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ELECTROSTATI C DI SCHARGE CONVEYOR FI ELD OF THE | NVENTI ON 10 Tlﬂtg UWN@[]@Q]
relates to a conveyor apparatus. Mre particularly, the invention concerns
a conveyor ransporting*and conveyi ng devices that are s [ L o]
electric fi gﬁfdosoyog‘?]@ el ectrostatic di scharges. BACKGROUND OF %@E%%&Mﬁ‘l ON
The design and process i nprovenents made in electronic manufacturing 15

t echnol ogi es such as conputer di sk drives, !nicroprocessors and nenori es,
and flat panel displays have, and will continue to force orders of

magni t ude ismprovenment in the process controls of el ectrostatiﬂl//mmlmr
(ESD). Cean roommaterial handling systens that support thes %ﬁ/[l/
.are chal lenged to sinultaneously inprove cleanliness and ESD at i..&goroe g
rates. 2o O ean room equi pment was designed in the early-md 1980"s to
operate satisfactorily in Class 1000 and 100 clean roons, in the early
.1990's to G ass 10 reqUOWELRECTROS TATHY DISCHARSGE CONVEYORENt S (as
defined by FED-STD 209E). Particle size constraints |ikew se becane

i ncreasingly stringent, initiallJ/BLYAQAMTAE INVENTION 5 nicroneter, nore
recently tg the 0. 1gpQlin@nlioHr8aRTES EEome\%lthﬁﬁar&hgeﬁlo%ﬂich Xhe

El ectrostatic charge concerns assoclated W th ‘process equl pnment’s were
identified by invention contéras habaveydr Gorstransgoringland 86hwyinphdeszep thatrarey
reasons for mnimnmzi nég 1statigcl hargg are:, éi%?pCorrbusti ble materials or

sol vent vapor sSSPV FigHRLl ARSBER #8%%3rcs from surface
potentials of 3000 volts or IESSKGROURNSSOF THRNVASGONY opposite
polarity particle charging of —a varietry of non-conductive products such as
pl astics, tapes, anafh@&s@m and prgo¢sd smpravemengs MadeAn-elec200R mmulEnodE7 0
PCT/ US99/ 17184, 3 St.atic,sensitive . electronic conmponents, such .as

ot al oxt d selfFRAvIGRIE WEN AR AR bhiFF kbR e P e PAEPHET and Seksp

events. |nitiapareNdigplayyhdeNasd Will e&itiuene igrat ofdets of Magnitiee Mhfrovement
sem conduct or device producers, with early ESD limts of several hundred

arly
volts. These pHdBegrocess copiralse elestsoptatiedischarge ESIR): Llsan ragsm mgterial her
traditional deg] i rd 1 I 1990' s,
the disk dri veﬁ?‘%&f}gt@% ;é‘ﬁgg%gg‘%p:?%geq@%%féeéeégﬁ ?g%%ég{agg?doﬂra Shnﬁ@é@ ?g+§{¥|andl i ng
equi pment s wi t mpové deanlinebs agldsSDfat mcodasingsateshan one hundred volts. This

nore stringent specification included yse of, conduciive .~ 5 anti-static
ol st c6, Buch s colraneD Eawbment Ses defedid i RSl G RS Teaniaa | ve
foans, and ant iatigfadforily A Claby DIOTSARPI0D d18drBfobasSin thEeas, 1I08Its lsss\Ier €
generally sufficient to neet nost process applications in conbined ternms of

cl eanl i ness ant¢qESENensang tedayrtp Sdassonenvifonarants (@idefingd by KRy STH 209E).
stringent and i Tl i : i -ak] ] r. 20
in late 1006, (Ha-isiriE bRt MESRETerd e AR Pt BT IAD S0P,
vol t ages of twheh o 0.6Intisrommgler, arse redanilyntothed. 1 dorgk] diicrometendismiatsr sszesvey
.taken in earl y?)ql]‘ga; showed the sinultaneous requirenment devel oping for

i ncr eased %2qui Y-cl eanl i ness, and an order of magnitude reduction in

conveyor surface vo ; ' Y infth i i forth by
T et ac ST Rk Bt RREE ) P AR

. _ anliness of ass 1 to
10 at parti cl eidsntfiesl hyesserstindhe Bite31 My and erkyrise rreeapritnaryreasonsiforESD
surface voltage.of .5 vo eting these chal |l engi ng equi pnent

lts., Me
requi renments n@gﬁp‘?%fta‘éfsf@ﬁg?soﬂe:

1) Combustible materials or solvent vapors can be ignited by ESD
30 generated arcs from surface potentials of 3000 volts or less.
2)  Dustis attracted by opposite polarity particle charging of a variety
of non-conductive products such as plastics, tapes, and certain

liquids.
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shoul d be paid to surface and product interaction (particul atign),|{sMr :
to product triboelectric oharge conpatibility, materi al corrpojzi eﬁ@Na?a@ﬁg

out gassi ng, surface 30 conductivity and charge decay rates, and the

soneti mes si Mo doovemus testing of critical paraneters. |n ad@ctriusnyinss
tradi tional design and additional material concerns, techniques for |ow
vol t age neasurenents for products on novi ng, conveyor surfaces were

desi gned, tested and verified. The EQOS/ ESD“Associ ati on (El ectri cal

Over Stress/El ectroStatic D scharge) 35 has established specific term nol ogy

associ ated with surfgage resi; , T I 70 ' 3
neT/ US00! 17384 1 naul 301 v e séfifie clectfo ﬁ?%"'ﬂ”ﬁ%ﬁﬁ%ﬁ*ﬁ g%’g%i%%e) o
Static Dissipative: R = 1lsdmit@nddckds (MOS) iltedrated cirbnies arSvillherhble)to ESD .
Conductive: R =0 ohns to 1 E 104 ohns (S11.11) ' Antistatic: R = n/a. Used
to define non-triboel ectr F¥™aterials 5 However, the term"el ectricall y

conductive” as used hﬁfiﬁiiﬂdds&?wﬁ&?nst\b@re'b?&@ﬁt%hrb?iﬁémﬁe?nit&fkmc&ﬁr0 ohns -
utilizing slip

to about 1 x 10' ohms. Producing a | ow ESD conveyor pabl e
rollers is a chd¢vienproduckys mithldagly ESRElimits pHseyeral hwidrel witar Eheseprocessed

froma synthetic Kal. .chosen for 10 | ow [ o) ut gassin | ow
parti cul at e'racr eﬁﬁl"ir&g‘%?‘gpcf\ﬁﬂl%e&e@?s hiie Wﬁjiiuﬁlﬁg & %rlaﬁéagfurop%yaq%ﬂg iaﬁé ﬁf’g‘?‘f"\%? Sone
sl i ppabl e rol | emat@iay salétiond)ave resi stances froman outer dianeter of a
slippable roller to earth ground of 10'i ohns. Further, the drive pulleys

for the roller shaft & tesadndS¥Ws, therdigodrve induryyibessn tadarelpp savirameatsahen
driven with a uf‘o‘?%&ﬂ&%}lR%@in&%%ﬁ?ﬂ&r%sﬁﬁggﬁ%ﬁf BRLGLH RLembyBheal | Y

chosen for 15 drive pu ane ypically generate
t housands of el hatdredvelts. Thiombre striiggenaspecificatdreiatinded wsk o€ conduketive and |

typical pulley materials are not elegctric conducti ve. t is needed is
a slippabl &°r ol P@P'S@Bﬁpé?‘b‘is’ %’ﬁﬁé? &9 cflﬁ%g{'bg’cﬁc@@ with Flaég%gg%é’ﬂf‘ﬂ‘l’gﬂ’ﬁpt
from damagi ng | g34edsS aft arftl-880d ARilIBgdscopie ahadrg. THeG ﬁﬁt@ﬁﬁ@%e@ﬁ\/ﬂ&\@ﬂl I on
does this in a novel and unobvious way. a 2 2 J,4 N 200 -4 SUMWARY "OF THE
| NVENTI ON Accor siiffigienttoonest mogtrocess applicaierssio sombingé terms of cleanlinessand

Cad conveyor | REPu b ARG Eh e fF SEMipEARAR fineedl iy biicaier !

non-netal | i ¢ roptoeessesidesfihg tveteotakin@ mvieshiloggean obj ect thereon, said rollers
havi ng an outer dianeter adapted. for. contacting the object and an inner
di ameter, &id roll ei%laFFa\Wﬁg‘s‘Sdﬁkr‘%"tveé‘l‘ Y DESAN TPREHIEAPRNeY T SHITA¢R out er

di aneter to theyjy gtoﬁa\]fewms aftd sy %iifwgng@ BUedIVelifdilstry sﬁﬂ'@g%(teh.

rotatable roller shafts for supporting said plurality of rollers, sai
roll er shafts hearyntP¥rshowedthediruitaneouseghirement Heveldpireg fonrereased

equipment cleanliness, and an order of magnitude reduction in conveyor surface
voltage. The new “target” specification being set forth by disk drive manufacturers

25  was pointing toward cleanliness of Class 1 to 10 at particle sizes less than 0.3
micron diameters; and a maximum ESD surface voltage of 5 volts.

Meeting these challenging equipment requirements meant that attention
should be paid to surface and product interaction (particulation), surface to product
triboelectric charge compatibility, material compositions and outgassing, surface

30  conductivity and charge decay rates, and the sometimes simultaneous testing of
critical parameters. In addition to traditional design and additional material
concerns, techniques for low voltage measurements for products on moving
conveyor surfaces were designed, tested and verified.

