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M1NIENVIROI'(MENT FOR MATERIAL DANDLING 

TICllNICAL FIELD 

The present invention relates geaerally to the field of clcanroom-type envinmmeats for mataial 

handling and JDOR particularly to the field of minicnWomncmts Ar material handling. 

BACICGBO'IJND ABT 

Manufacturing lllJd assembly companies bave built and maintained dcanrooms to provide a material 

handling cnWooment. with minimal aiJbome particulate ccmtamination. Clcanrooms arc needed fir the 

manufacture and assembly of products where certain sensitive materials, such as semiconductor wafers. may be 

harmed by such contamination. 1he contamination mainly sought to be isolated mm the malerial handling areas 

10 in a conventional cleamoom is not visible to the human eye and typically includes mimucootaminant ~ 

particulates which are generally produced. for example. by OUlpssing ofvarious ma1erial such as sealant. paints. 

construction materials. etc., by mechanical motions required :in the mamJW:turing or assembly process, « by 

humans who particularly during movement naturally gc:ncratc ClODtammams into the air. Such contamination 

is commonly expressed with reference to the latest version of Federal Standard 209 which quantifies 

15 contaminatico per unit volmne us:ing Airborne Particulate Cleanliness Classes. Typically, companies strive to 

build and maintain anpbere fi'om a Class 10 to a Class 1000 environment (accanling to the latest version of 

Federal S1andard 209) in their cleanrooms. depending on the scnsitivit;y of. materials to be handled. Jn order to 

maintain a desired cleanliness class, conventional cleanrooms are built to provide unidirectional clean-air flow 

over areas where the matc:rial is being handled. h is to be appreciated that the air in a cleanroom is not cnlirely 

20 1i'ec: of contamination. However, it is much less eontaminated than other outside air. Cleamooms arc therefore 

generally built to recycle 1he air generated into and ftom the cleanroom. While convc:nliooal cleaorooms have 

proved to be eftectivc in maintaining material handling an:as of a desired cleanliness class. they nevertheless 

suffi:r many drawbacks. 

One of the most severe drawbacks of conventional cleanrooms is the high cost incurred in building 

2S them. Cleanrooms arc typically permanent 8lructUres which occupy at least one entire room in a building. To 

build a c1ealll"OOlllo special equipment must be installed within the building to maintain a clean-air enYiroument 

in the cleamoom at all 1imes so that any harmful microcontamination gcocratc:d within the c1eamoom does aot 

aB'ect sensitive material being handled. Such special cquipmmt typically includes special airconditioni~g units, 

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

30 recycling. and Jargc filtration systems which filter niaycled air from lhe air tlow generatcr and which typically 

occupy nearly an entire waU in tho room for horizontal air flow or, alternatively. nearly an entire ceiling in the 

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

typically occupies other rooms and areas within and about the building. Furthe:nnore. the cleamocm itself must 

be specially prepan:d. for example, to minimize or elimiDate any outgass:ing by walls, ocilings, equipment. 

3S tumiturc. etc.. in 1he clcamoom. and to minimize or pRVCDt any outside airflow iom leaking into the cJeamoom 

as any outside air not recycled through 1he equipment will typically be filled with harmful contamination 

Because or 1his special equipment. its required installation. and the preparaticm involved for a conventional 

cleanroom. the cost alone o!building a cleaoroom is exorbitant. 
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Another .-ious drawback is .!be amount of lime. dl'Od, ml expcmc rcquRd to maintain Ill 

CllWircmmenl having I desired cJean!iMIS dass in lho clelDroom. 'Jbe clean-air cnviromncat.muat be maintained 

.in the e1eaanxD al a1J times SD 1hat any hannfil1 microcclalanrin within the cJeamocm js flusbcd out and 

docs not atrect leDSitive materials bcrins haild1cd In the event cnntarninaQon within the deamoom doea harm 

s materials being Jumd1ed. product IDIDUfacturing CX' umnbly llJ'stem8 DIUlll be shut down to avoid 1ildher 

contaminatian of acnsitivc matcria1s. The mtilc cleanrocm may also U¥c to be dclncd after -.:h incidents 

Such a slow recovay of the cleamoom's uae only prcw:n1s mare products from being nwiuflct'Urcd IDd 

aembled. Cansequently. the c1eanroom requires extensive operator. parts ml equipment oontro1. .. continual 

maintenance IDd cleaning in hopes of avokting cmataminatkm incidents as much as possible. Sach necessmy 

10 maintenance mily further exacerbates the cost of a cleamoom. 

Still another drawback of the clcamoom is thcRStriclicm and burdens endured bydeamoom workers. 

Since humans ~ generate oontamimnta at all times. dcann>om workcn ans required to wear IOUlcs. 
gloves. and special garments which e.ffectively caver up their entire self. inDluding their head IDll feet, to prcwnt 

their naturally generated cont•minlliao &cm banning materials inside the c1eamoom. These garments must be 

IS specially made to minimize the workers' gaicntion of~ into the c1eamoam. and thus are c:alfining 

fer many people. Funbcrmorc. the wcxtcrs' bchaviarwi1bin 1bc cleamoom must be reslricted as their movement 

only increases the generation of harmfially microcCatmninants from thcm.scMs despit.e the special pnncnt8. 

Consequently, working in a clcamoom for .-w periods of time can prove to be ovcr1y uncomfortable md 

.reslrictive for many people. 

20 Aside from 1hc burdens endured by the worlcers. a separate clean-air room must be built at the mtrance 

of the c1cam:oom so that the workers may cbangc into their special atlire. A c]CBD-air cnwomnent must also be 

maintained in this changing room to avoid outside ccataminatim &om cntaing the cleamoom, for example. 

when the workers arc entering into and exiting from the changing room or cleaning room and when the workers 

am cbanging into their special garments. TypicaDy, anywhere from a Class JO to a Class 1000 envircmmcnl must 

25 be maintained in the changing room, depending again on the sensitivity of the material being handled and the 

desired cleanliness of the clcamoom. Aalardingly. the cost for building and maintaining a clcanroom becomes 

even bthcr cxacerbated by the required QOst for building ISld maintaining the changing room and for the special 

garments wom by workas. 

Thus, what is needed is a wq of providing for a cleamoom-1YP41 environment for material handling 

30 without requiring the extensive cost typically incumd in buildins and maintaWng a cleamocuL. What is also 

needed is a way of providing fer a cleamoom-typc cnviromncnt for material handling which allows for a quicker. 

cheaper. and easier recovery i'om contaminaticn iocidcnts as compared to that requin:d tor the conventional 

cleanroom. What is finther needed is a more comfortable and less restrictive cnvironmcnt for workers who 

handle materials in a cleanroom-typc environmmt. 

35 DISCLOSllRI OFTJIE JN\71NTION 

The present invention advantapJsly ovenxxnes the above drawbacks typically incurred in building 

and maintaining a cleanromn-typc environmenl iJr matcriaJ handling. The high costs ~ incum:d in 

building and maintaining clc:anrooms has been nrinimkcd to coJy 1bc ccst of cxmslructing and maintaining ODt 

or more minieaMrmnents in accordaocc with the present invention. Fur1henncR. the use of one er more 

40 minienvironmcnts in accordance with the present invc:nlion saves the total cost :requirccl for building and 
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mNntNning a clean-air cbansins room for the conventicnal c1eanroom -1 ror buying and daning the special 

prmcnts required to be \1lllllk by workers inside the COIM:D1iaaal clcaan>om. 

The minieaviromnmt in 8CCOldancc with the prcllDt invention is also partable llld may be fillly 

opcraticma1 to provide fer ID ullra-filta'ed clean-air material handling envfromnenl in a Class 100.000 or lligba" 

S cnviromnent. Acccrdiaa1Y. the minienviromnent in acconlance with die pment. mYadioa CMnX11DC1 the 

rcslrictian of'bsving to builcl a permanent eonventiona1 c1eamoom inside a buildina. thua providing much more 

tlexibility in choosing where to mamd'acture and assemble producls. Wcirkcrs who use tbc minicnvimlmad: in 

accordance with the pn:si:.nt invention may also work more cximbtably without hlMng to wear ID8lles er 

CODfining special garments and without being overly IeSlrieted in their behaviar er mowmmts. Punhcrmole, 

10 as compared to tbc nco\'ay measures :mquired for conven1ioaa1 c1canrooms. recow:ry meaSlRI tbr the 

minicnvironment in ICCCll'C1ance with the present invmlioa. wbetbcr alone er linkal With 01ber units. is much 

quicker and easier and less costly. 

ln 8CCOl'dance with the preaeDt inwntion. ID apparatus far providing a filtcrccl-air awiroament U 

malaial handling inoludes a frame assembly llDd a filtered-air deli.Vay lllllCIDbly for delivering filtered air to a 

1 S material handling Ilea defined by the hme assembly. The filtered-air delivery aae:mbly includes ID air flow 

gcncrator assembly for directing air to tbc material bandling area ftmn an area cxtcrna1 to the material handling 

area. and a filter assembly far filtering the air directed from the c:xtcmal area to the mataial handling area by 

the air ftow peramr assembly. thC appara1US also includes ID air tlow ~ caaiigural within the frame 

assembly :for redirecting the air :li1tcrccl by the filter assembly over the material baodling area. 

20 Also in accardancc with the prCsenl inventioii. a system for providing a fi1terecl..air cnvimnmmt for 

material handling iocludes a plurality of frame assemblies coupled to ane another when: each of the frame 

assemblies defines a mataia1 handling area. The syslcm also includes a filtered-air delivay assembly for 

delivering filtered air to the material handting area dcfinCd by • first enc or the 1hano assemblies where the 

filtered-air delivay assembly includes an air t1ow gcncraq membly for directing air to the material handling 

25 area ddined by the first frame assembly. and a filter assembly for filtering the air directed by the air tlow 

generator assembly from the external area to the material handling area defined by 1he first fi'amc assembly. 

While the above advantages of the present invention have been described. other auendant advantages. 

objects. and uses of the pesent invention will becmne c:vidml to one of udinary skill in the art bued on the 

following detailed c1escripticn of the preacnl invcoticn with tdcraicc to tbc accompanyins drawings. 

