for these purposes
has been to provide ease of handling amgl space efficient stor- age of the
product, prior to use. This may include pack- aging features which
facilitate di sphayddinghe quaiduet bymgeet ©r 3gerinstf osaRELe8sWi€hodStion,
hel pful in the g€|€fé|8 Qgig§gyogn&h%o %gggnatlon by vapors and parti-

cles and tampering.

Te protect such devices, numerous containers have
been designed and used in the past. Insertion of the pins
of integrated circuit devices into a conductive foam which
is supported by the package has been used to protect
against static electricity and, to some extent, accelera-
tions and vibration. However, this feature of some pack-
aging does nothing to protect against contamination or
tampering (e.g. removal and replacement of the device in
the protective foam under conditions where damage could

occur) .

Other package features directed to prevention of
contamination and tampering have included so-called bubble
wraps where the device’is placed in a recess formed in a
plastic sheet and thé recess sealed with cardboard, foil
or the like. While such sealing of the recesses provides
some protection against contamination and tampering (since
the packaging cannot be opened without producing wvisible
evidence thereof) provision of protection against vibra-
tion and impact accelerations is difficult since the item
is usually only loosely enclosed within the packaging.
Further, control of the atmosphere during and after pack-
aging is difficult, especially since most plastics exhibit
outgassing of vapors after manufacture or other process-
ing. The bubble wrap form of packaging is also somewhat
fragile and may easily sustain damage which would allow
contamination by external ambient gases and particles

without such damage being evident. *

A variation of the bubble wrap form of packaging has
been the so-called shrink wrap package. This type of
package is formed by applying a vacuum through a backing

sheet, usually of cardboard, to deform a plastic membrane
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A further and often nore inportant function of such packaging is the
protection of the product f{oF\the time of production or manufacture until
i on has becone particularly critical for

the time of uﬂ’e,SShe
el ectronic CII’ whi ch are often subject to damage froma w de
range of envir |ons. Such condi tions include, but are not

limted to, accel erat I ons duri ng 2 pandling, such as inpacts agai nst
surfaces, vibration,
around the item. This form of packaging is perhaps even

more tamper resistant than bubble wrap packaging and of-
fers some improvement of protection against vibration and
impacts since the item is held tightly against the backing
material. Some contamination resistance can be provided
by sealing the backing sheet. However, since the plastic
is formed tightly over the device, there can be no assur-
ance that the plastic sheet will remain entirely intact
during the packaging process. Further, the shrink wrap
form of packaging has had little application to sensitive
electronics products since the thermal and mechanical
stresses, both from the deformation of the plastic sheet
and the vacuum applied, can damage the product packaged.
The product may also be damaged during removal from the
packaging or may be affected by bits of the plastic film
adhering to the product.

The above forms of packaging, therefore, do not si-
multaneously provide protection frbm even the most major
environmental factors which could: damage delicate elec-
tronic circuit components. While the above~discussed
packaging technigques are relatively inexpensive and are
only used a single time, they cannot provide the combina-
tion of features required for protection of such electron-

ics components.

More expensive, reusable packaging, however, is usu-
ally of a more robust construction and is therefore less
likely to be resistant to tampering or to show physical
evidence that tampering has occurred. Moreover, the pos-
sibility of reuse introduces further problems of cleaning
of the packaging between uses. Further,‘multiple uses
implies the possibility of damage or wear which would
shorten the usable lifetime of the container and increase
expense. Such damage or wear rendering a container or a
part thereof unsuitable for further use may not be evident

from simple inspection.
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Sstatic electricity and contam nation by vapors and parti- cles .and
tanpering. To protect such devi ces, nunerous contai ners have been desi gned
and used in the thm&Rmtmgmuﬁf the pins of integrated circuit devices
|nto a conductive supported by the package has been used to
protect against s ity and, to sone extent, accelera- tions and

vi bration. However, a e of somg pack- aging does nothing to
prot ect agai nst contan1nat|on or tanpering (e.g. renoval and repl acenent of
the device in the protective foam under conditions where damage coul d
occur).

The provision of single-use seals in combination with
multiple-use containers also does not provide a complete
solution to current packaging requirements. Such seals
represent an added expense and often do not provide a
smooth interior of the container, which can also be a
source of damage to electronic devices contained therein.
Additionally, single use seals may also represent a source
of contamination during opening of the container and, when
placed in compression, do not result in closely controlla-

ble interior and/or exterior dimensions of the package.

Further, none of the above packaging techniques pro-
vides for maintaining clean conditions during removal of
the product from the package when the exterior surface of
the package may have become contaminated. This require-
ment has become more important during recent years with
the increase 6f storage and transportation of intermediate
produétsffor electronic devices which must be maintained
in a .clean condition when removed from the packaging for
further brocessing. Further, the maintenance of an ade-
quately clean manufacturing environment has led to in-
creased manipulation of the packaging and items contained
therein by automated processing equipment. Therefore,
isolation structures must be adapted to be manipulated by
such equipment in addition to providing the required types
of protection for the packaged items. This adaptation
often requires both the packaging and the automated equip-
ment to be specially modified and standardized, increasing
costs and reducing the generality of application of the
automated equipment.

It is therefore an object of the present invention to
provide an isolation structure which will simultaneously
provide for protection of an item contained therein from
Ccontamination by particles or vapors generated either

internally or externally of the isolation structure as

FI 9 91 188



O her. package features directed to prevention of contam nation and

t anperi ng hawgs dnee Huoleeh Baplacdl | ed bubbl e wraps where the device is placed
in a recess f It i c sheet and the recess sealed with cardboard,
foil or the Iiﬂ!@ I sealing of the recesses provides sone
protection ag ontam nation and tanpering (since the packagi ng cannot
be opened w t hout producing visible evidence thereof) provision of
protection against vibra- tion and inpact accelerations is difficult since
the itemis usyahhy £0nlprdoasel on erebrsacpaicthli, N i AaEckAgi Sgat Fr thee -
control of the atnosphere during.and after pack- aging is difficult,

especi al |y si n&&ifddy pPdstREESERR%i t

It is another object of the present invention to
provide an isolation structure which is reusable and easi-
ly cleanable and the parts of which have a reduced suscep-

tibility to damage and wear.

It is a further object of the invention to provide an
isclation structure which seals the contents of the struc-
ture from the external environment, but which does not
alter the internal or external dimensions of the isolation

structure and provides a smooth interior surface thereof.

It s yet another object of the invention to provide
an isolation structure which allows wvisual inspection of
the contents while maintaining isolation of the contents
from the external enyironment.

It is another further object of the invention to
provide an isoclation stfucture which can be readily han-
dled by automated equipment without specific adaptation
thereof to accommodate the particular geometry of the

isolation structure.

In order to accomplish these and other objects of the
invention, an iscolation structure is provided including a
shell, having a closure member opening, and a closure
member, dimensioned to be received within the closure
member opening, including a closure member body having an
cuter periphery and a resilient seal member on the outer
periphery of the closure member body defining at least a
portion of an interior space within the resilient seal
member and feorming at least a portion of an outer surface
of said closure member, and means for communicating pres-

sure or a partial vacuum from the outer surface of the
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.out géssi ng of vapors after manufacture or other process- ing. The bubble
wrap form of packagi sgetitias Bdes 6¢ ffewhat fragile and may easily sustain

damage whi ch woul
particles w thout

form of packaging h

S ng evident. A variation of the bubble wap

d M ation by external anbient gases and
een the so-called shrink wap package. This type

of package is fornmed by applying a vacuus t hrough a backi ng sheet, usually

of cardboard, to

deform a pl astic nmenbrane
closure member to the interior space within the resilient

seal member.

In accordance with another aspect of the invention, a
closure member 1s provided including a closure member body
having an outer periphery and a resilient seal member on
the outer periphery of the closure member body defining at
least a portion of an interior space within the resilient
seal member and forming at least a portion of an outer

surface of the closure member, and means for communicating

‘pressure or a partial vacuum from the outer surface of the

FI 9

closure member to the interior space within the resilient

seal member.

Further, in accordance with this invention, an isola-
tion structure includes a shell having an opening and a
closure member dimensioned to be received within the open-
ing, the closure member including a closure member body
having an outer periphery and a résilient seal on the
outer periphery of the closure member body, the resilient
seal defining at least a portion éf an interior space
within the resilient seal and forming at least a portion
of an outer surface of the door, and means for communicat-
ing pneumatic pressure from the outer surface of the clo-
sure member to the interior space within the resilient

seal.

Preferably means are provided for attaching the re-
silient seal to the closure member bedy; and the closure
member body includes a backbone and the means for attach-
ing the resilient seal to the backbone includes front and
rear plates. Preferably, the front plate brovide a smooth
outer surface of the closure member. Preferably, the

front plate has at least one aperture formed therein.

Preferably, the means for communicating pressure or a

partial vacuum from the outer surface of the closure mem-

91 188



3 around the item This formof packaging is perhaps even nore tanper
" resistant than bubble wap packagi ng and of- fers sone inprovenent of
protection against vibration and inpacts since the itemis held tightly
agai nst the backing material . Sonme contam nation resistance can be
provi ded by sealing the backing sheet. However, since the plastic is forned
tightly over the device, there can be no assur- ance that the plastic sheet

will remain entirely,i n«%(@ct@héju{x{tf&ifersEé@JSaGiﬂgirPere_e&%siliEHU hen1 the- -
shri-nk wap form of packagi ng has had llttlﬁﬁgﬁgllc tian to sensitive

el ectroni cs product®¥ sFafcdad ot fleMTAPS aRl npapfially enclosed within

the closure member body; and_preferably, a portion of the
manifold means is formed by grooves located on a surface

of the backbone.

dAlternatively it is preferred that the means for
communicating pressure or a partial vacuum from the outer
surface of the closure member to the interior space within
the resilient seal comprises manifold means at least par-
tially enclosed within the closure member body and a por-
tion of the manifold means is formed by grooves located on
a surface of the backbone and the front plate, including

the at least one aperture.

It is also preferred that means is provided for lo-
cating at least one of the front plate and the back plate
relative to the backbone; wherein, preferably the means
for loca%ing at least one of the front plate and the 'back

plate relative to the backbone includes locating pins.

Preferably means is provided for locating at least
one of the front plate and the back piate relative to the
backbone includes an O-ring; and preferably further in-
cludes’ a breather body. Preferably a groove is formed
along an inner surface of the opening in the shell, and
preferably, the groove further includes a preload ridge;
the shell is formed of at least two portions; the shell
has at least one viewing window formed therein, or at
least one the portion of the shell has at least one view-
ing window formed therein.

In accordance with another aspect of this invention,
a closure member for an isolation structure including
a closure member body having an outer periphery and a
resilient seal on the outer periphery of the closure mem-

ber body, the resilient seal defining at least a portion
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stresses, both fromthe deformation of the plastic sheet and the vacuum
appl i ed, can damage the product packaged. The product may al so be danaged
during renmoval fromthe packaging or may be affected by bits of the plastic
filmadhering to the product. The above forns of packaging, therefore, do
not si- multaneously provide protection fromeven the nost nmgjor

envi ronnental factors which could damage8delicate elec- tronic circuit
conmponents. Wile the above-discussed packagi ng techniques are :
rel ativel y i nexpensfvan dmdezier ofP3ceasedhansthyl eesi eentt keplcapdofoqwiog de
the conbina- tion gf fieattr @s pauiohethsf oin Poet €€t sQpRr Qe SWEN tRleeCd TMre

member, and means for communicating pressure or a partial

vacuum from the outer surface of the closure member to the
interior space within the resilient seal. Preferably
means are provided for attaching the resilient seal to the
closure member body. Preferably, the closure member body
includes a backbone and the means for attaching the resil-
ient seal to the closure member body includes front and
rear plates. Preferably, the front plate provides a
smooth outer surface of the closure member. Preferably
the front plate has at least one aperture formed the rein;
and preferably the means for communicating pressure or a
partial vacuum from the outer surface of the closure mem-
ber to tne interior space within the resilient seal com-
prises manifold means at least partially enclosed within
the closure member body; and preferably a portion of the
manifold means is formed by grooves located on a surface
of the backbone; and preferably the means for communicat-
ing pressure or a partial vacuum from the outer surface of
the closure member to the interior space within the resil-
ient seal comprises manifold means at least partially
enclosed within the closure member body and a portion of
the manifold means is formed by grooves located on a sur-
face of the backborie and the front plate, including the at

least one aperture.

Alternatively, means are provided for locating at
least one of the front plate and the back plate relative
to the backbone, and preferably, the means for locating at
least one of the front plate and the back plate relative
to the backbone includes locating pins; pfeferably include

an O-ring, or a breather body.

The foregoing and other objects, aspects and advan-
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I cs conmponents. Mbre expensive, reusable packaging, however, is usu- ally
"of a nore robust construction and is therefore less likely to be resistant
to tanmpering or to show physical evidence that tanpering has occurred.

Mor eover, the pos- sibility of reuse introduces further problens of

cl eani ng of the packagi ng between uses. Further, multiple uses inplies
the possibility of damage or wear which would shorten the usable lifetine

of the container and inc%g?§§3eéggg%féu?g%qqugggefpgmngE rggpﬁg&gg?ade_

contai ner or a pt4et n¥t unsui t a urt her use may not dent
from sinple i nspectiexh.description of a preferred embodiment of the inven-

tion with reference to the drawings, in which:

Figure 1 is an exploded view of the isolation struc-

ture in accordance with the invention,

Figure 2 is a cross sectional view of the closure
member and seal member structure of the isolation struc-
ture illustrated in Figure 1, and including a portion of

the shell of the isclation structure,

Figure 3 is an exploded view of an alternative em-
bodiment of the closure member structure in accordance
with the invention showing some preferred features there-

of, and

Figures 4 and 5 illustrate the process of unlatching
the closure member of the isolation enclosure in accor=-

dance with the invention.

Referring now to the drawings, and more particularly
to Figure 1, there are shown, in an exploded view, the
constituent components of the isolation structure 100 in
accordance with the invention. The isolation structure
100 has two major parts, a shell 110 and a removable clo-
sure member or door 112. Shell 110 can preferably be
fabricated ofrom two shell portions 111, 111' by casting,
injection molding, machining, or any other suitable tech-
nique. If the shell 110 is so formed, the portions are
preferably permanently joined by hot platen welding to
provide a hermetic seal member with no flash at the joint.
However, other joining techniques and materials may be
used such as adhesives as long as care is taken to avoid
materials and formations which could form a source of
loose particles or vapors (e.g. a solvent in an adhesive)

which could be a source of contaminants. In any case,
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;The provision of single-use seals in conbination with nmultiple-use
containers also does not provide a conplete solution to current packagi ng
requirenents. Such seal s represent an added expense and often do not
provi de a snooth interior of the container, which can also be a source of
damage to el ectronic devices contained thgrein. Additionally, single use
seals may al so represent a source of contam nation during opening of the

contai ner and, wheny placeth i BoLOIBHLSEI 0N, 110 NQle S drap]l yClsakd with
controlla- interlocking edge structures 139, 140 and possibly inter-
locking tabs such as 141 to enhance structural integrity
of the shell 110 when the shell 110 portions are joined.
Whatever technigue or materials are utilized to join the
shell'portions 111, 111', it is preferable that the full
extent of such locating or interfitting structures be
involved (e.g. a full depth weld) so that no internal
crevices will remain after the shell portions 111, 111'

are joined.

The shell 110, when completed, has no moving parts or
internal concave structures and thus may be easily
cleaned. The major portion of the interior is preferably
planar to facilitate cleaning and the closure member open-
ing 90 into which the closure member 112 is to be fit is
no smaller than the internal cross-sectional shape of the

L shell 110 interior, allowing brushes, nozzles or other
! devices to be brought into contact with all interior sur-
faces of the shell 110.

The planar major surfaces, such as 118, of the inte-
rior of the shell 110 alsc preferably cooperate with
planar outer surfaces 117 to form viewing windows so that
the contents of the isolation structure 100 may be in-
spected while maintaining isolation from the ambient atmo-
sphere. For this reason, transparent materials are also
preferred. Additionally, further viewing windows may be
provided in the sides of the shell 110 such as at 119. It
is preferable, if the shell 110 is formed in two portions,
to avoid having a joint between such portions crossing the
side viewing windows. Therefore, window 119 is preferably
formed on one of the portions and a corresponding notch
120 formed on the other portion to receive an edgevthere—
of. It is also possible to form any of the viewing win-
dows 117, 119 as a separate structure around which two or

more portions of the shell 110 are fitted. However, since
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.ble’interior and/ or exterior dinensions of the-package. Further, none of
t he above packag iegﬁﬂ@ggy@@m@mb vides for maintaining clean conditions

during renoval of om t he package when the exterior surface of
an1nated This require- nment has becone
ars with the increase of storage and

t he package may hal
nore i nportant dur

transportation of internediate productsifor electronic devices which nust
be maintained in a clean condition when renoved fromthe packagi ng for
furtper processggtablBucthaspatbatmhntenabsehaiviag ade- oquasebyngl panp-
ggglliagf:;;r:aﬂg ?g\élﬁégggﬁg :}Ledq Ir(:’:'zxdtéso c|> sﬁfa?ié?%% emgomfslsonopfpgg%icles

from the surface) are readily available, lowest cost is

achieved by integral formation of the viewing windows in

the shell portions 111, 111°'. Examples of such suitable
materials are PC (Polycarbonate, LEXAN(R)), PMMA
(Poly(methtylemethacrylate), BAYON(R}) and PETG

(Poly(ethylene terepthalate - glycol modified), KODAR(R)).
These materials are also particularly suitable since with
additives (such as static dissipative agents) they can be

somewhat conductive and thus dissipate static electricity.

It is contemplated that the item contained within the
optical enclosure may be provided with bar code indicia
such as a universal product code label for identification
of the item contained in the isolation structure 100 to
thus allow direct, automated identification thereof.
Therefore, viewing windows must be maintained in good
optical condition. To avoid scratching of the viewing
windows and to maintain good optical properties thereof,
the viewing windows are preferably either recessed slight-
ly from the shell 110 exterior (as shown at viewing window
119) or a stacking structure is provided, preferably in
the form of raised frame margins 121 and 122, or both.
The raised margins 121 and 122 are preferably dimensioned
to be functionally combined with a stacking strucﬁure, as
indicated at 121 and 122 in Figure 2. The windows are
preferably formed symmetrically on major faces and edges
of the shell 110 to avoid the need to reorient items to be
inserted therein during automated insertion of items into
the isolation structure 100.

The interior of shell 110 is preferably formed as
symmetrically as possible in the vertical direction in
order to accommodate an object placed therein in either of
two orientations. This feature allows the avoidance of

inversion of the object regardless of the orientation of
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t herein by automated processing equi prent. Therefore, isolation
“structures nust be adapted to be nmani pul ated by such equi pment in addition
to providing the required types of protection for the packaged itens.

Thi s adaptation often requires both the packaging and the autonated equi p-
ment to be specially nodified and standardi zed, increasing costs and
reduci ng the generality of application oflEhe aut omat ed equi pnent . 5

the shell 110. This is particularly advantageous where it
allows the provision of additional automated packaging
machinery to be avoided to invert the objects. If stack-
ing features such as raised frame margins 121, 122 are
provided on the exterior of the shell 110, symmetry of the
exterior of the shell 110 may not be possible. However,
symmetry at the closure member opening (opening) 290 of the
isolation structure 100 shell 110 is sufficient to obtain

simplification of the object insertion process.

Shell 110 is also preferably formed with an external
projection 115 which can be used to position the shell 110
during the insertion or removal of the contents thereof.
The projection can alsoc be used as a location for a pro-
cess identification tag 116, preferably formed as an in-
sert held between projections 115, or othér identifying
indicia. While no particular exterior dimensions or
shapes are required for projection 115 or in combination
with insert 116, it 1is considered preferable that the
lateral ends 115' of projection 115 be angled, bevelled,
rounded or otherwise shaped to facilitate gripping or
handling of the shell 110 and separation of the shells 110
when stacked in accordance with stacking structures 121
and 122.

The closure member 112 in accordance with the inven-
tion is a composite structure; the principal constituent
parts of which are a closure member body, preferably in-
cluding a backbone 124, and a resilient pneumatic seal
member 113. The backbone 124 supports the general shape
of the resilient seal member 113 to generally conform to
the shape of the closure member opening }opening) 90 in
shell 110. The backbone 124 -also preferably provides
pneumatic manifolding 130 to communicate with the interior
of the resilient seal member 113, as will be described in
greater detail below. The edges of the backbone 124 are
also preferably cup-shaped in cross-section, as best il-
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~ SUVWWARY OF THE INVENTION It is an object of the present invention to
anel i orate one or nor e dlsadvantages of the prior art. According to one

aspect of the
i ncl udi ng:

contam nati on
I nterior; and

se
a

nd having an opening |leading to said
di nensil8ned to be received within said

opening and conpletely reaned therefrom said closure nenber including:
cl osure nenberlusddatealiaty e ouft drigverel ghaoy famn anr esldrigatteds dalr aiashai d

out er peripher

xltcgrls&l d,ehasdr e,hBber Hedy tsaggage%émf& 543 ggf'ﬂi g

at |least a portion of an I nterior space W t |n sal

resilirent sea
stalled thereon. Accordingly, apertures are provided in

the cup-shaped edge of backbone 124 in accordance with the
manifolding structure utilized. It is to be understood
that while providing manifolding within the closure member
body 1is preferred, it is only necessary to be able to
communicate pressure or partial wvacuum to the interior
space defined, in part, by the resilient seal member 113
and a closable opening, tube or other arrangement could be
provided directly on the resilient seal member 113, 1it-
self.