The EOS/ESD Association (Electrical OverStress/ElectroStatic Discharge)

35  has established specific terminology associated with surface resistance:



di aneter of said rollers supported thereon; a static support rrenﬁez;'JAN 2003
plurality of electrically conductive non-netallic bushings for rotatably
supporting said plurality of roller shafts, said bushings being supported
by said statwg osodapert nmentfer; and wherein said rollers, saifgctRkdoRfiss
shafts, and said bushings are in electrical comunication with a conmon

el ectrical ground, there being a second electrical resistance fromone of
said roller shafts supported by one of said bushings to the common

el ectrical ground, the second electrical resistance being | ess than the
first electrical rgsi,stance. Accordi t not her aspect _of . f.he present

i nvention there i sTSV8%%ed an appa tgdsbo!:@nﬁ § Priyshet. é%ﬁ\/!e or adapted for
.MoVing an obj ect, s@idDERIPaGYOr | NCIRUEIBI10*DRMY BO i1ty 10F oRISES11.£B! | Y
conductive non-netallic rollers adapted for conve&gl ng an object théreon,
,sai d rol |l ers havi nigonficivaier di anet & =&dhpisde 110" obms£811.hY) t he obj ect and

.an inner dianeter;,a: rality of electy.i ive rotatable roller
shafts adapt ed and@é%t#gured for sgd%al' E“?ggb%(?;‘\/éﬁ)}?%géltﬁ"g eé?cttg‘émlepﬁfsl er
shafts havisng an outer dianeter snaller than the inner dianeter of said

rollers supported thereon, sajd rollers and said roller shafts being in
electrical co abittetn ﬁfeétl’ilcé'ibéﬁ‘i‘}dl“@é‘fc @FB%E‘H‘F’%H“’I“C{;S theyangef03 - 4a

electrically cQpdystde¥ &oHEARS ohRE tfsHout 1S oNEnme! | er shafts, a portion of
said driving neans being In ef)ect rical communication with an el ectrical
ground. Accordi ng t Preducirng alost E8D casysyor utlizingheippalels eviters inweesitallenget here i s
provi ded an apparatys .conprisjng;, a conveyor, for noving an aobject, said
conveyor inclu iyﬁb"‘.aﬂé’tt_gf gﬁg@ﬁgkﬁg?‘%ﬁsé&‘t%Egﬁ%‘!’%ﬁ&&%‘?‘f@%mPE‘}PPLFﬁ%Saag?fed and
confi gur ed)f or |6QRYAE 16N BuidaSsifPiIew artizalatk dredtlof! lohadiRIb@wRith & sur face
and an inner dianmeter, the resistance between the inner dianeter and the
outer surface lgkictriralipinsulatizg SpwaslipprbdlanoHerwodveyerubaa desitianseafrdmasss t han
about two mlli ; t e iy,Cal hy d fye.rotatable
roller shaft hé’\gféﬁg%ﬂ%ﬁo? grSﬁhP Aab?n‘%foeure p&oera?grh%?%‘kglﬂ?&bsﬁé%gf %grf H‘g Wﬁer
di ameter of saipdlleys foetrtrolisrahtfid reichossh doegood] lofig-edreobdar eesistarg iviieance
fromthe outer dianeter of ;said.raller shaft to an electrical ground is
| ess t han abouTVERAGEHARGRHYS Hewerer ae Btheric suteriaiseyBicaly Fhpssn 9qreast
one rollerds igfvepalidysiandkh@Biidhe bats toPicitly dbnditethGishid o el tA8EHe
Accordi ng lto st IVI lpano}{sher aspect of tshtgﬂf)r s%rr\‘t i nvention tehere I'S
provi ded an appaltafrom xwibpeleetringffect. domther typidabpulleyumaterialppreatos, sai d
conveyor i ncl udifg : ﬁ QI U@?hi ty of electrically conductive rollers for
supporting the® ﬁ%c@ b ve.

What is needed is a slippable roller conveyor apparatus that protects the

conveyed product from damaging levels of electrostatic discharge. The present

20  invention does this in a novel and unobvious way.



rollers being formed froma synthetic material m xed with carbon
m crofibers, said roller having an outer dianeter and an inner dizn%twlA,N 2003
the resi stance between the inner dianmeter and the outer dianeter being nore

t han about one hundred thousand ohns and | ess than about one mllion ohns;

a plurality of electrically conducti vetotatable roller shafts for

supporting said plurality of rollers, each of said roller shafts supporting

at | east one said roller; aUMMARYtQFAHEINMENEEINY conductive bushi ngs
adapted and configured for rotatably supporting said plurality of roller
shafts, said bushings being formed froma synthetic material including

conductive m cr ofd-BRfiSs 68RO ARkt %QBE‘iﬁrgéenﬁ iR ehtigh! th¥reOts %&%édi agl ly
conductive bushing holders for supporting said plurality of bushings; a

plurality eppahtwstemprsing: conductive non-netallic pulleys, each of said
pul I eys being coupled to.one, of said roller shafts; . ~A N 2003 -4b a
plurality of dria}fgnbeeyiolrgslapé%ﬁrgfov% %bJW?’&@%ﬁaPY@’OaHC\%H‘ﬁ@g-one of said

pul l eys, said dri \{)ﬁlrﬁ’l‘ﬁ?t of belb&tficd18f MREdhdRE an-BlARlioMlefs WHEHBRANRY _
material; a drive shaff for driving each said drive belt; and wherein said
rollers, sapovaybld en aiectttberegmi spiduolenageavingapd quigr dipmetesnatlaptiddfobushi ng

hol ders are_in elegtrical, communicati.on wth. n .el ectrical ground.
Accor di ng. £8neie e s SRUREIpA:digiethy i iR Banfe o iy e

provi ded aregdthed fop el cutdt@iarpétomodhdigner difib®Rf, conveyor; transporting an
obj ect on the conveyor; fgener,atl ng an el ectrostatic charge associated with
the object; condudeiahty efirdecarieatlyconduative retaablgaolerohnfin forspprasting pidugh a

one hundr ed PROTgra LB LR AT AT B R T OB 01 ng

t he el ect r @sdnadtércofGhidrrgBers Bugpogledahsemnnd resi st ance after said conducting
through a first resjstance, the second resistance having a val ue of |ess
than one hundr ed SAEFEBPRAIT BISAYEand conducting the el ectrostatic charge to

0 e P O A PSR M A
supporting said plurality of roller shafts, said bushings being supported by said static
support member; and

wherein said rollers, said roller shafts, and said bushings are in electrical
communication with a common electrical ground, there being a second electrical
resistance from one of said roller shafts supported by one of said bushings to the
common electrical ground, the second electrical resistance being less than the first
electrical resistance.

According to another aspect of the present invention there is provided an
apparatus comprising:

a conveyor adapted for moving an object, said conveyor including:

a plurality of electrically conductive non-metallic rollers adapted for
conveying an object thereon, said rollers having an outer diameter adapted for
contacting the object and an inner diameter;

a plurality of electrically conductive rotatable roller shafts adapted and
configured for said plurality of rollers, said roller shafts having an outer diameter
smaller than the inner diameter of said rollers supported thereon, said rollers and said

roller shafts being in electrical communication with an electrical ground; and



FIG 1 is a cross-sectional view of a portion of a conveyor acczzi EHWZZD%
one enbodi nent of the present invention. FIG 2 is a cross secti‘ofa

of a portion of a conveyor according to |I o another enbodi nent of the
present invention. FIG 3 is a cross sectional view of a portion of a
conveyor according to another enbodi redg-of the present invention. FIG 4
is a cross sectional view of a portion of a conveyor according to another
enbodi ment of t fecpicaiigiontiotiedtrhens far drividg 2he) Alle? GRS NG FHHIOO 4T Gaid

PCT/ US99/ | 7184 DESCRI PTI ON OF THE PREFERRED ENBODI MENT For the purposes of
pronoti ng ARViEdeEashsHIER elsctricgbegmmppicpiisWiih ap glectrisale®ioith, ref erence

w Il now be nade - e i i i i; pecific
| anguage wil | beA('f?gre%ﬁ?g) ggfs)%{roi eta?%é:{ glg(tr}rl%%%? mi/\lnﬂlv‘%rﬁtﬁgq%@\%ﬁégsgﬁg@egggﬁbe
under st ood appathtus@omiprisingt i on of the scope of the invention is thereby

i ntended) such alteratiqns and furé{\?er madi ficati ors,i n the illustrated
devi ce, and sucH 3BVE¥REOLIBRYING AP CBISFS! 5119 CARVEYPT MY of the invention as
illustrated thergi ej ; I e

ki lTed In the art Lreohd AAHEN Shndlchye ML epEB g 0oty ©F

i nventi on icovacimg tdteewjdry, saed milenbeaviig 8n oBtapsushanald #@ppinec dtaneterSéei al  No.

601 136, 414 fi.l ed 28, ..1999; and U.S., Provisional | i cation Serial No.
501 094, 763 exitilsg ORoFrthe nagsefaneeigt e sntutereier SRR aiebat B0dnveyor s
for conveyigjg haRiRe iousfiPGEhPArdedsthat ABIEW QG IPBA BGES; Mdt hin a

manuf acturing setting. Some aspects of the present 2o invention are
pref erabl y i ncorgydezst evheotledtvpallyy corduchng rotawbledeollsr ishpfihayingohh evugeri n

contact with the pobject. bein onvevyed. F ver, t resent ..invention is
o e 1 oG R ER R PR RP IR R e SBREFLe sold AR oty

i ncor por ates by wiglreiheRe flettibarefigthRRtiraR d Gaér dafeteedBdalirdlier slaffapabl e
roll er conveyors assigned to Shuttleworth, Incorporated, including U S.

Pat ent Applanceleqtaieal gaeuns) isNess. thars aboyt den thogsandogmes @nd ke ontse swiceas, 515,
and Japanesg; P, éqﬁ Lcat i 803 . he f g[;ﬂ concepts
descri bed ﬁsglrdez}qtrllgd?%? t g&%?g%glﬁ%tﬁ?e}]lvcéh ‘ﬁ‘%“géaz‘r%é‘“g ol eggééﬂézﬁsgﬁm "the
ergonom cal |y desé¢mprdig aostilbymtiser akgost phitheipeesent iadstaoulthers us proeited an
conveyors, and downward, air flow conveyors in their various configurations
descri bed i3WPRABISLPBIPERWSL i oned patent applications. 30 The manufacturing
process advance | ) duge : er disc drive

i ndustries havesapér@gg}(l:der Oltpllrag‘c/i%g%&?ﬁéﬁggémﬁggrﬁﬁgm%ﬁéurvi ve or wthstand
sudden i n-rush cupheslity ofislectricaly copdusiize gellérs dorcsupgortingcthe abjcats, said

di scharge (ESD) ,events. bm cron, sem conductor, f eatures, magnetoresistive
(MR and o"EHEs HEUReiPGnedTon 6 SVERR MAGHA PLEHRBNBGPLen HET QOB FBEt r oni
35 conponenpBert H@\Iirll\?@ﬂ oltdrBAABEr @Rd ¥n NAMS CMh OB She frestfidi@betRebnsaier al
volts of 2 2 JA N 2003 WD 001 06470 PCT/ US99/ 17184 el ectromagnetic force
(EMF) . The iphgrodiametenand therputestdiametar being srote thancaboasoruhundgedthousandi on
whi | e being,tran rted on on or, W thout protection, can inpart
triboel ectr }%nscaﬁlz%iiﬁgsesstﬁ%%{ouﬁ%% r@éﬁé@?}}%ﬁ’hi cally damage the units. Also,
contact with a hupRmi@pef eb@ticslBnedndnéive raftdlelleOsialts ifer suppoiag saidt he
electrical device 1 o0 One enbodi nent of the present invention addresses

t hese pr oblMwlity efifolersgash phsaid rolles shafissyrrerias stdgest onosaidinllerg t he

products and obj e . . L.pan or
i ncludes a fi rstaegf%%lft ??@a%lkéégg%&dggﬁu\edé%pggﬁn vzl?dil%{gg #r}dr é%ﬁéﬁg{:ay?(l%cal
resi stance rotapably bepportirgysaitl ploriliey of ollehshattnrsaid Wlishingt beingfforareddt@ntar i cal |y

conductive slippable roller in contact witl) the object, in
synth%gc matena? including conductive m1crofﬂ)ers, car 01]1 or grapfute;

a plurality of electrically conductive bushing holders for supporting said
plurality of bushings;
a plurality of electrically conductive non-metallic pulleys, each of said

pulleys being coupled to one of said roller shafis;