30 IRUFDISCRJPflON OF THI DRAWINGS 

The plaCDt invention is illustrated by way of example and not limitation in the figures of die 

accompanying drawings in whioh like ref'ereaces indicate similar elements and in which: 

Figure 1 il1uslnteB a pcnpec1ive view of the primary sidc of the minienviroamcot in accordance with 

the present inventico; 

35 Fipie 2 illuslrates a pc:tspective view of the secondary side of the minicmviromnent in accordance with 

the pesent bmm1icm; 

Fiprc 3 illuslratcs a side view of the minienvironment in accordance with the pn:seol invmtioo; 

Figure 4 il1uslratea an example aet-up of a plurality ofminic:nvinmmaat in acccnlaoce with the pracnt 

invention; 
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Figure Sa ilhJSlrate8 Iii air-seal fer provic1iDg an air-sealed QODJICetion behwcn a minic:aviRlmnco and 

IDOlber unit in accocdance with the present hweaticln; 

Fipn: Sb iUuslrates an enlarged C10111111ctiaaal view of tbe air-seal illuslrated in Figln Sa; 

Figura 6a il1uslratcs an air-seal bndtd :b providing an air-sealed coaaeclion between a 

s miaienYiroamcnl and llD01her unit jn accmdmce wilh the plC8Cllt invention; 

F'aaun= 6b i11us1rates an enlarged crosa 11: ctic:lDll ~of the air"'8C8I bracket illuslndcd in Figure 6a; 

Fisure 7a illuslrates an air-aeal flanse for providing an air-sealed . ClC'IDCGliCJn bclMcn a 

minimviromnent and ano1her unit in accordlnce wilh lbe present invealion; 

Fipn: 7b illuslrales an enlarged cross.secticmal view oflbe air-seal flange il1uslntad in Figure 7~ 

10 Figure 7c illustrates another cnlargal cross-seclional view oftbe air-seal flange illuslratecl in Figwe 7a; 

Figure 8a illustrates a cross-sccticJll view of the CCl.1llCCtion oftbe air-acal illUSlnlbld in Fipres Sa and 

Sb to a minienviranment in accordance with the presmt inwalicn; 

Fisure 8b illuslrates a croswectional view of the connection of the air-seal bracket illuslnted in Figures 

61 and 6b to the :minienvinmment i1luslrated in Figure 8a in accordance with the present inveldicm; and 

15 Figura 8c iUusb'ala a ams sce1iQnal view of the connection of'the air-seal flange illustrated in Figures 

7a. 7b, and 7o to tbe mini~ illUSlrated in Fi.pre 8b in accordanoc with the pRl8CDl iovenlicln. 

llSTMODI FOB CARRYING OJJTDll INDNTJONANP INDUSTJUALAPfLICABJilD' 
A .,cific embodiment or embodiments in 8CCOftlancle with the piesent inwnticm for a miaienviroamcnt 

for material handlins is described. In the followins descriptioa, numerous specific details are set bth auch as 

20 specjfic dimaJsioos. material. etc.. in order to provide a thmlup undcrstandins of the praml invmUon. It will 

be evident. however. to one of mdiniuy skill in the art that the presmt iovcnticm may be pndioed wi1baut these 

specific details. In other instances. well-known materials, products. equipment. etc.. have not bcc:n dacribed 

in particular detail so that the preamt invention is not llDlleceSSarily obscured. Furthennore, all references to 

cleanliness classes .in this detailed descriptico are in accordance with 1be Airbarnc Particlllate Cleanliness 

25 Classes as.dc:fincd by the latest version of'Fedaal Standard 209 as of the tiling dale of this patelll application. 

Figure l illwllrates a perspective view of the primary side of the miDienviromnenl in accordance with 

the present invenlioo. In Figure I, a portable. hc-slallding. and inclcpcndcnt1y operating minicnvinimncnt 100 

provides for a clean-room type enviromncnt for a work station er material handling area 120 ddinccl within 

miDienviromnent 100. Table assembly 110 is couched within minienvin>mnent 100 for suppmting any materials. 

30 tools, equipment. robotics assemblies, etc. used for mamlfacturing or assembling products in material handling 

area 120. h is to be understood that material handling as used in this detailed demiption is not to be construed 

as being limited to bandting sensitive materials which may be harmed by microc:ontaminants but also includes. 

for example. aukaated tooling, manual tooling, assembly, manufacture. material processing, material 

conveyance. etc. While in a prdeired embodiment mataia1 handling area 120 is epproximareJy 36 inches by 

35 approximately 52 inches, minienviroameDl 100 may be built such that material bamlling ._ 120 bas other 

dimensions, far example., depending on the desired amount of are needed for the rnarmfactme and assembly of 

a specific product. In using minicnvitoomeat 100, a wmker may combtabJy sit at opent« infclface 12S of 

miniaMnmmc:nt 100 and handle materials within material handling area l 20 with his or her hands ming opening 

122 while n:sUng his or her arms on amt n:st 123. Mm. rat 123 may be adjustable. Opening 122 may also be 

40 positioned in minienvironmcnt 100 so as to allow a waker to stand in a ClCllDl'ortablc position while handling 
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materials in IDltcrial handling area 120. The worka' can easily Yiewmataial handling area 120 tbraugb window 

pme1 121 with the lid ofligbting 124. As will be mc:uucc1 iniUrthr:r detail below. tbcwcxbradylm to\WW 

glO\'llS despite the cxpcsure or material handling mca 120 by opening 122 to the open air CXlaDal to 

miniaMromnc:ot 100. PRfenbly, the gloves extend totbe elbow of tho wadcer's arms. If miniaMrcmnent JOO 

S is to resiclo in• ccawnticm1 cleamoom. tboush, the walker will also have to wear auitabJe pnins •requiled 

to maintain the clftnJjness fer dutt cle8oam. A JoboDcs asembly, equipment. machine. etc.. may allo be 

positioned external to minienviromnent 100 to bandlc materials within mataial handling area 120. n is to be 

appreciatad that window paoc:J 121 may be l1ICCllfigured to acccmmodatc the use of tooling. ICOpCI. PJUCC8S 

equipment. etc .... desired. 

JO MiniaMromnent 100 also bu a seoca&ny aide u illuslrated in Figure 2 which illuslrates 1 penpeclivc 

view of the secGDdlly lide of minienviranment 100 in accordance with 1be present invention. Jt is to be 

appreciated material handling area 120 may be accessed and used ft'Oln either the primmy llide. 1be ........., 

side, or both simultaneously. The outer appcaance and s1ruc1ure of the seccmdlly side. wbicb is oppmitc the 

primll)' sidc. snbstantially mirrors the primary side of minicnvironmcnt 100 with the exoep1im of control panel 

IS 210 on the aecoadary side of minienviromnent JOO. AccordingJy. the detaiJed description pertaining to the 

primary side of minieavimnmeot I 00 IS illuslrated in Figure 1 similarly applies to its teCCDdaiy side IS 

iJluslratecl in FiS'ft 2. 

Overall. ~ 100 is configured to. provide a slcldy llld constant flow of ultra-filtcral air 

1brough material bmd6ng area 120 whctbcr minicnilonmeut 100 is used in a nan-c1m'oom aMrcmncnt, such 

20 as standard factmy ccnditions. Is a rcp1accment for a· ccnw:ntional c1eanroom ar is 1lllCd in a OCllllVCDlianal 

clcanroom as an e:nhwt for tbat clcamoom. Jn doing so, minien\liramnen 100 bas an air tlow scncrator 
891Ci1DbJy 136 within enclosure 135, as mUSlnlted in Fipre 3, which creates a directed air tlow through filta' 137 

inlomaterial handling area 120 (an:as l20a and 120b of Figure 3) using 1be air cxtcma1tominicnvironmait100. 

'lbc air extrmaJ to minicnviromncot JOO may be that ot a conventional clcamoonl having. fer example. a Class 

2S 100 environment ar of a DClll-cleUroom ~ having. for example, a Class 100,000 or bisher 
environment. This extcmal air is directed through pMfilter housing 130 where it is prefikcred by prdlter 13 J 

to remove contaminants, for example pm contaminants. This prcfiltered air flow is then. directed by air now 
generator assembly 136 through filter 137 within enc1osun: 135. Filter 137 rrmovcs ooataminaots fiom the 

prefiltered air flow which may include, tor example, smalkc CCllltaminants which coulcl not be prdiltcrecl by 

30 pelilter 131. Conscqumtly. the resulting ul1ra-filt=d air tlow is dircctal through dHIUser 140 to create a multi­

directional flow of ul1ra-filtercd air over material handling area 120. 

With this coostant multi-directicnal Aow cl ul1n-filtered air flowing at least in 1he sobstantially 

horizontal and substantially vertical direcaions over area 120. substanliaJJy all surfaces of sensitive material in 

material handling uea 120 are prevented ftom beconing exposed to harmfid microcontamjnants within area 120. 

3S Indeed. any harmful micmcnntamjnants within area 120 will get f1usbed out of area 120 as a n:sult of this 

constant multi-diRctiaaaJ flow of ultra-filterecl air which is dncted over area 120 and outward into areas 

cxtcmal to ma 120, for cample lhR>ugh opeainp 122 and 151 and through open portions of table assembly 

110 ink> the air external to minieaviromncnt 100. Such harmful mic:rocontaminatim can n:su1t, for example:. 
iiom mechanical motions necessary for manufacturing or assembly in area 120 or possibly :6om the worker's 

40 na1mal generation of contaminants while handling materials in area 120. FOl'lhcrmore, any bmmfbl 
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microcl•neinmts in tbc air cxtana1 to minimvhwt 100 are prevc:ntcc1 bm eatcringlDltcrial handling ma 

120 because oftbis COlllinua1 outward tlowofultra-filtered air. MinieavinJamcnt JOO thus provides 111 uta... 
filtcnd clean-air material handling e:nviRanc:al. 

MiDienvinmme:nt 100 may be used as a sranHJoae cJeanrooni-tp envinllJmmt ar. lltemlliwly, may 

s be linked with olhc:r units. for example otbcr mmiaMromnads. to create • liDclr llSllCIDbly line fcr pmduct 

mwd'llClur.ins er manbly. Dcpcadins Clll tbc product being m•nnfacbnd or mblcd, miDicaYinmmcnt.JOO 

may be linked with 8lfJ D\11Dber of a plurality of Cllher cleanroam-tp units. lllOh as other miDicnvircmmmtl as 

illustrated in Figure 4, to form a clean-air JiDear' 8B8Cmbly line where scmitive materials remain in ID uta... 
filtered elem-air aMromncnt while bemg paaed belwecn linked units. In liDlcing miniaMnmmmt 100 to 

10 another unit. cum*'<lr 150 which surrounds opening 151, as ill'Wdrated. in Figures 1,2, and 4 may be uscd to 

pnwiclc 8ll air-sealed conn=ction bct\WICD miaicavimmcnt 100 and tbc other unit mch that matc:rWs may be 

puscd through opening 1s1 belwccn material handling an:a 120 and • material hanclJing ... of &be other unit 

without beocping exposed to bannfiJJ JDicrocontamina in the air extemal to the linear membly line. 