With further reference to Figure 2 as well as Figure
1, to complete the major structure of the closure member
112, the closure member body preferably further includes
front plate 123 and rear plate 125. As shown in figure 2,
the front and rear plates clamp respective margins of

resilient seal member 113 against outer sides of the cup-

shaped edges 132 of the backbone 124. The front and rear

plates 123, 125, in conjunction with the backbone 124,
also mechanically constrain the resilient seal member 113
and provide controlled collapse of the seal member 113
when the interior volume is evacuated. The "interior
volume" to be evacuated includes spaces 170 and 180 in
hollow closure member 112 as well as the pneumatic
manifolding 130. The space 170 is the space between the
front plate 123 and the back plate 125. The space 180 is
defined by the volume between the pneumatic seal member
113 and the cup-shaped edge of the closure member backbone
124. Of course, it is to be understood that this defini-
tion of the "interior volume" is directed to’the particu-
lar shapes and topologiés of the constituent parts of the
preferred embodiment of the invention and basically in-
cludes all interior space of the closure member which is
in communication with the interior 180 of the resilient

seal member 113, thus constituting "manifolding" regard-
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. and f or ni ng at least a portion of an outer surface of said closure nenber,
ghdcber including a backbone and front and rear

“M\iel ient seal to said backbone, said rear plate

sai d closure nmember body, f

pl ates for attfagBh

faci ng said she vsi mﬁﬁ n said closure menber is received within said
shel | openi ng, pl ate having at | east one aperture forned
therein; and neans for communi cating pneunmatic pressure from said outer
surface of said closure nenber to said interior space within said resilient

seal and manif dledsnmedhsitad teasigpaatiahly emclsoreddrvdhis bBai dnaeestioed
T e o AL AL cbERTh ST B RPr o B O) vy
minor fraction of the interior space which may exist in
the closure member. It is considered, however, that in-
creased, volume of the manifolding may increase tamper
resistéhce by regquiring evacuation of a greater volume
which is more likely to require specialized apparatus for

successful collapsing of the resilient seal member 113.

Location of the front and rear plates 123, 125 rela-
tive to the backbone 124 is preferably facilitated by
cylindrical housings 340 secured to the back of front
plate 123 centered on center lines 126 and 126' respec-
tively. Cylindrical housings 340 extend through holes in
the backpbone 124 and back plate 125, which holes are also
aligned with center lines 126 and 126' respectively. Cn
the back side of back plate 125, the retaining nuts 324
are pushed over the ends of cylindrical housings 340, so
nuts 324 lock onto c¢ylindrical housings 340 by turning
them into a locked position as it well-understood by those
skilled in the art. '

Alternatively, the front and back plates 123, 125 and
the Dbackbone 124, together with other closure member
structure can be joined together by pins ezxtending from
either or both of the front and back plates 123, 125
and/or backbone 124 and welded, bonded or otherwise af-
fixed at the front and back plates 123, 125 to secure the
closure member assembly together. Also, as best shown in
Figure 2, the edges of the front and back plates 123, 125
are preferably shaped to closely engage the margins of the
resilient seal member 113 which are preferaBly angled to
give the resilient seal member 113 an overall appearance,
in cross-section, of the Greek letter "Q". This structur-~
al configuration provides a particularly gas-tight seal
member 113 between these parts, allowing the seal member

113 to be pressurized and such pressure maintained for
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.provfded a cl osure nenber fgr

menber body havThigShag Has fea?
peri phery of saiﬁ “
| east a portion

120 i solation structure including: a closure
I phery and a resilient seal on said outer

W r body, said resilient seal defining at
space within said resilient seal and form ng

at least a portion of an outer surface of said closure nenber including a
backbone and front and rear plates foriattaching said resilient seal to
said closure nenber body, said front plate having at | east one aperture
f or med t her ei n;exdreahdesiarese f iord sc anfituningati gt psessyr el othsat o Sut €r mem-

seal

surface of saig gl gs %gngggﬁ%tg% s%kgukghgrigp space within said resilient
i fol g tia P

conpri sing mani neans at

east “par y enclosed within said

cl osure nenber body and wherein a portion of said manifold

Front plate 123 also has an aperture 131 cooperating
with the manifolding provided by backbone 124 to allow the
interio} of the resilient seal member 113 to be pressur-
ized or evacuated. At least the front surface of the
front plate also preferably provides a flat surface for
facilitating engagement by a vacuum closure member removal
plate 114 which will be discussed below. The backbone 124
and front and back plates 123, 125 are preferably formed
of the same material as the shell 110. However, transpar-
ency is not normally required, providing slightly greater

latitude in choice of materials.

Manifolding 130 can be fabricated in many forms, such
as with tubes or hollow structures within the backbone
124. However, an extremely simple preferred structure may
be formed simply as grooves or recessés in the sides of
the backbone 124 ( indicated at 160) or the abutting faces
of the front and/or rear plates 123,:125 (indicated at
160'). The manifolding is preferably formed on both sides
of the backbone 124 with at least one communicating hole
161 through the web of the backbone 124. Corresponding
holes are also formed at the locations of the grooves in
the cup-shaped edges of the backbone 124. The grooves or
recesses may be formed by embossing, casting or machining
or other methods. If the manifolding is formed as
grooves, the grooves need only be deep enough to prevent
closure by the resilient seal member 113 being pressed
into the grooves when the front and rear plates 123, 125
are attached. Thus the grooves serving "as pneumatic
manifolding 130, in cooperation with the abutting inner
faces of the front and rear plates 123, 125 complete a
manifold which can communicate a desired pressure or vacu-
um from opening 131 on a preferably smooth or flush outer

surface of the front plate 123 +to the interior of the
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.means
front

PREFERRED ENMB
expl oded vi ew
i nventi on,

seal

is for
pl at e,

menber

ed by rooves | ocated on a surface of said backbone and said

@&hﬂmﬁ@ | east one aperture. DESCRI PTI ON OF THE
is the repl acenent sheet 6 Figure 1 is an
on struc- ture in accordance with the

Figure 2 |s a c ss sectional view of the closure nenber and
structure of the isolationlstruc-

resilient seal member 113. The pressure or partial vacuum
in the interior of the resilient seal member 113 can be
maintained by providing appropriate closure for opening
131.

Ffbnt and rear plates 123, 125 and backbone 124 also
have apertures for receiving a filter or breather 126 to
allow equalization of pressure between the interior and
exterior of the shell 110 without the introduction of
particulate contaminants. The shell 110 may also be
purged with a gas such as an inert gas after sealing of
the shell 110 by closure member 112 by means of breather
316. However, it 1is preferable to provide at least two
such breathers or filters to allow a gas to be more readi-
ly circuiated throughout the shell 110.

Rear plate 125 is also preferably provided with a
hygroscopic body 128 and a vapor absorptive body 127 af-
fixed thereto, referred to hereinafter as drains. These
absorptive bodies and filter 316 are readily removablé
from the assembled closure member 112 prior to cleaning.
New filters and drains are fitted to closure member 112

when the closure member 112 is to be reused.

Also, as best shown in Figure 2, the closure member
opening 90 of the shell 110 has the overall form of a
groove between an interior shoulder 133 and a similar
exterior shoulder 133' around the entire periphery there-
of. These shoulders are of a dimension which does not
reduce the outline of the closure member opening 90 beyond
the cross-sectional dimensions of the interior of the
shell 110. The groove also preferably is shaped to in-
clude a preload ridge 134 to enhance the $ealing effect

against resilient seal member 113.

Shell 110 may also be fitted with a liner 150 which
may function as a guide or holder for items placed there-

in. This liner preferably has a tapered edge 151. Alter-
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turé Il lustrated in Figure 1, and including a portion of the shell of the
‘i sol ation SﬂhﬁsmﬂﬂﬁwBEmgwlam§ i's an exploded view of an alternative em

bodi nent of t er structure in accordance with the invention
showi ng sone E"ﬂﬁres there- of, and Figures 4 and 5 illustrate
t he process of unla he cl osure nenber of the isolation enclosure in
accor- dance wth the invention. Referying now to the draw ngs, and nore
particularly to Figure 1, there are shown, in an expl oded view, the

constituent caapowebys stichhe ispeatdonegionctonédlb® Enrmed integrally
with shell 110 or shell portions 111, 111°'. The rear
plate 125 of door 112 is also preferably tapered to co-
operate therewith to provide a smooth interior surface of

the isoletion structure 100.

A tapered edge 138 is also formed on the periphery of
front plate 123 to cooperate with an outer portion of the
profile éf outer shoulder 133'. This tapered region pro-
vides a periphery of the front plate which is larger than
the periphery of resilient seal member 113 when retracted
by evacuation, as shown by dashed lines 137, to reduce the
risk of damage thereto. Further, when the resilient seal
member 113 is pressurized or otherwise allowed to resil-
jently expand, the seal member 113 exerts a camming action
against the inner portion of the profile of outer groove
shoulder 133' until the tapered edge of the front plate
123 is seated against the outer portion of the profile of
shoulder 133'. At the same time, the tapered edge of the
rear plate 123 is seated against the tapered region 151.
This interfitting of surfaces provides a particularly
secure positioning of the closure member 112 within the
closure member opening 90 and, in particular, prevents the
closure member 112 from being pushed inward to apply me-
chanical forces against items contained within the isocla-
tion structure 100. This seating of tapefed structures
also assures that the interior dimensions of the isolation
structﬁre 100 will not be altered by the seal member 113
or changes in the condition thereof.

Rear plate 125 is also preferably provided with a
resilient buffer member 129, preferably including pad 332,
and which is preferably dimensioned to apply a slight
positioning force against an item placed in the isolation
structure 100 when the closure member 112 is in place.
Opposing positioning forces are applied to the item by
resilient buffers 143, shown in Figure 1. The opposing

resilient pads thus provide substantial protection of the
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.accordance with the invention. The isolation structure 100 has two mgj or
parts, a shelfhis§il:t BB RegiRYabl e cl o- sure nenber or door 112. Shel |

110 can prefer ated ofromtwo shell portions 111, 111' by
casting, inj GCHMUIE&MH% machi ni ng; or any other suitable tech- nique.
If the shell 1 d, the portions are preferably permanently
joined by hot platen welding to providejg hernetic seal nenber with no
flash at the joint. However, other joining techniques and materials my be
used such as adhgseMesgasnkengmasctar @pl feakenot @havaigh Imtieon ac@¥ire.

formati ons which_could form.a source of |oose particles or vapors (e.g. a
solvent in an adﬁgg?egﬁbf§ the ma erlgi chosen for these resfﬁlent bué%ers

also provides a damping effect and thus provides protec-

tion against vibration being transmitted from the exterior
of th? isolation structure 100 to the contents thereof.
Suitable materials include Fluoro (FLUORE(R)), Urethane
(ELASTILAN(R}), Polyester (ELASTILAN(R)) or Buna-N.

In order to seal or open the isolation structure 100,
a vacuum plate 114 is preferably used. In order to cap-
ture and manipulate the closure member 112, the wvacuum
plate 114 must include a raised resilient seal 135 (e.g.
an O~-ring or suction cup) which is preferably located to
surround the location of aperture 131 in order to conve-
niently evacuate the resilient seal member 113 through
manifolding 130 in the structure of backbone 124. It is
especially preferable for raised resilient seal 135 to
extend around the entire periphery of the vacuum plate
114. This location provides the optimuﬁ application of
frictional engagement forces between the raised resilient
seal 135 and the front plate 123 of the closure member 112
for manipulation thereof. However, if this location for
the raised resilient seal 135, one or more further, simi-
lar seals must be provided to prevent wvacuum from being
applied to the interior of the isclation structure 100
through breather, which may preferably be an assembly of
several elements indicated by center line 126. This is
preferably done by providing O-ring seals 318 and 136
(shown in phantom in Figure 1), as will be discussed in
greater detail below.

Further, for opening of the isolation structure 100
after the outer surface thereof has been etxposed to con-
tamination, this location of the raised resilient seal 135
provides a sealed chamber to contain the contamination.
Any contamination present cannot escape the chamber due to
the vacuum applied. This feature considerably reduces the

difficulty of maintaining c¢lean processing conditions
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whi ch could be a source of cont nhnants. In any case, 7 shell 110
portions 111, 111Thi t & formed with interlocking edge structures
139, 140 and possi ing tabs such as 141 to enhance structural
integrity of the sh he shell 110 portions are joined. Whatever
technique or materials are utilized to join the shell portions 111, 1171

it is preferable that the full extent ofgsuch locating or interfitting
structures be

within processing apparatus. For example, the shell 110
of the isolation structure 100 need not be introduced into
processing equipment but merely placed against an aperture
in a cover thereof. A contaminated cover could be with-
drawn Fnd the contamination fully contained by automated
mechanisms within the processing apparatus while the con-
tents of the isolation structure 100 is removed. The
cover could theén be replaced and the contaminated isola-
tion structure 100 removed and the processing apparatus
cover resealed with little or no opportunity for contami-
nation of the interior of the processing apparatus to

occur.

Referring now to Figure 3, a preferred structure for
several of the constituent parts of closure member 112
will be described. A preferred form of backbone 124 in-
cludes a toothed periphery at the rounded ends thereof.
These teeth,’ such as shown at 312, provide gaps which
improve gripping and sealing of the margin of resilienk
seal member 113. It should be noted in this regard that a
suitable resilient seal member 113 made of an elastomeric
material is commercially available but is shaped in a
generally circular rather than an elongated oval form.
Straightening the curvature of this commercially available
seal 318 along the linear portions of the backbone 124
stretches the inner periphery and does not affect the
sealing action between the backbone 124 and the front and
rear plates 123, 125. However, wHere the curvature is
increased, the inner margin is compressed. Therefore, the
teeth 312 are advantageous in accommodating the compressed
material in these regions while gripping the resilient
seal member against corresponding ribs 322 between recess-
es formed in the front and rear plates 123, 125. It is
considered -preferable that the ribs and teeth be opposed
to each other rather than interleaved since the serpentine
shape into which the seal margin would be forced, in the

latter case, provides an inferior seal and concentrates
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|nvolved (e.o.
after the shel
conpl eted, has
may- be easily
pl anar to facil
whi ch the cl osu
cross-secti onal
nozzl es or othe

a fuII de th so that no internal crevices will remin

T 1' are joined. The shell 110, when

n or internal concave structures and thus
Jor portion of the interior is preferably
itate cleanlng and the closure nmenber open- ing 90 into

re menber 112 is to be fEP is no snmaller than the internal
shape of the shell 110 interior, allow ng brushes,
fodeeiscdurtiogbansestglon ot sheontasurai mhmbek iLAReihte Sbe-

faces of the shghk131G10 closure member opening 90 which could tear or

otherwise degrade the resilient seal member 113.

A preferred structure for the resilient buffers 129
is foémed by insertion of cylindrically shaped buffers 332
into brackets 334 which may be formed integrally with or
attached to the rear surface of rear plate 125. Buffers
332 are preferably force fit into these brackets 334 so
that the resilient material thereof will be retained
therein and also deformed slightly to protrude in the
direction of application of force to the contents of the

isclation structure 100.

A preferred form of the breather 126 is also shown in
Figure 3 which also performs the function of locating pins
125' of Figure 1. Breather body 316 which is generally
cone-shaped is provided which preferably has protrusions
thereon which key into noéches 314 in apertures formed in
front plate 123. The breather body thus reaches through
all of the front plate 123, backbone 124 and rear plate
125. An O-ring seal 318 is provided around the breather
body within apertures in the backbone 124. Thus when the
breather body is placed in tension, preferably by the
installation of a guarter-turn nut affixed thereto, the O-
ring seal 318 is flattened and deformed against the inte-
rior of the aperture in the backbone 124 while maintaining
a slight separation of the front and rear plates 123, 125
therefrom until the parts are fully seated against each
other and in engagement with resilient seal member 113.
In this fashion, the front and rear plates 123, 125 and
the backbone 124 are made self-aligning diring assembly.
Filter elements 328 are then carried by the interior sur-
faces of the breather body 316.

The closure member 112 of the iscolation structure 100

is preferably operated by capturing the closure member 112
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The pl anar eetfl—éggf‘,%nR%& as 118, of the inte- rior of the shell 110
al so preferabl th planar outer surfaces 117 to form vi ew ng
wi ndows so that “Eﬂ %mf the isolation structure 100 nay be in-
spected while ation fromthe anbi ent atnp- sphere. For
this reason, transparent materials are also preferred. Addi tional ly,
further viewi ng wi ndows may be providediin the sides of the shell 110 such
as at 119. It is preferable, if the shell 110 is formed in two portions,

to avoi d havi ngristH ai ntadeimgeasechlpost i tine Coossdigclbeedi ddovieew g r
w ndows. Therefore, .w ndow 11§osur%r efferabl forgrgtil on Lone of the portIl ons

and a corresponrae ndgVIr%’t Y € Ope necessary
application of a partial vacuum to the surface of the

front plate 123 is also communicated through manifold 130
to the interior of resilient seal member 113 which then
assumes the shape indicated at 137. The closure member

112 can then be easily seated or removed, as desired.

The ends of the cup-shaped edges of the backbone 124
are preferably dimensioned to provide a sliding fit over
groove shoulder 133' While some wéar on the resilient
seal will occur unless a clearance is provided, a sliding
contact will provide the most secure c¢losure and seal
member 113 of the closure member 112. Any significant
wear which occurs will be easily detectable by inspection.
Further, a two-step, detent-~like action will be provided
by the ends of the cup-shaped edges of the backbone 124
which can be sensed by automated equipment to indicate
proper closure of the closure member 112 . The detent
action will also hold the closure member 112 in a correct
position relative to shell 110 while the resilient seal

member 113 is allowed to expand or is pressurized.

It should be noted that when the closure member 112
is correctly seated, there are no grippable projections on
either the surface or the edges of the closure member 112

The preferably bevelled or tapered edges of the closure
member 112 are closely fitted to and slightly recessed
below the edge of shell 110. The resiliency of the resil-~
ient seal member 113 at the edges of the backbone 124 and
front and rear plates 123, 125 is preferably chosen such
that it cannot be collapsed by evacuation which is less
than the partial vacuum required to firmly grip the clo-
sure member 112 by vacuum plate 114. Thus, the isolation

device is made highly resistant to tampering and cannot be
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120 foernmed on the other %5131
- possible to fadh

However,

Qh to receive an edge there- of. It is also

lewm ng win- dows 117, 119 as a separate

i [
structure aroun m}rﬁ\“\ nore portions of the shell 110 are fitted.
si nce transparent materials having | ow outgassing

prop- erties and |low rates of shedding (e.g. loss of particles fromthe
surface) are readily available, |lowest gpst is achieved by integral
formati on of the viewi ng wi ndows in

opened without severe and visible damage to the shell 110
or closure member 112 of the isoclation structure 100, or
both.

The preferred process of.closing and opening of the
isolaf&on enclosure in accordance with the invention,
together with a preferred form of vacuum closure member
112 removal plate structure 114, will now be described in
detail with reference to Figures 4 and 5. Specifically,
closure member removal plate 114 has a generally planar
surface for mating with the closure member assembly 112 at
the front plate 123 thereof, as shown in Figure 1. This
mating surface of closure member 112 preferably includes
means for establishing a good seal against the closure
member front plate 123, such as a raised resilient seal
135, regardless of minor warpage, scratches and the like
existing on the outer surface of the closure member 112.
The closure member removal plate 114 also preferably in-
cludes a: vacuum line 190 and a recess 216 (in the hollow
conical shape of a suction cup) of substantial volume
which may'be a separate structure within the closure mem-
ber removal plate 114, preferably in the form of at least
one suction cup. Vacuum line 190 is preferably located
centrally of the suction cup shape 216 and concentrically
with aperture 131 in front plate 123. Further, wvacuum
line 190 has a length which provides a small clearance
(e.g. less than the radius of aperture 131 in order to
provide preferential evacuation of manifolding 130 in the
closure member 112 when a sufficient level of vacuum has
been achieved for full gripping of the closure nember
assembly 112. This arrangement of evacuated volumes al-
lows enhanced gripping of the closure member assembly 112
since any leakage at resilient seal 135 or suction cup 216
results in only a relatively slow loss of vacuum in view
of the preferably relatively large total volume of the
manifolding 130 and interior volume of the closure member

112 removal plate 114, including the volume within the
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PC  (Pol ycar bon PMMVA (Pol y( et htyl enet hacryl ate),
BAYON( R) ) I y(et hyl ene terepthal ate - glycol nodified),
KODAR(R) ) . These materials are also particularly suitable since with

addi tives (such as static dissipative aggnts) they can be sonmewhat _
conductive and thus dissipate static electricity. It is contenplated t hat

the item containedewit Ay thg QAktheal s%%eeueepr@isbe p&g&/l Qeéh%gbtpﬁ -
code indicia such_as a universal pr.oduct code | abe] for entification of

the item contai ned®fFR Phe’3SBIMt4 IOFGERTT eFRDOCI A TANRE RStyReRi YagEum
automat ed identifildaéi 080t hed ebhe front face of front plate 123 and thus

tend to preferentially evacuate the suction cup 216 until

_the shell portiTh Mﬁ“ ep]aced Exarrpl es of such suitable materials are

full vacuum gripping is again established. It should be
understood that in such an occurrence, after resilient
seal member 113 has been collapsed as shown in Figure 4,
such a partial loss of vacuum will not immediately reseal
the closure member 112 since return of pressure to the
interior of resilient seal member 113 will be limited by
the small cross-sectional area of the manifolding 130 at

grooves 160.