15 which the object may be a sensitive electrical device or a h Igi g\NrZBO?’
for the sensitive device. An electrostatic charge built up on tRe obj ect™1S
conducted through the first resistance to a second resistance. The second
resi stance includes a second electrically conductive path including an
electrically conductive roller shaft,-4h-el ectrically conductive bushing,
and an electrically conductive supporting 20 nenber. The electrostatic

char ge conduct s afplomlityhef dréedredts) eash of agidelrive bahs diieingranealf sgidqpuidys,such as
an earth ground, after flqow ng through the second conductive path. The term
"eIectricaﬁWﬁ‘Ebﬁ&@B%b@@ggﬁgw é@@lW&%@ﬂﬁmﬁﬁﬁpﬁﬂ@§ﬁPW§ﬁ? nge of resistances
fromzero ohms t,q;.8RQULf fortridéh &gggz\il\iﬁ_ldpiﬁg!ggﬁghﬁ enbodi ment of the present
invention, there 1s an apparatus i ch includes a conveyor with a roller
shaft drive nechdrramshidablles, said acliprdhafts] saninbushingedsad paleysp andsaile a
significant %gne tor of tribhoelectric,charges. In one enbodi nent, the

rol ler shafiShipg ppldgrsmesinelpotieal gemmunicahier Mithaommen elaciicphaopist | ey

coupled to an elachidiald ilP ARALG A& bPtHeStre &R lilveh(in fcte I 1oliAgq koI | er
shaft. A belt drives the pulley froma |line shatt, electrical notor, or

ot her neansnethod Gompmager enbodi nent of the present invention, the object
bei ng conveyed is sQieIde fromthe triboelectric field generated by the
pul l ey and the BEPYYHY 2dRBESPIEDYL el ectrical |y conductive covers and
static support nRmBSIEng hiobjeét cinAs bevegsodi ment of the present invention
triboelectric charges are kept to a mnimum by fabricating both the belt
whi ch drives t hezeperatieg amelgctrostatic charge assucigteziooith We adhigoti6470

et hane, i n i St RETGuaiR Pt o S ARueR Al R (e

tri boel ect rthe fiedtfregiétandeay@ig aRalub&T resrQRANTERSut @he tHiBdRHEBEMHand RYERL | ON,
the devices sensitive to ESD are protected during their transport on a

conveyor byngdgss dhanpgoutfaoanidlien oltns; resi st ance of the conveyor to earth
ground. In one I3 | 1nel | it f.:qriven
sl i ppabl e roIIeﬁgy&gwgggﬁFf%%%%g%P83%?%% @%%@%c%qgﬁgﬁoﬁ?ggﬁh%gﬁﬁgs%gnveyed.
In this enmoddueing thfoughe firse sesidtaricaythetseomnd tdsstanke hiivingad vilasioftlessce from
the surface of the slippable rollerg to the roller shaft is nore than about

one hundr edidth redrheusapdiohgandnan about ten million ohns. Preferably,
the electrical rgs} j r lafi r ne 15
hundred t housand& gg@%ﬁgﬁe ?lfggtgostﬂﬁgwga gﬁ? g?é\/\li)n%nﬁqe? isgiﬁ %ﬂ%@ﬁgﬁ%%#%g?

pr ef er abl y,setdne resistppaebl e rol ler to roller shaft resistance is nore than
about three hundred thousand ohnms and | ess than about ei ght hundred

t housand ohns. In this enbodinent) the electrical resistance fromthe
roller shaft to earth ground is preferably a | ow nunber, such as ten

t housand ohns or |ess. Having a ground path 20 fromthe conveyed object to
ground that has too little resistance can result in danage to the product.
Wth too little resistance, any charge that has built up on the conveyed
object travels to ground too quickly. This can result in high current flow
wi thin the product, since current is defined as the rate of change of

el ectrical charge with respect to tine. The high current flow can danmage
sensitive electronic 25 devices. It is believed that roller to roller shaft
resi stances |l ower than those nentioned can lead to high current flow and
possi bl e sparking within the conveyed object because the resistance to
earth is too lowto sufficiently slow the flow of electrical charge.
Further, the presence of |ow resistance fromthe surface of the 30
slippable rollers to earth ground nay al so be a hazard to nearby operators
that are in contact with the slippable rollers and nearby voltage sources
used for powering tools, soldering, and related activities. and who may be
shocked and injured by the large flow of electrical current. A slower flow
of the electrical charge is also useful in mnimzing electrical fields

whi ch may be induced by the flow of charge. 35 However, conductive paths
fromthe object to earth ground with resi stances greater 2 2J AN 2003



WO 00106470 PCT/ U599/ 17184 than those previously nmentioned may al so cause
ESD events by slow ng the fl ow of charge too nuch, such that hi g? 20{42@92003
fields are created. Further, it is believed preferable that the $lTp I
rollers presaptopahout 105 ohns resistance, followed by shaft reragoonngd
interface with a relatively |ow resistance of about 104 ohns or less to
ground. The higher resistance of the 1o slippable rollers mnimzes high
current damage in the conveyed object, and fhe | ow resistance fromthe
slippable roller inner dianmeter to ground prevents any build-up of charge

in the roller shaft, bushing j [ ot herw se
"back- up” the char ge being r&@§§ﬁ§¢%ﬂﬁﬁggnt@§&%t into the
rollers. 15 There are varying goals for a |ow el ectrostatic discharge
conveyor, dependi ng upon the industry and product: 1 ) some sem conductor
foundry front ends gEE@rlanﬂafr@safacm@atwm\eofla poian|of agenveyor &sprding ¢ eneof
about 50 - 100 vg f I t.erjal handling equipnents; (2)

sem conduct or fSHhéﬁgwgé%QﬂghﬁéagéﬁgégPPy require Class 10 to 100
cleanliness at ESD | puglBisafcredsaedtidnal vielt of 4 portian o€ AlabiveydPadeardin@iong and
test operations; (3) disk nedia manufacturers generally require Cass 10
cl eanl i nessltt Epherembodiment o the RIEsEALBIYENYYB volts to di scourage the
attraction of partic t i Ao, i J £$Rﬂ£ turers
require Class 10 cl egﬁ'iaggsc?&ggt@&?@g%tehan a%%rég)ngf{ﬁlg?xgée&gsa[) or sel ected
operations and dastherembedimed oESi® preseat ventich.(5) fl at panel gl ass

fact ti eed 25 Class 10 to, 100 .cl eanl | d,. I
can wi thstand ESD | b4 5 Cepapcondl ket ARrtion ofgconyatascerdidgtoy ~

cl eanliness in BRihéreyfodinkds of iepteathPitiverting! ts, it is preferable that:
(1) new conductive materials shoul'd denonstrate equal or better wear

properties of |less conductive materials being replaced; (2) roller
materials 30 should not transfer to the product (i.e., no visible nmarking
or sloughing); (3) roller material resistivity should be fromabout 1 x 105
ohnms to about 1 x 107 ohns; (4) bushing and bushing hol der materials
resistivity should preferably be I ess than 104 ohns; (5) triboelectric
charging resulting fromthe belt drive nechanisns should be mnimzed or

el i m nat ed. Y WO 00106490 10 2 ~ JAN 2003 PCTIU S9911 ? 184 5 Conveyors
are known to enploy a variety of plastics, stainless steels and extruded
alum nummaterials in their construction. Utra |low ESD | evel s (<10 vol ts)
preferably have resistive paths fromabout 1 X 105 ohns to about 2 X 106
ohnms from conveyor surface to chassis ground. However, resistances that are
too | ow can al so cause rapid discharging of highly charged products. There
shoul d be to proper conbinations of materials for each conductive
conponent, while maintaining acceptable cleanliness. The stainless steel
shafting and al um num frane el enments are typically conductive. The pol yner
conponents suitable for long-term highly reliable use in a clean room
eavironment, in contrast, tend to be insulative. These conponents 15

i nclude rollers, bushings and seals, bushing holders and pulleys. Criteria
for



sel ecting polynmers for these conponents include the follow ng:_ wear '
resi stance, lubricity, high electrical conductivity (low resi sZQ\nJAN 20[]3
ultra cleanliness) |ow outgassing, and operational quietness. In devel opl ng
conponent s amwm ooaiseni al s for the present invention, currentl| ycPOsuseuss
materials were evaluated according to the criteria |listed above,

i dentifying acceptabl e and unacceptabl e characteristics of each conponent
and material. Additives to the materials wéte evaluated for their effect in
improving particular criteria. In sonme cases, it was found that, for

exanpl e, cor}ducti vity could be inproved, but with a reduction in
cleanliness.” I n other cases, certain materials and 25 additives achi eved

satisfactory wear, cleanDESERIPTIONIOFOTHEPREFERRED EMBOHINENTE
unaccept abl e squealing or noise. As a result, some base materials were

abandoned and ot her FREWSPYPAses | pspRetingayndsrsiandingeaf sheprincipdes ofih¢ i ed t o
conveyors were J I L gl I Nz on-di.sk. testing to
evaluate life aﬁ‘ﬁéﬁgﬁ’?ﬁ‘{c&sw@@ﬁﬁg B{raggyn@ei%ﬁ@gﬁ I%}}H@aﬁtﬁ&é}n "F?‘IC| udes
drive pul |l eys 6Gramangsanidispecific tdnghdge willdbeiused toyddscistieate same dt will To neet

the very low volta equi repent s, (| ess. than ahout 1 or volts) for the
i ok dr ] ve WnduBpyaphelets b LFBea b i nge dareopsotsbeinaenidngs |
rel ationship betjeay iﬁﬁaﬁdé&,gﬁmrdﬁbhyﬁamﬁhemadm&msﬁ{ﬂhyﬁnﬂﬁhﬂeSY- It is

preferable that the pulley be conductive so as to drain charge away from
the 35 drive beHevicepand sudhofirthenappli¢ations ofithe painciples wéthe imventiomasidlustrated use

of a 2 2 JA,N 20 0l 06470 PCT/US99/ 17184 |1 5 copnductive

rei nforced nyl oH‘eFreé? g%fxg\fgogtgppfaﬁeedo ac?r‘Y‘(Pé‘!’JBiiﬁ”r“’il}s".c"H‘h‘PS“ @?‘#J’QI‘B?%‘?F% a