Furthermore, minienviromncnt 100 may be easily replaced with another minieaviroament in the asmnbly tine, 

JS fcr example. if minienvironment 100 were to malfunction « otherwise need replacement within its lines 

usembly line. MinicnvilOmnent 100 may alao be easily reconfigured in a linear assembly line. fer example, so 

that miniaMromneat 100 can be used with other 'UDits in difrcrcnt ammgcmcnts fer diffamt manut8clurina m­

l89elllbly line purposes. 

The structUre ofminieavinmmalt 100 will now be descnDed in more detail. It is to be appreciated 

20 though that the specifac materials. dimensicms. finishes, etc. dcscn"bcd below an: merely provided as examples 

for a better understanding of the prcsad invcn1ion. Indeed. 1hc specific matcria1s, dimcnsiam, finishes. etc., 

..mc:b may be used to cxmstnlet minicnviroammt 100 in acoordance with tho present inveDlion may depend upca 

any one or a number of factors incJuding the intended use of the minienviromnc:n the desired cleanliness class 

to be pJOVided and maintained within the minicnviranment, tPe material being handled in 1be minic:nvinmmcnt. 

25 the sensitivity of this material being bandlccl. the size of the material, 1be process llM>lwd in using 1bis mataial 

to manufacture a product. the size of the product. ck:. Preferably, the specific material ar materials ucd to 

oonstruct minicovironmcnt 100 have been tcstccl to detaminc whether and to what CXla1t the mataials outgas 

or otherwise naturally generate microcontaminants. Whether a material is used or not may depend upon the 

desired cleanliness class of the environment to be maintained in minienvironmcnt 100. This c)eanliness class 

30 may in tum depend upan the sensitivity of1be material to be handled usingminienviromnent 100. The materials 

med in the coasbUction ofminienvironment 100, llDr:I partic:ularly lbose cxpmed to material handling area 120. 

may also be and preferably arc treated. h example by c1cctropolisbin the material (e.g., stainless steel). and/or 

finished. for example with ID epoxy powder eoaling or a pol)'Ul'dbanc coating. to mUiimize « eliminate 1be 

material's or materials' propensity to SJRld microconlaminan into material handling area 120. Indeed. my 

35 outgasaing or microcontaminan gc:neratim fi'Oln the materials used to COllSlrUCl minienvironme:n 100 may only 

defeat its purpose of providing an ultra-filtered clean-air material handling area 120. F.xamples ofmak:rials 

which may be used include. for example. cold rolled steel, stainless steel. and aluminum. 

As illustrated in Figure l, minicnvircnment 100 is mainly suppodCd by frame 101 whieh serves as the 

skeleton for the minienvitomncnt's stn1cblre. While in a preferred embodiment frame 101 contains cold rolled 

40 stccJ. othermalaials may be used. Frame IOI supports various structural componeots of minicmWomnent 100. 
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A side panel 106 is altacbed to hue 1'!_1 m opposite sides of minieDYinmmeat 100. &ch panel J06 in a 

preft::rred embodimcat is made of a transparenl panel of polycarbonate er conducdve ~ is 

approximately 3 millimet.en tbidc. and bas a boltom 1ensth of approximately 54.S inches, a top Jmsth of 

apprcorirnately 46.8 illcbes, and a venical height of approximately 24.S incbes. It is to bo undcntood, thoaP, 

S that each side panel 106 may be made of olhcr materials and may have otba' dimmsicm. A lower lide CCJVCI' 

104 is also attached to ftamc 101 OD opposite sides of minienvironmcDt )QO. Jn a prefmed embodiment each 

lower side cowc is made oC mid J011od sbcct ltCcl ml has a bottom 1cagth of appl'OJl!imately 57.6 indlm. a top 

length of approximatdy 54.2 inches, and a Wltical heiPt of approximately 41.8 inches. It is to be undc:ntood. 
though, that each lower side cover 104 may bo made of ctba- malaials and may have Giber dimcasims. 

JO Openings I SI an= preferably defined widlin each Iowa-side covcc 104 focRaSOIJS which will follow. Wbilo in 

a preferred embodiment openings 151 have a length of approximately 47.S incbcs and 1 heightd' lpJIR'Jdm*ly 

6.S inches. other dimcnsicm for openings JSl may also be used. 

The rcmirining feltma il1ustratcd in Figure l will now be described with iUrtber Jefelenc:es to Figure 

3 which illuslratcs a side view of minienvimunent 100 in accordance with the present imadian. Jn opc:ratim. 

15 air :Dow generator assembly 136 generates a diremd air Oow into material handling area 120 &om the air 

external to minienvinmment JOO. This cxtrmal air may be that of a conventiaaal cleamoom having. for 

example. a Class 100 cmviromncnt when the minienvironment 100 is to be used as an cnh•*NPI fir that 

cJeamomn. Altcmativc1y. this exlrmal air may be that of. DOll-cleann>om environment having. tbr CXllDJ>le. 
a Class 100,000 or higher environment when minienvinmment JOO is to be used as a n:placcmcnt h a 

20 clcanroom. The extema1 air is directed through prcfilter housing 130 where it is pndiltaed by )Rfiltcr JJ) to 

remove contaminanlt While m a pn:fc:md embodiment prdilter housing 130 is made of cold rolled sheet steel 

1114 its dimenSians me approximate1y 24 inches in length by approximately 24 inches in width by approximately 

7 .25 inches in hciJht. other materials and dimensions inay be used. Pretil1er housing 130 is pld"erably 

coafisured such that prc61ter 131 is accessible for inspec1ion, deaning, 8lld repllcemmt. FurtbermcR. prdilter 

25 housing 130 is configured such that external air tlows 1hrough the top of'housing 130. It is to be understooCI. 
though. that preiilter housing 130 may be ccmfigured to house prefilter 131. for example, such 1bat external air 

flows only through portion of the sides of prefiltcr housing 130 for filtering byprdilter I 31 er such that external 

air t1ows through both top and portions of the aides of pldilter housing 130 for filtering by prcfiJf« t:: 1. 

PrefiJtcr l 3 I 61tc:rs the air in prefilter bousins as jt is directed into enclosure lJS by air Oow gcncntor 

30 IS8CIDbly 136. ln a prdcnal anbodiment pldUter 131 includes two 61tas fDr filtering contaminants having a 

llizc or .s micnm Cll' sreater: cne having 30 penxnt efticiency and the other having an SS percent cfticicncy far 

reasons expressed below. It m to be understood though that prdiltcr 131 may be cmly cno filter or may ecimprise 

any number of filters having various filtering ct1icicacies for oontaminants having various ams. PrelUter 131 

ia preferably oonfigurecl in housing 130 such that •bstantially all air directed 1brough prefilter housing 130 is 

35 directed tbrouah prdi,1ter 131. In this ClOllllllCtion, a closed cell gasket or other sealing agent may be used. 

Pn:ferab)y. this sealing agent does not emit any harmful microcantamioants. 

The prcfiJtered air 8ow directed in enclosure 135 is 1Urtbcc directed by air flow generator assembly 136 

1hrouf5h filter 137 within enclosure 135. WJulc in a pzeferred cmbodimeot enclosure 135 ia made of cold rolled 

sheet steel and has dimensions of approximatdy 16 inches in vertical height and approximately -46 inches in 

40 length by approximately 37 inches in width in its lowe:r pmicm. other materials and dimensicm may be used. 
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Enclosure 135 is pre&:rably configured such that air flow gcncratcr assembly 136 and filter 137 arc ICCCSll"ble 

for inspeoticm, cleaning, and rcplaccmc:nt. Air flow gaaator usc:mbly 136 within cnc1osarc 135 compiaes a 

fan :for directing air flam the area extemal to miniawiRmment 1001brougb prcfiltcr 131 and ti1tcr 137 into 

material handling area 120. While in a p111:f'ei1ecl embodiment the fan or air t1ow gcaenkr lllCl1lbJy 136 is a 

s backward c:mwd impeller mec1 aa 2soo CFM. it is to be appreciated various other types ortimamay be mec1 m 

ec:neaatingthc air low. Preferably, thcopaating speed of the fan used to generate the air &iw 11111be adjustable 

widxUthcuacofabimserbcltssoutominimi7.ethcamountormaintmanccnquiredferminiawiroamenl 100. 

Furthermore, the :fan is pderably properly balanced to minimil.c vibraUan of miaicnvimanr:ut 100 as any 

vibration of materials used to consb'Uct minieaviRJnmeat JOO may adwncly d'cct the mmmfecmrina or 

10 assembly pocess. 

F'aJter 137 filters the prefiltc:n:d air in enclosure 135 to procluce Ill ultra-:filtaeclairtlow IS it is directed 

1owald ma1Crial handling area 120 by air Oow acncrator assembly 136. Here. filter 137 n:moves cantmrinants 

frma the prefiltered air flow. These contaminants may include, for example, smaller c:mtaminants which could 

not be pre:filten:d by prcfilter 131. In a preferred embodiment. filter 137 is a high d6cimcy UIPA fiJtcr which 

1 S filters contaminants having a .1 micron or gn:atcr si7.e with an efticiency of99.999 percc:nl Filter 137 may haw 

other c:fticic:ncies for COD•aminants of Olber' sias and may include any number of filters baYing various 

efficiencies fer cootaminants of various si7.cs. In crder to preserve the useful life of filter 137, prefilter 131 

prcfc:nbly filters larger ccntaminants from the dirmed air fiow as pointed out &bow so that filter 137 has lo filter 

only the smaller contaminants from the direc1ed air t1ow. It is lo be appreciated that enclosure 13S. air low 

20 gcnerat« assembly 136, and filter 137 arc coafiped such that substantially an air directed into enclosure 135 

bas been filtered by prefilte:r 131 and is directed through filter 137. lo 1his connection a seJ seal er other sealing 

agent may be used. Preferably, this 8C8ling agent does not emit any harmlbl microcontarninants. n is also to 

be appndalecl that the specific configuratioo of the air flow sc:netata assembly in coajundion with the filtering 

system described above may be varied in providins an ulb'a-tiltered air ftow to material handling BRa 120. Fer 

25 example, lbe air :flow pnerator assembly may direct the external air through only one filter system having any 

number of filters such as those used for prefilter 131 and/or filter 137. 

The resulting ullra·filtcn:d air Jlow .fi'om filler 137 is directed through diffuser 140 to create a multi· 

directional flow of ullra·filtcml air over material handling area 120. Diftbller 140 preferably redirects 

substantially all of the ulll'a·filtercd air Oow over material handling area 120 in multiple din:ctions. including 

30 both the substantially vertical and substantially horizontal directions over material handling tRa 120. It is to 

be appreciated that the continual 1low of ultra-filtered air over the surfaces of materials in uea 120 prevents 

harmful microcootamimmts in area 120 frcm sealing m er otherwise atrecdns lbosc smfacea of the materials. 