Thus the wvacuum gripping of the closure member 112
and the collapse of the seal member 113 will be stabilized
even in the presence of minor leakage of the closure mem-
ber removal plafe 114; due to the baffle formed by the
clearance between the yacuum line 180 and the front face
of front plate 123. By virtue of the same structure, when
gripping is initiated after positioning of closure member
removal plate 114 agéinst the closure member 112, the
clearance between the closure member 112 and the end of
vacuum line 190 will be somewhat greater than the final
location and the suction cup 216 and the remainder of the
volume within resilient seal 135 will be achieved before a
vacuum is pulled on the manifolding 130 and, in turn, on
the interior of resilient seal member 113 due to the re-
striction on gas flow at groove 160 of manifolding 130.
Therefore, gripping of the closure member 1s assured prior
to the collapsing of resilient seal member 113.

For gripping of the closure member 112; closure mem-
ber removal plate 114 is placed against the outer surface
of closure member 112 and a vacuum is applied to wvacuum
line 221 through a valve 220 and thence to the interior of
the closure member removal plate 114 through vacuum line

180 which is preferably attached to valve 220 or vacuum
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- Theref ore, vi eMisBhedttBRASROMSLy De mai ntained in good optical condition.

To avoid scratc JIEW ng Wi hdows and to mai ntain good optica
properties ther n!] EMT'WHMFg wi ndows are preferably either recessed
slight- Iy from I exterior (as shown at view ng w ndow 119) or
a stacking structure is provided, preferably in the formof raised frane
mar gi ns 121 and 122, or both. The raiseqd margins 121 and 122 are preferably
di rensioned to be functionally conmbined with a stacking structure, as

i ndi cated at 121irand2222 thirokiggur£ 2hreIhedWimdoysnar 10" ef exabky 4fi oed

i jor faces and edges of the shell 110 to avoid the need
fgnrgg;:gﬁ{lytgﬂgﬂ%%odgua cfearancegbetween the wvacuum line 190 and the

front of the closure member assembly 112 will cause a
vacuum to first be drawn more strongly on the interior
space defined by recess 216 of the closure member removal
plate 114 and thereafter drawn more strongly through aper-
ture 131 to space 170 which is connected to manifolding
120 to draw a vacuum on the manifolding 130. After vacuum
gripping has been accomplished and as vacuum is drawn on
manifolding 130, vacuum is drawn somewhat more slowly on
the interior of resilient seal member 113 to collapse the
same. Once the resilient seal member 113 is collapsed,
the closure member removal plate 114 can be drawn back,
preferably within a clean environment indicated by housing
wall porxions 222 to allow access to the interior or con-
tents of the enclosure 110. In this connection, it may
also be desirable to provide a seal or support for enclo-
sure 111 where it abuts wall portions 222, as generally
indicated at 223, to provide further' protection against

contamination.

After placement of an article within the shell 110 or
removal therefrom, the closure member 112 may be replaced
and resealed by merely releasing the vacuum and allowing
resilient seal member 113 to expand to its original shape
as installed on closure member assembly 112. The release
of the vacuum is preferably regulated so that the resil-
ient seal member 113 will resume its original shape and
seal the enclosure more or less concurrently with the
release of the closure member 112 by closure member 112
removal plate 114. In this regard, the clearance between
vacuum line 190 and the front surface of ¢losure member
assembly 112 can be of assistance in regulating the timing
of the closure member 112 release to the expansion of
resilient seal member 113. In any event, the mechanical
pressure on the closure member removal plate 114 against

closure member assembly 112 maintains the closure member
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inserted therelmsCBAEdtngslﬁ.g, it ed insertion of -items into the isolation

structure 100. T dnel | 110 s preferably formed as
symetrically as H e vertical direction in order to accommodat e
an object placed her of two orientations. This feature

al l ows the avoi dance of |nver5| on of the object regardl ess of the
orientation of 9 the shell 110. Thi 25 s particularly advant ageous where

't 112 seated against the shell 110 and timing of the release
and the expansion of resilient sea; member 113 is not
particularly critical. Positive pressure in vacuum line
221 coupled to manifolding 130 through vacuum line 190 can
also be advantagequsly used to speed expansion of resil-
ient seal member 113 and, if desired, manifolding 130 can
be pressurized and sealed to enhance the gripping of shell
110 by the resilient seal member 113.

In view of the foregoing, it is clear that a system
of protection features has been provided in a single iso-
lation structure 100 of simple design and which can be
fabricated and used economically. Protection of the con-
tents of the isolation structure 100 from impacts wvibra-
tion, contamination from particulates and vapors and tam-
pering are all provided while allowing inspection of the
contents. Manipulation of the isolation structure 100
does not regquire specific modificatibn of automated mecha-
nisms since vacuum plates may be used to manipula%e the
structure and parts thereof. The isolation structure is
reusable and can be easily cleaned between uses. Tﬁe seal
member 113 does not affect internal dimension of the iso-
lation structure 100 and allows a smooth interior surface

to be provided.
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.al'l ows' the provision of additional automated packagi ng machinery to be
avoi ded to Fhv%mﬂ}hhawo wets. |f stack- ing features such as raised frane
nargrns 121, nq ed on the exterior of the shell 110, synnetrytﬁf
the exterior 10 may not be possi bl e. However, synmmetry a
the cl osure ne er openrng (opening) 90 of the isolation structure 100
sheII 110 is sufficient to obtain sinpljhfication of the object insertion
process. Shell 110 is also preferably formed with an external projection
115 which can be used to position the shek|l 34Q during the insertion or
renoval of the contents thereof. The projection can al so be used as a
| ocation for a pro-

1. An isolation structure including
a shell having an opening and

a closure member dimensioned tc be received within

said opening, said closure member including

a closure member body having an outer periphery and a
resilient seal on said outer periphery of said clo-
sure member body, said resilient seal defining at
least a portion of an interior space within said
resilient seal and forming at least a portion of :an
cuter surface of said door, and

means for communicating pneumatic pressure from said
outer surface of said closure member to said interi-

or space within said resilient seal.

2. An isolation structure as recited in claim 1, further
including means for attaching said resilient seal to

said closure member body.

3. An isolation structure as recited in claim 2, wherein
said closure member body includes a backbone and
said means for attaching said resilient seal to said

backbone includes front and rear plates.

4, An isolation structure as recited in claim 3, wherein
said front plate provides a smooth outer surface of

said closure member.
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.cess i'denti fi catThigShee si&ﬁﬂkﬁM®ﬂerably formed as an in- sert held between

projections 115, I fying indicia. While no particular
exteriar dinmensio are required for projection 115 or in
conbination with insert 116, 1t is considered preferable that the |ateral
ends 115' of projection 115 be angl ed, bevelled, rounded or otherw se
shaped to facilitate gripping or handli2dig of the shell 110 and separation
of the shells 110 when stacked in accordance with stacking structures 121
and 122. The cPoesur &rnggidatipn istracdonganse neictikedhén sledm @i,owhesredn
conposite structuregatibe PréRei RAlateONBAL L URN1east one aperture formed

therein.

6. An, isolation structure as recited in claim 1, wherein
saﬁd means for communicating pressure or a partial
vacuum from said outer surface of said closure mem-
ber to said interior space within said resilient
seal comprises manifold means at least partially
enclosed within said closure member body.

7. An isolation structure as recited in claim 6, wherein
a portion of said manifold means is formed by

grooves located on a surface of said backbone.

8. An isolation structure as recited in claim 5, wherein
salid means for communicating pressure or a partial
vacuum from said outer surface of said closure mem-
ber to said interior space within said resilient
seal comprises manifold means at least partially
enclosed within said closure member body and a por-
tion of said manifold means is formed by grooves
located on a surface of said backbone and said front

plate, including said at least one aperture.

9. An isolation structure as recited in claim 4, further
including means for locating at least one of said
front plate and said back plate relative to said

backbone.

10. An isolation structure as recited in claim 9, wherein
said means for locating at least one of said front
plate and said back plate relative to* said backbone

includes locating pins.

11. An isolation structure as recited in claim 9, wherein
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.parfs of
124, and a

t he general
t he shape of the cl osure nmenber opening (opening) 90 in shell 110. The

mati c seal nenber 113. The backbone 124 supports
resilient seal nenber 113 to generally conformto

backbone 124 al so preferably provides pgeumati c manifolding 130 to

communi cate with the

interior of the resilient seal nmenber 113, as w ||

Thi
S eﬂ;ﬁﬁﬁ! Plaset @ menber body, preferably in- cluding a backbone

be

described in greater skeitdithedrsd ofwr Theatdges asf lidastbagleborfe k24 afreoral so

preferably cup-shaped,ifi LIORS-SHA Ak BFaLESkehhti JI Eol Satd&dSRlAcEMENt

sheet

[
w

'_l
(o))

17.

i18.
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includes an O-ring.

An isolation structure as recited in claim 11, where-
in said means for locating at least one of said
front plate and said back plate relative to said
backbone further includes a breather body.

An isolation structure as recited in claim 1, further
including a groove formed along an inner surface of

said opening in said shell.

An isolation structure as recited in claim 13, where-

in said groove further includes a preload ridge.

An isolation structure as recited in c¢laim 1, wherein

said shell is formed of at least two poréions.

An isolation structure as recited in claim 1, wherein
said shell has at least one viewing window formed

therein.

An isolation structure as recited in claim 15, where-
in at least one said portion of said shell has at

least one viewing window formed therein.
A closure member for an isolation structure including

a closure member body having an outer periphery and =a
resilient seal on said outer periphery of said clo-
sure member body, said resilient seal defining at
least a portion of an interior space within said
resilient seal and forming at least a portion of an

outer surface of said closure member, and

188
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110 T ustrat ed gShestblasBeenReplaced > {6 form an el ongated toroidal interior

vol une when ri l\ MJ I nmber 113 is in- stalled thereon.

Accordi ngly, rovided in the cup-shaped edge of backbone 124
i n accordance with the manifolding structure utilized. It is to be
understood that while providing manifolding within the closure nenber body
Is preferred, it is only necessary to begable to conmuni cate pressure or
partial vacuumto the interior space defined, in part, by the resilient
seal nenber 113 means for communicating pressure or a partial vacuum

from said outer surface of said closure member to

said interior space within said resilient seal.

19. & closure member as recited in claim 18, further
including means for attaching said resilient.seal to

said closure member body.

20. A closure member as recited in claim 19, wherein said
closure member body includes a backbone and said
means for attaching said resilient seal to said

closure member body includes front and rear plates.

21. A closure member as recited in claim 20, wherein said
front plate provides a smooth outer surface of said

closure member.

22. A closure member as recited in claim 20, wherein said
front plate has at least one aperture formed there-

in.

23. A closure member as recited in claim 18, wherein said
means for communicating pressure or a partial vacuum
from said outer surface of said closure member to
said interior space within said resilient seal com-
prises manifold means at least partially enclosed

within said closure member body.

24. A closure member as recited in claim 23, wherein a
portion of said manifold means is formed by grooves
located on a surface of said backbone.

25. A closure member as recited in claim 22, wherein said
means for communicating pressure or a partial vacuum
from said outer surface of said closure member to
said interior space within said resilient seal com-

prises manifold means at least partially enclosed

F1 9 o e AN g A



and a‘cl osa&gjsghégpﬁm ng, ube or other arrangenment could be provided

directly on lacedal member 113, it- self. Wth further reference
to Figure MI ure 1, to conplete the major structure of the

cl osure ne ! osure nmenber body preferably further includes
front plate 123 and rear plate 125. As shown in figure 2, the front and
rear plates clanp respective margi ns of3@esilient seal nenber 113 agai nst
outer sides of the cup- shaped edges 132 of the backbone 124. The front
and rear plates 123, wi2Binj nsTcbhj mictugre witttbehe atkbend 124 pagltsen of

mechani cal I'y ConStraEQiBh%éﬁ¥¥Jﬂdﬂme£ﬁ?Ji@eﬁggﬁeél%y grooves located on

a surface of said backbone and said front plate,

including said at least one aperture.

26. A closure member as recited in claim 21, further
including means for 1locating at least one of said
front plate and said back plate relative to said

backbone.

27. A closure member as recited in claim 26, wherein said
means for locating at least one of said front plate
and said back plate relative to said backbone in-

cludes locating pins.

28. A closure member as recited in claim 26, wherein said
means for locating at least one of said front plate
and said back plate relative to ‘said backbone in-

cludes an O-ring.
29. A closure member as recited in claim 28, wherein said
means for locating at least one of said front plate

and said back plate relative to said backbone fur-
ther includes a breather body.

N g
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~and provi de_con troIIed col | apse of the seal nmenber 113 when the interior

volume is e anHhecdlnterlor vol une" to be evacuated includes -
spaces 170 a W/closure menber 112 as wel | as the pneumatif
mani f ol di ng e 170 is the space between the front plate 123
and t he back plate 125 e space 180 is defined by the vol une between the

pneumati ¢ seal nenber 113 and the cup-shaped edge of the closure nenber
backbone 124. O course, it.is to be understood that this defini- tion of
the "interior volunme" is directed to the parABEURACLAr shapes and topol ogi es
of the constituent parts of the preferred enbodi nent of the invention and

|1 -in-
basical ly ISOLATION STRUCTURE FOR

CONTAMINATION SENSITIVE ITEMS

A reusable isolation structure (100) features an
easily cleanable shell (110) and a cloture member or door
(112). The shell has viewing windows (117,119) formed
therein, each protected by a framing ridge (121, 122) or a
recess integrally formed in the shell provides protection
of contents from contamination, impact, vibration and
tampering. Framing ridges or recesses also facilitate
stacking of shells. The opening (90) of the door (112)
of the shell includes a groove formed around the periphery
thereof and is preferably not more than slightly smaller
than an interior cross-section of the shell. The door of
the isolation structure is dimensioned to fit within the
door opening and has a resilient seal (113) clamped to the
periphery of a backbone (124) by front (123) and rear
(125) plates. The front and rear plates cooperate with
grooves formed in the backbone to define a preferred form
of manifold for cocupling pressure or a vacuum to the inte-
rior of the resilient seal whereby the resilient seal may
be collapsed to allow removal of the door or allowed to
expand or pressurized to provide secure closure. Filters
(328) and vapor and moisture drains are carried by the
door structure. The door also provides a smooth interior
surface of the isolation structure of closely controlled
and accurately repeatable dimensions. A vacuum plate
(114) for handling the door simultaneously provides for
evacuation and controlled collapse of the resilient seal
as well as containment of contamination of the exterior

thereof.

Figure n® 1
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cluees all interior space of the closure menber which is in comunication
mﬁth t he interior 180 of the resilient seal nenber 113, thus constituting

“mani f ol di ng 48 ar d- | ess of its configuration. It should al so be
under st ood t Be hahdlng" may, in fact, occupy only a very m nor
fraction of pace whi ch may exist in the closure nenber. It
S conS|dere I n- creased volune of the manifol ding may

i ncrease tanper reS|stance by reqU|r|ng evacuation of a greater vol une

1/4
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whi ch i ' : require specialized apparatus for successful -
kﬁsmgtﬁgﬁ&ﬁk&&d menber 113. Location of the front and rear

col | apsi | ent seal
pl at es ]‘E‘ﬁ H m ﬂgtive to the backbone 124 is preferably facilitated by
cylindri

40 secured to the back of front plate 123 centered on
center lines 126 and 126 respec- tively. 2/ylindrical housi ngs 340 extend

t hrough hol es in the backbone 124 and back plate 125, which holes are al s&
aligned with center lines 126 and 126" respectively. On the back side of
back plate 125, the retaini2dg _nuts 324 are pushed over e endd 3gf E
cylindrical housings 340, so ts 324 lock onto cylindri*gal housi ngs 340 by
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them i nt o hid Shedk aigh g gljon as it well-understood by those skilled in the
art. Altern PEFYnt and back pl ates 123, 125 and the backbone
124, toget hf ,HMH l’ cl osure nenber structure can be joined together by
pi ns extending f . her or both of the front and back plates 123,

125 and/ or backbone 124 and wel ded, bopded or otherw se af- fixed at the
front and back plates 123, 125 to secut’® the cl osure nenber assenbl y
together. Also, as best shown in Figure 2, the edges of the front and back
pl ates 123, 125 are preferably shaped to cl osekyy engage the margins of the
resilient seal nenber 113 which are preferably~angled to

318

322

324

328
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give the resilient seal nenber 113 an overall appearance, in cross-sectiony
of the G eek T@$dnes Had Bek Réplacelini s structur- al configuration provides a
particularly g I nmber 113 between these parts, allow ng the
seal nenber 113@““““ i zed and sygh pressure maintained for 12
ext ended perio I ghtly seal the, closure mem ber 112 of

| sol at.ion structure 100. Front plate 123 al so has an aperture 131 =
cooperating
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with The manifol ding provided by backbone 124 to allow fiesi.Q46¢ k ER%‘,R; he

resilient seal nenber 113 to be pressur- ized or evacuat t he
front surface of the front plate also preferably provi deamuﬂll ﬂﬂte
for facilitating engagenent by a vacuum cl osure nenber r I 4
which will be discussed bel ow. The backbone 124 and front and back pl ates
123, 125 are preferably forned of the sa material as the shell 110.
However, transpar- ency is not normally required, providing slightly

greater latitude in choice of materials. Manifolding 130 can be fabricated
in many forms, such as with tubes or hollow structures wthin the backbone

ISOLATION STRUCTURE FOR CONTAMINATION SENSITIVE ITEMS

ABSTRACT

A reusable isolation structure (100) features an easily cleanable shell (110) and a
cloture member or door (112). The shell has viewing windows (117, 119) formed therin,
each protected by a framing ridge (121,122) or a recess integrally formed in the shell
provides protection of contents from contamination, impact, vibration and tampering.
Framing ridges or recesses also facilitate stacking of shells. The opening (90) of the door
(112) of the shell includes a groove formed around the periphery thereof and is preferably
not more than slightly smaller than an interior cross-section of the shell. The door of the
isolation structure is dimensioned to fit within the door opening and has a resilient seal (113)
clamped to the periphery of a backbone (124) by front (123) and rear (125) plates. The
front and rear plates cooperate with grooves formed in the backbone to define a preferred
form of manifold for coupling pressure or a vacuum to the interior of the resilient seal.

Fig. 1




124. However, an extremely sinple preferred st r,uzt ure may be for/ﬁed srrrpW
as grooves or recesses in the sides of the bachpné 124 .( |nd| catgd at - 168y
or the abutting faces of the front and/or rear Ir19,tes 123, 125, (Indj cateda
at 160"). The manifolding is preferably forned o thh S|des of: the ° .. - .
backbone 124 with at |east one comnunicating hdl &' 1§ through ‘the” vieb of .

t he backbone 124. Corresponding hol esi are also formed at the | ect ﬁbﬁsgggﬁ
the grooves in the cup-shaped edges of the backbdnésiZ«ZI“ Kihe'igrooves oro. ..
recesses may be forned by embossing, casting or fachi ning or other

net hods. If the manifolding i$oLdaoResTrRESTUREORBRS, the grooves need

only be deep enough to preventCONTAMINATION SENSITIVE XTEMS

The present invention generally relates to enclosures
for the packaging of items and, more particularly, to
packaging structures for isolating contamination sensitive

items such as electronic components.

Cross reference to related applications :"DOOR OPENING
SYSTEM AND METHOD"; Inventors: G. M. Gallagher, and G. E.
Johnson; Application No. 93480117.6; Filed: Aug.24, 1993,
commonly assigned and filed concurrently herewith (re-

ferred to hereinafter as Gallagher et al.)