hi ghl y conduct i whidhtthé Biwehfiéd rebiddst | es away charge devel oped at the drive
belt to pulley interface. This pulley fabricated froma synthetic materi al
made hi ghl y'5conduct i YBe PECSRtdRyentipn {ncprorates ynrefasense .S lvavisiapalct i on- nol ded
pul | ey provides LGNt fqac e . : chi ned
Tetal i 6 pul | oy PpatfiRh SeRanie TGN By HE Tood: SRPD BBl

el ectrical ly coAgplitdtioa Seukl Ny. @20%94s768afiteddalyed!, 1998n a preferred conpound
conpri si ng about 40%#451 ner al .rei pforcenent and ab%ut 60% nyl on 6, 6, .%nd
which is sold under %pffégqtd%ﬁ‘"’%m?ﬂjﬁ/ﬁ‘?éoﬁyﬁ'@ﬁs ¥ COYEYIRR REISATFSeRERiE al
Goup of the MpsaghreyiBleMs dithiala mhOifaduridd SHMY. | SonfeQspdthCdT tBOprekent- 5%
conductive mcrofibers are added. Those of 15 ordinary skill in the art
will recogridze invgetionyse preferahly inGoyperaied onsraveyostthatiptludesdippaide railerpin
graphite or car i aqgi.t] 0 . . e
material. One egégnn%%?%%ggﬁgﬁtg@%%&%%ﬁgﬂ gég\égru]iee ;g%{%@%xﬁ%x{u@?ﬁlx%)g& such as
t hose produced ligitely pecomveyéiatvathystippabdé rallersh ritdgapplivitmdndors@ates by These

carbon 20 fibrils are own fibers resenbling m cyptupes. Anot her, exanpl e
of conduct ive RGPS RHe! ERRBEHPANTERIGH B shRPsPIaTPIE S0RIFYPES 23Sighes

l'ength, such ass&hﬂ%oéﬁmn&&&_arﬁ@dmneruaﬂ@U.Qypaemm;éam@ériaﬁwé.' ling, one
exanpl e being those used b% P Co W nona, M nnesota. As used

any of
herein, thester60/06bhe s/ ,Wcm@fr?%gﬁ'l5ewubhpme£atMtkpmiaatmeOi brils

ol A be Known TSRS A tiEe? S e AR AL Bl B o TR bA B RO bor s

are mxed with gyntdaistfl Wathahé egonorfidally a&ighel @oneybrs, BM Ypr opyl ene
sul fide, polyoxynethylene (acetal), and other synthetic materials known to

one of ordi nar yPatisylate{vgcua-syetioned copvexorshansedoyymvasd air SowsoReRYSFS 8 s nore
conductive. Aftgr. 1. xj ok [ vie i I I n the
nmol ecul ar boundglF }rg?gﬁ b\}l1 qnﬁt\f&?ﬁa@o@éjﬁ%ﬁt@lﬁdﬁr}%@t%f?)l&fg}e?ﬁé:ﬁeg pg%égt %ﬁ?\%ﬁ I'n sone
cases, to j30i n mechaThealahyfaaturing) provedsenivheses hrdea itathe éemicdiductoe and t ant

material thus maintaing the properties of the synthetic material, such as

| ow out gassi ng, CRUBRHCT HES 4 vnindustrigsdiaye pradugsd prodycts takpre pradle 19, SYpEYE Phs,

and can al so 35 I ; |af - inG g : 2 2~ JA
N 5003 W0 00/ ooy B Rbh B A5n BRI pOlanls by ab bR AL ARG, 2
this manner is dis¢faege(BSD)levants.hBukisieraf seancrhdattior featirest magretoresistbenponent
with an electri y conductive coati t he outer diangter, for, exanple,
woul d conduct aﬁ@h&ﬁﬂﬁ@%{ﬂ‘é&“&ﬂ’%’ﬂé?%%he@gﬁ?cinglpgﬁ inglude glegtzpnic

i nsul ati ve etV\&ﬁHp J; [ | I ast,

m Xi ng con(}gcti ve nc]}ngfr?tg]?llﬁ%tgﬁgWl%ﬁ%ﬁ??lgﬁﬁggﬂgﬁfﬁ ack \?vis%‘ﬁus]ﬁ?ﬁgfi cto

materials results in conponents that are conductive through the vol une of
t he conponent.

A

’



Mat'erials chosen for rollers 30 are preferably chosen frommaterial ’
famlies that exhibit little outgassing, since the rollers are lea ﬂN 2003
exposed to the air in the clean room In devel opnment of the present
invention, reddeugsayere tested for their 15 | ow ESD properti epchysdvRagyr i ng
resistance fromthe roller inner dianeter to the roller outer dianeter,

such as with a nega-ohmneter. Preferably, resistance fromthe roller inner
dianeter to the roller outer dianeter should be from about one hundred

t housand ohms to about two million ohnms so as to mininize or prevent rapid

charge mgrations from products jects in contact wth the conveying
20 surface of t IfeeEOMPEYTIC, °§qer(gg/ﬂ:§ ngllﬁipgwcarhanvgmeﬁbo fsheh devicasysuchdsice it s
own damagi ng fi

Sensi {1 ve port| chamg PR RbHL Being el QU R o o Bl ean oy
i nventi on i ncl udmparttbdedactnicechasgesrbat nﬁaycmmtxqulmailyedarnagdﬂredxmﬂsom;\d ohns

to about ten mllion o is_al refer that the triboel ectri

rel ati onship bet%@ﬁtWﬂgggﬁnﬁBQBF@§°Z§g? aé'f’i ejﬁ?iqu Cﬁgﬁaﬁ& e(‘}ﬁ’c Pﬁcts
result in littleeQjceno build-up of electrical charge. During devel opnent of
the present invention, this triboelectric relationship was neasured wth a
non- cont act 1&l ect r ostGng Qinbnﬂﬂmemféhe pqescnalmgtuorpadé!r@méhlesemwmmemth aphe
slippable rollers t |cat
acetal material \RB%@ ﬁsﬁ'gctf&delggaﬁg g}‘/eoa?{rnb dr‘g% %F gir)fg%% ah%{gvr}e&gg rfs’ln ﬂt of

3o friction, |itBS® M@mddgnexaMelcbmdyer includes g irse elattrioallyotor@activecul at e
matter. The conpound shoul.d so, be conpat| bl e and resistant with a
wi de variety of P@ﬂb%ﬂﬁ’“?’%h{sba]éﬂ‘ﬁ’(iﬁjsreﬁﬁﬁ“ 9m ghesouter, %M?}F‘h@ the-Reh ased

pol yners, oft e” Led &aﬂ'&e%?n%ang%ham@h abft BI1&f ﬂfcbﬁtgg’%tﬂ?ﬂa'e %nfcpr an
electrlcally con ctlve sl 1 ppabl | er as 'herein descri IS a
of about 8025 polwiisly thetohjdcemay baeestrdifive déctital keviboat a H@lding tray for the

ol ytetrafl uoroet en TEE nd, about 10% car bop bl ack. ~ ~a ~ Zoo3
0 Dor 06470 PeviEfeyicpa.An edisiiteines PG Shhe Shitetis capdieiita by ¢ e
RTP Conpany is %Buﬁﬁ@le&ﬁ'@rr%ﬁstaﬂ-&@t%ﬁ seborfdf diiftande. SHielskcdnd r&ﬁﬁaﬁetmd’lhdésa
recogni ze that the present invention also contenplates the use of
conductive micr @¢¢q;@reée°§scaay@gmf¢w1=@éthaa@lpdmaénplﬁcmelly ennduetiveroder
material. The pr,

; Py ﬁﬁﬁ"a&lél&\(ﬁ&h c?x‘?/e'bﬂﬁhe%%ﬁd HRE\%EM%LI naSUIZ\%eéri}Eﬁon e

consistent 10 wi reV| mentioned criterra.
use a condumt i vendmizm §’he ekecbeﬁtaﬁumhaegercwhﬂmts frhmfthe acwdndl tesisfanaerto 40 pr ovi de

a conductive pat ver, conductive foa i ously used tended to wear
and require peri g‘ﬁf"&c %’ﬁl“ﬁ@’eﬁ%}i‘uf‘sq? E‘gﬁﬁﬁﬁrt Wn\ggéﬂ?éb'?‘g Se08ssi vel y,
an air gap betvwghRdddtfe pARMTRBderh1CelécttitAly Bhdidtive™ad whed BerelrEintiades MBI Ch
would interfere with the path to 1 s ground. To permt the renoval of the
conducti ve foamrangesofsesssiences fratezare ohms trahoyes xd Ocoh@eict i ve bushing to
support the rotating f uctive
pat h. One enbodi nent Iggn%tﬁgr%?h‘gosdé[ﬁfﬁldr?\%@n Ie%er??lfﬁﬁ'gﬁtnchéme? ir% h? &gﬁductl ve

pol yphenyl ense swiicltlinclude¥ coriegor with haslldrizRafbude mgsham’Ehemaas Bﬁ‘&@ld(wﬁ
exceptional wear resistance, al m)st no_ particul ati on, #ﬁsg internal ]y

| ubricated, and©Paiigired 50 a3 o9t bep significaRbeangratqraf trabogiggtric charges. I one

abr asi on-resi st

lubrication per %H{tbgd}ﬁ% ?ﬁ%&ﬁﬁ%@ﬁ%%ﬁ?m@n clgérggtlés 2&?&%&“’& ease,
whi ch woul d int qauﬂey eoupﬂbdtbeangﬂemmmuyabhdliqtiumdlheshaft foedrigingfthe toder shaft.

bushi ng. 25 | d t bout
2000 PPS.  about S Bl YRS Py R il aan, Sectricah ol s HaBREEID auch as
the materia S0'aﬂoﬂxeﬂéﬁbm&@wftﬁ@ﬁﬁs@%@?m)éﬁn&ﬂhéirﬁaot bsmg@omeyea% State

Pol ymer Distribution, Incorporated Bay Vill age) Anot her exanpl e of
a conductive bus}nelt@drfwnethcathbodecancrﬁﬂdLgeeemteddiydh@ pmm@ge et orsoer

m neral oil, about 2% rbo and about, 10% PTFE, as sol d by the grade
GANPLA PPS-L-L (ugre °‘§6Wa@9 @%%Wﬁseﬂdﬁ ic|SHARRTE PFREETS 4.~ of Osaka,
Japan. Yet anot her eﬁﬁ%{lﬁloﬂferQ%B&%nﬂﬁfﬁkBgéserhtﬁn@enﬁb?fttHb@eléﬁtn@@lﬁﬂgeSW%
PTFE, abour 19% | ow density pol get yl ene , about 5% carbon bl ack, and

t he remai nder PRS; keps tsominimum Efmamhwmlmmﬂmﬁmmm@g the
preferred material for the bushings 35 is a mxture of about 65%1liquid
crystal polyner, about 10% PTFE, about 10% 2 2 JAN 2003 WO 00l 06470