While diftUscr 140 may be configured to direct the ultra·iihercd air flow m only one direclian over wea 120, for 

example in either the substantially vertical« the substantially borizonlal direction, diftbser 140 is pmfcrably 

JS configured to ~ for a multi-directional ultra·filk:Rcl air tlow. lf diffuser l 40 were configured to provide 

only uni-directional air flow over area 120. the ultra-filtered air may not flow over some surfaces or mataials 

m area 120. thus increasing the possibility of those surfaces becoming affected by harmiUl microcaotaminants 

within area l 20. Such uni-direclional air tlow may be sufficient.1hough. to satisfy &he clw>liness requirements 

far certain matc:rials which are to be handled in minienvironment 100. 
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Configuring diffilser 140 for ~-directional air flow advantageously provides fer a comtant t1ow ot 
ultra-filtered air over substantially all surfaces of the materials beins handled in area 120. Jn this DlllllMl'. lbc 

exposure of materials in m:a 120 to .barmtbl micmcantaminant is minjmjial or climinatc:d u dlis ClClllStallt flow 

of ultra-filtaal air prevents 1hc surfaces of materials from becoming directly cxpaied to llllmtU1 

5 microcontaminan within ... 120. The oomtant mulli-directiaaal flow ofultra-filtaed air may also laW to 

flush out harmfUl micmoantaminanW within area 120 into tbe air extaDa1 to minicnviromnent 100. 'Ibis is 90 

because tbe coa1inua1 ftow al ultra-fikered air is mtirec:ted by di8User 140 over area 120 and outward tawanl 

the areas external to area 120. for example through openings 122 md lSl and through open portions ot"table 

assembly l 10 into the air cxtcmal to miniaMromncnt JOO. Such harmful mic:roconuminatim can RSU1t. for 

10 example from mccbanical mo1io.ns necessary for manufacluring er usembly in area 120 or po1S1bly from the 

wmbr's natural gem:ration of cxmtaminants while bandting materials in ana 120. Furtbermole, my barmfiJ1 

miaacCllltamina in the air external tominienvironment 100 are pnweated hm entering material baMli• area 

120 because oftbis continual outward flow of ultra-filtered air. Minienvimmnalt 100 thus pJOYidcs ID ultra­

filtaed clean-air material hmdling en\rironmc::nt. 

lS In a pnfcm:d embodiment diftbscr 140 bas a perforated sheet of stainless steel which. gamlly. llas 

bcca moJdccl to cootaia four main surfaces 141, J42, 143, and 144 and to divide material bandJing ma 120 into 

material handling area 120a on the primary side ofminienviroament 100 and into material handling area 12.0b 

on the secondaly side of minienviromnent 100. D.iffuscir 140 is configuR!d to provide mulli-dimcticmal air flow 

owrllllllerial handling 8reas l lOa and 120b m area 120 as illustrated in Figure 3. Here. the ultra-filtaed air flow 

20 dircded through filter 137 by air .Dow generatcr assembly 136 .tlows through a top opening of ditlUser 140. 

which in this cmbodbDent has dimensions of approximately 36. l inches in length by appn>ximate.ly 34.S inches 

in width. and is then fon:cd through the molded. perforated sheet or ditlUser 140 into at least two direclions over 

each area 120a and 120b. Here, a first smface 141 of diftbser 140 extends at a hori7.mtal angle for 

approximately 14.S inches ow:r the top of material handling area 120a and directs the ultra-filtcrcd air :Dow 

25 substanlially vertically over material handling area 120a. A second surface 142 of diftUser 140 ex&ends at a 

vertical angcl for approximately 16.S inches through a middle portion of material handling area 120 and directs 

the ultra-filtered air flow substantiaJly horizontally OVflr material handling area 120a. Jn creatins sm1aces 141 

.and 142, the perforated sheet of diflUsc:r' 140 has been molded with a curve having a radius or approximately 2.0 

inches such that surfaces 141 and 142 me ansJed to provide for 1bcir respective substan1ially va1ical and 

30 sublllantially borimntal ultra-filtm'Cd air flow over material handling area I 20a. The apposite side of diflUser 

140 which bas surfaces 143 and 144 suhstamiaJJy mirrors the side having surfaces I 41 and 142. Here, a third 

surface 143 and a fourth surface 144 of dUIUser 140 direct the ultra-filtered air tlow i'cllll surface 137 

substantia11y 'VCl'tically and Sllbstantially borizcntally, respectively. over material handling area 120b. Jn creating 

the opposite sides of di1lbser 140 for material handJing mas 120a and I 20b, the peri'aratal sheet of diflUser 140 

35 bas been molded at ~ lowest point with a cmve having a radius or approximately 1.S inches such that surfaces 

142 and 144 are 1Dglcd to provido foe their iapective substantially horizontal uJ1ra-filtcn:d air :flow over material 

baodling areas 120a and 120b. 

It is to be appreciated that diflbser 140 diRcts 1be ultra-filtered air flow hm the top and interior 

portions of each material handling area 120a and 120b outward toward the areas extana1 to area 120, for 

40 example through openings 122 and 151 and through open portions of table assembly 110 into the air extcmal 
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to minicmvircnmcmt JOO. Because diftUscr 140 Rdirects the COD1inua1 flow ciullra-filtcnd air in Ibis mmmcr. 

any JwmtU1 JDicmxmtaminants in them extcmal to miniaMnJmnent 100 n prwcntccl fiom dilectJy entering 

material hamlling 11eU 120a and l20b. Furthamare, the ooatinual flow or ultra-&hered air over mataial 

handling areas 120a and 120b may serve to flush out harmfill mie.moontaminmts pnerated within IDl1criaJ 

5 Undling areas 120a and l20b into the air extemal tominic:nviromncn 100. Such bannfilJ mil:roc11n1amjnation 

can result. for example from mechanical moticm ncceasary far m~ or mcmbly in nu 120& IDd 

J20b or posS11>ly hm the wmker's nallnl gcaeralicm of c:ontaminants wJu1c handling ma&crials in au 120a 

or 120b. · It is also to be appn:ciatcd that became of the CXJDfiguratioo or dift\lser 140 in a prcfcned embodiment 

where 1he ultra-fibered lir' tlow is directed liom the middle of material handling m:a 120 Biid outwanl toward 

JO the primary and secoaduy sides, the mcposunt of aae material handling area, for exmnple, ma l20a to 

mic:rocoD1amilu docs not dcct the clcanJiness of the otber material handling area 120b. 

While in a pcfa1cd embodiment the openings in the perforated sheet of diffiJscr 140 are~ 1n6 

iDdi in diameter. and positioned on 1/8 inch cmten. it is to be understood that other si7.es. spacings. and pettans 

of openings may also be used. Futthennare, cJiBUser.140 may be and preferably is pre-cleaned and fillly 

IS electropolisbed to a uniform overall finish wilb maximum brightness, luster, and refl~ m all surfaces so 

u to minimize « eliminate any i'osdng shadows. slRab. erosion, stains. water spots and im:pJar patterns in 

the fiDish. This eJectropolisbing may also ICIVC to minimize« eliminate the popcnsity of cliflUscr I 40 to outgas 

or gcncratc contaminants into material handling areas 120a and 120b. It is to be understood. though, that while 
, . 

diB\Jscr 140 has been descnl>ed above with regard to the specific embodiment illuslrated in the drawings, other 

20 diftUser' c:oofigurations may be used far direclina uhra-c1ean air flow over and about material bandting area 120. 

For example, dift'user 140 may be recanfigurcd such that its middle portico is moved closc:r to the primary side 

or the secondary side so as to provjde· additional space for material handling area 120b or 120.. ~­

The diflbscr may also be reconfigured so as to provide only one material handling area 120. Here. the di1lUser 

may be configured to be •one-sided" and located. forelC&Dlple, on the secondary side ofminienviroament 100 

25 to provide the muJti-direclionaJ flow of ultra-fiJtered air over one material handling area 120 toward 1hc primary 

side. Alternatively, the ditlUser may be removed so as to provide only 8 uni-dimctional now of ultra-filtcn:d air 

from filter 137 in the substantially vertical direo1ion over area 120. As noted above, the uni-directioaal 8ow of 

ul1ra-filtered air may satisfy 1hc cleanliness rcquiremcntsfor c:ctWn materials. 

In using minienviromncnt 100 for product manufacturing and assembly, a wo.ricer may comfortably sit 

30 at operator intc:rfacc 125 of minienviromneat 100 and handle materials within material handling area 120 with 

his or her bands using openins 122 while resling his or her arms on arm rest 123. Ann rest 123 may be 

configured such that the worker may adjust arm rest 123 at a desired angle and height for the woria:r's comfort. 

It is to be appreciated that opening 122 compldcly expo8CS material handling area 120 to the air cxtcma1 to 

miDimvironment 100. A glove box may be used in placoof opening 122. However, since miniaMromnent JOO 

35 provides a continual _&ow of ultra-filtered air outward into the areas external to minienviromnent 100 as 

discussed above, a glove box is not necessary as the ultra-filtered air ftow over material handling area 120 is 

pieferably sttmg enough not only to prevent harmful mic:rocontamina in the outside air ft-om directly eotaing 

area 1201brough opening 122 but also to prevent the wuker from dragging barmfil1 mic:mmntmnU.ants into area 

120. J:ndeed. opening 122 is more preferable than a glove box as opeoing 122 is not as :resbictivc to die worker 

40 in handJing materials within area 120. Furthermore, a glove box may only prove to be too cumbersome and 
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impraclical for a wmbr' in manipulating_equipmcnt.10oling. etc., fer somcu111mnfac1Urin8 -:3 use:mbly pmcc:sau 

With opcaing 122 the wodccr may more holy move bis or her bands into. out of. -1 abaul ne 120 llDd cm1y 

bas to wear gloves to minimtze or elimjnate the generadon or harmtU1 microcontamiDation hm tbe 'WOlker 

within area 120. Preferably, the gloves extend to the elbow of the waka's arm to better potect area 120 hm 

S harm1Ul microcon1amiDants pnaatcd by the warkcr. If miniawinlmne:nt JOO is to nside in a coaveational 

cJanroom. tboogh. the worker will also haw: to wear suitable gowning as requiRld to maintain the deanliness 

for 1bat cleamoom. Opening 122 may also be positioned in minicnvDonmmt 100 SO IS to allow I WQlbr to 

stand in a comfortable position while handling materials in material handling m:a 120. A robotics assembly. 

equipment. maclaine. etc.. may also be positicmed c::xt.and to minicnvinJamad 100 lo bladJc materials within 

10 material handling area 120. While in a pn:lim:d cmbodimmt. opening 122 is approximately 30 indies inlengtb 

and appmdmately 9 .inches in height. otbcrdimcnsicmfcr opening 122 may be used. 

