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1 kg M NI ENVI RONVENT FCR MATERI AL HANDLI NG

TECHNI CAL FELI D Th present invention relates generally to
the field of cleanroomtype environnments for materi al handl i ng and
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25 them. Cleanrooms are typically permanent structures which occupy at least one entire room in a building. To .

build a cleanroom, special equipment must be instalied within the building 1o maintain a clean-air environment

in the cleanroom at all times so that any harmful microcontamination gencrated within the cleanroom does not

affect sensitive material being bandled. Such special equipment typically includes special air conditioning tmits,

large air flow generators to provide adequate air flow and recycling, air ducts to direct air for delivery and

30  recycling, and large filtration systems which filter recycled air from the air flow generator and which typically

occupy neatly an entire wall in the room for horizontal air flow or, alternatively, nearly an entire ceiling in the

room for vertical air flow. The equipment for the cleanroom must be specially installed in the building and

typically occupies other rooms and areas within and ebout the building. Furthermore, the cleanroom itself must

be specially prepared, for example, to minimize or eliminate any outgassing by walls, ceilings, equipment,

35  furniture, k., in the cleanroom and to minimize or prevent any outside airflow from leaking into the cleanroom

as any outside air not recycled through the equipment will typically be filled with harmful contamination,

Because of this special equipment, its required installation, and the preparation involved for a conventional
cleanroom, the cost alone of building a cleanroom is exorbitant.
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handle materials in a cleanroom-type environment.
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The present invention advantageously overcomes the above drawbacks typically incurred in building
and maintaining a cleanroom-type environment for material handling. The high costs typically incurred in
building and maintaining clcanrooms has been minimized 1o only the cost of constructing and maintaining one
or more minienvironments in accordance with the present invention. Furthermore, the use of one or more
40 minienvironments in accordance with the present invention saves the total cost required for building and




Consequently, working in a cleanroomfor extensive periods of tinme can
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While the above advantages of the present invention have been described, other attendant advantages,
objects, and uses of the present invention will become evident to one of ordinary skill in the art based on the
following detailed description of the present invention with reference to the accompeanying drawings.
30 ERIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of example and not limitation in the figures of the
accompanying drawings in which Jike references indicate similar elements and in which:
Figure 1 illustrates a perspective view of the primary side of the minienviromment in accordance with
the present invention;
35 Figure 2 illustrates a perspective view of the secondary side of the minienvironment in accordance with
meprenmtimemim;.
Figure 3 illustrates a side view of the minienvironment in accordance with the present invention;
Figure 4 illustrates an example set-up of a plurelity of minicavironments in accordance with the present



5 environment. Accordingly, the mnienvironment in accordance with the

present invention overcones the restriction of having to build a
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dimensions, for example, depending on the desired amount of are needed for the mamufacture and assembly of
a specific product. In using minicnvironment 100, a worker may comforiably sit at operator interface 125 of
minienvironment 100 and handle materials within material handling area 120 with his or her hands using opening
122 while resting his or her arms on arm rest 123. Arm rest 123 may be adjustable. Opening 122 may also be
40 positioned in minienvironment 100 so as to allow a worker to stand in a comfortable position while handling
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4 Figure 5a illustrates an air-seal for providing an
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desired cleanliness class of the environment 1o be maintained in minienvironment 100. This cleanliness class

30  may in tun depend upon the sensitivity of the material to be handled using minienvironment 100. The materisls
used in the construction of minienvironment 100, and particularly those exposed to material handling area 120,
may also be and prefcrably are treated, for example by electropolishing the material (¢.g., stainless steel), and/or
finished, for example with an epoxy powder coating or a polyurethane coating, to minimize or climinate the
material's or materials' propensity to spread microcontaminants into material handling area 120. Indsed, any

3s outgassing or microcontaminant generation from the materials used 1o construct minienvironment 100 may only
defeat its purpose of providing an ultra-filtered clean-air material handling area 120. Examples of matcrials
which may be used include, for example, cold rolled steel, stainless steel, and aluminum.

As iliustrated in Figure 1, minienvironment 100 is mainly supported by frame 101 which serves as the
skeleton for the minienvironment's structure. While in a preferred embodiment frame 101 contains cold rolled

40 steel, other materials may be used. Frame 101 supports various structural cornponents of minjenvironment 100.
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size of .5 microns or greater: one having 30 percent efficiency and the other having an 85 percent efficiency for
reasons expressed below. It is to be understood though that prefilter 131 may be only ons filter or may comprise
any number of filters having various filtering efficiencies for contaminants having various sizes. Prefilter 131
is preferably configured in housing 130 such that substantially all air directed through prefilter housing 130 is
35 directed through prefilter 131. In this connection, a closed cell gasket or other sealing agent may be used.
Preferably, this sealing agent does not emit any harmful microcontaminants.

The prefiltered air flow directed in enclosure 135 is further directed by air flow generator assembly 136
through filter 137 within enclosure 135. While in a preferred embodiment enclosure 135 is made of cold rolled
sheet steel and has dimensions of approximately 16 inches in vertical height and approximately 46 inches in

40 length by approximately 37 inches in width in its lower portion, other materials and dimensions may be used.
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example in cither the substantially vestical or the substantially horizontal direction, diffuser 140 is preferably
35  configured to provide for a multi-directional ultra-filtered air flow. If diffuser 140 were configured to provide
only uni-directional air flow over area 120, the ultrs-filtered sir may not flow over some surfaces of materials
in area 120, thus increasing the possibility of those surfaces becoming affected by harmful microcontaminants
within area 120. Such uni-directional air flow may be sufficient, though, to satisfy the cleanliness requirements
for certain materials which are to be handled in minienvironment 100.
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30 at operator interface 125 of minienvironment 100 and handle materials within material handling area 120 with
his or her hands using opening 122 while resting his or her anms on arm rest 123. Amm rest 123 may be
configured such that the worker may adjust arm rest 123 at a desired angle and height for the worker’s comfort.
It is to be appreciated that opening 122 completely exposcs material handling area 120 to the air external to
minienvironment 100. A glove box may be used in place of opening 122. However, since minienvironment 100

35 provides a continual flow of ultra-filtered air outward into the areas external to minienvironment 100 as
discussed above, a glove box is not necessary as the ultra-filtered air flow over material handling area 120 is
preferably strong enough not only to prevent harmfiil microcontaminants in the outside air from directly entering
area 120 through opening 122 but also to prevent the worker from dragging hermful microcontaminants into arca
120. Indeed, opening 122 is more preferable than a glove box as opening 122 is not as restrictive to the worker

40 in handling materials within arca 120. Furthermore, a glove box may oaly prove to be too cumbersome and
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urthermore, window panel 12) may be reconfigured, for example, with scopes to facilitate
30 by the worker for some manufacturing or assembly processes.

As compared 1o a conventional cleanroom, then, the workers in using minienvironment 100 as &
replacement for a cleanroom are no longer burdened by having to wear goggles or confining special garments
which effectively cover up their entire self, including their head and feet. Furthermore, the workers' behavior
and movements are not as restricted as was required in the cleanroom. Rather, workers may now more

35 comfortably sit or stand in a typically controlled room having a Class 100,000 or higher eavironment outside
minicnvironment 100 while handling materials in minienvironment 100.