"GAS PURGE SYSTEM FOR ISOLATION ENCLOSURE FOR CONTAM-
INATION SENSITIVE ITEMS"; Inventors: R. L. DeAngelis and
G. M. Galiagher; Serial No. ; Filed: ;
commonly assigned and filed concurrently herewith (re-

ferred to hereinafter as DeAngelis et al.)

For many years, packaging has been an integral part
of the transportation and delivery of products to users.
Cne principal function of packaging for these purposes has
been to provide ease of handling and space efficient stor-
age of the product, prior to use. This may include pack-
aging features which facilitate display of the product by
dealers or information which is helpful in the selection

and use of the product.

A further and often more important function of such
packaging is the protection of the product''from the time
of production or manufacture until thé time of use. Such
protection has become particularly critical for electronic
circuit components which are often subject to damage from
a wide range of envirohmental conditions. Such conditions

include, but are not limited to, aécelerations during
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closure by the resilient seal nenber 113 being pressed into the grooves
when the front and rear plates 123, 125 are attached. Thus the grooves
serving as pneumatic manifol ding 130, in cooperation with the abutting

i nner faces of the front and rear plates 123, 125 conplete a manifold which
can communi cate a desired pressure orp vacu- um from opening 131 on a
preferably snmooth or flush outer surface of the front plate 123 to the

interior of tﬁ@hdli&é, such as impacts against surfaces, vibration,
static electricity and contamination by vapors and parti-

cles and tampering.

To protect such devices, numerous containers have
been designed and used in the past. Insertion of the pins
of integrated circuit devices into a conductive foam which
is supported by the package has been used to protect
against static electricity and, to some extent, accelera-
tions and vibration. However, this feature of some pack-
aging does nothing to protect against contamination or
tampering (e.g. removal and replacement of the device in
the protective foam under conditions where damage could

occur) .

Other package features directed to prevention of
contamination and tampering have included so-called bubble
wraps where the device’is placed in a recess formed in a
plastic sheet and the recess sealed with cardboard, foil
or the like. While such sealing of the recesses provides
some protection against contamination and tampering (since
the packaging cannot be opened without producing visible
evidence thereof) provision of protection against vibra-
tion and impact accelerations is difficult since the item
is usually only loosely enclosed within the packaging.
Further, control of the atmosphere during and after pack-
aging is difficult, especially since most plastics exhibit
outgassing of vapors after manufacture or other process-
ing. The bubble wrap form of packaging .is also somewhat
fragile and may easily sustain damage which would allow
contamination by external ambient gases and particles

without such damage being evident.

A variation of the bubble wrap form of packaging has
been the so-called shrink wrap package. This type of
package is formed by applying a vacuum through a backing

sheet, usually of cardboard, to deform a plastic membrane

This is the replacement sheet
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resilient seal menmber 113. The pressure or partial vacuumin the interior
of the resilient seal nenber 113 can be nmintained by providing appropriate
closure for opening 131. Front and rear plates 123, 125 and backbone 124

al so have apertures for receiving a filter or breather 126 to all ow,
equal i zation of pressure between the. jnterior and exterior of the shell 110
w thout the introduction of particulde contam nants. The shell 110

may al so be purged,wth S s a I ner s after _sealing of the
shel | 110 by o1 g ﬁ‘dﬁ%n%%?%z”f%?snifg%% S padfiafng isBRshats, eviER i g
preferable tangrevismepatr keasttamb than bubble wrap packaging and of-

fers some improvement of protection against vibration and
impacts since the item is held tightly against the backing
material. Some contamination resistance can be provided
by sealing the backing sheet. However, since the plastic
is formed tightly over the device, there can be no assur-
ance that the plastic sheet will remain entirely intact
during the packaging process. Further, the shrink wrap
form of packaging has had little application to sensitive
electronics products since the thermal and mechanical
stresses, both from the deformation of the plastic sheet
and the vacuum applied, can damage the product packaged.
The product may also be damaged during removal from the
packaging or may be affected by bits of the plastic film
adhering to the product.

The above forms of packaging, therefore, do not si-
multaneously provide protection from even the most major
environmental factors which could damage delicate elec-
tronic circuit componeﬁts. While the above-~discussed
packaging technigues are relatively inexpensive and are
only used a single time, they cannot provide the combina-
tion of features required for protection of such electron-

ics components.

More expensive, reusable packaging, however, is usu-
ally of a more robust construction and is therefore less
likely to be resistant to tampering or to show physical
evidence that tampering has occurred. Moreover, thé pos-
sibility of reuse introduces further problems of cleaning
of the packaging between ‘uses. Further, multiple uses
implies the possibility of damage or wear which would
shorten the usable lifetime of the container and increase
expense. Such damage or wear rendering a container or a
part thereof unsuitable for further use may not be evident

from simple inspection.

ThBisthereMaoementsheet
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hygr oscopi c vapor absorptive body 127 af- fixed thereto,
referred to dr ai ns. These absorptive bodies and filter 316
are readily renovable fromthe assermpl ed cl osure nmenber 112 prior to
cleaning. New filters and drains are fitted to closure nenber 112 when the
cl osure nenber 112 is to be reused. Also, as best shown in Figure 2, the

cl osure nenber opening 90.0f the.shell. 110 has the overall. form of a groove
bet ween an interiBSGSﬁBBVaﬁ?OES%fa%H‘%l%ﬁﬁ?a eals In ‘Cohbination witl ]

multiple-use containers also does not provide a complete

such breather filters to allow a gas to be nore readi--ly circul ated
t'hroughoutﬂ‘mﬁiﬁi @?ﬂéﬁﬁé ear plate 125 is also preferably provided with a

solution to current packaging requirements. @ Such seals
represent an added expense and often do not provide a
smooth interior of the container, which can also be a
source of damage to electronic devices contained therein.
Additionally, single use seals may also represent a source
of contamination during opening of the container and, when
placed in compression, do not result in closely controlla-

ble interior and/or exterior dimensions of the package.

Further, none of the above packaging techniques pro-
vides for maintaining clean conditions during removal of
the product from the package when the exterior surface of
the package may have become contaminated. This require-
ment has become more important during recent years with
the increase 6f storage and transportation of intermediate
products ! for electronic devices which must be maintained
in a clean condition when removed from the packaging for
further ﬁrocessing. Further, the maintenance of an ade-
quately clean manufacturing environment has led to in-
creased manipulation of the packaging and items contained
therein by automated processing equipment. Therefore,
isolation structures must be adapted to be manipulated by
such equipment in addition to providing the required types
of protection for the packaged items. This adaptation
often requires both the packaging and the automated equip-
ment to be specially modified and standardized, increasing
costs and reducing the generality of application of the
automated equipment.

It is therefore an object of the present invention to
provide an isolation structure which will simultaneously
provide for protection of an item contained therein from
contamination by particles or vapors generated either

internally or externally of the isolation structure as

This is the replacement sheet
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shoul ders ar whi ch does not reduce the outline of the

cl osure nenb eyond t he cross-sectional dinensions of the

i nterior of The groove also preferably is shaped to in-
clude a preload rldge 134 to enhance d he sealing effect against resilient
seal nenber 113. Shell 110 may al so be fitted with a |iner 150 which may

function as a,guf dgs OerQEQEEoﬁorfr‘Jrrﬁr‘Sﬁnﬁ&?sed YerLeidd, JbLifili B8kc

r ef er abl has a tapered edge 151. Alter-
P y tr1c1tJ)and taé%erlng

exterior Shﬁllryéﬂ IR eﬁﬁﬁ) d the entire periphery there- of. These

It is another object of the present invention to
provide an isolation structure which is reusable and easi-
ly cleanable and the parts of which have a reduced suscep-

tibility to damage and wear.

It is a further object of the invention to provide an
isolation structure which seals the contents of the struc-
ture from the external environment, but which does not
alter the internal or external dimensions of the isolation

structure and provides a smooth interior surface thereof.

It 1s yet another object of the invention to provide
an isolation structure which allows visual inspection of
the contents while maintaining isolation of the contents

from the external environment.

It is another further object of the invention to
provide an isolation structure which can be readily han-
dled by automated equipment without specific adaptation
thereof to accommodate the particular geometry of the

isolation structure.

In order to accomplish these and other objects of the
invention, an isolation structure is provided including a
shell, having a closure member opening, and a closure
member, dimensioned to be received within the closure
member opening, including a closure member body having an
outer periphery and a resilient seal member on the outer
periphery of the closure member body defining at least a
portion of an interior space within the resilient seal
member and forming at least a portion of an outer surface
of said closure member, and means for communicating pres-

Sure or a partial vacuum from the outer surface of the

This is the replacement sheet
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14 nat i velmhjs SaeecHasBet ked region could be forned integrally with shell
110 or shel , 111", The rear plate 125 of door 112 is also
preferably operate therewith to provide a snooth interior
surface of e 1solation structure 100. A tapered edge 138 is al so forned
on the periphery of front plate 1236.to cooperate with an outer portion of
the pr.ofile of outer shoulder 133'. This tapered region pro- _vides a
peri phery of ¢lmsuneomempeht 8O wHiCHAtErEgrg&PafRaNl e &g fifeiyisnt
resilient sealedienepe2l3 when retracted

In accordance with another aspect of the inyention, a
closure member is provided including a closure member body
having an outer periphery and a resilient seal member on
the outer periphery of the closure member body defining at
least a portion of an interior space within the resilient
seal member and forming at least a portion of an outer
surface of the closure member, and means for communicating
pressure or a partial vacuum from the outer. surface of the
closure member to the interior space within the resilient

seal member.

Further, in accordance with this invention, an isola-
tion structure includes a shell having an opening and a
closure member dimensioned to be received within the open-
ing, the closgre member including a closure member body
having an éuter periphery and a reésilient seal on the
outer periphery of the closure member body, the resilient
seal defining at least a portion of an interior space
within the resilient seal and forming at least a portion
of an outer surface of the door, and means for communicat-
ing pneumatic pressure from the outer surface of the clo-
sure member to the interior space within the resilient

seal.

Preferably means are provided for attaching the re-
silient seal to the closure member body; and the closure
member body includes a backbone and the means for attach-
ing the resilient seal to the backbone includes front and
rear plates. Preferably, the front plate provide a smooth
outer surface of the closure member. Preferably, the

front plate has at least one aperture formed therein.

Preferably, the means for communicating pressure or a

partial vacuum from the outer surface of the closure mem-
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by evacuatlo as%pég\@(@pmyddashed lines 137, to reduce the risk of damage
-t her et o. e resilient seal nenber 113 is pressurized or -
ot herw se a mmﬁ | - iently expand, the seal nenber 113 exerts a
canmmi ng- act e inner portion of the profile of outer groove
shoul der 133" until the tapered edge of the front plate 123 is seated

agai nst the outer portion of the pI’OfI | e of shoulder 133'. At the sane

time, the tapered edge of .the rear ;pa ate Jt%:;nl %hseat gglp&ac i nst_.the tapered
S

region 151. ThPET itht &PFi CRERE Ot 5P FACES™ SRS G articul &y

secure positiopirngesf mahefckbsm@arewbelreaﬁiz mrfcnﬁhly hene Wﬁf emr@”niﬂer
opening 90 and, N c@@gﬁf&L%éHbeﬂ3B%ﬁ9Dt§n&rﬁkeferably, a portion of the

manifold means is formed by grooves located on a surface

of the backbone.

Alternatively it is preferred that the means for
communicating pressure or a partial vacuum from the outer
surface of the closure member to the interior space within
the resilient seal comprises manifold means at least par-
tially enclosed within the closure member body and a por-
tion of the manifold means is formed by grooves located on
a surface of the backbone and the front plate, including

the at least one aperture.

It is also preferred that means is provided for lo-
cating at least one of the front plate and the back plate
relative to the backbone; wherein, preferably the means
for locating at least one of the front plate and the ‘back
plate relative to the backbone includes locating pins.

Preferably means is provided for locating at least
one of the front plate and the back piate relative to the
backbone includes an O~ring; and preferably further in-
cludes a breather body. Preferably a groove is formed
along an inner surface of the opening in the shell, and
preferably, the groove further includes a preload ridge;
the shell is formed of at least two portions; the shell
has at least one viewing window formed therein, or at
least one the portion of the shell has at least one view-

ing window formed therein.

In accordance with another aspect of this invention,
a closure member for an isolation structure including
a closure member body having an outer periphery and a
resilient seal on the outer periphery of the closure mem-

ber body, the resilient seal defining at least a portion

This is the replacement sheet

Date: 9 AG 18k



& ng pushed inward to apply nme- chanical forces
u

closure nenber 112 fram,

agai nst i tgEsh ; ithin the isola- tion structure 100.. Thi s
seating of \i@mres al so assures that the interior dinensions of
t he isol ati% O wll not be altered by the seal nenber 113 or

changes in e condition thereof. Rear plate 125 is also preferably
provided with a resilient buffer nmemger 129, preferably including pad 332,
and which is preferably dinmensioned to apply a slight positioning force
agai nst an it egr pdracerteiriorhspaseldtthdn she ucé i e 30 seh e nahd) ef cUniSr €

ggnber 112 s 1p pLage- JONRATiRG RASI 4 08l Q-  QLERS AT BraRRll &t 49, he item
member, and means for communicating pressure or a partial
vacuum from the outer surface of the closure member to the
interior space within the resilient seal. Preferably
means are provided for attaching the resilient seal to the-
closure member body. Preferably, the closure member body
includes a backbone and the means for attaching the resil-
ient seal to the closure member body includes front and
rear plates. Preferably, the front plate provides a
smooth outer surface of the closure member. Preferably
the front plate has at least one aperture formed the rein;
and preferably the means for communicating pressure or a
partial vacuum from the outer surface of the closure mem-
ber to tne interior space within the resilient seal com-
prises manifold means at least partially enclosed within
the closure member body; and preferably a portion of the
manifold means is formed by grooves located on. a surface
of the backbone; and preferably the means for communicat-
ing pressure or a partial vacuum from the outer surface of
the closure member to the interior space within the resil-
ient seal comprises manifold means at least partially
enclosed within the closure member body and a portion of
the manifold means is formed by grooves located on a sur-
face of the backborne and the front plate, including the at
least one aperture.

Alternatively, means are provided for locating at
least one of the front plate and the back plate relative
to the backbone, and preferabl&;}the means for locating at
least one of the front plate and the back plate relative
to the backbone includes locating pins; preferably include

an O-ring, or a breather body.

The foregoing and other objects, aspects and advan-
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resili entrhlbsﬁetmagggeﬁae igpewn in Figure 1. The opposing resilient pads thus

pI’OVI de s ect i on of the 15 item against inpacts applied to
t he isol at m Preferably the material chosen for these resilient
buffers al

agai nst vibration be| ng transmtted

darrpi ng efoth and thus provides protec- tion
romthe exterior of the isolation
structure 100 to the 0 n ttlgg.re@rt &%)I@ t enj al e F uoro
t d -
( FLUORE(R) ) , BUEFHAR Cl nﬁg %% 81%111, rOR ¥Hé %oifg‘lv}[lgg CJe
tailed descriptlon of a preferred embodiment of the inven-

tion with reference to the drawings, in which:

Figure 1 is .an exploded view of the isolaﬁion struc-

ture in accordance with the invention,

Figare 2 is a cross sectional view of the closure
member and seal member structure of the isolation struc-
ture illustrated in Figure 1, and including a portion of

the shell of the isolation structure,

Figure 3 is an exploded view of an alternative em-
bodiment of the closure member structure in accordance
with the invention showing some preferred features there-

of, and

Figures 4 and 5 illustrate the process of unlatching
the closure member of the isolation enclosure in accor-

dance with the invention.

Referring now to the drawings, and more particularly
to Figure 1, there are shown, in an exploded wview, the
constituent components of the isolation structure 100 in
accordance with the invention. The isolation structure
100 has two major parts, a shell 110 and a removable clo-
sure member or door 112. Shell 110 can preferably be
fabricated ofrom two shell portions 111, 111' by casting,
injection molding, machining, or any other suitable tech-
nique. If the shell 110 is so formed, the portions are
preferably permanently joined by hot platen welding to
provide a hermetic seal member with no flash at the joint.
However, other joining teéhniques and materials may be
used such as adhesives as long as care is taken to avoid
materials and formations which could form a source of
loose particles or vapors {(e.g. a solvent in an adhesive)

which could be a source of contaminants. In any case,
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( ELASTI LANTHg $heet g8 Replac¢dEL ASTI LAN(R)) or Buna-N. In order to seal or
open the iscil ﬂ” ﬁ re 100, a vacuumplate 114 is preferably used.
In order to mani pul ate the closure nenber 112, the vacuum
plate 114 nust include a raised resilient seal 135 (e.g. an Oring or
suction cup) which is preferably |ogated to surround the |ocation of
aperture 131 in order to conve- niently evacuate the resilient seal nenber
113 through ngpiiol diogpb3@ibnst helst FLLt uaee oprbiekdule dumed |withs

especi al |y preferable for raised tesitdentsealiol 354t poexisny aaund the
entire peri phéPgeﬁfquhlen{/a% Umplate 114. .'This |oca on pr,gvi des the-
optinun1app|i¢ackbmgotabs such as 141 to enhance structural integrity

of the shell 110 when the shell 110 portions are joined.

Whatever technique or materials are utilized to join the
shell'portions 111, 111', it is preferable that the full
extent of . such locating or interfitting structures be
involved (e.g. a full depth weld) so that no internal

crevices will remain after the shell portions 111, 111'

are joined.

The shell 110, when completed, has no moving parts or
internal concave structures and thus may be easily
cleaned. The major portion of the interior is preferably
planar to facilitate cleaning and the closure member open-
ing 90 into which the closure member 112 is to be fit is
no smaller than the internal cross-sectional shape of the
shell 110 interior, allowing brushes, nozzles or other
devices to be brought into contact with all interior sur-
faces of the shell 110.

The planar major surfaces, such as 118, of the inte-
rior of the shell 110 also preferably cocperate with
planar outer surfaces 117 to form viewing windows so that
the contents of the isolation structure 100 may be in-
spected while maintaining isolation from the ambient atmo-
sphere. For this reason, transparent materials are also
preferred. Additionally, further viewing windows may be
provided in the sides of the shell 110 such as at 119. It
is preferable, if the shell 110 is formed in two portions,
to avoid having a joint between such portions crossing the
side viewing windows. Therefore, window 119 is preferably
formed on one of the portions and a corresponding notch
120 formed on the other portion to receive an edge there-
of . It is also possible to form any of the viewing win-
dows 117, 119 as a separate structure around which two or

more portions of the shell 110 are fitted. However, since
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frictionaf Replacedes bet ween the raised resilient seal 135 and the
front pl ate} %H Losure menber 112 for mani pul ati on thereof.
However, if [ for the raised resilient seal 135, one or nore -
further, sim- lar seals nmust be provided to prevent vacuum from bei ng
applied to the interior of the isolation structure 100 through breather,
whi ch may preferably be an assenbly of several elenents indicated by center
line 126.  Sihitsabke prefrarpaien tdeae oy apsoH0i g Qo Mt@@%lsin%]-%r@ﬁi 136

(shown in phearnéom in di scussed.in g ter detail

[ 1 i L1 be rea
bel ow. Furt her ,1?%ra%(giaglg‘?lgr%%é?ﬁéf\ilmf&eﬁ%l&? sf? Wt qu‘ésglo@)g particles

from the surface) are readily available, lowest cost is

achieved by integral formation of the viewing-windows in

the shell portions 111, 111°'. Examples of such suitable
materials are PC (Polycarbonate, LEXAN(R)), PMMA
(Poly(methtylemethacrylate), BAYON(R)) and PETG

(Poly(ethylene terepthalate - glycol modified), KODAR(R)).
These materials are also particularly suitable since with
additives (such as static dissipative agents) they can be

somewhat conductive and thus dissipate static electricity.

It is contemplated that the item contained within the
optical enclosure may be provided with bar code indicia
such as a universal product code label for identification
of the item contained in the isolation structure 100 to
thus allow direct, automated identification thereof.
Therefore, viewing windows must be maintained in good
optical condition. To avoid scratching of the viewing
windows and to maintain good optical properties thereof,
the viewing windows are preferably either recessed slight-
ly from the shell 110 exterior (as shown at viewing window
119) or a stacking structure is provided, preferably in
the form of raised frame margins 121 and 122, or both.
The raised margins 121 and 122 are preferably dimensioned
to be functionally combined with a stacking structure, as
indicated at 121 and 122 in Figure 2. The windows are
preferably formed symmetrically on major faces and edges
of the shell 110 to avoid the need to reorient items to be
inserted therein during automated insertion of items into

the isolation structure 100.