The worker may use a transpasmt window panel 121, which is confisured on both the primary and 

secondary sides of mmiciwironment 100. for viewing material handling area 120 while handling materials tbcrc. 

Each window panel 121 has an approximately .2S inch thick safety laminated glass panel having a height of 

IS approximately 21.8 inches and a width of approXimately 29.0 incbc:s. Other thicknesses. materials. and 

dimensions for window panel 121 may also be~ though. Window panel 121 pRfcnbly has a 95 pen:ent ar 

better ttansmittance rating and also pn:ferably baa an anti-static or conductive coating cm. its inside and an anti­

glare coating its outside. The anti-static ar conductive coating may advantaseously serve to n:ducc ar eliminate 

clcctrostatic build-up ao that bannfbl micmccmtanrin1111ts do not ding to window panel 121 but rather .re Jlushed 

20 out &om minienviromnent 100 by 1be c:cadnual now d ultra-filtered air. The Inti-pre coalins may . 

advantageously serve to reduce or eliminate any glare ti'osn window panel 121, for example IS a rau1t of lighting 

124 or external lighting. Funhamorc, window paoel 121 is preferably angled. for example at an approximalc1y 

9 degree angle fi'om a '1a1ica1 axis, for the worker's comfort in viewing material bandling area 120 while 

working. Accordingly. the worker may comfortabiy view a well-lighted material handling area 120 through 

2S window panel 121. It is to be appreciated that window panel 121 may be n:configuRid to accommodate tooling. 

process equipment, etc. as desired depending on tbC manufacturing er asaembly process to be conducted using 

minienviroament JOO. Such reconfiguration may be necessary. for example, when robotics assembly er process 

equipment is positjoned cxtrmal to minicmironment 100 to handle materials within material lumdling ara 120. 

Furthermore. window pancl 121 may be reconfigured. for example. with scopes to facilitate material handling 

30 by the worker for aome manufacturing er assembly processes. 

As compared to a canvmticma1 cleanroom. thc:o, the WOJkcra in using minicnviromnenl 100 as a 

replacement fer a c1eanroom are no longer burdened by having to wear goggles or cmfining special garments 

which effectively cover up their entire self. including their head and feet. Furtbenncre. the workas' bcbmcr 

and movements are not as rcslricted as was sequired in the cleanroom. Rather. workers may now mere 

35 comfortably sit or ~ in a i,pically coatn>Jled rocm having a Class 100,000 or higher environment outside 

miDicnviromne:n JOO while Jvmdling marcriaJs in minieovimuncot 100. 

The pcrtable. he-standing. indcpaJdcndy operating minienYironmcnt may also be easily ccatrolled 

usins control panel 210, as illustrated on lhc second8ly side of miniCIMromnent 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 second8ly side and the primary side of mioienvironment 
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100. rcspeclively. Ccmtrol panel 210 al~ provides respective circuit breakers 221, 222, 223, and 224 bthcsc 

power supplies. An airflow..- adjuster 230 and a pressure gauge 231 formaaitoring1beamountofpresaurc 

main1ained m cac1oSIJre 135 an: also providccl m oonlrol panel 210 to controJ and monitor the cipen1ioa of air 

flow genentcr' assembly 136. It is to be appreoiakld that the openling .-oC air flow gcncraklr lllllClllhly 136 

s may be adjusted using air flow speed adjuster 230 without the use or shims or belts so es to minhnRc the llDDID 

of maintenance required for minienviroDment 100. While not shown in the drawings. CODtlOl panel 210 is 

appropriatcJy CXJllllCCtcd to the ncccssary elcclricaJ power supplies, equipment. etc., 18 is known in the art 80 that 

miniaMronment 100 may operate as indicated 

A maintenance •edmician or warkcr may also have easier access to material handling area 120lban1hat 

10 provided with opening 122 by usiDs window panel 121. While in a prcfarccl embodiment window panel 121 

is configured with a hinge at its tq> so that it may be opened iom tho bottom. it may be cxmfigmd dUfcrendy 

toaDow:tbrtbc:r access to area 120. Windowpanel 121 may be equipped with shocks attached betwcc:n 1hc hnc 

of window panel 121 and frame l 01 of minicnviromneot 100 to assist in opening and closing window panel 121 

and to bold window panel 121 in an open position. Accordingly, the technician or 'WOlbr may easily load,· 

JS pepare. clean. adjust, ar remove the necessary materials, tools. cquipmcnt. robolic assemblies. etc.. n:quiml for 

the mmuf'aclUre and assembly of a spccmc product cr products using minienvircmmcnt 100. 

This window panel configuratim may also advantageously serve to provide for a quicker ncovay li'om 

a contamination incident within area 120 as compared to that n:quiral for a ccnventiooal cleanroom. Here. the 

maintenance 1echnicUm or worker may simply open window panel 121 to remove the source of harmful 

20 microcontaminants from area 120 and/or to clean an:a 120. The multi·dirccticnal Bow of ul1ra·fi11Crcd air will 

then t1ush out any existing harmfW microcanlaminan from material handling area 120, thus allowing a quick 

mad full R1COVe1Y of material handling an:a 120 to its desired cleanliness level. It is to be eppreciatec1 that 

because of the configuration of diflUser 140 whc:::re the ultra-filtered air flow is directed &an the middle of 

material handling area 120 and outward toward the primary and secondary sides. window panel 121 m CJOe side 

2S of minienvironment 100 may be opened to further eKPCJSC one material handling lllC8, for example area 120a, 

to the outside air without affecting the desired cleanliness level of the olher mataial handling area 120b. In this 

manner. one side of minienvimnment 100 may still be used for material handling while window panel 121 on 

the other side is opened. fm- example, to allow fbr tooling maintenance. It is also to be appreciated 1bal area 120 

bas a very limited me as compared to a convadional c1eamoom which occupies an entire room. Accordingly, 

30 recovering :1iom a contamination incident in minienviromnent 100 proves to be much quicker and easier and Jess 

costly than JeCOVering from such an incident in a conventicnal cleanroom. 

Mini.environment 100 may also be coavenienOy used wilh any one of a variety of table assemblies, for 

example, depending on the manufactllring and assembly requirements for a specific product. While table 

assembly 1 10 may be pemumcntly or detacbably connected to minienviromnent 100. it is preferably detached 

3S or not CCllDlCCted to ~t 100 80 that diffcrmt types of table assemblies may be easily placed within 

minienvirmment 100 when needed. For example, a table usemblywith a conwycr syslcm and :mab:rial handling 

platform may be used. Alternatively, a table assembly with a simple or coq>lex material bandling plalfonn may 

also be used. As a fiJrther" example, a table assembly made for accommodating robotics assemblies, vari0\15 

equipment or tools, custcm handling platforms, etc. may be used. Regardless of the type of table assembly 110 

40 used in mioienvironment 100, table assembly 110 preferably has openings or some type of. perforatecl surface 
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so as to allow lho CXJDtiDua1 flow of u11r1-mterec1 air directed by diffilser 140 to low cutward hm area 120 

tbroush table assembly 110 into the air extana1 to minimviromncnt 100. Furtbcrmore. table uacmbly 110 is 

preferably not attached to minienvironment 100 llO IS to isolate any vibralioll of the minienvirclllme 100 from 

affecting table uscmbly J JO 8lld to isolate any V11nlioa of table assembly 110 tom afl'ectilla minieavimuneot 

S 100. Any vibration caused by and fiiclion created between minienvinJament 100 and table usembly 1 JO may 

sa.ente hannfb1 micmcmtaminants into area 120 and may advenely afi'ec:t the manufaclUring at assembly 

JllOCCSS. 
In a pn(emld embodiment, table assemb)J 110 has a supporting ftamc J 11 to which a llCl of four wheels 

1 llmay bedached near the hr lowa-cmners of hmc 111. WhccJs 112 me coupled to hme I JI bytbraded 

JO rods 113. lD this manner, tabJe me:mbly 1 JO may be lowered to rest dim:tly on its Jess 114 by appRJprialdy 

rotatms dJRadcd rods 113 in cne dircotica. Table llS8elllbly 110 may also be raised !an this posi1im fDr 

ll'lllllpCllt CD WhecJs 112 by appropriately rotating threadccl rods 113 in the opposite dilection.: Aocordingly, table 

assembly 110 may be easily transported when desired, and, optionally, may be put to rest squarely an legs 114. 

By RlllOVing one lower side cover 104 and app1op1iate portions of frame 101 ofminicnviromnent 100, tben, 

lS table assembly 110 may be easily tnmsportcd into and out &om minienv:irmmle:nt 100. Furtbennore. fi'ame 101 . 

of minienvironment 100 in this anbodiment has four studs 102 extending inward toward table asmnbly 110 and 

positioned over portions of :tiame 111. As a Rlnllt of lowering er raising table uscmbly 110. then, 

mioicnvironmeot JOO may be Jowored er raised. respeCtiVely. Here. when ·table assembly 110 is being raised, 

ita hme 11 I pushes up on "1Jds J02 ofhme 101 cauiing minienviromncnt JOO to be nliacd aJoag with table 

20 assembly 110. Similarly, when table assembly 110 :is being lOWCRd, studs 102 which rest on portions ofhme 

111 causeminienvironment 100 to be lowmd along with table assembly 110. 

While 1bc configuration of die lower structur8I Support for table assembly 110 and minienvironmcnt 

JOO in a prd'erml embodiment has been descn"bed above. it is to be appreciated that various other lower support 

caafipraticas may be used to prov.ide fer lower support fer and/or 1ransportation of table assembly 110 and/or 

2S minienviranment 100. For example, table assembly 110 and/or minienvironment 100 may be supported by a 

simple four-legged frame with or without wheels at the bottom of each leg. The lower support structure of table 

assembly I JO mxf/or minienWonmc:nt 100 may also be configured for cransport in other ways. for example. by 

use of a forklift. bydnrulic carts, etc. Preferably, the lower support structure of table assembly l 10 and 

minicnvironment 100 are configured so that both may be moved at once, for example, as in the embodiment 

30 desoribed above where the lower slrUCl\Jral support for table assembly 110 is CXlOfigured not cnly for transport 

of table assembly 110 but also tbr transport ofminienviromnc:n JOO while table assembly J JO is couched wilhin 

minienviromnent 100. Regardless of the configuratioo of the lower suppcrt SlrUClUre used for table assembly 

110 and :minic:oviromnent 100, table assembly 110 and minienviromnent 100 prderably rest squarely on a Dal 

surfaec, for example the floor er a raised platfcnn,, while in use so as to avoid any movement of table assembly 

35 110 and mini~ 100 during manufacturing or assembly. Accordingly, eny wheels which are used to 

tnmsport table assembly 110 and/or minienviauamcut 100 should be restricted from causing table assembly t to 

andkr minienvircmncnt 100 to move while in use. tbr example, by blodcing the wheels using wedges. by loc:king 

the wheels from ll10VCIDCllt, by dnacbing the wheels from table assembly 110 and/or miniaMromncnt 100, oc 

by raising the wb=ls from the supporting surface such as in the embodiment discussed above. 
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Minienviromnent I 00 may be l!_SeCl as a stand-alone cleanroom-typc environment fer material handling 

dcacnW above. Alternatively. it may also be Jinked cir configured with other minieavirmmads IS i1luslnted 

in Figure 4 which shows an example sd-up of a pJ.uralil¥ of minienvircmments in acccrdancc with the prcsmt 

invention. MmicnviromDcnt 100 may thus be 1ISCd with other minienvironmmts 10 fmm • clean-air .... 