The portable, free-standing, independently operating minienvironment may 2lso be easily controlled
using control panel 210, as illustrated on the secondary side of minienvironment 100 in Figure 2. Control panel
210 contains power switches 211, 212, 213, and 214 in order to provide for a main power supply, fan power

40 supply, and lighting power for lighting 124 on both the secondary side and the primary side of minienvironment
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Minienvironment 100 may also be conveniently used with any one of a variety of table assemblics, for
example, depending on the manufacturing and assembly requirements for a specific product. While table
assembly 110 may be permanently or detachably connected to minienvironment 100, it is preferably detached

35 or not connected to minienvironment 100 so that different types of table assemblies may be easily placed within
minienvironment 100 when needed, For example, a table assembly with a conveyor system and material handling
platform may be used. Alternatively, a table assembly with a simple or complex material handling platform may
also be used. As a further example, a table assembly made for accommodating robotics assemblies, various
equipment or tools, custom handling platforms, etc. may be used. Regardless of the type of teble assembly 110

40 used in minienvironment 100, tabie assembly 110 preferably has openings or some type of perforated surface
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seal bracket 600 includes lips 601 having a thickness of approximately 0.4 inches along its inner perimeter.
Air-seal flange 700, ss illustrated in Figure 7a, is rectangular and made of cold rolled stecl. Air-seal
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creates an air-sealed connection between opening 15) of minienvironment 100 and another opening in the now-

30 connected unit, thus minimizing or eliminating the exposure of harmful contaminants to matesrials being passed
through such openings.

While air-seal 500, air-seal bracket 600, air-seal flange 700, and nir-seal springs 810 have been

" described sbove as having specific dimensions and materials, it is to be understood that other dimensions and

materials may be used for these items. It is also to be understood that while air-seal 500, air-seal bracket 600,

35 and air-seal flange 700 have bee described above as being connected to side cover 104 and 10 another unit using

air-seal springs 810, studs, nuts, screws, and/or bolts, various other connectors may be used in connecting air-seal

500, air-seal bracket 600, and air-seal flange 700 to side cover 104 and to the other unit. Also, while the above

description describes the use of air-seal bracket 600, air-seal flange 700, and air-seal springs 810 in conjunction

with air-sesl 500 to provide for an air-sealed conmection, other items may be used 1o secure air-seal 500 between

40 minienvironment 100 and the unit to be connected. Lastly, while the configuration of connector 150 in a
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maintaining one or more minicnvironments in accordance with the present invention. For example, the cost of
buying and installing the special equipment required to maintain a conventional cleanroom has been replaced
with the reduced cost for the construction material, filters, air flow generator assembly, etc., to build one or more
35 minienvironments in_accordance with the present invention. Furthermore, the use of one or more
minienvironments in accordance with the present invention saves the total cost required for building and
maintaining a clean-air changing room for the conventional cleanroom and for buying and cleaning the special

garments required to be wom by workers inside the conventional cleanroom.

The minienvironment in accordance with the present invention is also portable and may be fully
40  operational to provide for an ultra-filtered clean-air material handling environment in a Class 100,000 or higher



13 so as to allow the continual flow of ultra-filtered air directed
by diffuser 140 to flow outward fromarea 120 fhrough table assenbly
110 in the air external to mnienvironment 100. Furthernore, table assenbly
110 is preferably not attached to mnienvironment 100 so as to

I sol ate any vibration of the mnienvironment 100 from affecting

tabl e assenbl ywad1#ezl to i sol ate any vibration of table assegphigoskhoosf r om
affecting mnienvironnent 5 100. Any qyi bration caused by and friction

created between m ni environnent 100 and table assenbly 110 may

gener at e har mésyironsmeaty d@@nmm !hanh&nwman mm mmmummmct

t he manuf act Ujelui@iod

preferred enb nt tab sse 110 has a, su ortl ang 11 to
which a set og‘”‘fl"g@ E&%m%@&%c ‘E‘H"H@g {hﬁ Wer
corners of fr spedsmcpwith i pespest invegtion may aleg Wetkerepre; Qgmfortablyywithout having towes gogslds &0
rods 113. dn MWWQWWWWWM

directly on ijfs ‘Qx,mﬁg g;lmi 3 113
in one di rectlon %ﬁqbﬂoe asse I%'El 0 ma aI SO ge ra| se rom?“tlﬁé‘;ﬂposfa?él on
for tra‘fﬁ‘ﬂw %‘F"B‘HP' B Bds
113 in the oppomsich quckir angdctsicrond lesbeostlyr di ngl y, t abl e assenbl y 110 may

be easily tr?nsporga&mwwmaamww&&d&mamw%fﬁe
squarely e reovi ng on | owe e .cover

appr opr i a ‘P %’h Faishes. m ﬁ?%"é‘m’ ??éﬁf %ﬁ”ﬂ’é‘%ﬁ m % bl e
assenbl y 110 We%m%ﬁhmmmmmwmm
100. Furt her nbeused td domstiwet shdrise minienvironmesdt 100t cerisiios withilie piesert@fdentide. t hi S

enbodi ment has f oUjumishigkdit it Wbo bl MR BMIPT06, alofbdl B o R ith othek O
and positigned over partions of frane 111. As a.result of |oweri ng

or raising taffmisrmoentyenother s, has heen described with regar o ity
| ower ed ofs rammwlmwmmmemmmmmmw

rai sed, be sbdForlothé Fapobes hs WIS PR Sxaiiple, Wﬂ%@&%

g
m ni envi ronnmept. 100, Lo e %EaJ Qn abI asse y 110.
Simlarly, whén fg’g assen& I'S e| ng ovvered studs 102 which rest
on portions of fra%mm“MWWFWWM@Wd
al ong wi t h t ablptimay sdenid yn&ﬁd&yudeallomngmommmslmﬁeewﬁm@muy ®therOf

the | over ot I Wil hdibns 3o Bittbdirodnide ww@wﬁ&ﬂmm BeQB R
100 in a preferr'%% enbodi has been descr,) be apee“g |s% be
appreci at ed t PRvegRly t REAY %“Ws onfi gurati ons may be
used to provide fonrsmmmwmawmammmwwmm

assenbly 110 @él6bmQiir 3% generatoddssdinBly) Y36/ viith s 131 QAR 137, QuinicdviRfiFC100 gy lcoiipaanb| y

four T eggeg | ARl ‘*%E‘?ﬂ"*w tﬁs’f? mﬂ’“ﬂ%‘é o ’%‘E’%Eot 'ﬁaf‘“?a%ﬁ"% "=

| ower supfbr t ISy Raerptofassephly Pk nent
100 may al so hstdoﬁswgﬁmmiNMMpmwwﬂmwmwm
utse OI a fO][khwf:Jerbl xdoW&aulmmdea&uEWQ&aﬂwd&eMt han@lidP BEJ §20.
structure o ienviron are .