The interior of shell 110 is preferably formed as
symmetrically as possible in the vertical direction in
order to accommodate an object placed therein in either of
two orientations. This feature allows the avoidance of

inversion of the object regardless of the orientation of
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af ter the out @his SheetfHag Beeh IRegl®ef has been exposed to con- tam nation

| ocation of th
contain the.co
t he, chanber du
the difficulty

y contanination present cannot escape

Al

e . .
of maintaining clean processing conditions 16 withi

processi ng appar at us. For exanple, he shell 110 of the isolation

structure 100

need not be introduced iInto
the shell 110. This is particularly advantageous where it

allows the provision of additional automated packaging
machinery to be avoided to invert the objects. If stack-
ing features such as raised frame margins 121, 122 are
provided on the exterior of the shell 110, symmetry of the
exterior of the shell 110 may not be possible. However,
symmetry at the closure member opening (opening) 90 of the
isolation structure 100 shell 110 is sufficient to obtain

simplification of the object insertion process.

.Shell 110 is also preferably formed with an external
projection 115 which can be used to position the shell 110
during the insertion or removal of the contents thereof.
The projection can also be used as a location for a pro-
cess lidentification tag 1186, preferably formed as an in-
sert held between projections 115, or other identifying
indicia. While nec particular exterior dimensions or
shapes are required for projection 115 or in combination
with insert 116, it is considered preferable that the
lateral ends 115' of projection 115 be angled, bevelled,
rounded or otherwise shaped to facilitate gripping or
handling of the shell 110 and separation of the shells 110
when stacked in éccordance with stacking structures 121
and 122.

The closure member 112 in accordance with the inven-~
tion is a composite structure; the principal constituent
parts of which are a closure member body, preferably in-
cluding a backbone 124, and a resilient pneumatic seal
member 113. The backbone 124 supports the general shape
of the resilient seal member 113 to generally conform to
the shape of the closure member opening (opening) 90 in
shell 110. The Dbackbone 124 ;also preferably provides
pneumatic manifolding 130 to communicate with the interior
of the resilient seal member 113, as will be described in
greater detail below. The edges of the backbone 124 are

also preferably cup-shaped in cross-section, as best il-

mm aﬁmm;nt seal 135 provi des a seal ed chanber t
the va applied. This feature considerably reduces
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procesmsrsgeeegwgz SFidplabdt nerely placed against an aperture in a cover

-t her eof ed cover could be with- drawn and the contam nation
fully CH! mlﬂmgilmtomat ed nmechani sns within the processing apparatus
while t of the isolation structure 100 i s renobved. The cover
could then be replaced and the cojam nated isola- tion structure 100
renoved and the processing apparatus cover resealed with little or no
oppor t uni tiy:sfeh te@nkham32naki Pig@fe t ferd NESFh Okn 08 1 & tUP &I ikt 12ppar at us
to occur. Referring nowto Figure 3, a preferred structure for several of

the const APFERE Opar Yelyre ¢ I“'S‘?Bre“h%’hlo’é?ntil?ea member 113 1is in-

stalled thereon. Accordingly, apertures are provided in

the cup-shaped edge of backbone 124 in accordance with the
manifolding structure utilized. It is to be understood
that while providing manifolding within the closure member
body is preferred, it is only necessary to be able to
communicate pressure or partial vacuum to the interior
space defined, in part, by the resilient seal member 113
and a closable opening, tube or other arrangement could be
provided directly on the resilient seal member 113, it-
self.

With further reference to Figure 2 as well as Figure
1, to complete the major structure of the closure member
112, the closure member body preferably further includes
front plate 123 and rear plate 125. As shown in figure 2,
the front and rear plates clamp respective margins of
resilient seal member 113 against outer sides of the cup-
shaped edges 132 of the backbone 124. The front and rear
plates 123, 125, in conjunction with the backbone 124,
also mechanically constrain the resilient seal member 113
and provide controlled collapse of the seal member 113
when the interior volume 1is evacuated. The "interior
volume" to be evacuated includes spaces 170 and 180 in
hollow <closure member 112 as well as the pneumatic
manifolding 130. The space 170 is the space between the
front plate 123 and the back plate 125. The space 180 is
defined by the volume between the pneumatic seal member
113 and the cup-~shaped edge of the closure member backbone
124. Of course, it is to be understood that this defini-
tion of the "interior volume" is directed to’'the particu-
lar shapes and topolecgies of the constituent parts of the
preferred embodiment of the invention and basically in-
cludes all interior space of the closure member which is
in communication with the interior 180 of the resilient

seal member 113, thus constituting "manifolding" regard-
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will be d %rs'ﬁﬁg}qés&é ) Qgegrred form of backbone 124 in- cludes a toothed

peri phery ends thereof. These teeth, such as shown at 312,
provi de gap ﬂ“ﬁm lE gri pping and sealing of the margin of resilient
seal nenber be noted in this regard that a suitable
resilient seal menber 113 nade of an elastomeric material is comrercially
avail able but is shaped in a gener&l‘*l y circular rather than an el ongated
oval form Straightening the curvature of this _comercially avail able seal
318 al ong t}*P9 i% ai‘tﬁonglgﬁgu’éFttlﬂ@'ba&‘k’bo”’ﬁé’ufﬂ adi5% tReh eSNE FES T PIPfer

peri phery attthtdoele ndhaatifectinhd wagli g ardidon betupenohhe backbepe 124

and the f”%%néyukraction of the interior space which may exist in

the closure member. It is considered, however, that in-
creased volume of the manifolding may increase tamper
resistance by requiring evacuation of a greater volume
which is more likely to require specialized apparatus for

successful collapsing of the resilient seal member 113.

Location of the front and rear plates 123, 125 rela-
tive to the backbone 124 is preferably facilitated by
chindrical housings 340 secured to the back of front
plate 123 centered on center lines 126 and 126' respec-
tively. Cylindrical housings 340 extend through holes in
the backbone 124 and back plate 125, which holes are also
aligned with center lines 126 and 126' respectively. On
the back side of back plate 125, the retaining nuts 324
are pushed over the ends of cylindrical housings 340, so
nuts 324 lock onto cylindrical housings 340 by turning
them into a locked position as it well-understood by those
skilled in the art. '

Alternatively, the front and back plates 123, 125 and
the backbone 124, +together with other closure member
structure can be joined together by pins extending from
either or both of the front and back plates 123, 125
and/or backbone 124 and welded, bonded or otherwise af-
fixed at the front and back plates 123, 125 to secure the
closure member assembly together. Also, as best shown in
Figure 2, the edges of the front and back plates 123, 125
are preferably shaped to closely engage the margins of the
resilient seal member 113 which are preferably angled to
give the resilient seal member 113 an overall appearance,
in cross-section, of the Greek letter "Q". This structur-
al configuration provides a particularly gas-tight seal
member 113 between these parts, allowing the seal member

113 to be pressurized and such pressure maintained for
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rear pl atfs d23 gy e yever, where the curvature is increased, the inner

IElQrefore, the teeth 312 are advantageous in
BMHME BEsed material in these regions while gripping the
i nst corresponding ribs 322 between recess- es
the front and rear plates 123, 125. It is considered preferable

margin is
accommodat
resilient
formed in

that the ribs and teeth be oppose&'to each ot her

serpenti.ne shape ipto. which the seal i.n woul d be forced, in
588de0, B Hets a0 | IS IR ST B TOhCEIR heure mem-

since the

the | atter €&

ber 112 of isolation structure 100.

Front plate 123 also has an aperture 131 cooperating
with the manifolding provided by backbone 124 to allow the
interior of the resilient seal member 113 to be pressur-
ized or evacuated. At least the front surface of the
front plate also preferably provides a flat surface for
facilitating engagement by a vacuum closure member removal
plate 114 which will be discussed below. The backbone 124
and front and back plates 123, 125 are preferably formed
of the same material as the shell 110. However, transpar-
ency is not normally reqguired, providing slightly greater

latitude in choice of materials.

Manifolding 130 can be fabricated in many forms, such
as with tubes or hollow structures within the backbone
124. However, an extremely simple preferred structure may
be formed simply as grooves or recesseés in the sides of
the backbone 124 ( indicated at 160) or the abutting faces

of the front and/or rear plates 123, 125 (indicated at

160'). The manifolding is preferably formed on both sides
of the backbone 124 with at least one communicating hole
161 through the web of the backbone 124. Corresponding
holes are also formed at the locations of the grooves in
the cup-shaped edges of the backbone 124. The grooves or
recesses may be formed by embossing, casting or machining
or other methods. If the manifolding is formed as
grooves, the grooves need only be deep enecugh to prevent
closure by the resilient seal member 113 being pressed
into the grooves when the front and rear plates 123, 125
are attached. Thus the grooves serving as pneumatic
manifolding 130, in cooperation with the abutting inner
faces of the front and rear plates 123, 125 complete a
manifold which can communicate a desired pressure or vacu-
un from opening 131 on a preferably smooth or flush outer
surface of the front plate 123 to the interior of the

This
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17 forceSTﬁiHSHe&g-lakB&elREm&Bd of the closure nenber 112 into the shell 110
cl osure ne whi ch coul d tear or otherw se degrade the
resilient A preferred structure for the resilient buffers
129 is forne of cylindrically shaped buffers 332 into
brackets 334 which nay be formed intgegrally with or attached to the rear
surface of rear plate 125. Buffers 332 are preferably force fit into these
brackets 334es0libwt $dwel rmiﬂéxennmat e]l'l'i@Jpﬁek‘ﬁﬁﬁ(ﬁ cwi |pa e 418t ditth
therein andigl%%edEf%EQEQrgJéﬂ¥hg res QEk%dseaﬂ member 113 can be
maintained by providing appropriate closure for opening

131.

Front and rear plates 123, 125 and backbone 124 also
have apertures for receiving a filter or breather 126 to
allow equalization of pressure between the interior and
exterior of the shell 110 without the introduction of
particulate contaminants. The shell 110 may also be
purged with a gas such as an inert gas after sealing of
the shell 110 by closure member 112 by means of breather
316. However, it is preferable to provide at least two
such breathers or filters to allow a gas to be more readi-
ly circutated throughout the shell 110.

Rear plate 125 1is also preferably provided with a
hygroscopic body 128 and a vapor absorptive body 127 af-
fixed thereto, referred to hereinafter as drains. These
absorptive bodies and filter 316 are readily removable
from the assembled closure member 112 prior to cleaning.
New filters and drains are fitted to closure member 112

when the closure member 112 is to be reused.

Also, as best shown in Figure 2, the closure member
opening 90 of the shell 110 has the overall form of a
groove between an interior shoulder 133 and a simiiar
exterior shoulder 133' around the entire periphery there-
of. These shoulders are of a dimension which does not
reduce the outline of the closure member opening 80 beyond
the cross-sectional dimensions of the interior of the
shell 110. The groove also preferably is shaped to in-~
clude a preload ridge 134 to enhance the gealing effect

against resilient seal member 113.

Shell 110 may also be fitted with a liner 150 which
may function as a guide or holder for items placed there-

in.. This liner preferably has a tapered edge 151. Alter-

This is the replacement sheet

172 MG 1850
aaie:



di rect i Othisghee cercBeplagedof force to the contents of the isolation
structure ﬂ red formof the breather 126 is al so shown in Fi gure
3 which a he function of l|ocating pins 125" of Figure 1.

Breat her body 316 which is generally cone-shaped is provided which
preferably has protrusions thereon-which key into notches 314 in apertures
formed in front plate 123. The breather body thus reaches through all of

the front plai. g, Rackbong,ddd: AMLIEAC IR & Bhrifiy Qridid SpRL 318 s

provi ded around t’he breat her 'body wthin apertures in
Thus when ¥He! beB&lherl Hod@ri St HeeBorhieBAsilon, . ptélér abl Fhby tdwer

plate 125 of door 112 is also preferably tapered to co-

operate therewith to provide a smooth interior surface of

the isolation structure 100.

A tapered edge 138 is also formed on the periphery of
front plate 123 to cooperate with an outer portion of the
profile of outer shoulder 133'. This tapered region pro-
vides a periphery of the front plate which is larger than
the periphery of resilient seal member 113 when retracted
by evacuation, as shown by dashed lines 137, to reduce the
risk of damage thereto. Further, when the resilient seal
member 113 1is pressurized or otherwise allowed to resil-
iently expand, the seal member 113 exerts a camming action
against the inner portion of the profile of outer groove
shoulder 133' until the tapered edge of the front plate
123 is seated against the outer portion of the profile of
shoulder 133'. At the same time, the tapered edge of the
rear plate 123 is seated against the tapered region 151.
This interfitting of surfaces provides a particularly
secure positioning of the closure member 112 within the
closure member opening 90 and, in particular, prevents the
closure member 112 from being pushed inward to apply me-
chanical forces against items contained within the isola-
tion structure 100. This seating of tapered structures
also assures that the interior dimensions of the isolation
structure 100 will not be altered by the seal member 113
or changes in the condition thereof.

Rear plate 125 is also preferably provided with a
resilient buffer member 129, preferably including pad 332,
and which 1is preferably dimensioned to apply a slight
positioning force against an item placed in the isolation
structure 100 when the closure member 112 is in place.
Opposing positioning forces are applied to the item by
resilient buffers 143, shown in Figure 1. The opposing
resilient pads thus provide substantial protection of the
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i nst al I atlﬁwﬁbéetaama,meﬂpr sdgurn nut affixed thereto the O0- ring seal 318 is
flattened a Inst the inte- rior of the aperture in the
backbone 12 E’ nglfm ng a slight separation of the front and rear
pl ates 123, 125 ther until the parts are fully seated agai nst each
other and in engagenent with resiliawt seal nenber 113. In this fashion,
the front and rear plates 123, 125 and the backbone 124 are made
sel f-ali gni ngtdmr ialggiﬁsseﬁrhbyctEi h'p@tli%ldentﬁﬂt ghd28sanetibrn eelarlbisedeby t he
interior sur ce t.he br.eat.h ody 316. The closur 12 of the
i sol ation st?ﬁ%?ﬁ?%ﬁbot}}es A& bI 3100%& A]?t6°erd sceaﬁteﬁr1 ﬁntt Eué%Ssﬁre

nenber 112 alsoc provides a damping effect and thus provides protec-

tion against vibration being transmitted from the exterior
of the isolation structure 100 to the contents thereof.
Suitable materials include Fluoro (FLUORE(R)), Urethane
(ELASTILAN(R)), Polyester (ELASTILAN(R)) or Buna-N.

In order to seal or open the isolation structure 100,
a vacuum plate 114 is preferably used. In order to cap-
ture and manipulate the closure member 112, the wvacuum
plate 114 must include a raised resilient seal 135 (e.q.
an O-ring or suction cup) which is preferably located to
surround the location of aperture 131 in order to conve-
niently evacuate the resilient seal member 113 through
manifolding 130 in the structure of backbone 124. It is
especially preferable for raised resilient seal 135 to
extend around the entire periphery of the wvacuum plate
114. This location provides the optimum application of
frictional engagement forces between the raised resilient
seal 135 and the front plate 123 of the closure member 112
for manipulation thereof. However, if this location for
the raised resilient seal 135, one or more further, simi-
lar seals must be provided to prevent wvacuum from being
applied to the interior of the isolation structure 100
through breather, which may preferably be an assembly of
several elements indicated by center line 126. This is
preferably done by providing O-ring seals 318 and 136
(shown in phantom in Figure 1), as will .be discussed in
greater detail below.

Further, for opening of the isclation structure 100
after the outer surface thereof has been &xposed to con-
tamination, this location of the raised resilient seal 135
provides a sealed chamber to contain the contamination.
Any contamination present cannot escape the chamber due to
the vacuum applied. This feature considerably reduces the
difficulty of maintaining clean processing conditions

is i : t sheetl.
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18 W|th FhisSAGH MM MbARSlk4 Of the form discussed above after renoving any
closure o |f necessary. The application of a partial vacuum
to the sui “‘F!“ﬂmlﬁ ont plate 123 is al so comuni cated t hrough nmanifold
130 to th eS|I|ent seal nenber 113 which then assunes the
shape indicated at 137. The cl osure nmenber 112 can then be easily seated

or renoved, as desired. The ends of the cup-shaped edges of the backbone
124 within processing apparatus. For example, the shell 110

of the isolation structure 100 need not be introduced into
processing egquipment but merely placed against an aperture
in a cover thereof. A contaminated cover could be with-
drawn and the contamination fully contained by automated
mechanisms within the processing apparatus while the con-
tents of the isolation structure 100 is removed. The
cover could then be replaced and the contaminated isola-
tion structure 100 removed and the processing apparatus
cover resealed with little or no opportunity for contami-
nation of the interior of the processing apparatus to

occur.

Referring now to Figure 3, a preferred structure for
several of the constituent parts of closure member 112
will be described. A preferred form of backbone 124 in-
cludes a toothed periphery at the rounded ends thereof.
These teeth, such as shown at 312, provide gaps which
improve gripping and sealing of the margin of resilient
seal member 113. It should be noted in this regard that a
suitable resilient seal member 113 made of an elastomeric
material is commercially available but is shaped in a
generally circular rather than an elongated oval form.
Straightening the curvature of this commercially available
seal 318 along the linear portions of the backbone 124
stretches the inner periphery and does not affect the
sealing action between the backbone 124 and the front and
rear plates 123, 125. However, where the curvature is
increased, the inner margin is compressed.. Therefore, the
teeth 312 are advantageous in accommodating the compressed
material in these regions while gripping the resilient
seal member against corresponding ribs 322 between recess-
es formed in the front and rear plates 123, 125. It is
considered preferable that the ribs and teeth be opposed
to each other rather than interleaved since the serpentine
shape into which the seal margin would be forced, in the

latter case, provides an inferior seal and concentrates
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are preferg hegy f o provide a sliding fit over groove shoul der.
133 Wi | the resilient seal wll occur unless a clearance
i s provided, tact will provide the nost secure closure and

seal nenber 113 of t he cl osure nenber 112. Any significant wear which
occurs will be easily detectable byz2Dnspection. Further, a two-step,
detent-like action will be provided by the ends of the cup-shaped edges of
t'he backbone o2 samdiugti ngan niserddesedtbyhautdraned xaqmbpneMZttbntthhate

proper clos f b Then d lyan
hol d the cl c%%rlg frﬁe?@%%?n%@%m%%@ mnﬁthgt ?:\g/)téllt(ao %%144 8%
whil e the r efiHdmatitsesagigrade the resilient seal member 113.

A preferred structure for the resilient buffers 129
is fogmed by insertion of cylindrically shaped buffers 332
into brackets 334 which may be formed integrally with or
attached to the rear surface of rear plate 125. Buffers
332 are preferably force fit inte these brackets 334 so
that the resilient material thereof will be retained
therein and also deformed slightly to protrude in the
direction of application of force to the contents of the

isolation structure 100.

A preferred form of the breather 126 is also shown in
Figure 3 which also performs the function of locating pins
125' of Figure 1. Breather body 316 which is generally
cone-shaped is provided which preferably has protrusions
thereon which key intoc notches 314 in apertures formed in
front plate 123. The breather body thus reaches through
all of the front plate 123, backbone 124 and rear plate
125. An O-ring seal 318 is provided around the breather
body within apertures in the backbone 124. Thus when the
breather body is placed in tension, preferably by the
installation of a quarter-turn nut affixed thereto, the 0O-
ring seal 318 is flattened and deformed against the inte-
rior of the aperture in the backbone 124 while maintaining
a slight separation of the front and rear plates 123, 125
therefrom until the parts are fully seated against each
other and in engagement with resilient seal member 113.
In this fashion, the front and rear plates 123, 125 and
the backbone 124 are made -self-aligning daring assembly.
Filter elements 328 are then carried by the interior sur-
faces of the breather body 316.

The closure member 112 of the isolation structure 100

is . preferably operated by capturing the closure member 112
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member. 1 TBisiSkeeallids a&tkeplaeegXpand or is pressurized. It shoutd be noted that

when the c f 112 is correctly seated, there are no grippable .
proj ection D!I"e surface or the edges of the closure nenber 112
The preferably or tapered edges of the closure nenber 112 are

closely fitted to and slightly receifed bel ow t he edge of shell 110. The

resiliency of the resil- ient seal fifenber 113 at the edges of the backbone
124 and front; r 2 .S, P r e h it
cannot be cyﬁ%%ed%u&%%%o%%%hﬂ% )f(gé@ ?ﬁ%%u%ggépg?gyél a%gg%um

required to femauipggrany t héoshve ofr epeeviper 13D, by fvacwensgirat-e 1THe Thus,
the 'SOlat'(prlication of a partial wvacuum to the surface of the

front plate 123 is also communicated through'manifold 130
to the interior of resilient seal member 113 which then
assumes the shape indicated at 137. The closure member

112 can then be easily seated or removed, as desired.

The ends of the cup-shaped edges of the backbone 124
are preferably dimensioned to provide a sliding fit over
groove shoulder 133' While some wéar on the resilient
seal will occur unless a clearance is provided, a sliding
contact will provide the most secure closure and seal
member 113 of the closure member 112. Any significant
wear which occurs will be easily detectable by inspection.
Further, a two-step, detent-like action will be provided
by the ends of the cup-shaped edges of the backbone 124
which can be sensed by automated equipment to indicate
proper closure of the closure member 112 . The detent
action will also hold the closure member 112 in a correct
position relative to shell 110 while the resilient seal

member 113 is allowed to expand or is pressurized.