S auembly line where sensitive materials remain in 111. 11Jtra.filtcn:d clean-air environment while being pmecl 

thmugh openings 151 belwecn linked minienvinmmeats In this manner, IDY number of minicnvimmnmts may 

be lio1ced in a variety of different amngemenJs. fer example, depending upon tbe product to be llJllllUfacbml. 

the material to be handled. or the mam6cturing and assembly process to be implcmcnted. In linking one 

miniCOYironmcnt 100 to another. QODDCGfor 150 which SUll'OU1lds opening 151 may be uaecl to provide 11t air-

10 sealed connection belwecn two minicn'Vilmiments such 1bat materials may be passed through opening 1 Sl fi'om 

the material handling area 120 of ailc minicn'Viroamcnt to the material handling area 120 of mother 

minienvironmcnt without becoming exposed to barmfial mi«ocmtaminants in the air cxtanal to the usanbly 

line:. While minienvironmcnt 100 is described as being capable of being linked to otha- minienvironment it 

is to be apprfleiatcd that odlcr clcanroom-1)rpc units or even non-cleanroom type units may be linked with 

IS miniawin>Dment I 00 depending. for example. on the specific manufacturing or assembly process to be employed 

using minienviromnent 100. 

Jn a preferred embodiment connector ISO, as illuslratod in Figures 1 and 2, includes ID air-aeal SOO. u 

il1uslrated in Figures Sa and Sb, an air-seal btackcl 600, as illustrated in Figures 6a and 6b, and an air-ecal flange 

700. as illustrated in Figures 7 a, 7b. and 7c. Air-seal SOO, as illuslrated in Figure Sa, is RICtanp1ar and made 

20 of polyurethane. Preferably, air-seal SOO docs not outps barmtU1 microcontaminants and bas a clean surface 

fi'ee fi"om oils. waxes, lubricants, . etc. so as to mUrimi7.C or eliminate the exposure of mataials to harm1bl 

microconaaminants. Air-seal 500 bas outer~ of approximately 50.0 inches in length by approximately 

9.0 inches in height. has inner dimensions of approximately 48.0 inches in length by app.roximately 7.0 inches 

in height. and bas a thickness of approximalely 0.7S incbes. Figure Sb illuslrates an enlarged c:ross-sec:tional 

25 view of the entire air-seal SOO. As Wuslratcd in Figure Sb, the outer perimeta of air-seal SOO includes a lip 510 

along the perimeter of an interior side of air-seal SOO and a lip 520 along the perimeter of an exterior side of air­

seal SOO. 

Air-seal bracket 600, as illUSlrated in figure 6a, is rectangular and made of cold rolled steel. Air-seal 

bracket 600 bllS outer dimensions of approximately 50.0 inches in length by approximately 9.0 inches in height 

30 and has inner dimensions of approximately 58.3 inches in length by approximately 7 .3 inches in height. Figure 

6b illustrates an enlarged cross-sectional view of the cntiR air-seal bracket 600. As illuslrated in Figme 6b, air­

seal bracket 600 includes lips 601 having a thickness of approximately 0.4 inches along its inner perimeter. 

Air-seal flange 700. as illustrated in Figure 7a, is rectangular and made of cold rolled steel. Air-seal 

flange 700 includes an outer rectangular hme 710 having outer dimensicm of approximately 52.2 inches in 

35 length by ~Y 11.2 inches in height. having inner dimensions of approximately 50.2 inches in length 

by approximately 9.2 inches in height. and ba'Ving a tbickness of approximately 0.4 inches. Air-seal flange 700 

also includes an inner rectangular frame 720 which outlines the interior of outer fi'amc 710. The outer 

dimensions of inner frame 720 are approximately the same as the Umc:r dimensions of outer frame 710 whereas 

the inner dimensions of :inner frame 720 are approximately 48.2 inches in length by approximately 7.2 inches 

40 in height. Figure 7b illustrates an enlarged cross sectional view of outer frame 710 and inner hmc 720 of air-
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seal flange 700. As illuslratcd in Figure ~. innet fi:ame 720 has lips 72 J along its inner perimefa'. Figure 7c 

illusttates an aWqed cross scctional view of tho entire eir-seal flange 700. 

Air-seal 500. air-sell bracket 600, and air-seal ilange 700 are used to fmn cxmecklr ISO as il1uslnted 

in Figures Sa. Sb, md Sc to provide for an air-sealed connection betwcca miuicaviroamcnt JOO and aactberuail 

S Fipre 8a DJUSll'llCIS a. cross-secUcnal view of the ccnnection of lir-8C81 500 to aide CCMI' 104 of 

minienvircame:n 100. It is to be appreciated tbal air-scal 500 is to surround opening IS 1 in side cover 104. As 

illustrated in Figure Sa. SIUds 801 in side caver 104 arc imer1ed through boles in Jip 510 in ooaneedng air-a 

SOO to side cow:r 104. Next, as WUSlrated m Fipre Sb, 8lUds 801 are imm1ed tbrousb holes in air-seal bracket 

600 to CCll1DCCl air-seal bracket 600 to side cover 104. In doing so, lip 520 of air-scal 500 is pdccl inward. 
JO toward the center of air-seal 500, such that air-seal bracket 600 smrounds the outer pcrimctcr of aiMcal 500 

between lips 510 and 520. lt is to be appreciated that air-seal SOO is flexible and that Jip 520 may •spring blck" 

to its original form once air-seal brackd: 600 is in place. es Wustrated in Figure Sb. Once air.....i 500 and air­

seal bracket 600 are in place. nuts may be used over studs 80 I to secure air-seal 500 and air-seal bncbt 600 to 

side cover' 104. 

15 Air-seal flange 700is1hen to be connected to side caver 104 using air-seal springs 810, IS illustra1cd 

in Figure Sc. Each air-seal spring 810 is made of cold rolled steel. is approximately 48.l inches in length. and 

has an L-shapcd cross seclion where eadJ Jeg of the •L • is approximately .4 incbes wide. One Jea of the "L •in 

eada air-seal spring 81 O is screwed er bolted to tbe top 0r hOuom of outer frame 710 of air-seal flanae 700. Studs 

802 in side cover 104 arc then insc:rted through holes Di die Other leg of the "L" in each air-seal spring 810 to 

20 c:oancct air-seal ilange 700 to side cover 104. Jn doing ~ lip 520 of air-seal 500 is again pulled inward, toward 

the cmJter of air-seal soo. such that air-seal flange 700 surrounds the outer perimeter of air-sell SOO between lips 

510 and 520. his to be appreciated that lips 721 in lir-Seal flange 700 arc to fit belwecn lips 601 in air-seal 

bracket 600 and the outer perimeter of air-seal SOO. OnCe air-seal tlange 700 is in place, nuts may be uscx1 over 

studs 802 to secure air-seal flange 700 to side cover 104. · 

25 Having fonned connector 150 to surround Opening 151 in side CO\la' 104 ofminicnviromncnt 100, 

ano1ber minieovironment or other unit may be easily connected lo minicnvironmcnt l 00 using screws or bolls. 

Here. such screws or bolts may be used 10 attach the side of another uoit to outer frame 710 of air-seal flange 

700 using nutserts 820, u illustrated in Fi81R &. When these boJts or scn:ws are tightened, COIClCCkJr 1 SO 

creates an air-sealed cmmection between opening 15 l of minicnviromnent I 00 and another opening in the now-

30 connected unit. thus minimizing or eliminating the exposure of'hannfid contaminants lo materials being passed 

through such openings. 

While air-seal SOO. air-seal bracket 600, air-seal flange 700, and air-seal aprings 810 have been 

described above as having specific dimemioos and materials. it is to be understood that other dimensions and 

materials may be used for these items. It is also to be undcrstoocl that while air-seal .soo. air-seal bracb:t 600, 

35 and air-scal flaogc 70Qhaft bee described above as being connected 10sidecover104and10 anotbc:r unit using 

air-seal springs810, studs, nuts, screws, and/or bolts, various other connectors may be used in CDllDCCting air-seal 

SOO. air-seal bracket 600. and air-seal t1ange 700 to side cover' 104 llDd to the other unit. Also, while the above 

description describes the use of air-seal bracket 600, air-seal tlange 700, and air-seal springs 810 m coajuncticm 

with air-seal SOO to provide for an air-sealed connection. other items may be used to secure air-seal SOO between 

40 minieoviromnent 100 and the unit to be connected. Lastly, while 1he ccnfiguration of connector ISO in a 
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preferred embodiment has been clcscnDecl, it is to be apprcoiatocl that other configuraticms may be med to link 

one minicnvirmmeat to another lmit. Plefaably, the eoafigundian 1llled pravic1es far an aircalocl OOllDCClian 

between each minimviramnent 90 as to 1llininria or e1jmjpl!f!d the expome ofbmralUI mic:mcoatmrinmt to 

IDllkdals being pallllCc1 bctwcca miniaMraamads. 