confi gured sokﬁﬁ"t% %’o?‘ﬁ B hove d‘ffm"fmlonce ror "é")?'é'r“r’gfda,“égul Jic Yirgmment
enbodi nent SOIW%GMEBX%M radizeqtacit thrggh liffaser 4. ever mgerial handling ares 12,
t abl e asssnbl pﬁ%mmﬁmmmmmmmmmnmwm
assenbly 110 mmﬁéoﬁ.mg.q& ISR HadatiR ardd 1190, ST R BIRIRES .,.sgusl,

assenbly 110 1s.caouched w thin | envi ronmrent ess of
the conf i gur a PRI 2 SR %W?%?ﬁmrmm%&wﬁ s oL,
110 and ni cr o&Hepedrdivested pir tkivD@ay tepbrinected tosaerbrl more] linRed injenpiionthents W providerdon ia cle@)

preferably reghendbfytiad el y on a flat surface for exarrplethefloor or
a raised atform € gk led Ui R i85, L e ¢ TRVE bj

assenbl y 8»'4; %“rﬁ"ﬁl envi ronrre r| ng rranﬁ'f ac r| ng with
assembl y. Accm@B'il meds and-peefereed sppbpdiment.gr smbediments; coptemplated %‘H’Hﬁ'ﬁbi‘f"‘t%ﬁbl e

assenbly 110 amummwwiﬂmmhwmmuﬁMWg

tabl e assenbl VuodifQtions may maawngmwopmm& ﬁmwe,
for exanpl e, lg?/ bl %kl ng t he v\/nee|a |ising, e gles 1&32/ g or e
40 are, accordingly, to be regarded in an illustrative rather than a restrictive sense.



t he wheel s from novenent, by detaching the wheels fromtable assenbly 110
and/ or m ni envi ronnent 100, or by raising the wheels fromthe
supporti ng surface such as in the enbodi ment di scussed above.

WD-97/ 11792
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14 WO 9711793 nj envi ronnent 100 may be used as a st FGAUVSPYIINS

cl eanroomtype environment for material had#dling descri bed above.
Alternatively, it may also be Iinked or L gured with other

m ni environnent as illustrated o re 4 which shows an exanpl e

set-up of a pmalclﬂmd%f m ni environnents in accordance with the present

i nventiong M qi envuwthMWﬁdMﬂWﬁgenvr ronnments

to forma.cl ean-aig ﬂ'ﬁinfnb Mﬁ&ﬁ,ﬁ%rwmg%s
remain in an uItra%rIt cleah-air environment el ng passed

t hr ough openi M¥®I51 bet ween |inked ninienvironnents. In this manner, any
nunber of 4m' ni envi@DanWMmMﬁMiMﬁmﬁeme@m
arrangemengt oSembiiGleRAAY: N UpON the product to be manufactured,

the materi aI "to be hang ed DL dohe ranu and oce to be
I mpl enent &. In 1inkind®one™ ﬁw 'gﬁ'gbt"rwgr?grr%h"f“ 5’%‘%%?%5 Botn
connect or 7150sreseiicmeal togthemaienistondingarsaasd 151 nmy be used to provide an air- 10
seal ed comgection bet we@y t \WditeH d3seibly fof SHEHR e aif diftRted HadltheERtErfiil irédl 16 théiaterillc

passed throug eni ﬁ;ln; 8% the material handling area 120 of
one m ni ervi rgﬁﬁéﬁ Q:gnh% eril a| Hyhdl I ng area 120 of another

i ni envi r ¥hnent wi ©hout anisirdigwfedigetes the feame agsembly for srdigting the pisfiliered by,
the air exter mmmammmmymgmmmmmmmmm i's
descri bedyAs RelsWiif BORLMR WWWMW

Is to be g precr at ed ther cI eanr, units or ev non- oom
type unit rray""B'e"Tr ‘&‘e Wﬁmmﬂﬁﬁrﬁ"ﬁéﬁr%w{&b‘ epe dﬂd'g, or
exanpl e, ¥h t lses Spetsickirroal restuduglicsoghworkapees’s rerResRIRCYingor ocess to be enpl oyed

usi ng m ni envi ronnment 100. In a preferred enbodi nent

connector ,150, as MFE E!rﬁl‘tﬂﬁﬁr ' w200,
as l|1I | Ust ra';deJ Ing c&%g 5a. an an ai r-seal br acket 68(?)6?%5
i |1 ustrated i frommblyineethn °?f g’?‘“@% f1 ange 700, as
illustrated in Figures 7a, 7b, and 7c. Air-seal 500, as illustrated in
Figure 5a,yissarect Wmmmﬁwmfwm.mmmmw

air-seal 590 qhees 42 Vﬁj&h‘ ] rocont am nants and has a cl ean
sur face free Trom ol Xes ricants, etc. so as to nmnimze or

el i mnate the exposure of materr als to harrnc ul m crocont am nants.
Air-seal 500 has oUThcippssinafieiniehesin e pipfiogenembmspmiiindidésia i erecmbly for Ggfnd) by
appr oxi ”atf’: y %Bmm&h&dnﬂmﬁan'mwm th n&ml 7I.Orm& ﬁﬁﬁd&&mgthem
approxi mat gl y es i oxi mately i nches in
hei ght , g ﬂ“&gﬂ#% ?yd‘?&a%ﬂmg "y 0.75 inches. Figure 5b

I 11 ust rat es an enl arged cross-sectional view of the entire air-seal
500. As il lusts;at eché Bpphrigser elaifah, Wg-m%mﬁmﬁwwwnbk

i ncludes a,l 1 Dyurlfly having a surface in the material handling area defined by the frame assembly.

6. The apparatus of claim 1, wherein the frame assembly includes a connector surrounding an opening
defined by the frame assembly for exposing the material handling area to an other material handling area within
an other frame assembly, and wherein the comnector is for providing sealed-connection to the other frame
assembly.

H W N -

7. The apparatus of cisim 1, wherein the frame assembly includes a transparent panel for viewing the
2 material handling arca from an area external to the frame assembly.

b

1 8. The apparatus of claim 7, wherein the transparent panel is configured within the frame assembly for
2 providing access to the material handling area.
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along the perimeter of an interior side of air-seal 500 and a |ip 520 al ong

the perineter of an exterior side of air: seal 500
Air-seal bracket 600, as illustrated in Figure 6a, is rectangular and nade
of cold rolled steel. Air-seal bracket 600 has outer dinmensions of

approximately 50.0 inches in length by approximately 9.0 inches in height
30 and has womemi7e2 nensi ons of approxi mately 58. 3 inches ipgrhRogisbosby

approximately 7.3 inches in height Figure g9 6b illustrates an
enl arged cross-sectional view of the entire air-seal bracket 600. As
illustrated in Figure 6b, air- . seal bracket 600 includes lips 601

having a tficlness mwamr,wwﬂmmwmmumm :