It should be noted that when the closure member 112
is correctly seated, there are no grippable projections on
either the surface or the edges of the c¢losure member 112

The preferably bevelled or tapered edges of the closure
member 112 are closely fitted to and slightly recessed
below the edge of shell 110. The resiliency of the resil-
ient seal member 113 at the edges of the backbone 124 and
front and rear plates 123, 125 is preferably chosen such
that it cannot be collapsed by evacuation which is less
than the partial vacuum required to firmly grip the clo-
sure member 112 by vacuum plate 114. Thus, the isolation

device is made highly resistant to tampering and cannot be

i sheot
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device is

wi t hout se
the isolati
openi ng of
t oget her w

&t ant to tanpering and cannot be 19 opened

damage to the shell 110 .or cl osure nenber

98, [ Al Bon RER
3 ‘ml“smjmo or both. The preferred process of closing and
t enclosure in accordance wth the invention,

112 of

th a preferred formof vacuum cl osure-nmenber 112 renoval plate
structure 114, will now be describe@Z2in

opened without severe and visible damage to the shell 110
or closure member 112 of the isolation structure 100, or
both.

The preferred process of closing and opening of the
isolation enclosure in accordance with the invention,
together with a preferred form of vacuum closure member
112 removal plate structure 114, will now be described in
detail with reference to Figures 4 and 5. Specifically,
closure member removal plate 114 has a generally planar
surface for mating with the closure member assembly 112 at
the front plate 123 thereof, as shown in Figure 1. This
mating surface of closure member 112 preferably includes
means for establishing a good seal against the closure
member front plate 123, such as a raised resilient seal
135, regardless of minor warpage, scratches and the 1like
existing on the outer surface of the closure member 112.
The closure member removal plate 114 alsco preferably in-
cludes a: vacuum line 190 and a recess 216 (in the hollow
conical shape of a suction cup) of substantial wvolume
which may be a separate structure within the closure mem-
ber removal plate 114, preferably in the form of at least
one suction cup. Vacuum line 190 is preferably located
centrally of the suction cup shape 216 and concentrically
with aperture 131 in front plate 123. Further, wvacuum
line 190 has a length which provides a small clearance
(e.g. less than the radius of aperture 131 in order to
provide preferential evacuation of manifolding 130 in the
closure member 112 when a sufficient levél of vacuum has
been achieved for full gripping of the closure member
assembly 112. This arrangement of evacuated volumes al-
lows enhanced gripping of the closure member assembly 112
since any leakage at resilient seal 135 or suction cup 216
results in only a relatively slow loss of vacuum in view
of the preferably relatively large total volume of the
manifolding 130 and interior wvolume of the closure member

112 removal plate 114, including the volume within the
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cl osure nenber at the front plate 123 thereof, as shown in’
Figure 1. This natlng surface of closure nenber 112 preferably i ncl udes
means for establishing a good seal against the closure nenber front plate
123, such as a raised resilient seal2335, regardl ess of ninor warpage,
scratches and the |ike existing on the outer surface of the closure nenber
112. The cl osweanehferandnvligdlin| st ipng calps 18ref ebribl §u¢ih- Pertidels as
vacuum i ne 19(bandravkeaesSwlilp {rndrchBe bré| OveHatieabeshaps Gic@ursuction

cup) of SUbStaPtlajléGM ugethe front face of front plate 123 and thus

tend to preferentially evacuate the suction cup 216 until

detail with F'i‘ Be R edes 4 and 5. Specifically, closure nenber
renoval plate raIIy pl anar surface for mating with the

full vacuum gripping is again established. It should be
understood that in such an occurrence, after resilient
seal member 113 has been collapsed as shown in Figure 4,
such a partial loss of vacuum will not immediately reseal
the closure member 112 since return of pressure to the
interior of resilient seal member 113 will be limited by
the small cross-sectional area o¢f the manifolding_lBO at

grooves 160.

Thus the wvacuum gripping of the closure member 112
and the collapse of the seal member 113 will be stabilized
even in the presence of minor leakage of the closure mem-
ber removal plafe 114, due to the baffle formed by the
c¢learance between the vacuum line 190 and the front face
of front plate 123. By virtue of the same structure, when
gripping is initiated after positioning of closure member
removal plate 114 against the closure member 112, the
clearance between the closure member 112 and the end of
vacuum line 190 will be somewhat greater than the final
location and the suction cup 216 and the remainder of the
volume within resilient seal 135 will be achieved before a
vacuum is pulled on the manifolding 130 and, in turn, on
the interior of resilient seal member 113 due to the re-
striction on gas flow at groove 160 of manifolding 130.
Therefore, gripping of the closure member is assured prior

to the collapsing of resilient seal member 113.

For gripping of the closure member 112, closure mem-
ber removal plate 114 is placed against the outer surface
of closure member 112 and a vacuum is applied to wvacuum
line 221 through a valve 220 and thence to the interior of
the closure member removal plate 114 through vacuum line

190 which is preferably attached to valve 220 or vacuum

This is the rep‘acement aheel
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whi ch may 1Bet SEPReRR@lasddr uct ure within the closure mem ber renoval plate

114, prefe rmof at |east one suction cup. Vacuumline 190
i's prefera \ trally of the suction cup shape 216 and
concentrlc erture 131 in front plate 123. Further, vacuum i ne
190 has a Iength mhlch provides a |1 clearance (e.g. less than the

radi us of aperture 131 in order to“provide preferential evacuation of

mani f ol di ng, 13 ur 1 vséqf fi Cipgnt f, vacuum
has been acﬁl eve& flo:ﬁ}rcq r?pgﬁ%gé &t ﬁfe nnsqir etlérrerrbe(raS a}sllétgn%%t&iu

Thi s arr angehent, othevaéaarerdcvobgtmselal thleowacanimaridag dPiCpping ‘glhet he
closure nEnP?én@S§ﬁﬂb%Hé1%aosure member assembly 112 will cause a

vacuum to first be drawn more strongly on the interior
space defined by recess 216 of the closure member removal
plate 114 and thereafter drawn more strongly through aper-
ture 131 to space 170 which is connected to manifolding
120 to draw a vacuum on the manifolding 130. After wvacuum
gripping has been accomplished and as vacuum is drawn on
manifolding 130, wvacuum is drawn somewhat more slowly on
the interior of resilient seal member 113 to collapse the
same. Once the resilient seal member 113 is collapsed,
the closure member removal plate 114 can be drawn back,
preferably within a clean environment indicated by housing
wall porvions 222 to allow access to the interior or con-
tents of the enclosure 110. In this connection, it may
also be desirable to provide a seal or support for enclo-
sure 111 where it abuts wall portions 222, as generally
indicated at 223, to provide further protection against

contamination.

After placement of an article within the shell 110 or
removal therefrom, the closure member 112 may be replaced
and resealed by merely releasing the vacuum and allowing
resilient seal member 113 to expand to its original shape
as installed on closure member assembly 112. The release
of the vacuum is preferably regulated so that the resil-
ient seal member 113 will resume its original shape and
seal the enclosure more or less concurrently with the
release of the closure member 112 by closure member 112
removal plate 114. In this regard, the clearance between
vacuum line 190 and the front surface of ¢losure member
assembly 112 can be of assistance in regulating the timing
of the closure member 112 release to the expansion of
resilient seal member 113. In any event, the mechanical
pressure on the closure member removal plate 114 against

closure member assembly 112 maintains the closure member
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since any | eakage at resilient seal 135 or suction cup 216 results in only
a relatively Bfisuned BEBeafRepacdum i n- vi ew of the preferably relatively

| arge total vol i folding 130 and interior volume of the

cl osure marrberlm plate 114, including the volume within the

20 seal 135 an suctiron cup 216. Any such partial |oss of vacuum-

will increase the clearance between vacuum|line 190 and the front face of
front plate 123 and thus

25

112 seated against the shell 110 and timing of the release
and the expansion of resilient sea; member 113 is not
particularly critical. ©Positive pressure in vacuum line
221 coupled to manifolding 130 through vacuum line 190 can
also be advantageously used to speed expansion of resil-
ient seal member 113 and, if desired, manifolding 130 can
be pressurized and sealed to enhance the gripping of shell
110 by the resilient seal member 113.

In view of the foregoing, it is clear that a system
of protection features has been provided in a single iso-
lation structure 100 of simple design and which can be
fabricated and used economically. Protection of the con-
tents of the isolation structure 100 from impacts wvibra-
tion, contamination from particulates and vapors and tam-
pering are all provided while allowing inspection of the
contents. Manipulation of the isoldation structure 100
does not require specific modificatibn of automated mecha-
nisms since vacuum plates may be used to manipulaée the
structure and parts thereof. The isolation structure is
reusable and can be easily cleaned between uses. Tﬁe seal
member 113 does not affect internal dimension of the iso-
lation structure 100 and allows a smooth interior surface

to be provided.
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tend to preferentially evacuate the suction cup 216 until full vacuum

gripping i ai n established. I't shoul d be under st ood § Rafee ias BenIReled
occurrenc EM& t seal nenber 113 has been colla in
Figure 4, Mﬂﬂ,m! oss of vacuumw Il not inmredi ate mﬂam&mmﬂ

cl osure rrenber 112 |Snce return of pressure to the |nter|

seal menber 113 will be limted by 32the smal| cross-sectional area of the

mani f ol ding 130 at grooves 160. Thus the vacuum gri pping of the closure
menber 112 and the col |l apse of the se&tA¥ERber 113 will be stabilized even
in the presence of minor |eakage of the closure nem

1. An isolation structure including
a sheli having an opening and

a closure member dimensioned to be received within

said opening, said closure member including

a closure member body having an outer periphery and a
resilient seal on said outer periphery of said clo-
sure member body, saild resilient seal defining at
least a portion of an interior space within said
resilient seal and forming at least a portion of an

cuter surface of said door, and

means for communicating pneumatic pressure from said
outer surface of said closure member to said interi-

or space within said resilient seal.

2. An isolation structure as recited in claim 1, further
including means for attaching said resilient seal to

said closure member body.

3. An isolation structure as recited in claim 2, wherein
said closure member body includes a backbone and
said means for attaching said resilient seal to said

backbone includes front and rear plates.
4. An isolation structure as recited in claim 3, wherein

said front plate provides a smooth outer surface of

said closure member.
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to the baffle forned by the ctigadhadioes Bred Ruplaed
ﬁﬁ front face of front plate 123. E Wu he

ber rermval

t he vacuuml V\Q ﬁ

same structume, g is initiated after positionl
menber renoval plate 114 agai nst the closure nmenber 112, t
bet ween the cl osure nenber 112 andy4he end of vacuumline 190 wi || be
sonmewhat greater than the final |ocation and the suction cup 216 and the
remai nder of.theayoisoBat bR Brresthi&nds seadidedb M Id1hen achiveadihefore a
vacuumis pulled on.the manlfi)l d|n 130 ang inturn, on the interiof of
resilient seal nedb@r I¥PEtURIZBSt MES 2L sLPREE SR n*BRETEF B Hi%ove
160 of mani fol di tiged80n.

6. An isolation structure as recited in claim 1, wherein
saﬁd means for communicating pressure or a partial
vacuum from said outer surface of said closure mem-
ber to said interior space within said resilient
seal comprises manifold means at least partially
enclosed within said closure member body.

7. An isolation structure as recited in claim 6, wherein
a portion of said manifold means 1is formed by

grooves located on a surface of said backbone.

8. An isolation structure as recited in claim 5, wherein
said means for communicating pressure or a partial
vacuum from said outer surface of said closure mem-
ber to said interior space within said resilient
seal comprises manifold means at least partially
enclosed within said closure member body and a por-
tion of said manifold means is formed by grooves
located on a surface of said backbone and said front

plate, including said at least one aperture.

g. An isolation structure as recited in claim 4, further
including means for locating at least one of said
front plate and said back plate relative to said

backbone.
10. An isolation structure as recited in claim 9, wherein
sald means for locating at least one of said front

plate and said back plate relative to said backbone

includes locating pins.

11. An isolation structure as recited in claim 9, wherein
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Therefore, gripping of the closure menber is assured prior. to the

col | apsi ng inlui m member 113. For gri ppi ng ﬁg:‘ $aa vad laced
112, cl Osurmmgﬁ‘“t“ﬁﬂnu | plate 114 is placed agai BK rface
of closure ne rt112 afd & vacuumis applied to vacuum \m gh a
val ve 220 and thence to the interior of the closure nenb enoval plate

114 through vacuumline 190 which is mseferably attached to valve 220 or

vacuum This is the replacenent sheet
said means for locating at least one of said front

plate and said back plate relative to said backbone

includes an O-ring.

12. An isolation structure as recited in clzim 11, where-
in said means for 1locating at least one of said
front plate and said back plate relative to said

backbone further includes a breather tcdyv.

13. An isolation structure as recited in clzim 1, further
including a groove formed along an inner surface of

said opening in said shell.

14. An isolation structure as recited in clzim 13, where-

in said groove further includes a preioczd ridge.

15. An iscolation structure as recited in clzim 1, wherein

said shell is formed of at least two portions.

l16. An isolation structure as recited in clzim 1, wherein
said shell has at least one viewing window formed

therein.

17. An isoclation structure as recited in claim 15, where-
in at least one said portion of said shell has at

least one viewing window formed therein.
18. A closure member for an isolation structure including

a closure member body having an ocuter periphery and a
resilient seal on said outer periphery of said clo-
sure member body, said resilient seél cefining at
least a portion of an interior space within said
resilient seal and forming at least 2z rortion of an

outer surface of said closure memier, and
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cl ear anc

21 Iine il through a threaded fitting 219.

| uum |l ine 190 and the front of the
vacuumto first be drawn nore st Bﬁ
interior space deﬁlne recess 216 of the closure nenber

assenbl y

As indi cat egy;a8QM s ISJA{?

L

Eﬂlaced

114 and thereafter drawn nore strongly through aper- ture 131 to space 170
which is connected to manifolding 129 to draw a vacuum on the manifol di ng
130. After vacuum gri ppi ng has been acconplished and as vacuumis drawn on
mani f ol di ng 130, mernauMas chmwn isartdwdapressare| onl ¢ partheli veenuor of

resilient seal nﬁﬂﬂﬁ( §;§dt8u%gkl%ﬂﬁﬁkﬁﬂﬁ of said closure member to

19.

20.

21.

22.

23.

25.

said interior space within said resilient seal.

& closure member as recited in claim 18, further
including means for attaching said resilient seal to

said closure member body.

A closure member as recited in claim 19, wherein said
closure member body includes a backbone and said
means for attaching said resilient seal to said

closure member body includes front and rear plates.

A closure member as recited in claim 20, wherein said
front plate provides a smooth outer surface of said

closure member.

A closure member as recited in claim 20, wherein said
front plate has at least one aperture formed there-

in.

A closure member as recited in claim 18, wherein said
means for communicating pressure or a partial vacuum
from said outer surface of said closure member to
said interior space within said resilient seal com-
prises manifold means at least partially enclosed

within said closure member body.

A closure member as recited in claim 23, wherein a
portion of said manifold means is formed by grooves

located on a surface of said backbone.

A closure member as recited in claim 22, wherein said
means for communicating pressure or a partial vacuum
from said outer surface of said closure member to
said interior space within said resilient seal com-

prises manifold means at least partially enclosed

This 12

ie tha repiacement

sheet

pate: 02 MIG 9%



same.” Once the resilient seal nmenber 113 is collapsed, the clasure gEphar
renoval gl‘ﬂmumylﬁmﬁﬁmkavm back, preferably within a B iE ml t
i ndi cate |Il8l portions 222 to allow access to r“[E“ F
con- tents  of te &ncfoslire 110. In this connection, it

desirable to provide a seal or support for enclo- sure 111 where it abuts
wal | portions 222, as generally indid€ated at 223, to provide further

protection against contam nation. After placenent of an article within the
shel | 110 or renpVafbimersefifonflesiere| BsuPermdastt &Rd fayPpEtien| &fed and

reseal ed by nerel ¥aigl fagipgrdhRe¥ASUYE aBdmakl @4 Nfrooves located on
a surface of said backbone and said front plate,

including said at least one aperture.

26. A closure member as recited in claim 21, further
including means for locating at least one of said
front plate and said back plate relative to said

backbone.

27. A closure member as recited in claim 26, wherein said
means for locating at least one of said front plate
and said back plate relative to said backbone in-

cludes locating pins.

28. A closure member as recited in claim 26, wherein said
means for locating at least one of said front plate
and said back plate relative to said backbone in-

cludes an O-ring.

29. A closure member as recited in claim 28, wherein said
means for locating at least one of said front plate
and said back plate relative to said backbone fur-

ther includes a breather body.
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resil-ient seal nmenber 113 to expand to its original shape as installed on
cl osure nenber assenbly 112. The rel ease of the vacuumis preferably

regul ated so that the resil- ient seal nmenber 113 will resune_its original
shape and seal the enclosure nore or |ess concurrently with the rel ease of
the cl osure nmenber 112 by closure nenber 112 renoval plate 114. In this
regard, the clearance between vacuumline 190 and the front surface of

cl osure nenber assenbly 112 can be of assistance in regulating the timng
of the closure nmenber 112 release to the expansion of resilient seal
menber 113. In any event, the nechanical/spressure on the closure nenber
renoval plate 114 agai nst ©
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cl osure nenber assenbly 112 maintains the. closure nmenber 22 112 seated
agai nst the shell 110 and tim ng of the release and the expansi on of

resilient seal nmenmber 113 is not particularly critical. Positive pressure
i n vacuum |l ine 221 coupled to manifolding 130 through vacuumline 190 can
al so be advant ageously used to speed expansion of resil- ient seal nenber

113 and, if desired, nmanifolding 130 can be pressurized and sealed to
enhance the gripping of shell 2/4
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110 by the resilient seal nmenber 113. In view of the foregoing, it is clear
that a system of protection features has been provided in a single iso-

| ati on structure 100 of sinple design and which can be fabricated and used
econom cally. Protection of the con- tents of the isolation structure 100
frominpacts vibra- tion, contam nation from particul ates and vapors and
tam pering are all provided while allow ng inspection of the contents.
Mani pul ati on of the isolation structuré “00 does not require specific

nodi fication of automated necha- nisnms since vacuum pl ates nay be used to
mani pul ate the structure and parts thereof. Ibe isolation structure is

324

328




reusabl e and can be easily cl eaned between uses. The seal nenber 113 does
not affect internal dinension of the iso- lation structure 100 and allows a
snooth interior surface to be provided. CLAIMS 1. An isolation structure
including: a shell having an interior adapted to accompbdate a
contam nation sensitive itemand having an opening |l eading to said

I nterior; and '
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a closure nenber dinensioned to be received vvi{-'.—Mn--sa:i--d__ope-ni%né and. 4
conpl etely removed therefrom said closure nmenbef .including: ‘a2l osure=2s"
menber body having an outer periphery and a resilient seal on said outer
peri phery of said closure nmenber body, said r:-‘e,g/lfi__ent.fseal. ‘defbning at -
least a portion of an interior space %ithin said resilient seal and -form ng
at least a portion of an outer surface of said.closure nenber, s?éﬂ g‘:ﬁsl@gf _
menber body further including a backbone and :front:and reai- plat€s fgr "~
attachi ng sai d resirhkeplo8alidno cFaisdnBaekhgBeseasadi dn @dbRANAME a6l itth
said shell interior_when said closure nenber is reg’pi ved j‘égthi n said shell

openi ng, and BalBIPIBANSH AV HARTHT il T%aLPeBnBCIp LU ET of mEPMPHES n;

and solution to current packaging requirements. Such seals
represent an added expense and often do not provide a
smooth interior of the container, which can also be a
source of damage to electronic devices contained therein.
Additionally, single use seals may also represent a éource
of contamination during opening of the container arid, when
placed in compression, do not result in closely controlla-
ble interior and/or'ext'ierior dimensions of ’éhe—-package.
Further, none of the above packaging te.c—:-l-migues p'ro-
vides for maintaining clean conditions during removal of
the product from the package when the exterior surface of
the package may have become contaminated. This require-
ment has become more important during recent years with
the increase of storage and transportation of intermediate
préducts ‘for ielectronic devices which must be maintained
in a clean condition when removed from the packaging for
further f)roce:ssing. Further, the maintenance of an ade-
quately clean manufacturing environment has led to in-
creased manipulation of the packaging and items contained
therein by automated procéssing equipment. ‘I‘hérefore,
isolation structures must be adapf:ed to be manipulated by
such*equipment in addition to providing the required types"
of protection for the packaged items. This adaptation
often requires both the packaging and the automated equip-
~ment to be specially modified and standardized, increasing
costs and reducing the generality of application of the
automated egquipment.