5 BccaUlllO of tbc linbcl ccafiguraticn ofminienvircmnent ncovcring bm Yarious inddcmts fatal to~ 

w or an assembly line is quicker. euief. and cboaper than that rcquiJal ror comendonll c1anrocms. Im. 

each linked minienviroament configured in an usembJy line may be easily dilCcmnected hm and rcplacccl by 

IDOlber :ininimviramnc: in the assembly line by simple disconnecting a minieaWammt 100 ii'om a 

minimwiromiient or minicnvircmnents in tbc usc:mbly tine. raising the discmmected minieavimmle:nt ca wheels 

I 0 112 as diacusacd above. moving the discoanccted minicnvironment out of this assmnb1y line. and recmnecling 

another minieawinmmmt into the assembly line. Thus, a miaicnYinmmcnl that. far example. is maUUncticJ11ina 
contains hanntul microccataminants must be iDspected or recoofigmecl. etc. may be easily replacecl within lhc 

ISlembly line by another miDienvimmncat 

This modular assembly line of linked miniawimoments may also prevent any harmtU1 

IS microcoatamioan within one minienvironmcnt ftom spiadiog to odu:r minimvironmmts, as these hamdbl 

microcontaminants. as direaacd above. will be flushed out of the caotaminatal minicnviRJmncnt and will be 

prevented from directly cnlering the material handling areas of the other minicnvirmmcnts Pldcrably, tboush. 
the air Dow speed of the minieoviromnenls surrounding ·the cantaminatecl miniaMrcmment may be adjusted 

using the air 1low speed adjuslcr 230 on ccmtro1panel210 to provide a greater outward flow oful1r1-filtaecl air 

20 in the surrounding mi:nieovii:onmcnls as compmal to that of the contaminated minierMronmenL In this IDllDlll:I', 

any banntU1 microcontaminants in a minienvilonment will be prcvcntcd i'om entering tbc sunounding 

minimvirmnents, for example, through openings 151. Furthermore, asctiscussed above, window penel 121 may 

also be opened to allow a wcrker to clean the material handling area in a minienvironmcmt. Accardingly. 

recovery of an al&Clllbly line of linked minienvironments becomes only limit.eel by the amount of time it takes 

25 to either c:lean a c:ontaminated minic:nvironmcot or to rcplac:c a minienviromnent in the assembly line. As 

compared to 1be recovery measures teQURd for conventional clcanrooms, 1hcn, recovery of an assembly line 

of linked minienvironmcnts proves to be much quicker and easier and Jess costly. 

The preferred embodiment or embodiments in accordance with the present invention bas thus been 

desc:ribed. The present invention thus advantageously overcomes many of the drawbacks of using conventional 

30 cleanrooms fm handling sensitive materials in product manufacturing Cl' assembly. The high costs typically 

incurred in building and maintaining cleaorooms has been minUni7.ed to cmly the cost of CDDStructing and 

maintaining one Cl' more minicnviromnent in accordancc with the present invc:ntion. Fer example. the c:ost of 

buying and inslalling the special equipment required to maintain a conventional cleamoom has been n:p1aced 

with the reduced cost for the c:onstruction material, filters, air Dow generator assembly. etc., to build one or mere 

35 minienvironmcnts in_ accardancc with the piescnt inwntion. Furthermore. the use of one er lllOl'e 

minicnvironmeots in accordance with the praart invention saves the total cost required for building and 

maintaining a clean-air changing room fer the conventicna1 c:lcanroom aod for buying and cleaning the special 

gannents rcquiJcd to be worn by workers inside the OOIMlltiona1 clcamoom. 

The mmienviromne:nl in aCClOl'danc:e with the present invention is also portable and may be :lUlly 

40 operational to provide for an ullra-filte:red clean-air material handling cnviromnent in a Class 100,000 or higher 
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cnviromnent AcccltdiDslY. the minimviramlCllt m ICCCJl'daace with the prae:nt invealicm ave:nDllCl8 1he 

natrictim of having to build a pmnanent cmwmticlaal cleamomn aide a tMMng thus providins much me 
flexa'bility in chonaing wbac to memlfecbn IDd 818181ble pnxlucts. Wmbn who ue & minicavironmmt m 
accordmcc with the JRICDl invmtion may alao wodc. mcxe comfortably without having to wear Fales ar 

S canfining apccia1 garments and wilboul being ow:r1y tmtrictccl in their bebavD or movemmta. Purtberme. 
as compared to the recovery measures iequired f'or coovcn1ional cleanrooms, ROOWll)' measures tbr the 

minieaYinmment in acxudancc with the pracnt iawmioa, wheCber lkme or linked with CIChel' units. pmves to 

be much qukkcr md easier and less costly. 

While the ~ clescriptioo of a minienviroament bas been dcscn'bcxl with Riclace to spccilic 

JO materials, quantities. finishes, dimensions, ccmfiguradons, etc.. f'or the minicmiroamc:nt iUU&lrlfed in the 

drawings. jt is to be appreciated that other mataia1s. quantities. iinisbm. dimeasicms, CClll6pndians. etc., may 

be ued to coastrucl and U8C :minicnviramnea 100 in ICCOldance with the pRllCDl inwnticm. 

Pmthcnnolc. it is to be appRCiated that while mini.envinmmc:: 100, alone or in mmbinaliaa with odx:r 

miaicmvUonmcnts er o1ber units, bas been described with regard to its use far the manufactme and mcmbly of 

IS \llRiousproducts, minic:nWomnent 100, alane «in ccmbination wilb olhcr minicnWomncnta or other units, may 

be WICd fer other purposes as well. For example, minienWcomcat 100 may be uaccl for testing pmposes where 

wrious materials seositiw to hannfid microomtminalion an:: inw1wd. 

It is also to be appnlCiatcd that while mioiamronment 100 has been described abowe as having both 

a primmy side and a seccndmy side allowing two material handling areas to be used simultaneomly, olbcr 

20 configurations b minicnWonment JOO may be used. For example. minicnviromncnt 100 may be canfigured 

to have only a primary side allowins cm1y Clll8 material lumdling ma to be used. 

It is Blil1 fUrtber to be appreciated that wbilc minicnviromnent 100 has been described above as having 

its own air flow generator assembly 136 wilb filters 131 and 137, minieoviromnent 100 may be confiprcd 

dift'eiently to n=ivc an ultra-filtered air 1low from other sources. Far example. a directed air flow ftam an. air 

25 Oow generator assembly extemal to the minienviromnent ma)r be supplied to minicmiroamcnt using a suitable 

duct. In 1bis configuration, the directed air flow may be Jiltaed in mioienviromnent 100 and redirected through 

dil1User 140 to create the desired mulli-dila:timal flow of ultra-filtenxl air over material handling area 120. 

Alternatively, this directed air fJow may be fiJlcRd ciutaidc of :minicovironmc:nt 100 sucb that minienvimnmenl 

100 Jeceives a flow of ultra·filtaed air and redbects it 1hrough diflbser 140 over mat&:ria1 handling Ra 120. 

30 In Ibis altcma1ive configuration, though, the duct is pteferably tested 8lld/or 1R:a1ed to CDS\1l"C it does not generate 

hmmft11 contaminants into material handling area 120. The configurations above may also be used wbae 

minicmvinmmcmts ue linked in an assembly line. Herc. one or more soun:cs of directed air :flow or of ullra­

filtered directed air flow may be ccmncctcd to enc or more linlced minienvinmments to provide for a clean 

uaanbly line. 

35 While the detailed dcscripcioo in accordance with the praent invention bas been set bth above with 

regard to the best mode and prc:fared embodimeDt er embodiments CXJDfrmpl8tcd by the inventors. it is to be 

apprcciatecl that the present invention is not limited to the above cmbodimmt or embodimems and that various 

modificaticms may be made to the above anbodimcnt or embodiments without departing JJam the broader spjria 

or scope of the present invention as defined in the f'ollowing claims. The specifie embodiment cr rmbodimmts 

40 are. accordingly, to be regarded in an illuslrative rather than a restrictive sense. 
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CLAIMS 

What is claimed is: 

1. An apparatus iJr providing a filtaed-air envinmment fer material bancQins camprising: 

(1) a frame lllllCIDbJy, the hmc assembly defining a material baadling area within tbe :liame 

lllllCIDbly. 

(b) a filtered-air deliwry ISICIDbly for clclivcring filtered air to the material handling area. the 

filtered-air deli.vay membly -~ 
(i) an *flow generatcr assembly for directing air to tbe material twnclling area hm an 

area cxtcrna1 to the material lvmdling area. and 

(ii) a filter assembly fer filtering tbc air dUected limn tbe extemal area to tbe material 

lvmdling area by the air flow gcmcntcr asacmbly. 

(c) ID air flow redirector configured within the fnunc mbly b' redirecting the air mtam by 

tbe filter assembly over tbe material handling area. the air flow reclinc:tor defining at least a pair of wak space 

seal within 1be material lumclling me&. each work space Ilea having I sepmle opening b' exposins each work 

space area to the cxtana1 area such that material. is bandleable by a person or by a machine in each wmk space 

ma from the cxtcma1 ma through each wodc space's rcspccti~ apening. 

2. The apparatus of claim 1. wherein the air flow ftlCJiRICt« is fCll' redireoling the air fi1tcrcd by the filla' 

llSlmlbly in mon: than CJllC direction over the material handling area. 

3. Tho apparatus of claim 1, wherein 1bc air flow gena'8tor uscmbly includes 1 fan assembly for dinlctiDg 

tbe air fi'am the external area at ID adjustable speed. 

4. Tho apparatus of claim 1. wherein 1he air flow generator ISSCIDbly includes a fan assembly for direc:ling 

the air iiom the extcma1 area and wherein .tbe air flow ~ inclucles a dift\Jser for n=direclins the air 

directed by the fan assembly to the material handling area. 

s. The apparatus m claim 1. :tbrther comprising a table assembly within the hmc assembly, tbe table 

assembly having a smface m the material bandling areadef'mcd by the frame assembly. 

6. The apparatus m claim I, wherein the fi'ame assembly includes a ccmnector smrounding an opening 

defined by the hme assembly for exposing the material hmdting area to an other material handling area within 

ID other Ji'amo assembly, and wherein the connector is for providing sealed-connecti to the other ft'amc 

UlleDlbly. 

7. The apparatus of claim 1, wherein the ft'ame assembly includes a lraDSp8ralt panel for viewing the 

material bandling area limn an ma extcma1 to the hmc assembly. 

8. Tho apparatm m claim 7, wherein the lnmSparent panel is configured within the :liame asse:mbly for 

2 pnmctin.g access to the material htndling area. 

11111111111111 11111 1111111 1111 
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9. The apparatus of c:Jaim l. wbercin the air flow mlireclor is fer reclirecdns the air fi1lm:d by the filter 

ISllllllbly in more than one c1in:ction cm:r each of the two defined areas. 

l 10. The apparatus of claim 1, whfRiD the filter uscmbly includes a first filter fer filterias the air Ian tbe 

2 cxtemal area and a second filter for filtering the air filknd by the fint filter. and wherein the air ftaw aeaent« 
3 UICIDbly is for directing the air fi]fa'ed by the finlt filter to the second filter. 

l 11. The apparatus rL claim 1 o. wherein the second filter is for filtering contaminants in the lir filtmd by 

2 cbe first filter having a width greater than approximately .10 microns. 