Air-seal # e 7 as |IIu ated in Figure 7a, is rectangul ar and made
of cold ro 3’?{“’3 mdﬁf%’ﬁ&%‘" incI udes an outer
rectangul ar frane 710 havrng outer dinensions of approximtely 52.2 inches

in 35 | engtib. by Wmmﬂhxmmumgmmwwmmmmm

gl rzrelnﬁgﬁgg ?L % amﬁl cﬁ}n@gﬁ roS<| n%lfée%‘ gp%%g

Air-seal P ang‘P"i“g’O’ 'F"ectangul ar frame 720

whi ch outlines the |nterior of outer frarre 710 The outer
di mensi ons, of 1' nnermé xpaxmmi&‘amm@mmm s HRerB g Ciarionts B helad Biftfed by

di mensi ons of ter f.rame 710 whereas t he 1 nner di nmensions of inner
frame 720 & @% I'@th Crap, gpRRamatsly - [OMI®R by approxi mately 7.2

I nches 40 I n he| ght. Fi gure 7b illustrates an enl arged cross-sectional
vi ew of oufer 1br aman égperatiis 6k providiay a fliteretiiair cafvibhmirt fodndterial handling comprising: WO
97/ 11792

PCT/ US95/ 1%008 ®  fame aseubly, fe fume sssembly defining & material bandfing area wilkin the frame

15 msembly, the frame pascanbly Suxthey dfining ap Qpeping for exposiag e material huncling arpa 10,4, st gese,)

has |ips 721 Mmmﬁmmwmmmnwwmmmmmmmmmm

enl arged ckos swwuiwmmmmry ngnenmfamm
Air-seal 500, Slgarlﬁ oy bra%uxahcﬁmoi Erd air-seal flange 700 are used to form
connect or ustra ures 8a, 8b md 8c to provide
for an ai r75eal ed @nneéﬂ%’ﬁmwmmgﬂwmﬁ%mwﬁaﬂﬁmﬂWt

5 Figure wawhmmm«mmﬂmﬁsmlﬂumﬁgt he connection of

air-seal 5Q0 to side coyger 10 for direchilg dr 30 AIRREMta frbeh 2 bedonkt Gred €
appreci at ed t hat arr segf SOOﬂrns to surround opening 151 i'n side cover 104.
As 1P| | Xttt m%‘"&d“dstuds 801 in side cover 104 are

i nserted tihrough hol es i | i pfilket @ssamblydog filesing thewir diredted from the second extemeb0® 1o the
si de coverlzlowm,ngm {wﬁx,@&.ﬁd@n Figure 8b, studs 801 are inserted

EBB"?ghs?ﬁgeioLEr%feF e K8l vi %%%Q%gﬁr 2’2%%'"?3% re ,?gﬁ

i nward, 10 Bf“‘h‘f“?“ qye disggtipn,
bracket 606 smmmmmmmamspmmm.mmfmwmn

Itlhpts |510 arag ek sph Mmm%aﬁpﬂéa%&hﬁ&ﬂﬂum?ﬂm&kﬂt i %Jmél f%h&.&ﬁ%%mrd
a I p rra | ,SOI’I I Na orm once alr-sea
bracket 6 8 %%Qgﬂg‘?"rwm?"%ﬁ g'é’ﬁm%ce ai r-seal 500 and
alr -
13. The apparatus of claim 12, further comprising a table assembly within the frame assembly, the table
assembly having a surface in the material handling area defined by the frame assembly.

14. The apparatus of claim 12, whercin the frame sssembly includes a connector surrounding an opening
defined by the frame assembly for exposing the material handling area to an other material handling area within
an other frame assembly, and wherein the connector is for providing sealed-connection to the other frame
assembly.

& W -

o

15. The apparatus of claim 12, wherein the transparent panel is configured within the frame assembly for
2 providing access to the material handling area.
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seal bracket 600 are in place, nuts nmay be used over studs 801 to secure

air-seal 500 and air-seal bracket 600 to si de over 104. 15

Air-seal flange 700 is then to be connected to side cover 104 using
air-seal springs 810, as illustrated in Figure 8c. Each air-sea
spring 810 is_made of cold rolled steel, is approximately 48.2 inches in

| engt h, and WO9TM™% 55 an L- shaped cross section where eacRCrai§osRoadhe " L"
S apprOX|nater 4 inches wide. One leg @ the "L" in each

air-seal s IS scre r bolted to t ttomof out er
frame 710g Qgr ggq-vrmﬁg@g%&wng@ """m’?’%‘gga dirog the Hrfrom. o
then inser?ed wmmmmmmegwmwwﬂmwmmm
spring 8103 t O gehidator asserfiliby IS orGlirectugithe S fitterell by ARG SHGo hébedohddilercOVeEr 104. I n

doing so, lip 520 of air-seal 500 is again pulled inward, toward

the center of air-seal 500, such that air-seal flange 700 surrounds the
outer perihet df- of The appasabisiof clpio 16, wheggindhe spopad fiter is for feringsoppjampippets in she air filiered by {
be appr eciat edhefifsefilterhiving a Width giesler thert appréxichatelyl. J0fgfons/ 00 are to fit between |ips
601 in air-seal bracket 600 and the outer perineter of air-seal

500. Once air-seal .fl ange 70 | ace, nuts e used, over

otuds 805 Lo dear & men IEmiiees B ool ey otlion carsog

Havi ng f or?red conn@torllﬂ%ﬂx@ﬁm'mhhﬂ%p@#ngm ¢8ch of theffoame esponblics Grfiningt
m ni envi I 031 NE R imatdeiiPhandling arca; anot her m ni environnent or other unit may be

%‘?L'ysﬁﬁﬂpiﬁﬁiﬂstﬁ’? + useﬁgtf%agﬁsiﬁ G e i Bt st |

to outer f¥an®y¥is Htered-air delivery asperbly inelding: nut serts 820, as
illustratesl in Fi gure 8(5) anﬂém“&abmmwwmmedﬂm

connect or 450 py g first frame o o bheabicterinsi ke Sibtera MRS she BelR by eifiee SRS Madflay:1 51
of m ni envjronngnt 100 and anot her opening in the now 30 connect ed

unit, thus m 1 zing or_elimnating the exposure of harnful contaninants
to materi a®s bei ng pass@d  afilter assembiby fon filldring the-sir disgstosh bytlapair flow generator assembly from
Wi | e ai r 16 ealthe2dinal aéatio thcidleridDEaadikidrea @élited bythd firél Sihe adstaibyd 700, and ai r - seal

Zﬁ{jl Prgtserslj'gl I’S]avle'[ b?c nt O"be unﬂ%ﬁooﬁ%wﬁgﬁm@mnm ons % (fgﬁm O:ns

mat eri al s Fray e sremhly g fraseiseenhfictatherein,toch of fheytir
whi |l e ai rJ%ealﬂmmmmmmme&mb&smdﬁraMnm@émm“gmew@'

have been 15les akdnlash Bm Fardfond/RAid 16 BINGGI 1 the fifdr Scfifly S/ iwoldethedunids. t O

anot her unit using air-seal springs 810, studs, nuts, screws,

and/ or bolts, various other connectors may be used in connecting air-seal
500, air-seal bracket 600, and air-seal flange 700 to side cover 104 and to
t he ot her uni t19. Al S systénk bf@laim 18, véhierein the air flow redirecich® 36lrécpthe airifital@ide th filecasdedidy USe

of air-seab brigpkehmiiieciloloves BumdiitRifig 488 dend y Gitfor GiEine aRibfegs 810 in
conj uncti on wth air-seal 500 to provide Tor an air-sealed
connection other itens nmay be used to secure air-seal 500 between 40

m ni envi r ohmerf0. 100hasysten ofclaioy B whergin the air flow gencratorcsserbbiygaciuges a fah assembly fopdirecting

confi guratgon :m‘mmme&mm&wuumsﬁmw WO 97/ 11792
PCT/ US95/ 13008 16
21. The system of claim 18, wherein the air flow generator assembly includes a fan assembly for directing
2 the air from the external arca and wherein the air flow redirector includes a diffuser for redirecting the air
3 directed by the fan assembly to the material handling areas defined by each of the frame assemblies,

1 22 The system of claim 18, further comprising a table assembly within each of the frame assemblies, the
table assembly having a surface in each of the material handling areas defined by each of the frame assemblies.