. et
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neans for comunicat i ng pneumatic pressure fromsaid outer surface of said
cl osure nenber to said interior space wsthin said resilient seal and

mani fol d neans at | east partjall ncl Lt hi id closure nenber body
i ncluding said at | east one %Mﬁfe&%i Mﬁ&gl ate. 2. An isolation
structure as fecis ech iockjetaioh thewhersing anpartiicontof assiidranai éed brreans
is formed By WOQWeSHEocat ed Eﬂef}’éﬁ%&f ace of said backbone. 3. An

Inc

i solation structure as Tecite aiml, wherein said front plate
provi des a smBEEArGidertauPRac@specsaiod dilssupresrRrbeinventionn thegkation

struct urepasvi®d t 86 iiRoehaidn 3sciukbdher idahudhgy meanspbel 1ReaALENG At
| east one, of said front plate and sai d back . . .
d to accommodate a contamination sensitive item and

interior adapte
having an opening leading to said interior; and a closure member
dimensioned to be received within said opening and completely
removed therefrom, said closure member including: a closure member
body having an outer periphery and a resilient seal on said outer
periphery of said closure member body, said resilient seal defining
at least a portion of an interior space within said resilient seal
and forming at least a portion of.an outer surface of said closure
member, -said closure member body further including a backbone and
front and rear plates for attaching said resilient seal to said
backbone, said rear plate facing said shell interior when said
closure member is received within said shell opening, and said
front plate having at least one aperture formed therein; and means
for communicating pneumatic pressure from said outer surface of
said closure membexr to said interior space within said resilient
seal and manifold means at least partially enclosed within said
closure member body -including said at least one aperture in said
front plate. |

According to another aspect of the present invention there is
provided a closure member for an isolation structure.including: a
closure member body having an outer periphery and a resilient seal
on said duter periphery of said closure member body, said resilient
seal defiming at least a portion of an interior space within said -~
reéilient seal and forming at. least a portion of an outer surface
of said closure member including a backbone and front and rear
plates for attaching said resilient seal to said closure member
body, said front plate having at least one aperture formed therein;
and means for communicating pressure from said outer surface of
said closure member to said interior space within said resilient
seal comprising manifold means at least partially enclosed within
said closure member body and wherein a portion of said manifold
means ié.formed by grooves located on-‘a surface of said backbone

and said front plate, including said at least one apefture.
DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
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plate relative to said backbone. 5. An isolation structure as recited in
claim4, wherein said neans for locating at |east one of said front plate
and said back plate relative to said backbone includes |ocating pins. 6.
An isolation structure as recited in claim4, wherein said neans for
| ocating at | east one of said front plgte and said back plate relative to
sai d backbone includes an O ring. 2 4 7. An isolation structure as
recited in claim®6, wherein said

Figure 1 is .an exploded view of the isolation struc-

ture in accordance with the invention,

Figure 2 is a cross sectional view of the closure
member and seal member structure of the isolation struc-
ture illustrated in Figure 1, and including a portion of

the shell of the isolation structure,

Figure 3 is an exploded view of an alternative em-
bodiment of the closure member structure in  accordance
with the invention showing some preferred features there-

of, and

Figures 4 and 5 illustrate the process of unlatching
the closure member of the isolation enclosure .in. accor-
dance with the invention. , | i

Referring now to the drawings, and n“\ore particularly
to Figure 1, ﬁhere are shown, in an exploded view, the
constituent components of the isolation structure 100 in
accordance with the invention. The isolation structdre
100 has two major parts, a shell 110 and a removable clo-
sure member or door 112. Shell 110 can preferably be
fabricated ofrom two shell portions 111, 111' by casting,"
injeétion molding, machining, or any other suitable tech-
nigue. If the shell 110 is so formed, the portions are
preferably permanently joined by hot platen welding to
provide a hermetic seal member with no flash at the joint.
However, other joining techniques and materials may be
used such as adhesives as long as care is taken to avoid
materials and formations which could form a source of
loose particles or vapors (e.g. a solvent in an adhesive)

which could be a source of contaminants. In any case,
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means for locating at |east one of said front plate and said back plate
relative to said backbone further includes a breather body. 8. An isolation
structure as recited in claiml1, further including a groove forned-al ong an

i nner surface of said opening in said shell. 9. An isolation structure as
recited in claim8, wherein said groove-further includes a preload ridge.
10. An isolation structure as recited in claim1, wherein said shell is

formed of at |eagheho1R0r tddSionkl 1140 i1ggl atair@n_;&terﬂg‘rta%uﬁ Forimeal tadn n
claim 10, wherein at |east one. sai dtportt ion ngsailgosggél as. at I.eqcst one
vi ewi ng wi ndow f dPABHLIPREIRF neAGe structures 2379, 12 possibly inter-

locking tabs such as 141 to enhance structural integrity

of the shell 110 when the shell 110 portions are joined.
Whatever technique or materials are utilized to. join the
shell portions 111, 111', it is preferable that the full
extent of such Jlocating or interfitting structures be
involved (e.g. a full depth weld)‘ so that no internal
crevices will remain after the shell portions 111, 111’

are joined.

The shell 110, when completed, has no moving parts or
internal concave structures and thus may- be eésily
cleaned. The major portion of the interior is preferably
planar to facilitate cleaning and the closure member open-
ing 90 into which the closure member 112 is to be fit is
no smaller than the internal cross-sectional shape of the
shell 110 interior, allowing brushes, ﬁozzles or other
devices to be brought into contact with all interior sur-
faces of the shell 110. ’

The planar major surfaces, such as 118, of the inte-
rior of the shell 110 also preferably cooperate with
planar outer surfaces 117 to form viewing windows so that
the contents of the isolation structure 100 may be in-
spected while maintaining isolation from the ambient atmo-
sphere. For this reason, transparent materials are also
preferred. Additionally; further viewing windows may be
provided in the sides of the shell 110 such as at 119. It
is preferable, if the shell 110 is formed in two portions,
to avoid having a joint between such portions crossing the
side viewing windows. Therefore, window 119 is preferably
formed on one of the portions and a corresponding notch
120 formed on the other portion to receive.an edge there-
of. It is also possible to form any of the viewing win-
dows 117, 119 as a separate structure around which two or
more portions of the shell 110 are fitted. -However, since
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12. An isolation structure as recited in claim1, wherein said shell has at
| east one viewi ng window fornmed therein. 13. A closure nenber for an

i solation structure including: a closure nmenber body having an outer
periphery and a resilient seal on said outer periphery of said closure
menber body, said resilient seal definigg at |least a portion of an interior
space within said resilient seal and formng at |east a portion of an outer
surface of sai duilteshire trerxgrariend uditeg ia lsatidwing drdr foutata saicthg eafop-

pl ates for attachi.ng. sal I Lient al_,t aid ¢l osure nenber boq¥, ai d
front plate ha&%ﬁﬁ'a iﬁggsggongagsgrﬁgrgqé%wnﬁ?tﬁ%f%in?ogﬁdo e %ﬁfgs
comuni cati ng gressutkef somfsaed canerreadibyeasfailable, lowest cost is

achieved by integral formation of the viewiné windows in

the shell portions 111, 111'. Examples of such suitable
materials are PC (Polycarbonate, LEXAN(R)), PMMA
(Poly(methtylemethacrylate), BAYON(R)) and ~ PETG

(Poly(ethylene terepthalate - glycol modified), KODAR(R)).
These materials are also particularly suitable since with
additives (such as static dissipative agents) they can be
somewhat conductive and thus dissipate static electricity.

It is contemplated that the item contéined within the
optical enclosure may be provided with bar code indicia
such as a universal product code label for identification
of the item contained in the isolation structure 100 to
thus allow direct, automated identification thereof.
Therefore, viewing windows must be maintained in good
optical condition. To avoid scratching o¢f the wviewing
windows and tb maintain good optical properties thereof,
the viewing windows are preferably either recessed slight-
ly from the shell 110 exterior (as shown at viewing window
119) or a stacking structﬁre is provided, preferably in
the form of raised frame margins 121 and 122, or both.
Thé raised margins 121 and 122 are preferably dimensioned
to be functionally combined with a stacking structure, as
indicated at 121 and 122 in Figure 2. The windows are
preferably formed symmetrically on major faces and edges
of the shell 110 to avoid the need to reorient items to be
inserted therein during automated insertion of items into

the isolation structure 100.

The interior of shell 110 is preferably formed as
symmetrically as poésible in the vertical direction in
order to accommodate an object placed therein in either of
two orientations. This feature allows the avoidance of

inversion of the object regardless of the orientation of
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sai.d closure nenber to said interior space within said resilient sea
conprising manifold nmeans at | east partially enclosed within said closure
menber body and wherein a portion of said manifold neans is fornmed by
grooves | ocated on a surface of said backbone and said front plate,

I ncluding said at | east one aperture. 14. A closure nmenber as recited in
claim 13, wherein said front plate providges a snooth outer surface of said
cl osure nmenber. 15. A closure nenber as recited in claim214, further

i ncl udi ng means f othd agatiiingliat | Basd i()sn@a@i:isﬁlﬁiriy m’ﬁvalﬁltatjeoﬁlﬂdaﬁéﬂéj iack

plate relative to asf:ﬂoqqé’a%?og&gov%@no@ %'fos &id¥d é\gtcgm% 'eh aa%rkacg;l%:?m

15, wherein said neans for tin Ieas ohe 0 ront
sai d back plate machinery to be av01ded to invert the objects. If stack~

ing features such as raised frame margins 121, 122 are
provided on the exterior of the shell 110, symmetry of the
exterior of the shell 110 may not be possible. However,
symmetry at the closure member opening (opening) 90 of the
isolation structure 100 shell 110 is sufficient to obtain

simplification of the object insertion process.

.Shell 110 is also preferably formed with aﬁ external
projection 115 which can be used to position the shell 110
during the insertion or removal of the contents thereof.
The projection can also be used as a location for a pro-~
cess identification tag 116, preferably formed as an in-
sert held between projections 115, or other identifying
indicia. While no particular exterior dimensions or
shapes are required for projection 115 or in combination
with insert 116, it is considered preferable that the
lateral ends 115' of projection 115 be angled, bevelled,
rounded or otherwise shaped to facilitate gripping or
handling of the shell 110 and separation of the shells 110
when stacked in éccordance with stacking structhres 121
and 122.

‘The closure member 112 in accordance with the inven=
zion is a composite structure; the principal constituent
parts of which are a closure member body, preferably in-
cluding a backbone 124, and a resilient pneumatic seal
member 113. The backbone 124 supports the general shape
of the resilient seal member 113 to generally conform to
the shape of the closure member opening (opening) 90 in
shell 110. The backbone 124 -also preferably provides
pneumatlc manifolding 130 to communicate with the interior.
of the resilient seal member 113, as will be described in
.éreater detail below. The edges of the backbone 124 are

also preferably cup-shaped in cross-section, as best il-
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relative to said backbone includes |ocating pins. 17. A cl osure nenber
as recited in claim15, wherein said neans for |ocating at |east one of
said front plate and said back plate relative to said backbone includes an
Oring. 18. A closure nenber as recited in claim17, wherein said neans for
| ocating at | east one of said front pPlate and said back plate relative to
sai d backbone further includes a _breather body.” 19. A closure nenber as

recited i n cHAShrefedurdr did? ©f FiwaRs2f 60 COHATuAT 1 onFafras e ¥dam
Said outer sumftaeadf aldmel GMEe resilient seal member 113 is in-

stalled thereon. Accordingly, apertures are provided in
the cup-shaped edge of backbone 124 in accordance with the
manifolding structure utilized. It is to be understood
that while providing manifolding within the closure member
body is preferred, it is'only necessary to be able *to
communicate pressure or partial wvacuum to the interior
space defined, in part, by the resilient seal member 113
and a closable opening, tube or other arrangement could be
proﬁided directly on the resilient seal member 113, it~
self.

With further reference to Figure 2 as well as Figure
1, to complete the major structure of the closure member
112, the closure member body preferably further includes
front plate 123 and rear plate 125. As shown in figure 2,
the front and rear plates clamp respective margins of
resilient geal member 113 against outer sides of the cup-
shaped edges 132 of the backbone 124. The front and rear
plates 123, 125, in conjunction with the backbone 124,
also mechanically constrain the resilient seal member 113
and provide controlled collapse of the seal member 113
when the interior volume is evacuated. The "interior
volume" to be evacuated includes spaces 170 and 180 in
hollow closure member 112 as well as the pneumatic
manifolding 130. The space 170 is the space between the
front plate 123 and the back plate 125. The space 180 is
defined by the volume between the pneumatic seal member
113 and the cup-shaped edge of the closure member backbone
124. Of course, it is to be understood that this defini-
tion of the "interior volume" is directed.tofthe particu-
lar sﬁapes and topologies of the constituent parts of the
prefeqred embodiment of the invention and basically <n-
cludes all interior space of the closure member which is
in communication with the interior 180 of the resilient
seal member 113, thus constituting "manifolding" regard-

\ 14
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menber to said interior space within said resilient seal conprises manifold
means at |east partially enclosed within said closure nenber body. 20. A

cl osure nenber as recited in claimi15, wherein a portion of said manifold
means is formed by grooves |ocated on a surface of said backbone. 1.

An isolation structure including a shélM having an opening and a closure

menber di nensioned to be received within :
less of its configuration. It should also be understood

that the "manifolding" may, in fact, occupy only a very
minor fraction of the interior space which may exist in
the closure member. It is considered, however, that in-
creased volume of the manifolding may increase tamper
resistance by requiring evacuation of a greater volume
which is more likely to require specialized apparatus for

successful collapsing of the resilient seal member 113.

Location of the front and rear plates 123, 125 rela-
tive to the backbone 124 is preferably facilitated by
cylindrical housings 340 secured to the back of front
plate 123 centered on center lines 126 and 126' respec-
tively. Cylindrical housings 340 extend through holes in
the backbone 124 and back plate 125, which holes are also
aligned with center 1lines 126 and 126' respectively. On
the back side of back plate 125, the retaining nuts 324
are pushed over the ends of cylindrical housings 340, so
nuts 324 lock onto cylindrical housings 340 by turning
them into a locked position as it well-understood by those
skilled in the art. '

Alternatively, the front and back plates 123, 125 and
the backbone 124, together with other closure member
str&ﬁture can be joined together by pins extending from.
eithé&r or both of the front and back plé.tes 123, 125
and/or backbone 124 and welded, bonded or otherwise af-
fixed at the front and back plates 123, 125 to secure the
closure member assembly together. Alsc, as best shown in
Figure 2, the edges of the front and back plates 123, 125
are preferably shaped to closely engage the margins of the
resilient seal member 113 which are prefera&ly angled to
give ihe resilient seal member 113 an overall appearance,
in c:osé-section, of the Greek letter "Q". This structur-
al configuration provides a particulérly gas~-tight seal
member 113 between these parts, allowing the seal member

113 to be pressurized and such pressure maintained for
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sai d opening, said closure nenber including a closure nenber body having an
outer. periphery and a resilient seal on said outer periphery of said clo-
sure nenber body, said resilient seal defining at |east a portion of an
interior space within said resilient seal and formng at |east a portion of
an outer surface of said door, and medAs for conmunicating pneumatic
pressure fromsaid outer surface of said closure nenber to said interi- or

space within SHENEES RIS AL bime o, §ighBly onealr heuréogyreediemed in
claimi1, furtber 1nd wd ngomeansnf etrattashi mgosaid resilient seal to

Front plate 123 also has an aperture 131 cooperating
with the manifolding provided by backbone 124 to allow the
interior of the resilient seal member 113 to be pressur-
ized or evacuated. At least the front surface of the
front .plate also preferably provides a flat surface for
facilitating engagement by a vacuum closure member removal
plate 114 which will be discussed below. The backbone 124
and front and back plates 123, 125 are preferably formed
of the same material as the shell 110. However, transpar-
ency is not normally required, providing sli&ﬂtly greater

latitude in choice of materials.

Manifolding 130 can be fabricated in many forms, such
as with tubes or hollow structures within the backbone
124. However, an extremely simple preferred structure may

i be formed simply as grooves or recessés in the sides of
the backbone 124 ( indicated at 160) or the abutting faces
of the front and/or rear plates 123,:125 (indicated at
160'). The manifolding is preferably formed.on both sides-
of the backbone 124 with at least one communicating hole
161 through the web of the backbone 124. Corresponding
holés are also formed at the locations of.the grooves in
the Tup-shaped edges of the backbone 124. The grooves or.
recesses may be formed by embossing, casting or machining
or other methods. If the manifolding is formed as
grooves, the grooves need only be deep enough to prevent
closure by the resilient seal member 113 being pressed
into the grooves when the front and rear plates 123, 125
are attached. Thus the grooves serving as pneumatic
manifolding 130, in cooperation with the abutting inner
faces of the front and rear plates 123, 125 complete a
manifold which can communicate a desired pressure or vacu-
um from opening 131 on a preferably smooth or flush outer
surface of the front platé 123 to the interior of the
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said closure nenber body. 3. An isolation structure as recited in claim
2, wherein said closure nenber body includes a backbone and said neans for
attaching said resilient seal to said backbone includes front and rear

pl ates. 4. An isolation structure as recited in claim3, wherein said
front plate provides a snooth outer suk¥ace of said closure nenber. This is

t he repl acenment sheet
resilient seal member 113. The pressure or partial vacuum

in the interior of the resilient seal member 113 can be
maintained by providing appropriate closure for opening
131.

Front and rear plates 123, 125 énd backbone 124 also
have apertures for receiving a filter or breather 126 to
allow . equalization of pressure between -the interiér and
exterior of the shell 110 without the introduction of
particulate contaminants. The shell 110 may also be
purged with a gas such as an inert gas after sealing of
the shell 110 by closure member 112 by means of breather
316. However, it is preferable to provide'gt least two
such breathers or filters to allow a gas to be more readi-
ly circuiated throughout the shell 110.

Rear plate 125 is also preferably provided with a
hygroscopic body 128 and a vapor absorptive body 127 af-
fixed thereto, referred to hereinafter as drains. These
absorptive: bodies and filter 316 are readily removiable
from the assembled closufe member 112 prior to cleéning.
New filters and drains are fitted to closure member 112

when the closure member 112 is to be reused..

Also, as best shown in Figure 2, the closure member
opéiing 90 of the shell 110 has the overall form of a
groo%e between an interior shoulder 133 and a simiiar"
exterior shoulder 133' around the entire periphery there-
of. These shoulders are of a dimension which does not
reduce the outline of the closure member opening 90 beyond
the cross-sectional dimensions of the interior of the
shell 110. The groove also preferably is shaped to in-
clude a preload ridge 134 to enhance the sSealing effect

against resilient seal member 113.

Shell 110 may also be fitted with a liner 150 which
may function as a guide or holder for items placed there-
in. This liner preferably has a tapered edge 151. Alter-~
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27 5. . An isolation structure as recited in claim4, wherein said front

pl ate has at | east one aperture formed therein. 6. An isolation structure
as recited in claim1, wherein said neans for comruni cating pressure or a
partial vacuum from said outer surface of said closure nem ber to said
interior space within said resilientlgeal conprises manifold neans at | east

partially enclosed within said closure nenber body. 7. An isolation
structure asnabitvedd,i auchakrntépewkdr ekoianpobtildnbef fs&mddﬁ&ﬂtﬁe@'ﬂiﬂ%ﬁms
is.formed byyith shell 110 or shell portions 111, 111'. The rear

plate 125 of door 112 is also preferably tapered to co-
operate therewith to provide a smooth interior surface of

the isolation structure 100.

A tapered edge 138 is also formed on the periphery of
front plate 123 to cooperate with an outer portion of the
profile of outer shoulder 133'. This tapered region pro-
vides a periphery of'the front plate which is lérger than
the periphery of resilient seal member 113 when retrécted
by evacuation, as shown by dashed lines 137, to reduce the
risk of damage thereto. Further, when the re;;lient seal
member 113 is pressurized or otherwise allowed to resil-
iently expand, the seal member 113 exerts a camming action
against the inner portien of the profile of outer groove
shoulder 133' until the tapered edge of the front plate
123 is seated against the outer portion of the profile of
shoulder 133'. At the same time, the tapered edge of the
rear plate 123 is seated against . the tapered region 151.
This interfitting of suffaces provideS' a particularly
secure positioning of the closure member 112 within the
‘closure member opening 90 and, in particular, prevents the
closyre member 112 from being pushed inward to apply me-
chanical forces against items contained within the isola-
tion structure 100. This seating of taperéd structures
also assures that the interior dimensions of the isolation
structure 100 will not be altered by the seal member 113
or changes in the condition thereof.