1 12. An apparatus for providing a filtm:d-air avironmcnt for mataia1 handling comprisins: 

2 (a) frame assembly. the frame assembly defining a material lumdling area within the hmc 

3 assembly. the fhlmc lll8Clllbly 1brthcr defining an opening for exposing the material handling area to a first area 

4 extana1 to the frame assembly such that material may be handled in the material hanctling area by a pmaa or 

5 by a macbinc hm the first external ua, the bme assanbly including a tnmsparmt panel for viewins the 

6 material bandling area from the first ext.ema1 ~ 

7 (b) a filteml·air deliveay assembly configUred within tbe frame assembly fOr delivering fillc:rcd 

8 air to tbe material handling ma. the filtcrecl-air delivay assembly including: 

9 (i) a fan assembly for ctirectins air to the material handling area from a second mea 

· JO cxtema1 to the material handling- and 

11 (ii) a tilter assembly for 61taing ·lhe air directed from the aecoad exiemal area to the 

12 material handling area by the fim assembly. and 

13 (c) a ~ caofigural wi1hin the fi'ame asscmbJy fer redirecting the air filtcn:d by the filter 

l 4 assembly over the material hrmdling ma in more thm one direction. the dillUscr defining at Jeast a pair fl work 

lS space areas within the material handling area, each work space area hll\ling a separate opening for exposing each 

16 work space area to the extmnal area sucbtbat material is handleable by a pc:non or by a machine in each work 

17 apace area ficm the external Ilea through each work spacc•s rcspcctive opeains. 

l 13. The apparatus of claim 12. further comprising a table assembly within the ftamc esscmbly. the table 

2 assembly having a smface in the material handling area defined by the framc assembly. 

I 14. The apparatus of claim 12, wherdn the hmc 8Sllrmb)y includes a ccanectcr surrounding an opmios 

2 defined by the frame assembly for exposing the ma1Crial handling area to an other material handling area within 

3 an other frame assaQbly, and whcRio the connect« is for providing sealed-connection to the othc:r frame 

4 assembly. 

1 15. The apparatus of claim 12, wherein the tnmsparcnl panel is configured within tho frame assembly for 

2 providing access to the material lw:idling area. 

111111111111111111111111111111 
* C L M S * 
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I 16. The apparatus of claim 12. ~ the filter assembly includes a first filter for filtering the air :&om 

2 the extcma1 area lllld a aecxmd filter for filtering the air filtered by the first filter, llXl wbcrcin the air flow 

3 acncratm" assembly is for directing the air filten:d by the 6rst filter to lhe second filter. 

1 17. ne apparatus of claim 16, wherein the ICCCIDll filter is for filtaing cmtminants in the air fi1taed by 

2 Iba fint Jilter haWig a width greater than approximalcJy .10 mic:RlllS. 

1 

2 

18. A system forpovidjng a fillmlHir eaviroammt for~ hmclJing comprising: 

(a) a plurali1y offiame U1C1Dblics coupled to cine another. cada of' the fiame uaanblies dc6niDg 

3 a material handling area; 

4 (b) a filtaed-air dclivay asacmbly fir delivering filtered air to the mataiaJ hmMlling area clelined 

S by a first coe of 1he frame assemblies, the filteled-air delivay assembly including: 

6 (j) an air flow peratm' assanbly for directing air to the material handling ma defined 

7 by a first frame assembly fi:mn an area external to the material handling area defined by the first fi'amo asscmbly; 

8 and 
(ii) a filter assembly for filtering the air directed by the air flow generaklr 8111e1Dbly from 

10 the extc:rna1 area to the material handling area defined by the first hmc assembly; and 

J1 (c) ID air flow redirector within each of the fi'ame assemblies for rcdinding the air filtcnd by the 

12 filter assembly over the material handling area defined by each of the frame assemblies wherein each ofthe air 

13 flow redirectors is configured within the frame usemblies to define at least a pair of work meas widUn eadt of 

14 the material handling areas and redirect 1be air fi1teRd by the filter assembly over 1be two defined areas. 

19. The system of claim 18. Wherein the air flow redirectors redirect the air filtam by the filter assembly 

.2 in mote than ooc cliR:dicm over the material handling areas defined by each of the :hme assemblies. 

I 20. The system of claim 18, wherein the air t1ow generator assembly includes a fm usembly for direcling 

2 the air :trom the external area at an adjustable speed 

21. The system of claim 18. wherein the air flow generator assembly includes a fan asscmbly for directing 

2 the air fi"cm the extcmal uca and wherein the air Oow redirector includes a diBUser for ralirecting the air 

3 directed by the fan assembly to the mataial handling an:as ddincd by each of the :6:ame assemblies. 

1 22. ne system of claim 1a. iUrthez' oomprisjng a table assembly within each of the t'tamc assemblies. the 

2 table assembly having a surface in each of the material bandlins areas .defined by each of the frame assemblies. 

1 23. The system of claDn 18. whc:rein each of the frmne assemblies defines an opening for exposmg each 

2 of the material handling areas ddincd by each of the frame asacmblics to an aRa exlrmBl to each of the ftame 

3 assemblies such that mataial may be handled in each of the mataial handling areas dctincd by each of the 1iame 

4 assemblies by a person or by a machine ii'om the area external to each of the frame assemblies. 
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J 24. The system or daim 18. wherein - of the hme memblies indudes a cmmccklr aarciunding 8D 

2 openins defined by each of the hoe aucmb1ies far exposing a material handlins aea ddined by one of the 

3 ttamc assemblies to the material handling area defined by an Blljaccnt hmc ISSCIDb1y. and wherein the 

4 CDHlOCfcrpravides sealed-oaanecdo to the acpeot hmc wcmbly. 

1 25. 

2 

3 

I 

2 

I 

2 

1 

2 

3 

1 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

eadl or 1bc mataial lumdling areas de6ned by each of the fi'ame assemblies iiom Ill area c:icrema1 to the each 

ofthehme assc:mblies. 

26. Tbe.,.tem of dlim.lS. wherein the1ranspeRDt panel iscanfigured wi1bin eadl oftbe hmc awmbties 

far piovic:ting access to the mataia1 handling areas cWined by each of the hme assemblies. 

27. The system of. claim IS. wherein the air flow tedirocfcr redirects the air filtcnd by the filter aacmbly 

in DKR than one direcaioo over each of the two defined areas. 

28. The system of. claim lS. wbacin the filter assembly includea a first filter fer filtering the air :&am the 

external area and a lllCCClld filter far filtering the air filtered by the first filter, and wbc:rcin the air flow gcncratm' 

usem1>1y is ror dncting the air filtaed by the first mrer ro the second mter. 

29. The system of claim 28. wherein the sccoad filter is far filtering ccmfmninants in the air filtmxl by the 

first filter having a width pier than approximately .10 micnim. 

30. A me1bod for using a mioieaviromnent for material handling c:omprising the steps of. 

(a) providing a filtered-air enviromnentir material bud'ling comprising: 

(1) a fiame assembly. the 1iamc assembly defining a material bandHns area within the 

hmD assembly; 

(2) a filtered-air delivery assembly for delivc:ring mtered air to the material handling 

area. the filknd-air delivery assembly mcluding: 

(i) ID air flow perakll' assembly for din:cting air to the mataial handling area 

nm an area external to the mataial band1ing m:a. and 

(ii) a filter asembly for filtering the air dim:tecl 1iom the extcrnal area to the 

material handling area by the air flow generator assembly; 

(3) Ill air ilow rcdircctor configured within the hme assembly for iec1irccting the air 

fil1Cnd by ~ filter asaembly over the material handling area. the air flow redirector de6ning at least 

a pair of. work space areas wi1hin the mm:rial handling uca. each wark spaco mu having a separate 

opening for exposing each work space area to the cxtrmal area such that material is lumdJeable by a 

person er by a JDllcliine in each wmk space area from the extema1 area through each work space•s 

respective opening; 
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(b) delivering filtered air~ said material handling area through said filtered-air dcU\lay assembly 17 

18 

19 

20 

21 

21 

ancl said redira:tm. 

(c) placing Dllltaial to be bandlal in at least one of said pair of work space areu in said material 

blndliDg area; and 

(d) handling said material in aid one wort space ma hm said cxtanal ma tbniugh said 

separate opening to said oDe work space area. 

1 31. The method according to claim 30 1Urther emnprising the steps of: 

2 (e) plaoins mataia1 to be lumdl.ed in the other of said pair of space area in said material 

3 hancl1ing area; and 

4 (t) handling said mataill in 1he other of said pair of wodc: llJ>ICC ma thraugh said 

s aeparate cpenins to said dber wort space area. 

l 32. 

1 33. 

I 34. 

2 

3 

4 

s 
6 

·The method according to claim 31 whaan one of said handling steps is performed by a macbjnc 

The method of claim 30 wherein said banclling step is performed by a person. 

A method fer usUls a minienvinmment fer material bancf!ing ccmprising the steps of 

(a) providing a filtcml-air environmmt apparatus for material bandlins comprising: 

(l) a ftame assembly. the 1iame assembly defining a mataia1 handling mea wi1bin lhe 

hme assembly. the fi1lme assembly further defining an opening fer exposing the mataia1 handling area 

to a first mca extanal to lhe 1i'ame assembly such that material may be handled in the material lumcUjng 

area by a person or by a machine from the first external area. the fi'ame assembly including a 

7 transpan:nt panel for viewing the material bamlling area from the first extemal area; 

8 (2) a filicred-air delivery assembly for dclivaing filtered air to the mat.e:rial handling 

9 area, the filtered-air delivery assembly including: 

10 (i) an air tlow senerator assembly for directing air to the material handling area 

11 from a second area external to the material bmdling area. and 

12 (ii) a filter assembly for filtering the air directed from the cxtema1 area to the 

13 material handling area by the air flow generator assembly, 

14 (3) a di.ftUscr configund within the tiame assembly for redirecting the air :tiltam by the 

IS filter assembly over the material hanclHng area in more than one direction. the diilUser defining at least 

16 a pair of work space areas within the material handling area. each WOJk space area having a separate 

17 opening for exposing each wulc space area to the extcmal area such that material is handleable by a 

18 person or by a madUne in each wulc space Ra from the external area through each work space's 

19 respective~ 

20 (b) placing material to be handled in at least one of said pair of wuk space areas in said material 

21 handling area; 

22 (c) delivering filtered air to said material handling area through said filtered-air delivery assembly 

23 and said diffiJser, and 

1111111111111111111 1111111 1111 
* C L M S * 



24 

25 

1 

2 

3 

4 

5 

W097/11792 PCT/US95/13008 
23 

(cl) hancling said ma~ in said one wade space an:a fiom said extcma1 mea through said 

scparateopenins to saidcae wmk space area. 

35. The method ICCORting to claim 34 filrther comprising the slepS of. 

(c) placlng material to be band1cd m the atbcr m said pair of apace areas in Slid material 

bandling area; and 

ro bandling said material in the other of said pair of WOik space na 1brougb lllid sep8l'8lc 

apeaing to said atbcr won: space ma. 

1 36. The method ac:ccrding to claim 35 wherein cme of said bandling steps is pabmc:d by a machine. 

1 37. The method of claim 36 wbmlin said hanclJiog step is pcrfcnnecl by a person. 
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