PCTI US99/ 17184 14 5 carbon, and about 15% graphite, as sold by the RTP
Conmpany as Fornul a 3499X76251. The present inventi on al so includes a

bushi ng hol der which is conpatible with the criterira |isted above. In one
enbodi ment of the ‘present invention, the bushing holders have a resistance
of about 103-104 ohns between critical points, to such as between the
bUShI ng hol der |nner d| anet er and the featur es. t hat coupl e the bUShI ng

b o R Y B Y b1 oy




bushi ng hol der material, exhibiting excellent deflection tenperature '
capability, and wear resistance. A preferred enbodi nent of the 2r%s\9AtN |2p03
i nvention include a 15 bushing hol der fabricated from stainl ess-steel.

is al so pref &Qilt$4100 encl ose the drive pulley 65 and drive DRITYSIPO7I8A a
conductive, shielding Faraday cage to provide EM protection and limt the
extent of the electrostatic field. Mst preferably, the Faraday cage al so
serves as an evacuated plenum from which any particul ate matter generated
by the drive system 20 conponents is renoved. After extensive testing,

i ncl udi ng r [ i ' .Gl t. QG S
testing, the pr g’ﬁ @%%ﬁ?fg s@%iﬁ%%ﬁ%’ﬁugg%*%ggw telgé%‘ggthﬁg’exr i&g’f‘csha‘;{gg g? ed in
a conveyor }Niéhgiiﬂﬂzlfrml r?'ubdﬁedgc&so?élimhrlawstﬂcu‘gﬂo?l]ceatﬁaleﬁba. peak o; :cess. ;’he
testing included pallet |oadings (sinu i n ifferent products rom. 25
kg to 25 4 kg, travel®ysigng %%B‘E&dlmsmr@%? greﬁg}t IVERERMY the devices sersitiveita

that some of thesHNak e ERAPMIRY (RAFRAndpbRBn% é‘d?x'i‘@}d??}'itﬁ[brmg thé 'tagg@#cact ric

generation, galvanic generation, and capacitive effects duet
non- per f ect pl anesistaree of thegbnydyer tomavth\arourslrihane embbdiBient, th&do¥eyand 4

depi ct cross sectional vi f,.portio of,,conveyors 30.20), 120, 220, and
320, respeclto! veF@ﬁ“_“i}aaﬂ‘&%\f%ﬁldﬂgﬂﬂwﬁgﬁﬁﬁ‘%&% ?‘HfaS?F_eOfo‘P'g)ﬁBF%ma‘?t Ttions.
The present invepfecObeing\éonvesl. ¢9HieNAbsdiMehhofthd btbsétiihventibn,thé bREtrMAfl t S
rotating in the sane direction, each roller shaft thereby driving a | east

two slippable ragsissancetogn the gunfaceof thesstippable reldars torthe miker ghaftismorethasnt i on
al so I ncludes ng&ﬁ%%§%&£}h§g%ggéﬂdsta§ﬁd%slsrtﬂnl BoutBR i jonGhtls, 19 11

opposite directions an I'n an alternating pattern, such that
obj ects can be Prefamply; the@dldctrical fesistahce ofa RippAbld ralléd3s MBr(hah GEoiA one

PCT/ US99/ 17184 | S directio a first group of shafts rotating in one

di rection, ¥nd i’H’é‘g'_e@M&éﬁ.@ﬁﬁﬁﬁﬂﬁgﬁggﬁiwmﬂg@i?}Hﬂs’wdé‘f‘gbcond group
of shafts rotat g&qeﬂamyz {8 sRPRBR rbRetor6Her BBt rédNtaRet B mBRY B hithit Wilge DOt h
el ectrical conponents”and also carriers of electrical conmponents, that are

in contact w thhuhdred kiopgandiobmsahd ésss thansabouteightdnndugd ithousapdiohmsg ulnethis

di rection, unless,the | O f. the.objecgt is resis egi stance to 10
notion results Fﬂ‘bgai“b‘%gé"ée %?C%f"f?i r?’sbﬁ%giro&ﬁ}eﬁg gosﬁtg fo %?%’é@guse of
the relatively pfaferfablyctlowhuiftergtch dsten tjusarid g dr leyd! #aviligogroand pattl t he

slippable roller inner dianeter. Additional description of slippable roller
conveyors 129 pr &emithg cppveyedobipgtite ground shathas teqlitde Fesistance gan waplpiy 106,

08/ 866, 723, and du@! Weth R4rRB anfieRArbS Mid: Al DIt
180870/ 97, i ncl 8%2?%@?&5%‘%@ ref er%ﬁ?{e}ség%s A po’ratn?gnhg? a convey(;1 050

i ncor por ati ng otte comyetidmbject wivelsite gpowslkno quivkiynt Thiscansresidpindtighicurmenki g.
1. One or nore preferably slippable electricall nductive rollers .30 are
supported by an?lgr"e‘g’t@f’é%q I?rﬁd'%grfb‘lf&cwgmrl&dfaﬁ ecg%(aiﬁ Taiso %agg? ?#@3&??‘9
conductive rol | ehgrgdWitiresppérad efreb The curped flodMRan dimaped Sensiive eRegorio
that provides a conveying surface path tor an object 21 (as shown.in FIG

2). 20 At hﬁughdé‘?ié@%ri cally conductive rollers 30 have been described as

slippable, they may a|l: : S tof )
conductive roller sha ‘?83}%%6@9{%%@14&%)@&%}.%%9 gﬁ%&g?&»ﬁ%ltnéfﬁ%é_’ Each
roll er 30 prefenmtigndticandeadas highaneent fidve andpassible spatkiagvthid theeodveyell t he

roller outer diapeter to roller inner djaneter 34, qf. re than _about 1 X
105 ohns and | eSBIEEHRESAUSH dhp resistancedg egftfids tog om%%%fﬁalegﬁy é‘l°é"c'$? flom qfly

conductive rol | Efecﬁ{}%f gh%%gh :Fﬁghﬁ-tsﬁrej}?és\énéé‘ﬁ’ﬂ‘aw x‘égstaﬂcr?qg?rﬁltﬁc?édrf&?bf the

conducti ve bushing pported wthi ectrical
conduct i ve 3sushsligpabitd ralers kDearBgsbambmhp hide be Bthazarditmne¢arby operpiooy thetarby

| ectricall ducti .stati t 55... Th th d of | |
Shatt 361 s pr enusansec) Sadht s roablB follers AEAPeRshy Holtabt SoRheh thsh Kt bverie; o
support nenber g\ :sglglr:ﬁﬁ%raﬁd FedAdd ale54tidsD8H whS miay beRRYEkeld ANk ifpred byahel 3.

Al t hough bushi ng ho has been shown and desCri bed as a conponent
separ at e from slage Sowwbplectricalewirent. 55 slaves Slovosf the clieetnicyl ahiargelis plsot he art

wi |l recognize that, the bushing 45 al so .be s rted b bushi,n
ol der that o PRbkhdnzRedsial BYdRomict Bt b ket byt Aol R Ui o
00/ 06470 PGl USRiwk{(dBdordictive paths from the object to earth ground with resistances greater




5 The apparatus that is described includes an electrically conductive path
fromthe conveying surface to ground, including a resistance f t

object to roller shaft 35 of nore than about 1 x 105 ohnms and 23?&?@;(2003
about 2 x 1 f and a resistance of less than 1 x 1 OS opap,fdq91dshe
roller shaft to ground. An electrical charge on a sensitive device or

obj ect being conveyed flows in a 1o conductive path of surface 40 of roller
30, on and through roller shaft 35, on andgthrough bushing 45, and through
bushi ng hol der 50 through static support nenber 55 preferably to an earth
ground 60, or other ground. However, those of ordinary skill in the art

wi || recogni zethahttiersa atevicasbrrbediomed nsyf adso danee EEDusveEnsaiytsléving the fow

.enconpassed by e present.invention., For e | e, the electrical charge
Floving 15 froft o165 Fsh el et B valgee Egﬁéﬁ%"rﬁ@e% roller 30 to
roller shaft 35 mayfpghse iPg b"eﬁ@\t'ed_tpﬁ'eﬁé'i‘ﬁﬂllé‘glaﬁ&e PPE%%L Yoll ggi&se‘lﬁ ab¥utd 0’

conductive slip ring in contact with roller sha _ SO I n contact
wi th ground 60ohmws rasistanes, dolpwasiby shelftsp gnevnddotediace mithtarepasivhlyflowm t he

conveying surface.to und, st he co nt e n_.the conveyi surface
and ground ar erezgwﬁfee?t{ea%%fjbo cog‘mfu%g?sggsgﬁ?gﬁnﬁé%ﬁ%qey%?ﬂﬁﬁ % 4%hi ng
hol ders 500ar esliypabRralidry nighiizes i gttlciirtaindamagidithe cyveytaobjees sndihee! .

Bushing 45 is ﬁégfe_rably fabricated frogma m xture of synthetic nmaterials
as previously rosisiaaet frameahe dinpablgfedernng diametsr ipsgrpindprevents vk nal

di anmeter, in c A | (F ' out er

di anet er of bugﬁﬁ(ﬁgﬁﬁg\%wlg&{fgyﬁmt EE%J@E%%"E%%P@SI‘B@E%Q dpreferably
| ess t han aboubthtrwisel'Maclkap® theahdrgetzingoretherdafivby thesavefiediolijeat ifld4hohns.
In one enbodi mscﬁé of the present invention, bushing 45 includes nost of the
resistance in fHM¢™yround path fromshaft 35 to ground 60. However, the
present 1nyention a*rﬁé}eﬁfwaﬁfmégbﬁ§fmwéc&o§tm!cmha{g%das_ﬁbéyolr,lc, and
woul d therefore have a great reduced resistance in conparison to a

bushi ng fabri cdepsdding @ponsthesigfﬁxsnytand predust:i @) soma semjpoadesteripuadiydtinient |

bushing 45 is a_generakl ' I C | i f ' e y of
the synthetic ﬁ?‘%t%ﬁﬁeergﬁ)b%%\(ﬁ/?%@q%lcfzésa@ﬁlhggesg,t E%rﬁhlteﬂgls Pflg%dl?ﬁ\%gl'grq{)é’gﬁgngb\?m to
those of ordi nefejt rdteridl hardling@qaipimentsy (2 wemicdridactor famdiy baskesnids generally
o b nopaike 1O B A A s obd i tinii "
PCT/ US99/ 19184 é&agnga&l %&ﬁéﬁatﬁﬁ&%?Hlsk%é&ﬁ&h%hﬁ%&r@ﬁén&ﬂﬁ‘reﬁﬁwd to
permt the coneeyo onponents of 'soime enbodi ments of the present invention
to be fabricat Ethssl@ bleardinesseatiESD voltagedpvedlzofrabiout HOGheelts thalisconsage thel
roperties, such as being.no articul atd n - sl oughi n .
Ircl)onf) out gassi ng?mg% na%%lq"cztisg? ﬁ}enxaecglgga{fgﬁeg(@{}ﬁ%n%?ﬁe lg%ll \A%tg%r%rre 1p’)léerti es.