23. The system of claim 18, wherein each of the frame assemblies defines an opening for exposing each
of the material handling arcas defined by each of the frame assemblics to an arca external to each of the frame
assemblies such that material may be handled in each of the material handling areas defined by each of the frame
assemblies by a person or by a machine from the area external to each of the frame assemblies.
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preferred enbodi nent has been described, it is to be appreciated that other
configuratiaons may he uysed to |ipk Qne mnienvironnent to another
unit. Preferably, the configuration used provides for an air-seal ed
connection bet ween each m ni environnment so as to mninmze or
elimnated the exposure of harnful mcrocontam nants to material s
bei ng passed mx»ommm2m ni envi ronnents. 5 Becausgctiisdslisses | nked
configuration of mnienvironnments, recoverging from various incidents fatal
to the use of an assenbly line is quicker, easier, and cheaper than
that required for conventional cleanrooms. Here, each |inked

M ni envi r openRj, COWWM]QWWWWWM@&MWEd

S ol oo <BonAEPs iea ook e e B o Bl 360 b

m ni envi r chirefege pyrenbies 1o he mmmmrrgwn@wmmw
M Ni envi r o4 e dinntde phévidied ssaled Gonnection ot adjentiinine mscadly. above, noving the
di sconnect ed m ni envi ronrrent out of the assenbly I i ne, and reconnecting

anot her m ni envi r oprent e asse | i ne a mni envirqgnnent
that, for bxal e, Tsme Foe! W‘m"y’ Pt Pt B it

m cr ocont a?i nasch of WUMWWM&MWQ&SWV
repl aced Wit highmd e assemblies. 2ssenbly |ine by another m nienvironnment.

Thi s nodul ar assenbly line of |inked m nienvironments nay al so prevent any
har nful 15 m crocontam nants w thin one m nienvironment from spreading
to ot her ntni @hvi r GharEen of claim 25 svhercin e pnspprent pancl is

di scussed 2bo\ie provitiihg acdes tof thelumiasialihabidling atchs defined by edeh afitic Rrsnicagenibliesi envi r onment
and wi ||l be prevented fromdirectly entering the material handling
areas of theo her ni envi| nent .. Preferal] t hough e air flow
speed of the i erTg)? ﬁié'g‘qgm f’ﬁ'@éﬁ'dm?f'ﬁﬁ?’ F’é‘&“'l‘f’é‘!”‘ﬂ'@"?&ﬁyst ed
using the air ﬁmmommdmmwrol panel 210 to provide a
greater outward flow of ultra-filtered air 20 in the surroundr ng

m ni envi roprreritss asmcsgmg,gﬁtlg_r#gﬁg 9&43&&?%&@.’}@%@

In this manner m crocontam nants 1 n mn enV| ronn”ent

will be pr%verﬂ‘%‘ﬂ“%ﬂéwmmwmbﬁ&’mm “Wé‘ﬁﬂ%m,

for exanpl g, taseohhginfociretingligair filbeted byrtheifitsh filtenwpthessecomidilteti scussed above, w ndow
panel 121 may al so be opened to allow a worker to clean the

mat eri al n ea.in m i envi ronne Accor dingl v. . ery
of an asseﬂbl )?91 [ ng’i'% Pﬁ%%%ﬁ@fﬁﬁﬂ@ﬁ&@%ﬁ%’%ﬁﬂ’ﬁ F“(’J’ﬁ&/
amount of 2i rfirst filtet hakings width grestenthyn griprofjuasieli; J&mistons. cont ani nat ed

m ni environnent or to replace a mnienvironment in the assenbly line. As
conpared tp thg reg O &anyent. ~sof: €aNr 00Ns,

t hen recovery of a asserrbi g:‘ I.nked m ni enV| ronments proves
to be nuch?qui cker andling comprising: The

preferred &nbodi ment or (bmodmmwmﬂmmmvmnwmmm
i nvention Bas thus gagsiEsembly; descri bed. The present I nvention thus

advant ageoysl y OVer Coneg, rran %rggﬂ %Q

cl eanroorrsyf or handli ng ensr |ve err%n prﬁ%anu acturing ore
assenbly. ¥he hi gh %%Mﬁé’&w ncurred in buildi-ng and

mai nt ai ni ng cl eanroons has b@en adirfiowigaersiortassenihiyl for dirtetingly 34 thexhatetisl hatiling ades NG
and g Mai ntai ni ngm&ﬁmmm HehodiRg B | N accordance w th the
present inyention. For exanpl.e, t e Co f u nd taI | L ng

t he speciaf equi pment requir W&Yﬁ%ﬂﬁéﬁ%ﬁ%% '§°
been repl d@ed MMMWMWWMOnSt ruction mat erial,
filters, ayr flow genergor %WIMWMMI&WwwDMEmm

i €nvi 1 RNt | N Aecoy GAHeS uildl) ol mﬁ% s L P
use of one“or nore mnienvironnents 1 n accor ance Wlt t resent

i nventi on 1aves t he peispEyorieTpace seqs Fifhin the mete EFanEpch ek space area having  scparat

mai nt ai ni g a cl earpsing mmmmmmbMWmmmmamwand
for buyingsand cl e%@emh%mwﬂmmlﬁmm»m@ by
wor ker s |21§| de the conven i.onal cl eanroom he

m ni envi r dnent i n HREBESMRE ith the present invention is also portable
and may be fully

) O



40 operational to provide for an ultra-filtered clean-air materi al

handl i ng environnment in a Cass 100,000 or higher WO

97/ 11792 :