Rear plate 125 is also preferably provided with a
resilient buffer member 129, preferably including pad 332,
and which is preferably dimensioned to apply a slight
positioning force against an item placed in the isolation
structure 100 when thé‘closure member 112 is in place.
Opposing positioning forces are applied to -the item by
resilient buffers 143, shown in Figure 1. The opposing

resilient pads thus provide substantial protection of the
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grooves | ocated on a surface of said backbone. 8. An isolation structure
as recited in claim5, wherein said neans for comruni cating pressure or a
partial vacuum fromsaid outer surface of said closure nem ber to said
interior space within said resilient seal conprises manifold neans at | east
partially enclosed within said closurelfenber body and a por- tion of said
mani fold neans is forned by grooves | ocated on a surface of said backbone
and said front e eag"’}lﬁtﬁ%djr’f‘@a%fﬁ dapPliedsttonehepéfFpdpkion encigsure.

i solation struchdmrapl eahtaed\alt@rﬁhal hdsehurfidiernee Wdishd imANSUPers
locating at leai%émgié%lé;s a damplng effect and thus provides protec-
tion against vibration belng transmitted from the exterior
of the isolation structure 100 to the contents thereof.
Suitable materials include Fluoro (FLUORE(R)), Urethane

(ELASTILAN(R)), Polyester (ELASTILAN(R)) or Buna-N.

In order to seal or open the isolation structure 100,
a vacuum plate 114 is preferably used. In order to cap-
ture and manipulate the closure member 112, the wvacuum
plate 114 must include a raised resilient seal 135 (e.g.
an O-~ring or suction cup) which is preferaﬂiy located to
surround the location of aperture 131 in order to conve-
niently evacuate the resilient seal member 113 through
manifolding 130 in the structure of backbone 124. It is
especially preferable for raised resilient seal 135 to
extend around the entire periphery of the wvacuum plate
114. This location provides the optimum application of
frictional engagement forces between the raised resilient
seal 135 and the front plate 123 of the closure member 112
for manipulation thereof. However, if this location for
the raised resilient seal 135, one or more further, simi-
lar seals must be provided to prevent vacuum from being
abblied to the interior of the isolation structure 100
through breather, which may preferably be an assembly of
several ‘elements indicated by center line 126. This is
preferably done by providing O-ring seals 318 and 136
(shown in phantom in Figure 1), as will be discussed in
greater detail below.
‘ Further, for opening of the isolation structure 100
after the outer surface thereof has been exposed to con-
tamination, this location of the raised reSilient seal 135
provides a sealed chamber to contain the contamination.
Any contamination present cannot escape the chamber due to
the vacuum applied. This feature considerably reduces the

difficulty of maintaining clean processing conditions
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front plate and said back plate relative to said backbone. 10. An

i solation structure as recited in claim9, wherein said nmeans for |ocating
at |east one of said front plate and said back plate relative to said
backbone includes locating pins. 11. An isolation structure as recited in
claim9, wherein 28 said nmeans for |&gating at |east one of said front

within processing apparatus. For example, the shell 110
of the isolation structure 100 need not be introduced into
processing equipment but merely placed against an aperture
in a cover thereof. A contaminated cover could be with—
drawn and the contamination fully contained by automated
mechanisms within the processing apparatus while the con-
tents of the isolation structure 100 is removed. The
cover could then be replaced and the éontaminated isola~-
tion structure 100 removed and the processing apparatus
cover resealed with little or no opportunity for contami-
nation of the interior of the processing apparatus to

occur.

Referring now to Figure 3, a preferred structure for
several of the constituent parts of closure member 112
will be described. A preferred form of backbone 124 in-
cludes a toothed periphery at the rounded ends thereof.
These teeth, such as shown at 312, provide gaps which
improve gripping and §ealing of the margin of resilient
seal member 113. It should be noted in this regard that a
suitable resilient seal member 113 made of an elastomeric
material is commercially available but is shaped in a
generally circular rather than an elongated oval form.
Straightening the curvature of this commei:cially available
seal 318 along the linear portions of the backbone 124
strétches the inner periphery and does not affect thé
sealing action between the backbone 124 and the front and
rear plates 123, 125. However, whére the curvature is
increased, the inner margin is compressed. Therefore, the
teeth 312 are advantageous in accommodating the compressed
material in these regions while gripping the resilient
seal member against corresponding ribs 322 between recess-
es formed in the front and rear plates 123, 125. It is
considered preferable ‘that the ribs and teeth be opposed
to each other rather than interleaved since the serpentine
shape into which the seal margin would be forced, in the
latter case, provides an .inferior seal and concentrates
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plate and said back plate relative to said backbone includes an Oring. 12.
An isolation structure as recited in claim11l, where- in said nmeans for

| ocating at | east one of said front plate and said back plate relative to
sai d backbone further includes a breather body. 13. An isolation structure
as recited in claim1, further includifg a groove formed al ong an inner
surface of said opening in said shell. 14. An isolation structure as
recited in claifferiEs vharandg | inser l gy oy efeuralingutenaiardes d 437 dlrdad the

ridge. 15. An igolet i o0oSIdiUEhites ASnE&CT §58h1Mg Chal PnkchEESId tear or

otherwise degrade the resilient seal member 113.

.Q preferred structure for the resilient buffers 129
is formed by insertion of cylindrically shaped buffers 332
into brackets 334 which may be formed integrally with or
attached to the rear surface of rear plate 125. Buffers
332 are preferably force fit into these brackets 334 so
that the resilient material thereof will be retained
therein and also deformed slightly to protrude in the
direction of application of force to the contents of the

isolation structure 100.

A preferred form of the breather 126 is also shown in
Figure 3 which also performs the function of locating pins
125' of Figure 1. Breather body 316 which is generally
cone-shaped is provided which preferably has protrusions
thereon which key into notches 314 in apertures formed in
front plate 123. The breather body thus reaches through
all of the front plate 123, backbone 124 and rear plate
125. An O-ring seal 318 is provided around the breather
body within apertures in the backbone 124. Thus when the
breather body is placed in tension, preferably by the
iﬁétallation of a quarter-turn nut affixed thereto, the 0O-
ring seal 318 is flattened and deformed against the inte-
rior of the aperture in the backbone 124 while maintaining
a slight separation of the front and rear plates 123, 125
therefrom until the parts are fully seated against each
other and in engagement with resilient seal member 113.
In this fashion, the front and rear plates 123, 125 and
the backbone 124 are made self-aligning during assembly.
Filter elements 328 are then carried by the interior sur-
faces of the breather body 316.

The closure member 112 of the isoclation structure 100

is preferably operated by capturing the closure member 112
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said shell is formed of at least two portions. 16. An isolation structure
as recited in claiml, wherein said shell has at |east one view ng w ndow
formed therein. 17. An isolation structure as recited in claima15, where-
in at | east one said portion of said shell has at |east one view ng w ndow
formed therein. 18.. A closure nenber f®r an isolation structure including
a cl osure nenber body having an outer periphery and a resilient seal on

sai d outer perwigitersy wicwan dptabe 3Lt eofiehher fbody disaudseasiadbst saadr

defi ning at | exaésr&ovi%dméxriivoglgfsu%% ioril eéﬁeor(inS&aE%f’,"i tiqij nnesgésdsary. The
application of a parfial vacuum to the surface of the
front plate 123 is also communicated through manifold 130
to the interior of resilient seal member 113 which then
assumes the shape indicated at 137. The closure member

112 can then be easily seated or removed, as desired.

The ends of the cup-shaped edges of the backbone 124
are preferably dimensioned to provide a sliding fit over
groove shoulder 133' While some wear on the resilient
séal will occur unless a clearance is provided, a sliding
contact will provide the most secure closure -and seal
member 113 of the closure member 112. Any significant
wear which occurs will be easily detectable by inspection.
Further, a two-step, detent-~like action will be provided
by the ends of the cup-shaped edges of the backbone 124
which can be sensed by automated equipment to indicate
proper closure of the closure member 112 . The detent
action will also hold the closure member 112 in a correct
position relative to shell 110 while the resilient seal

member 113 is allowed to expand or is pressurized.

It should be noted that when the closure member 112
isléorrectly seated, there are no grippable projections on -
eithérathe surface or the edges of the closure member 112
. The preferably bevelled or tapered edges of the closure
member 112 are closely fitted to and slightly recessed
below the edge of shell 110. The resiliency of the resil-
ient seal member 113 at the edges of the backbone 124 and
front and rear plates 123, 125 is preferably chosen such
that it cannot be collapsed by evacuation which is less
than the partial vacuum required to firmly grip the clo-
sure_member 112 by vaéuﬁm plate 114. Thus, the isolation

device is made highly resistant to tampering and cannot be
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resilient seal and formng at |east a tortion of an outer surface of said
cl osure nenber and 29 neans for communicating pressure or a parti al
vacuum from said outer surface of said closure nenber to said interior
space within said resilient seal. 19. A closure nenber as recited in
claim 18, further including neans fot2attaching said resilient seal to

sai d cl osure nenber body.
opened without severe and visible damage to the shell 110

or closure member 112 of the isoclation structure 100, or
both.

The preferred process of closing and opening 6f the
isolation enclosure in accordance with the invention,
together with a preferred form of vacuum closure member
112 .removal plate structure 114, will now be described in
detail with reference to Figures 4 and 5. Specifically,
closure member removal plate 114 has a generally planar
surface for mating with the closure member assembly 112 at
ﬁhe front plate 123 thereof, as shown in Figure 1. This
mating surface of closure member 112 prefeggbly includes
means for establishing a good seal against the closure
member front plate 123, such as a raised resilient seal
135, regardless of minor warpage, scratches and the like
existing on the outer surface of the closure member 112.
The closure member removal plate 114 also preferably in-
cludes a: vacuum line 190 and a recess 216 (in the hollow
conical shape of a suction cup) of substantial volume
which ma& be a separate structure within the closure mem-
ber removal plate 114, preferably in the form of at least
one suction cup. Vacuum line 190 is preferably located
centrally of the suction cup shape 216 and concentrically
with aperture 131 in £front plate 123. Further, vacuum
lin& 190 has a length which provides a small clearance
{e.g. less than the radius of aperture 131 in order to
provide preferential evacuation of manifolding 130 in the
closure member 112 when a sufficient level of vacuum has
been achieved for full gripping of the closure nember
assembly 112. This arrangement of evacuated volumes al-
lows enhanced gripping of the closure member assembly 112
sincé any leakage at resilient seal 135 or suction cup 216
resulté in only a rela#ively slow loss of vacuum in- view
of the preferably relatively large total wolume of the
manifolding 130 and interior volume of: the cldsure member
112 removal plate 114, including the volume within the
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20. A closure nenber as recited in claim19, wherein said closure nenber
body includes a backbone and said neans for attaching said resilient seal
to said closure nmenber body includes front and rear plates. 21. A closure
menber as recited in claim?20, wherein said front plate provides a snooth
outer surface of said closure nmenber. 235 A closure nenber as recited in
claim 20, wherein said front plate has at |east one aperture forned there-

in. 23. A closusealfenizer 4% reaidied duttGbal Buls, 2 vher esiyS @ hMBaHS: ifaar

connunlcatlng prﬁssurgforacu €I$ifﬂ ﬁﬁ%%ase the clearance between vacuum
line 190 and the front face of front plate 123 and thus
tend to preferentially evacuate the suction cup 216 until
full vacuum gripping is again established. It should be
understood that in such an occurrence, after resilient
seal member 113 has been collapsed as shown in Figure 4,
such a partial loss of vacuum will not immediately reseal
the closure member 112 since return of pressure to the
interior of resilient seal member 113 will be limited by
the small cross-~sectional area of the manifolding 130 at
grooves 160. -

Thus the wvacuum gripping of the closure member 112
and the collapse of the seal member 113 will be stabilized
even in the presence of minor leakage of the closure mem-
ber removal.plafe 114, due to the baffle formed by the
c¢learance between the vacuum line 190 and the front face
of front plate 123. By virtue of the same structure, when
gripping is initiated after positioning of closure member
removal plate 114 against the closure member 112, the
clearance between the closure member 112 and the end of
vacuum line 190 will be somewhat greater than the final
location and the suction cup 216 and the remainder of the
volume within resilient seal 135 will be achieved before a
vacuum is pulled on the manifolding 130 and, in turn, on
thge interior of resilient seal member 113 due to the re-
striction on gas flow at groove 160 of manifolding 130.
Therefore, gripping of the closure member is assured prior,
to the collapsing of resilient seal member 113.

For gripping of the closure member 112, closure mem=~
ber removal plate 114 is placed against the outer surface
of .closure member 112 and a vacuum is applied to wvacuum
line 221 through a valve 220 and thence to the interior of
the closure member rémoval plate 114 through vacuum line

190 which is preferably attached to valve 220 or vacuum
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fromsaid outer surface of said closure nenber to said interior space
within said resilient seal com prises manifold neans at |east partially
encl osed within said closure menber body. 24. A closure menber as recited
in claim?23, wherein a portion of said manifold neans is fornmed by grooves
located on a surface of said backbone2125. A closure nmenber as recited in
claim 22, wherein said neans for communi cating pressure or a partial vacuum
from sai d out éinsurfZicetbfosghdac| dsradabnfert tiiogsaZIB i nt &s oindpaated

within sald resblbenenital lindY ISANJEN {00 IV HRANR 13he hRRSTaRR" LR 1Y
front of the closure member assembly 112 will cause a

vacuum to first be drawn more strongly on the interior
space defined by recess 216 of the closuré—member removal
plate 114 and thereafter drawn more strongly through aper-
ture 131 to space 170 which is connected to manifolding
120 to draw a vacuum on the manifolding 130. After vacuum
gripping has been accomplished and as vacuum is drawn on
manifolding 130, vacuum is drawn somewhat more slowly on
the interior of resilient seal member 113 to collapse the
same. Once the resilient seal member 113 ii_collapsed,
the closure member removal plate 114 can be drawn back,
preferably within a clean environment indicated by housing
wall porvions 222 to allow access to the interior or con-
tents of the enclosure 110. In this connection, it may
also be desirable to provide a seal or support for enclo-
sure 111 where it abuts wall portions 222, as generally
! indicated at 223, to provide further protection against

- contamination.

After placement of an article within the shell 110 or
removal therefrom, the closure member 112 may be replaced
and resealed by merely releasing the wvacuum and allowing
reéilient seal member 113 to expand to its original shape
as installed on closure member assembly 112. The release
of the vacuum is preferably regulated so that the resil-
ient seal member 113 will resume its original shape and
seal the enclosure more or less concurrently with the
release of the closure member 112 by closure member 112
removal plate 114. 1In this regard, the clearance between
vacuum line 190 and the front surface of ¢losure member
assembly 112 can be of assistance in regulating the timing
of the closure membef_ilz release to the expansion of
resilient seal member 113. In any event, the mechanical
pressure on the closure member removal - plate il4 against

closure member assembly 112 maintains the. closure member
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30 mnthln said closure nmenber body and a portion of said manifold nmeans is
formed by grooves located on a surface of said backbone and.said front
plate, including said at | east one aperture. 26. A closure nenber as
recited in claim?21, further including neans for |ocating at |east one of
said front plate and said back plate relative to said backbone.

22

. 112 seated against the shell 110 and timing of the release
and the expansion of -resilient seal member 113 is not
particularly critical. Peositive pressure in vacuum line
221 coupled to manifolding 130 through wvacuum line 180 can
also be advantagequsly used to speed expansion of resil-
ient seal member 113 and, if desired, manifolding 130 can
be pressurized and sealed to enhance the gripping of shell
110 by the resilient seal member 113.

In view of the foregoing, it is clear that a system
of protection features has been provided in a single iso-
lation structure 100 of simple de51gn and whlch can be
fabricated and used economically. Protectlon of the con-~
tents of the isolation structure 100 from impacts vibra-
tion, contamination from particulates and vapors and tam-
pering are all provided while allowing inspection of the
contents. Manipulation' of the isolation  structure 100
does not require specific modificatibn of automated mecha-
nisms since vacuum plates may be used to manipula%e the
structuré and parts thereof. The isolation structure is
reusable. and can be easily cleaned between uses. Tﬁe seal
member 113 does not affect internal dimension of. the iso-
lation structure 100 and allows a smooth intériqr surface

to be provided.
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27. A closure nenber as recited in claim26, wherein sai nmt“l“‘m!“[\m

| ocating at | east one of said front pla%® and said back I\m I

sai d backbone in- cludes |ocating pins. 28. A closure nenber as ‘redited in

claim 26, wherein said neans for |oc '%sat | east one of said front plate
ackbone

and said back plate relative to said in- cludes an Oring. 29. A
cl osur e nenbehn gssqletibedstimmathae ni@®Budwher ei n sai d neans for |ocating at

|east one of sai dnfiont plale and saldAack Rbabeed ol @i VEolSuitBadcbagkbone
fur- ther includes a breather body.
contamination sensitive item and having an opening leading to said

interior; and
a closure member dimensioned to be received within said opening'
and completely removed therefrom, said closure member including:

_ a closure member body having an outer periphery and a resilient
seal on said outer periphery of said closure member body, --said
resilient seal defining at least a portion of an interior space
within said resilient seal and forming at least a portion of an
outer surface of said closure member, said closure member body
further including a backbone and front and rear platés for
attaching said resilient seal to said backbone, saig. rear plate
facing said shell interior when said closure member is ‘received
within said shell opening, and said front plate having at least one
aperture formed therein; and

means for communicating pneumatic pressure from said outer

surface of said closure member to said interior sbace within said
regilient seal and manifold ~means at least partially enclosed
within said closure member body including said at least one
aperture in said front plate.

2. An isolation structure as recited in claim 1, wherein a portion
of said manifold means is formed by grooves located on a surface of

said backbone.

3. An isolation structure as recited in claim 1, wherein said

front plage provides a smooth outer surface of said closure member.

4. An isolation structure as recited in claim 3, further including
‘means for locating at least one of gaid front plate and said back
plate relative to said backbone.

5. An isolation structure as recited in claim 4, wherein said
means for locating at least one of said front plate and said back
. plate relative to said backbone includes locating pins.

6. An isolation structure as recited in claim 4, wherein said
means for locating at least one of said front plate and said back

plate relative to said backbone includes an O-ring.
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7. An isolation structure as recited in claim 6, wherein said
means for locating at least one of said front plate and said back
plate relative to said backbone further includes a breather body.

8. An isolation structure as recited in claim 1, further including
a groove formed along an inner surface of said opening in said
shell. '
9. An isolation structure as recited in claim 8, wherein said
groove further includes a preload ridge. -

10. An isolation structure as recited in claim 1, wherein .said
shell is formed of at least two portions.

11. An isolation structure as recited in claim 10, wherein at least
one said portion of said shell has at least one viewing window
formed therein. '

12. An isolation structure as recited in claim 1, wherein said
shell has at least one viewing window formed therein.

13. A closure member for an isolation structure including:

a closure member body having an outer periphery and a resilient
seal on said outer periphery of said closure member body, said
resilient seal defining at  least a portion of an interior space
within said resilient seal and forming at least a portion of an
outer surface of said closure member including!a backbone and front
and rear plates for attaching said resilient seal to said closure
member body, said front plate having at least one aperture formed
therein; and

means for communicating pressure from said outer surface of
said closure member to said interior space within said resilient
seal comgsising manifold means at least partially epclosed within
said closure member body and wherein a portion of said manifold
means is formed by grooves located on a surface of said backbone
and said front plate, including said at least one aperture.

14. A closure member as recited in claim 13, wherein said front
plate provides a smooth outer surface of said closure member.

15. A closure member as recited in claim 14, further including
means for- locating at least one of said front plate and said back
plate relative to said backbone.

16. A closure member as recited in claim 15, wherein said means for
locating at least one of said front plate .and said back plate

relative to said backbone includes locating pins.
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17. A closure member as recited in claim 15, wherein said means for

25

locating at least one of said front plate and said back plate
relative to said backbone includes an O-ring.

18. A closure member as recited in claim 17, wherein said means for
locating at least one of said front plate and said back plate
relative to said backbone further includes a breather body.

19. A closure member as recited in claim 13, wherein said means for
communicating pressure from said outer surface of said closure
member to said interior space within said resilient seal comprises
manifold means at least partially enclosed within said closure
member body.

20. A closure member as recited in claim 15, wherein a portion of
said manifold means 1is formed by grooves located on a surface of

said backbone.
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ISOLATION STRUCTURE FOR CONTAMINATION SENSITIVE ITEMS

ABSTRACT

A reusable isolation structure (100) features an easily cleanable shell (1 1'0)' and a
cloture member or door (112). The shell has viewing windows (117, 119) formed therin,
each protected by a framing ridge (121,122) or a recess integrally _formed in the shell
provides protection of contents from contamination, impact, vibration and .tampering.
Framing ridges or recesses also facilitate stacking of shells. The opening (90) of the door
(112) of the shell includes a groove formed around the periphery thereof and is preferably
not more than slightly smaller than an interior cross-section of the shell. The door of the
isolation structure is dimensioned to fit within the door opening and has a resilient seal (113)
clamped to the periphery of a backbone (124) by front (123) and rear (125) plates. The
front and .rear plates cooperate with grooves formed in the backbone to define a !preferred
form of manifold for coupling pressure or a vacuum to the interior of the resilient seal.

Fig. 1
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