These properti €tasal @cle@tingls, borlessohneNona 5ivolts ESAPfirisclatiednperations @8l cl ean
roons with a rating of ass 10 or cleaner, as defined by Federal Standard

@]
209E. Unli ke oflesie redyser BB Develyand (Dcatipang! sliss manyastrers spmetimgeacsd,
‘'l arge percgnta t e : HHQTY tive
mcrof | ber3 pr ol it DOeek UG el e AR AR B T leis T SOV
per cent ages. Thusiredwoladdi ng only smal|l anmounts of conductive mcrofibers

it is possible to increase 15 €] ectr.i cal, ctiwvit et,. mai_nt ai n. ot her
physi cgl and chemnic ?agl’?)‘ffe&lafselsglﬁ?‘mf‘ﬁés B’%ﬁ%‘d’f&r“r‘%ﬁ/‘hgﬁ EPP P YAltS 1B o
change. Howev ePzeférQ!ﬂé haPf (19 hew RBAductve nhatériald SHHul aembﬁdtra&eaﬁﬂmmu&h at

sone base materials achieve acceptably |ow resistance with the addition of
carbon bl ack owegrpapperties afless sandustive orederials beingreplased @) sollexmentenials |

i h i cal. and chemical i es. |
Breodt moncin’or Siovl i Balite b RicRBie G2 n§ VBIUF sk e RE Sk ERing R BUEE 5
fromroller supfnegl Afstaty MolRrbestigthiabdlt PRIFEoRMP RS dbout it & 10TohingL()

resistance. In those enbodi nents the wei ght percentage of carbon or .,
_conducti ve ni cbushingandibushing heldemmateriatsmpsistivitysshould mrefesabdy bedessithen 18s t o

have the desired overall resistance. 25.Roller,shaft, .35 | ;

fabri cated 1 ofimSdoHRhpedRt FhERHE lin o m? Bel urige mednbhhf Bpbld
preferably a pp¢ hifimi£l of BEmeffeduct i ve path to ground, is preferably
fabricated fromal um num stainless steel, or conductive plastic. Earth
ground 60 preferably connects static support nenber 55 to ground, although
earth ground 60 may i nstead be connected to other portions of the
conductive path, such 30 as to bushing holder S0. Another aspect of the
present invention pertains to reducing or elinmnatfng triboelectric sources
wi thin the conveyor. As shown in Fig. 1, one end of roller shaft 35 is
coupled to one or nore drive pulleys 65) such as by a keyway (not



shown). A drive belt 70 driven by drive shaft, or lineshaft) LI gtaad '
pul l eys 65 35 and subsequeptly causes roller shafts 35 and théfébaﬂﬂgﬁﬁKE£
30 to rotate in a 2 2 JA N 2003 WO 00/ 06470 PCTI US99/ 17184 18 5 manner
wel | - known i t. The present invention contenplates t jments
in which eagﬁ)%u ﬂgi 65 is driven by a belt 70 fromdrive sha tsgg??ggd

al so those enbodi nents in which one or nore pulleys 65 are driven by belts
70 which are driven by other adjacent pull gs 65. Drive shaft 75 is
preferably supported within a netallic ball bearing 80 that fits within a
bearing nmount 85 to supported by static support nenber 55, although the

present invention alGmveyorsanpkatvastoantidoy & ypeeaty of plastivs| stginletosteedsiapbr t i ng
drive shaft 75, su&h als bearings., fornmed from synt ti? H%Fé rials, and plain
and rol | er bear¥fy ‘?da}W“H’r'r‘é“ SHr e enb@o_qs}mc%ne e W leysls (9391 | eys 65
are electrical '%lt?Pﬁ}Qfé?éHlyﬁaveﬁ‘ékiQﬁ!ve%ﬂ%ﬂ'rérﬁ@a'bb?(t Fﬁrl@ﬁ'g%ﬁhf’?oab%uﬁyﬁ)665 are

|l ess likely to have 15 damagi ng charges and vol t ages t up on the pulley
surfaces as a rohmslfromtonyeyppsuréacea telchassis guunde Homenern tasistansesdbataneltodr | ve
belt 70. Althoygh the slippage.,and,contact.qf. drive bel.t 70 Wt eys 65
can create an 3‘35?‘? F%gpatgsﬁég@g%gvhggmgi qﬁ%fﬁ?‘rgede??g'é“ttf" M?}IW&/E"

pul I eys 65jper fréper b6mbinauony ofdhgetisls €6 eaclh d6iticti e SntpbrenAnhef ore the
charge builds to a voltage that can create a devi ce-damagi ng 20 ESD event.

I n one enbodi mepginiginingeccpptablerpleantioesst i on, pul | eys 65 are fabricated from
a pol yam de nyl on 6,4 .resi ' ] i, 9 bout 5%
by wei ght of conductﬁ&g%g?sﬁée@gﬁgsﬂﬁé?dp&%l% Fgﬁgiegegﬁésﬁgse%? l{?[p?]cgllﬁow

per cent age addicohduttioé. Thedolytiey eomporents suétablefor lohg-sertl) AightyrvelBabd¢ use in
conmponent to hav? sufficient electrical conduc anclgfi g etai n ot her

physi cal propert§ %8 IASBERVIPRMENE COFHEY GRS 19 Be UA IBOERTPRAREDST ¢ he
present i nyent ijgdluded fafefs! bibAR 8 Ghd séalf) BNEHIAE heleRang bRIEYs! ¢Rterfal¥of 3¢ ON
pulleys 65 is mnimzed by fabricating pulleys 65 and drive belt 70 from
simlar materi atlsctingpolymensdor thesqprampanents dedlods the &allowing:Feearessisigics, bot h

dri bel d. pul . : j f h. ial.
Fur ther .t he. pragigy: Wi B RiAr ot AR QAR T B S RES RL L s i o

i ncl udes el ect rougakdiyg, apd dpéerativeal iaragss.or driving the roller shafts. The
el ectrically conductive (iiri ving nmeans includes, by way of non-limti n?
y

exanpl e, a subst ant IANFYEIeRIBS LAMBPREALS 30, rpatepaly fonthe,pregend inysntion, curent
snoot h, el getri i 2 6.5 I Lol | er
Shart . andal shSelmitcl Wit YA HedhARNERE I I rimie B4R B0, Mchfif

el ectrical ly cepcaptableandunacerptabbethasgoteristios efleach componenp ad-matarial. 2000 WO
00/ 06470 PCT/ US99/..17184 .1 9 Lol l.er ft. . dh 0Qt.hed .pul | incl udes a
series of teet uMEs e nalehls Wik SAiled DR HAER R RE pRRCEE

toot hed drive Reildria. M bérae Gikek iewds fount thaofohe &,\oondedtivity couldbe ve

toothed pulleys is known in the art, in one enbodinent of the present

i nvention the 1@BIAYEd: by witda reductiqndn &leantingss o [n gthersiaersc eqripn malgrals dpded
froma synjheti,Gg; i ) it : o, VI3l i
carbon, - orgr a SR RISFCHRVEL et bl e IRUERANA I N Lot
conpound conpr usadcgpablestuekdivigror meisal Asairasult, seme hise amaderidlowere@bindopedn

6, 6, and which iﬁi ol d unfleé tg}% gesi%g&%on }{‘%/déne -.100 b\é t he Monsanto
Conpany, to whPBfoREbIRCeEDEdEEIREE BRI R FIOFqTE BPaPRlied ipfpBYeyors were
Triboel ectric ghansed e svhlRationdntlBd&Ypiaon-Giklk RN Walbhie ifE ghdBGE4ron

bet ween the 15 toothed belt and the toothed pulley are conducted to ground
t hrough the tooateed pulley. As shown in Fig. 1, conveyor 20 also includes a
cover 90 that | ocat on a partion of, bushi n ol der, 5 Cover., .90 .5, S

pref er abl abri cat efpr%ﬁﬁ“a{“&mt&’&cfﬁf‘(}"é "b(ft]gg%i CQWS P ugeyé%écﬁ?&ﬁa{}lge !‘Pg{hatlhe such
as al um num or pedvidudlyelsstedSérftetia. STo ateet etV lodevolQge teRireMEMme (16dsitkan

interference shielding of the electric field created by the driving neans,
such as the i nabeytdcw 2ovolishifarahedisk dave indwetry, itig preferable tochange Biepr ovi des a

Chat e i nt o TR R hsiRE bF Siedn o D RN AN L R ERUBT 2 T
invention, a ceiwefedbld gt me%gr?llaﬁb@dummwe 25ad alralh ehargs aWwky from the Cl ean

roomis depicted in FIG 2. e aerodynam c features and
35  drive belt. One embodiment of the present invention includes the use of a



other clean roomrel ated aspects of conveyor 120 are described in nore

detail in copending U S. Patent Application Serial No. 09/165, i? JAW@G&B
n

rollers 30" with a conveying surface 40" support an object 21

conveyed, oR] cont ai ni ng one or nore devices suscepti bl ESD, 30
FIG 2 furtﬁ%g%&pgﬁgtrates an enbodi nent of the present inveﬁ??éﬁ9WH”&%ich
the conveyor includes only two rollers supporting the conveyed object. As
illustrated, the two flanged rollers 30" afe driven by a single roller
shaft. A conveyed object 21, which as shown is a carrier of an

el ectrostatic sensitive device, is supported by the two rollers. For those
enmbodi ment of tdagdpties aRinforRée Al iofMatkridl ifad thedave phlRgt.! Thid Inaerfsd fshfatd ve 35

carrier, only a single electrjcal I%/ conducti ve roﬂer 30" can be in contact

Wi th the carri dughly copdustiyepnligythaf camsiesavee shargpdeyeleped/at theglrivebeliite hough a

preferred enboq] hge: [PeTargN | . iy:1.3eS two
electrically cgir‘%ggﬂ’}‘%ac%bm%ﬁ%-@}fﬁﬁeﬁ hfgo?ﬁ Q%grﬂh%t&orgét&ea&ﬁenhé%}ﬁg wher e
the conveyed ohjoadictive ispreferatsptinjyctiovmnolded. VEhe injeetipn-asdded pulleg piovities a