PCT/ US95/ 13008

17 environnent. Accordingly, the mnienvironnent in accordance with
t he present i WO over cones the restriction of hPOTABIVIOMUI | d a

per manent coventional cleanroominside a b#ilding, thus providing nmuch nore

flexibili in chog@sing ere to nuf act ure and asse rodycts. W)rkers
who use t % ni ni en@’?ron qeﬁﬁ“d st BMM&’% SR i on
may al so %rkmﬂ@vﬁortabl y without having to wear goggles or 5

confi ni ngispeci al @Ar Neplhding fiatekialdo bé Kabiied Biai 18k 0B/ faldpair & Sbrk badeRidesiinsaill Biiieial
behavi or gy rrmmgg and"Ur t hernore, as conpared to the recovery
measures require or conventlonal cl eanroons, recovery measures for the

mi ni envi r dhment i n@ccoPuding snd el in 8xid fog srk mpas, wren fiomomid eyl pres thraseh seid o

| i nked wi 2 Obdparite opasidg3o said @' wedk space area. be much qui cker and easier and

| ess costly. Whi |l e the above description of a

m ni envi r onnme hag, been, descr| bed reference tq specific 10

mat eri al s, Pqugiltiti gﬂafd t’“ﬁm% %‘rations_, etc., for the
m ni envi rohment i |1 ust r @ ed Mswb&WmmmdMPﬁdmmmmnm ed
that othersmateri amingue.slh'at ies, finishes, dinensions, configurations,

etc may be use hatedd & g1 WL [ nt 100, in
accordance4 with the pre ent [ nve#]E&C anﬂé dn d%"r{‘ta ‘E"“‘PM S

to be apprici APESe RGNS WgFdober WPk FRRMer onrent 100, al one or in corrbl nati on
wi th ot her m ni environnents or other units, has been described with

regard to jtsgspse wmmwmm% ormed YA nhaltihe.

products, m nienvironnment 100, aI one or in conbination with other
m ni envi ronnent or other units, be used for other purposes as

wel | . For kxadpl e, WNMWM%“W‘UPMH ng pur poses

wher e various materials sensitive to harnful m crocontam nati on are

i nvol ved . _ R B ﬁgi WQE Wil e

m ni envi rolnmar?t 100 é'!nIﬁ“I e it

primary sid¥le and a"%ecoﬁ‘ﬂﬂ?e‘?ﬂ‘ ijtcged-aig ﬂﬁ?@?‘?‘g‘%m areas to
be used si¥ul t aneously, (It hew@emuyommmbmmmmmmmmoo
may be useql. For exaidaksmbly)ihéfiie dsdiBly Mok defifit}

sawg Y & PTG W&Wﬁ?*ﬁmwe el ?Qc.%r*'%% “?%m

i ni envi rofinent 100 H X% 2 ReEeR Yy @ paching fom

fl ow generator assmmmmwummmm&zw; ronrrent 100
nmay be congi gured @di fiﬁﬁ&&ﬂair Vicifnlly §sR06Hy #dﬁ&ﬁﬂﬁl&:@dﬁﬂ&h@%ﬁm# ow
from ot her_sour ces. ?"@F‘%?E%EFH "5{?&9 air flow froman air | ow
gener at or %ssenbl y"@?( % onment may be supplied to

m ni envi rd&nent using a suit fibl an air flow generporassembiby fort dirpotingcaiy tef theatesialihandling fajee
directed air flow may berod bdeboiid @6k exréinalifo the Bitdsial haxdling irea, d0 and redirect ed

through 5 Gi) a filter assembly for filtering the air directed from the external area to the
13 material handling area by the air flow generator assembly,
14 3 a diffuser configured within the frame assembly for redirecting the air filtered by the
15 filter assembly over the material handling arca in more than one direction, the diffuser defining at least
16 a pair of work space areas within the material handling erea, ¢cach work space area having s scparate
17 opening for exposing each work space area to the external area such that material is handleable by a
18 person or by a machine in each work space area from the external area through each work space’s
19 respective opening;
20 ® placing material to be handled in at least one of said pair of work space areas in said material
21 handling area;
22 © delivering filtered air to said material handling area through said filtered-air delivery assembly

23 and said diffuser; and

* [ L M S *



diffuser 140 to create the desired nulti-directional flow of ultra-filtered

air ouer oaterial handling area 120 Alterpativelv, this directed
air flowmy be filtered outside of mnienvironnent 100 such that
m ni envi r onnent 100 receives a flow of ultra-filtered air and

redirects it through diffuser 140 over material handling area 120. 30

In this alternwoissarmenfi guration, though, the duct is preferpphiuseéessecd
and/or treated to ensure it does not generatg; har nf ul contam nants
into material handling area 120. The configurati ons above may al so be used
wher e 24m ni envi{onmbatiling seidenatetishinsdll doewakispscs srerfiom paid exemsl adelethreugh gide  Or
nore sour cessof  hiskaoheaily 18 halid ofid v spdoe dida. Ul LT a- filtered directed air
fl ow may be connected to one or nore |i1nked minienvironments to provide for
a clean assenbly line. 35 Wil e the detail ed
descri.ption iln a¥eor dasmehodpopondingitaclain Mfather comprisingthegrpstis been set forth
above with 2 reqer d phlciighficid® be KB mIRAhE kIR plirdfepRe e in 3Bd Yhstefil)
enbodi nment s Ontﬁﬂﬁlﬁiﬁ y the inventors, it is to be appr eci at ed

t hat the pre§ent entggﬁ is not limted to the above enbodi nent or

embodi nents 4nd that ®ar i bpdling said material ig the pther of spidppis of fprk Fpace sike dirqugh spithwpaplso o
enbodi ment o085 endpentigmeuid sherwdarkwpatk areheparti ng fromthe broader spirit

or scope of the present invention as defined in the follomjng clains The

speci fic enbqQdi nts_ 40 are, ordin to b rded
inan illustratite r%ﬁ'@&? W%?W‘é‘g‘gﬂ@é’“ﬂ“ ‘%Py"

97/ 11792 _

PCT/ US9S/ 13008 37.  Themethod of cltim 36 wherein said handling step is performed by a person.

18 What is clained is: 1 1. An appar at us for provi ding a
filtered-air environnment for material handling conprising: 2

(a) a frane assenbly, the franme assenbly defining a materi al handling
area within the frane 3 assenbly; 4 (b) a filtered-air
delivery assenbly for delivering filtered air to the material handling
area, the 5 filtered-air delivery assenbly including: 6

(1) an air flow generator assenbly for directing air to the materia
handling area froman 7 area external to the material handling area,
and 8 (i) afilter assenbly for filtering the
air directed fromthe external area to the material 9 handl i ng area by
the air flow generator assenbly: 10 (c) an air flow
redirector configured within the frame assenbly for redirecting the air
filtered by 11 the filter assenbly over the material handling area, the
air flowredirector defining at |least a pair of work space

* [ L L] s *
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12 areas within the material handling area, each work space area having
a separate opening for exposing each work 13 - space area to the external
area such that material 1s handl eable by a person or by a nmachine in each
wor K space 14 area fromthe external area through each work space's
respecti ve opening. 1 2. The apparatus of claim1, wherein the
air flow redi GRedAiekS fOr redirecting the air filterd by t hReridek/Sio0s
assenbly in nore than one direction over the material handling area. 1

3. The apparatus of claim 1, wherein the airflow generator assenbly
includes a fan assenbly for directing 2 the air fromthe external area
at an adj ust abl e speed. 1 4, The apparatus of claim1l, wherein
the airflow generator assenbly includes af%n assenbly for directing 2

the air from JFW gernal area and wherein the air fiow redirector includes
a diffuser f 2& ecting the air 3 directed by the fan assenbly to the

mat eri al handling area. 1 5. The appar at us of claim1, further
conprising a table assenbly within the frane assenbly, ble 2
assenbly having a surface in the material _handling are de i ned . by 1@
frame assenbly. 1 6. [ Ihe—appan 1 mher 1 n the
frame assenbly includes a cdnnector surroundlng an open 2 defi ned
by the frame assenbly fgpr—exdpestmy—the eT T at—trardtn | to an ot her

material handling area mithin 3 an qt her franme assenpllyl and wherein
t he connector is for prfovi ding seal ed-cohriection to the otHRdr \fr 35 4
assenbl y. 1 7. The apparatusiof claim1l, whereiyl tjpe frane
assenbly includes a trpansparent panel fo i ewi ng the 2 terial
handling area froman prea external to t frame assenbly. 1 4
The apparatus of claim 7, wherein the trahsparent panel is n

within the frame asserfbly for 2 provitdi ng access to the eri al

handl i ng area.
140
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19 1 9. The apparatus of claim1, wherein the arTft+ew+edirector
is for redirectinq”the air filtered by the filter 2 assenbly in nore )
than one direction8®&1178ach of the two defined areas. 1 10. The
apparatus of claiml1l, wherein the filter assenbly includes a first filter
for filtering the air fromthe 2 external area and a second fPCT/uEs9shiss

filtering the air_filtered by the first filter, and wherein the air flow
generator 3 a g?ly s for directing the airé2#iltered by the first
filter to the seco fifeer. 1 11. The apparatus of claim 10,
wherein the second filter is for filtering contam nants in the air filtered
by 2 the first filter having a width greater than approxinmately 10

m crons. 1 12. An apparatus for providing a filtered-air

envi ronnent for naterialngeggling congp{ Sl Y2348 (a) 1GGke
assenbly, the frane asse fining a erial Yandling area witfiin the
frame 3 assenbly, the frane senbl y §E$\per dafining an o 'pg for
exposing the materi al handling‘ external to thﬁ
frame, assenbly such that_natefial nay be ha ed T eri al/ha E&ing
area by a person or 5 by a nachine from ' ext ey fal ea, 2
frame assenbly includingfa transparent pahel for W.ew ng te ?ﬂl
handling area fromthe ffirst external areg; 20 223
filtered-air delivery agsenbly configuredi{wi thin f y for
delivering filtered 8 air to the materijal handl h

filtered-air delivery gssenbly including: {9 (1) a
fan assenbly for direcfing air to the nater?yg angfing area fHRQmMm %ﬁgnd
area 10 exte? | td the material handlijng 2283 and 11

(1) afilte SS ly for filtering t a-—directed fromyge s
external area to the N L al handh} Yy e+ ly: and
13 . (0 a~elY fuser » ot 43 1n® hsse for
redirectingj air ffl the-#Ttéri 14 hly- he materia
handling area 1n han oné di rfect7on, di ffuser i i 1o | east a
pair of work 15 spate area$ within the erTék’h?REELug fled, Tal24work
space area having a pgégLe pe for jexppsi ng eac 6 wonk s ﬁﬁe
area to thegexternal S hat—ma erfidllis handl eable b pé?g or
by a nachin% n C rk 17 paeé’grea f ggllbg e rn ga t hrough
each work space's r ni ng. - 126
. 1 51 - . ” J . / /_
S— = 123
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1 13. The apparatus of claim 12, further conprising a table assenbly
wi t hFrm—tire—f+are—assenrbly—the tahle 2 assenbly having a surface in the

mat er.ial handling area defined by the frame assenbly. 1 14. The
apparatus of claim 12, wherein the frane assenbly includes a connector
suroundi ng an opening 2 defined by the frame asssnbly for exposing the

mat eri al handl WQ9%#&%2 t o an other material handling area “‘tﬂbﬂvémnymﬁn
ot her frame assenbly, and wherein the connector is for providing

seal ed-connection to the other frane 4 éﬁ?nbly' 1 15. The
apparatus of claim12, mhereln t he transpar panel is configured within
the frame ass |y f provi ding access to the material handling area.
WO 97/ 11792 ?Eb

PCT/ US95/ 13008

20 1 16. The appar at us, of (cl ai |n t he H43Er assenbly
includes a first filter for filtening the fro he external area
and a second filter for filtering he air |It re by tae firggofilter, and
wherei'n the air flowl109 gen dire€ting the air
filtered by the first filt to 17 The

appar atus of cl ai 66 wher ei n tjhe se%ond‘gllt roi r fj ep$ﬁg

contam nants int ilter L rs LLer having a width
greater than'apprOX|nater > - system for
providing a filtered-air envi ment er andl ifhg co rtﬁ%

(a) a plurality of frame enbl 0 one apyot h of the

frame assenblies defining 3 matjer i hapdl ing areg” 4
(b) a filtered-air deliv S enﬁly for delivieryng N\ylteLed3r to the
material handling area defingd 4 y afirs

on t r ane
assenblies, the filtered-airjfd Yass | y¥i nc udi g\l 6
(1) an airfl ow generator ' the materia
handl i ng area defi ned \ ‘ 140{ ¥ o
143 4

) W
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7 by a first frame assenbly froman area external to the materi al

handling—area defined by the first frage assenblv: 8 and 9

(i), a filter assenbly for filtering the air directed by the air flow
generator assenbly from 10 the external area to the material handling
area defined by the first franme assenbly; and 11 (c) an
air flow redi M@OBN7M thin each of the frane assenblies for pefusankigd t he
air filtered by the 12 filter assenbly over the material handling area
defined by each of the franme assenblies wherein each of the air 13 flow
redirectors is configured within the frame assenblies to define at |east a
pair of work areas within each of 14 t i mat eri al handl i ng areas and
redirect the air fgltered by the filter assenbly over the two defined

ar eas. 1 199 The system of claim 18, wherein the air flow
redirectors rediregt the air filtered by the fil y 2 I n nore
t han one directionquer the materj al ! ' y each of the
frame assenbli es. 1 . im 18, rein the air

fl ow generator assenblyh udes |h wﬁ ass I g 2 the air
fromthe external areg—fit an adj gptiabl & s - The system of
claim 18, wherein thefafjrfl ow gengr ‘@m_a | u f an assenbly
for directing 2 tihel air from a\.é\(ter r nd r&kn the air flow
redirector includes g}d]ffuser f PNHON r ecd Lrected by the
fan assenbly to the ruterial handliin ' he frame
assenbl i es. 1 2 ' rising a
tabl e assenbly withinie the 2 t abl e
assenbly having a sur I'n each c»\ e nma 14 4k defi ned by
each of the frane as lies. ] \ §\ \ of iy 18, wherein
each of the fra assenpl i es def ijge | f pos h 2 . of
the material hamdling greas defi nedjy \eacl\‘§ me ies to an
area external to\eacfyf df the fran ' as uch erial may
be handl ed in each off tthe materi glf h &Iin | e frame
4 assenbl i es by Her Chdt to each
of the frame assenbl es’—"—‘___—‘ A{ '