contenplates that fewer than all of the ro]lers supported on a roller shaft
are electrical |s§gnéfgthgqsit9€\_'an|t_qg‘c ¥eLHfAsLan W’P?Fé’"&%rf??‘@@?&t‘ I%h to depicted

in FIG 2,,,pnly a sijghsthePthBbdidfent STARE Brescht RveRGAH Teie\éﬁicw'cli Qorﬁluctive
resi stance preferably fromabout 1 x 105 ohns to about 2 x 106 ohns. In yet

anot her enbodi rpaiey 65 is fabrigated am 3 prefemteld sampeursiororneprisingzbout 4086 npuerak i ng
ergononetric dinepsion and,f gs. | icied in Fl . 4Conveyor 220,
and rel ated erd%‘ﬁ‘g%%tquﬁgglaﬁ‘g‘h@d/‘? %ﬁ@g&gﬂéw@h 1%%04%;]’1?%5&“1#5#\81?%0%& ai l
in co-pendi ng WyRdynd R- R BntheNIohdabR Clmi&aGrahp HPthe Mdri3efio Cotpafly BPELT i ed
static support nmenmber 55 is shown supporting a portion of the conveyor

dri vi ng mechanilswiseMissearistoqwhish abeut\eyGreopdugtive micrefipers areiaddedh Penseiobn of

t he ot her side 0f: r i | IS; i j l'ine
shaft 75 b?/sl an ogél?éﬁggﬁngﬁtthégg Bﬂelﬁtrgsi{oléﬁ% %%t‘ %ﬁgfhgﬁgﬁ%t%s%ntgg{ ﬂ(l)érigsf nary
skill in the arhe u2®figumaphiteror caiven black ent cominetivé additiertd emgpprdler bassonveyor s

with drive rrechan%;gs on each side of the conveying path, as is shown in
FIG 4. Convey(Sﬁlat , a portion of which is shown in cross sectional view,

i ncludes drive nechagiesdkanple 6f ddn@hctiedRicRfibbiRQrs SF¥6Y fibdls Atk as o5 ey or
320 is described in nore déetail in co-pending U S. Patent Application

Serial No. 08/ ®ssupedby Bypprien Coal &ranthndeedYlessachusetts: {Thesa aasbarol | er 25
shafts 35",dri W i : i 0 h stub
rol | er sha%ot 3?1’%5&8 ﬁ@?‘gﬁ%&éﬁgﬁﬁl‘#\?&ﬂ ?{gaf&@%tﬁ%&?gﬁa%earﬁa P £ Aaflfc ? B%qﬁ@ riven
from t he ot her nsicedibefs ardearbomurdyrofibers fisbricated to 4 bleorckengly sush as Alsout 0@ eyor

beneath the conv d.product is_. | argel open. Anot her enbodi nent ,of the
o eeant | moent TR S il e b aqmead bRl sER: oAt Staipie, Setne fhove g iy
propagati on of pYCehpsaty dCWindraCMint8sar alsededNerbinethl ¥rin ‘@BfdRMvEey to the

product being conveyed. "As shown in Flg. 2, an electrically conductive
encl osure 94, oriciedibarsagnesmpdsses kothearben fibrils rad Farben pyesefibereatdisclosd

electrically copducti Lpner_ cover 92 electricall v conductiv.e per
cover 98 contaf o%g?alglFong %c*un%’aﬁeéltse e\gﬁ]?(@%kn?\h}od&aae%é)@p%s “tnﬁgg
roller shaft dggtyi ng neans. As shown in Fig. 3, another enbodi ment of 35
the present invention includes an electrjically conductive encl osure 94', or

Faraday Z ~ JA N Jbese copdugiayedfaberparpanixessaish synthotiomatsrialp, suplyas Rdapr i si ng
upper cover 90I6;6, %E'Héby?éﬁgggfﬁdeﬁ&pﬁynﬁ\ylerﬁi @@a&ﬁ,"ﬁ& other sﬁ'ﬁﬁjetic

materials known to one of ordinary skill in the art to make those synthetic

30  materials more conductive. After mixing, these conductive microfibers lay in

between the molecular boundaries within the synthetic material, and are known, in

some cases, to join mechanically at the molecular boundaries. The resultant

material thus maintains the properties of the synthetic material, such as low

outgassing, wear resistance, thermal stability, and other properties, and can also

35 have a tailored amount of electrical conductance.



electrically conductive inner cover assenbly 92'. Preferably, ' Farada
shi el ds thus descri bed arergenerally continuous and preferably s??f@jmdﬁba

drive belts 70, pulleys 65, other triboelectric generators, and active

el ectrical daybppgIresuch as drive notors and sol enoids. The Fe¢cpgay shiel d
should have 1 o no or few gaps between covers and ot her shi el ding
conponents so as to mnimze | eakage of any electrical fields within. In
such a configuration, the Faraday shield aj;so serves as a pl enum whi ch may
be evacuated to renove particulate matter generated by the driving
conponents of the conveyor. Those enbodi nents of the present invention

i ncl udi ng eyacuat ed PHearsawé cqrdativeanicyofithesin thisl matmenisfdifierentthine thessafof

seal which seals i;s a gap.between roller, shaft 35 and cover 90. Wiile the
i nventi on has H’é’éﬂ“‘iq"f’ggﬁ%e& SorPeREsE M é‘&eﬁ??“?f‘éﬂél"?“ UStiVe LOHINZ RS and

foregoi ng de_scrd@érid?anete,b%&amﬁpie,swbeld%n&@asid?,grtﬁ@oﬁfry'i%xh&%} il t¥gigand not

restrictive in character, it belng understood that on e preferred
enmbodi nent has stilde lagelyrinsuativedstvdeh ¢t outer dinmeteahnd ahianerediamedr. In

nodi fications that cone.wthi.n the spigiit of e 20 inventjon are desired
to be protect ecf.onifasq’ mIxing;cqqducitys W%Mg{ag%ﬂr,@g °f Eﬁck.‘“%ﬁwﬁﬁé‘r‘at us
conpri si ngjp a GRR¥EMSfesaliaiicdenpbRéntsihdt 2@ coRdive thro@ditkhe ¥BMAYOSf thacl udi ng:
a plurality of electrically conductive non-netallic rollers adapted for

conveying an otﬁoé‘dlonflﬁer eon, said rollers having an outer dianeter adapted
for contacting the qijephsaf eﬁ‘?oﬂrﬁﬂ&% 3! ?Jraqlg%hfseﬁ?l{?h%ﬁte%)’f 03i8s
first electrical resistance Tromthe outer dianeter 16 the FAner dranst er:
a plurality of thitexhibitdiilé putgassihgesineecthe odlidrakealwaytslegpostdasd tie divin the

supporting said, plurali of .roller said roller shafts havin n _outer \
di ameter smal | éuléaaf‘ﬁa?f“t ﬁl%d?‘f‘?}fﬁ’l‘“e&f ﬁﬁ@FBFeSS'Ft ‘E&?’ﬁmf‘o@ﬁ%ﬁsé"%ﬁﬁ?ﬁ tfgﬂ'-bceﬁer eon:
a static Swpporlsw_rmj)sifro:peﬁiepbyh@hé&mgqésiahﬁ&tﬁémﬁé P61IEARAMCI i A Eter to the

non-netal I'ic bushings for rotatably supporting said plurality of roller
shafts, said bushérryserisédmeiers sysh@s math dpegarphmgneter. Prefarably, resisanverfrorand

ol ectrical cormbialRt -8 diafptel B e Rt Bpicl BBl bU3 Bt it B gl
second el ect ri ¢hdredshQisantehris oabomawamilhibmlolins seds 6 hdhinize vppRVvesd by

one of said bushings to the co n electrical ,ground, the second el ectrical
resi stance bei FaPif £Baee FmUaratines from producisand;obigCtsip spatpetyith the conygying

appar at us g¢CorgdiiG dfQh&dveydr, sihéies Fabﬁl?ﬂii&raﬁﬂ%@hd}gémﬁﬁ $hdugt i dwn oM a
synthetic material including conductive mcrofibers, graphite, or carbon.
3. The appar at Wemagingrfitid gawss sparking in theosveyed pradart.rasibugr sensitize portiaad fr om

a synthetic rrato?rt}ileac!onivgfédup%cﬂx%t.CQonxgéJ g&lggc%mrgn&ro?ftﬁebgr%éem invention include a

roller resistance from about one hundred thousand ohms to about ten million ohms

It is also preferable that the triboelectric relationship between the slippable

25  rollers and the products or objects result in little or no build-up of electrical charge.
During development of the present invention, this triboelectric relationship was
measured with a non-contact electrostatic volt meter. In a most preferred
embodiment, the slippable rollers are fabricated from a highly conductive,
lubricated acetal material which has excellent wear resistance, a low coefficient of

30 friction, little outgassing, and little or no generation of particulate matter. The
compound should also be compatible and wear resistant with a wide variety of
clean room products and carriers, including PEEK-based polymers, often used in
Class 1 environments. A preferred material for an electrically conductive slippable
roller as herein described is a mixture of about 80% polyoxymethylene (acetal),

35  with about 10% polytetrafluoroethylene (PTFE), and about 10% carbon black.