LAY
Hl

10C)-\\

Fig. 4
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21 1 24. The system of claim 18, wherein each of the franme
assenblies includes a connector surrounding an 2 openi ng defi ned by
each of the franme assenblies for exposing a material handling area defined
by one of thewo®M179trane assenblies to the material handl i ngTArsesnyex i ned

by an adjacent frane assenbly, and wherein the 4 connector provides
seal ed-connection to the adj.acent frane as ly. 1 25. The system
of claim 18, rein %ﬁh of the frane ass lies includes a transparent
panel for vie o2 each of the material handling areas defined by each
of the frame assenblies froman area external to the each 3 t he
frame assenblies. gp1l 26. The system of cl aim 25, whefei he
transparent panel fs-#onfigured within each of the frame g&senblies 2

for providing accé he
frame assenblies. )| 1 27. The system of claim 18, wherein the a
flow redirector redirects the air filtered by the filter assenbly 2 in
more than one dirg¢gdtion over each of the two defined areas. 1 28

The system of claifyp 18, wherein the filter assenbly includes a first f{ljter
for filtering the|ps ' or

filtering the air TIIJ€red by the 11rSt T1rter, anad wierern tne arr 110w
generator 3 asEably is for directing the air filtered by the first

filter to the second filter. 1 29. The system of claim2, wherein
the second filter is for filtering contamnants in the air filtered by the
2 first filter having a width greater than approxi mtely .10 m crons.

1 - 30. A odfsiﬁ using a mnienvironment for material handling
conpri si ng :st fo: (a) providing a filtered-air
environment. for material handling conprising: 3 (D)

a frame assenbl y
within the 4 520
a filtered-air deliver
material handling 6

i ncl udi ng:

frame assenbly defining a

dgl handling ar
frame assenbly; 5 900

the filtered-air delivefjy assenbly

ar ea,

601\/ //‘ (601-

. 600
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7 (i) an air flow generator assenbly for
directing air to the material handling area 8 from
anarea-external to the material handling area, and 9

(iit) afilter assenbly for filtering the air directed fromthe externa
area to the 10 material handling area by the air

f| ow gener at oywoasfipip! v; 11 (3) PTTAISYS/13008Y

redirector configured within the frame assenbly for redirecting the air 12 |
filtered by the filter assenbly over the material handling area, the air

flow redirector defining at |east 13 a pair of work space
areas within the material handling area, eagffy work space area having a
separate 14 openi ng for exposing each work space area to the
external area such that material is handl eable by a 15 person
or by a nachin mork space area fromthe external area through each
wor k ‘space’ s 1 resecti ve opening: WO 97/11792

PCT/ US95/ 13008

22 17 b) delivering £jltered air t608aid di0al
handling area thro Said filtered-air.dglivery senbl y 1;!’.: and said
redirector; 19 e f } ; .

1
| east one of said pfi ol wWork SPace aneas 10 sarg naterial 20 nandary ha
area; and 21 i (d) handl'tte- said material in said one K
space area from saldl lexternal area throlBh said 22 separate openin D
said one work spacp|drea. 1 31. The met hod according to clai m{§3
further conprising|ithe_Sieps o2 D) pracrn
material to be hanl ' ' i ' '

material 3 "7c handling area; and 4 (1)
handling said material in the other of said pair of work space 3?@5 t hr ough
said 5 separate opening to said other work space area. 1 The

met hod according to claim31 wherein one of said handling steps |s
performed by a machi ne.

Fig. 7b | 700
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1 33. The nethod of claim 30 wherein said handling step is perforned
by a_person, 1 34. A nethod for usinag a mnienvironnent material
handl i ng conprising the steps of: 2 (a) provi ding a
filtered-air environnent apparatus for material handling conprising: 3
(1) a franme assenbly, the frane assenbly defining a material handling
area Wi thin tigoshnirm frame assenbly, the frane asssrinigesAions her
defining an opening for exposing the material handling area 5

to a first area external to the frame assenbly such that material my be
handled in the material handling 6 _ area by a person or by a
machine fromthe first external area, the frane assenbly including a 7
transparent panel for viewing the materiaffhhandling area fromthe first
external area; 8 (2) a filtered-air delivery
assenbly for delivering filtered air to the material handling 9

area, the fllter very asserr?’_';i ng: 10 H

(i) an air flow gl@e’rﬁaasserﬂ)ly f Q &(hg air to theF |&C
handl i ng area 11 froma second area external to the
material handling area, and 12 (i) a
filter assenbly f} I106ringthe air @
the 13 materi al Wapdling area by the ai)

generator assenb (3) a diffuge 6nf I gﬁsd
w thin the franela ﬁigr redi rect] %bflltered !‘ 1
t Ae erial hand n nore than‘*n- di regtpsn
ng at ééast 16 20
area, ead

filter assenbly
the diffuser def

within the mater e area haV| sepa &M
17 'ng for exposi ng dpe rk space area to A er nal
area such that nHiefipl T<98Endl eabl e LNy 5 Pl 2@
machi ne in each Jork Epace area from tf ernal area throu ¢ Q71
space's 19 respective opd 20 pl acl ng

material to be hfndled in at | east one i d pair of work !.‘. areas in

said materi al 21 hndl i ng area; 22 601 (c) di
filtered air to gaid paterial handlindfafed through said fil[igrk
del i very assenbl ff 23 and sai d diffJgel; Jand L /11792

PCT/ US95/ 13008
23
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24 (d) handl i ng said materi Q &Qa!r‘d()m \@\rh s;% ﬂffaog

from said ecternal area t hrough said 25 separate openl ng to s

wor k spdce area. 1 35. The net hod according to claim34 further
conprising the steps of: 2 (e) pl acing material to be
handl ed in the other of said pair of space areas in said nater g
handl i ng area; and 4 (f) - handl ing said materi ’;.v i

ot her of said palPGTwork S p HORLD A THABITHAL Y ORANZATI R at e 5

ol ot e N AN AP Picamidy punc i g i A BB @ELW
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(54) Title: MINIENVIRONMENT FOR MATERIAL HANDLING
(57) Abstract ' Va2

A minienvironment (100) provides a cleanroom- f-: /7ﬁ‘
type environment by maintaining an ultra-filtered clean-air ” - '
material handling area (120) to minimize or eleminate the 25
exposure of materials to harmfu) microcontaminants. The

minienvironment includes an air flow generator assembly

(136) for directing air external to the minienvironment

through a filter assembly into the material handling avea. A 24
diffuser (140) redirects this filtered air fiow over the material

handling area in more than one dircction to minimize 140
or eliminate the exposure of any surfaces of materials

/—100

in the handling area to harmful microcontaminants. The 121
resulting continual outward fiow of ultra-filtered air over g
this bandling area prevents harmful microncontaminants
in the air extzmal to the miniemvironment from directly
entering the handling area and flushes out any harmful /-125
microcontaminant generated within the bandling area. The 190
minienvironment may also be easily linked and configured 122
- to form an assembly line for product manufactore and 151
. assembly where materials may be passed from one handling 1o~ 125
area to another,
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