. 4. The apparatus according to claim1, wherein the first electrical’
resistance is nore than about one hundred thousand ohms and | ess?2thahAdb8003
two mllion ohns. S. The agparatus according to claim1, which further

conpri ses: wauoded7AN 2003 -23 a plurality of electrically copchtrosdoness
non-netallic pulleys, each of said pulleys being coupled to one of said
roller shafts, said pulleys being in electrical comunication wth the
common el ectrical ground; and a plurality!®f drive belts, each of said

drive belts driving one of said pulleys. 6. An apparatus according to claim
5, wherein said drive belts are fornmed froma urethane material, and said

pul | eys aré faBn¢ exanerle Pf Bns maistink s9éd by thedR B Campany IsuRTRAESEL80120. ve

i cn fortner - Coeer eRlindh 3R e dr o EBRRAEIAS o Bl el "

wher ein sai d pgdnteiysiars cheant df coridvetiemicofibgapes atendudti g ARtV othe
- triboelectric field, and said cover provides an el ectronmagnetic shield to

contain the trioleebaseMmaieia ol d. 8. The apparatus according to claim 1,
whi ch further conpri : ' ' i ng
hol ders for supportmgﬁrggﬁng%ﬁérl%rf -lesé;fngﬁld%ﬁs ﬁkﬁ%g?&gﬁgnggﬁggﬁ&%%gport
menber f onosuppoh thagrewiaisly pientiohdd: oriterfa. bt bhs bepntiamodarnts ussaiconducting ng

hol ders and sajd statjc suppor er, being in electrical conmuni cation

W th the commotrae AR PruEPt B Folss aharbmd BE PP Sroia08 & CORNERGe PR af m 1,
wherei n the fifgivefdreédndicidle fo@AS picRusly el @hded RPReaPU reduife fHrioldiON

ohms, and the second electrical resistance is |ess than about one hundred

t housand ohns. replacerment. dbthe candystiye famiware exsessivelnag aingaprbetweantthe f i r st

el ectrical Tes;j ' t t.on .t.h nd. gh 1. The
appar at e, accolBr gt SBP HRTG IO B B bR A AN RN BE R
synt heti c jgat egroahd.i ncl udi ng conductive mcrofibers. 12. The apparatus
according to claim11l, which further, conprises: 2.2 JA N 2003 -24 a
plurality of electr %BFW‘é’ﬁﬁ%&%‘ﬁé“ﬁ&ﬁ!‘ﬁ%{a}ﬂel@%‘“p‘mP_é%?%‘,“‘é&%m&ne_ of said
pul l eys bei ng gomabefcdRueie Bishingite siglorhe $otafitSrol RALIANMH NS fRfNT i N
el ectrical comunication with the common el ectrical ground; and a plurality
of drive bel t sandgaovideon condugtisie path. Emetembpdimentpf thecpresent invention inelnddes 13.

electrical 'y o RPabdtapbPanty sty Crsafer It e fodlpes™ B o
bel ts cooper at PS mmk?tﬁmal Wedrhesdtandel alindst £ gartiouldtiomiislintentally pr ovi des

an el ectromagnetic shield to contain the triboelectric field. 14._ An
appar at us conplubs¢aied, and is ultra-clean, dimensionally stable and abrasion-resistant. The use

of a synthetic material with internal lubrication permits the elimination of external
lubricants such as grease, which would interfere in the ground path from the roller
shaft to the bushing.

25 In one embodiment, the bushing material is a mixture of about 70% I;PS,
about 3-5% conductive microfibers, and the remainder PTFE, such as the material
sold under product code BSP XT-157 Gray, sold by Bay State Polymer
Distribution, Incorporated of Bay Village, Ohio. Another example of a conductive
bushing material is a mixture of about 83% PPS, about 5% mineral oil, about 2%

30  carbon, and about 10% PTFE, as sold by the grade GANPLA PPS-L-L (S), sold by
Sumitomo Electric Industries, Ltd. of Osaka, Japan. Yet another example of
bushing material is a mixture of about 19% PTFE, about 19% low-density
polyethylene (LDPE), about 5% carbon black, and the remainder PPS, as sold by
the RTP Company as Formula 1399X82389. A preferred material for the bushings

35 is a mixture of about 65% liquid crystal polymer, about 10% PTFE, about 10%



a conveyor adapted for noving an object, said conveyor includi

plurality of electrically gonductive non-netallic rollers adap ea gAN 2003
conveying an object thereon, said rollers having an outer dianeter adapted
for contact iwQo0t/ésd700bj ect and an inner dianeter; a pluralitypat/usesi7iss

el ectrically conductive rotatable roller shafts adapted and configured for
said plurality of rollers, said roller shafts having an outer dianeter

smal l er than the inner dianmeter of said roll#ers supported thereon, said
rollers and said roller shafts being in electrical communication with an

el ectrical ground; and Hl cal | ondoggi)l ve neans for driving the roller
shafts, a p rtl‘iﬁlFPO(‘J‘fa“.ga‘? “H 4’|§§§P ¥dhe RTR (Gompany as Fe ni cati on
with an el ectrig@byxggsnd. 15. The apparatus according to claim 14, wherein
said driving means conprises: a plurality of electrically conductive
non-netal | i ¢ pul | eysThegaedenbinventiah gisé inejiglebeibnshing heliedwhich é@ntfatiblei d
roller shafts, e c&vsald roIIerb shait bei n .otat(gfbébel driven by one of said
pul l eys, said piatt e Enetialistadaboyve. {n prey m B SeRtinveRtoms thect r i cal
ground; and a mugruaghbweafhadéh\f@sxashééofa%ammflosahﬂs@éﬂ%%n'@ﬁ ikad pBintsy | N9
one of said pulleys. 2 - 16. The apparat us aCCOI’BI ng'to

cl ai m 15, Wher esugh @fabqnwgmthebpsinng ha}dsr mbsdmmteaancyﬂsrfgmnsamucmmme

pul |l eys are su St 0 ve. 17. The
appar at us acco?oglgﬁ%%’gidg?/%’ﬁ%gw&ﬁ ﬁjﬁg’% lrf? ﬁ%‘%%é%ﬁﬂeg 5?’1 c support
menber and a rQh'@etmbhahelbhslﬁn@mafeh&Whﬁdpjﬂlﬁn@@mﬁacﬁfxﬁdlﬁecﬁUME:ﬁvem?nber,
wherein sai.d drive SBB t drives at. |l east one of said drive belts. 18. The

appar at us accortshge hplder materiak exhibiting sxcelieny defleciionsemperatg apabilityp and d
f d h
surface and saiygkplsiseiRe tﬁrﬁea(}%g dﬂésﬂl}(r%? eﬁ%ﬁ?ﬁv%ﬁﬁ@guﬁg s 19

configured for coupling wt e tooth sai
An appar at % adnmhldghgldbofabhaatndfmm svhmdﬁssﬁlnelt her corrpri ses at Ieast one
el ectrically conduc

el ectrical ground, thﬁeﬂ}af?%sﬁéwbi%%&eff?ﬁqse gat I §B8¥e h‘g{s BB ectric

field, and sai ctoﬁmeﬁw,wmmdgyaﬁaaylcegé foFaene EMI p?bﬂe@tkcsh A 1R HRI dnie
tri boel ectric field. 20. The ﬁg paratus _according to claim19, which further

conprises a st &fitke elemsiastatic figlds dViogicprpfesablinrthe Earadaygage alspservesasor t i ng
d [ h
cooperate (o 1 oyl Eof ihithaby paADH hofR PR RALARL BiBem

IS e
fromsaid m)nvepmponaﬁs 1sAmnapq:¢hr atus according to claim 14 wherei n each of

said roll ers have a dl amahg n@ an inner .di anete Fﬁﬁ t he rﬁql stance
bet ween the i nner d gmte{s Bt REAng WeAL fesHng, HapFUASs S fictioBut one
hundr ed t housangktiah, %d@'ﬂb te@ﬁﬁg,ﬁﬁ\%ﬁr@&@b‘ﬁe cobiritibh b0 BfoPdMEntioRed mA¥Rrials

apparatus according to claim 21 erein said pulleys are forned froma
synthetic nmat erewited Bndeenyerer Wk udagonsltages-ffabpetr kvolppeak Ap peakodessus

ccoor 19,0 kT D hHEL RGOSR Hie el Pcad il |

25 4 kg, travelling at about .5 meters per second. It is possible that some of the charge
measured comes from a combination of triboelectric generation, galvanic
generation, and capacitive effects due to the non-perfect planar nature of the
conveyor surface.

FIGS. 1, 2, 3, and 4 depict cross sectional views of portions of conveyors

30 20,120, 220, and 320, respectively, adapted for conveying objects in one or more
directions. The present invention includes conveyors with a plurality of roller
shafts rotating in the same direction, each roller shaft thereby driving a least two
slippable roller rotating in the same direction. The present invention also includes
conveyors with a plurality of roller shafts rotating in opposite directions and

35  arranged in an alternating pattern, such that objects can be transported in a first



2 2°JA N 2003 -26 ground, and wherein said driving neans gener%tZasdAN 2903
triboelectric field, and said cover provides an el ectromagneti ¢ shieldToO
contain the triboelectric field. 24. An apparatus conprising: a conveyor
for novi ng wo @meewt , sai d*conveyor including: at |east one rdtagdopimiall y
conductive roller adapted and configured for contacting the object, said
roll er having an outer surface and an inner dianmeter, the resistance

bet ween the inner dianmeter and the outer s$urface being nore than about one
hundred t housand ohns and | ess than about two million ohns; and at | east
one electrically conductive rotatable roller shaft having an outer dianeter
for rotatably diugntiontbyadirstasoumefeshalls eiatingrinone dupetion andHen trangported firer ;

-wherein the electri resi fr ' t ,d roller
Shatt to an ol Booprestr AR 7 ASE BRI SHbE o B eBaREH e g ne
outer surface Qbjesaj @high inchaiztbotnelecteitaledomponems aldalko cardiersafretaatiicant i on
"with an electrical ground. 25. An appgrtgt L1$ accorﬁjfid_ng to claim._24, which
further conpri SYBPONEALs| thatare gy grontackWith;the,slinpablg xellrrs Atrdranseorteddnpor

rotatably SUppgeHi&ﬂQr SAfco %@&Fs @RndtRn ﬁj&gi?ﬁé&iis A, s;te@fsgaﬁgﬁ lPO”

menber for supporiing said at [east one g; wherein sal er isin
conmuni catloon miotibn easukd instippagalof threooHerstonrtheirphles stiadt bashiiserof sinearetativelyi d

bushi ng, and said.static support, nme r.. 26. An apparatus accqrding to
C1'2i m 35, “Wher G ELph bFyEH fig tpUeFeBrtTatter ispieter B ieetipBaacaler iehn ch
i ncl udes condugfaiméfer MA@HIBbhA Mesoriptioh RO SlipabledbRatohOeyotd is ptbEdaPan &t us of
claim24 where the electrical resistance fromthe outer surface of said

rol ler to the PaieuirAptilisatiandyeriol Noit§/06dL108; 08/866%2% apd /18566, andr ee
hundred  nousand STBaaRLARISIRE. Pl AlludbiRdReh} ausaad ohr. 28
i'Sing: a or noving oDbj

An appar atus cO conveyor ect’s, “sai d conveyor
i ncl udi ng:15a pl ur al Atpertidn eflacohvéyonlD ynaopatatiig ote enobddémentfaftheSpragepk t i ng

the objects, said rollers bej formed from a het.i c teri,al mxed with
carbon i crof i Wéﬁ%‘f“’s‘éﬁﬁp‘c‘e‘g“&g&N' QGGS’Q%PTF%\{%Y S{\%Rﬂb ]:&W‘%ltye_r
di aneter and ag,{q8ve rggagﬁé gfe subB&rt]éde@ i a%cagtmgucﬁmonmaﬁgsaﬁet er

and the outer di ameter being nore than about one "hundred t housand ohns and
| ess t han abouEleowisally ¢dnduetivsitaliers 30 graiprefarably sjund|andthave a pyteramfaget i ve

rotatable roll 50 th%b fglrfo%'isdcéc Y E:onsvléyi?lgrs%& ga%i) ?or an object 21 (as shown in FIG. 2).

20  Although electrically conductive rollers 30 have been described as slippable, they
may also be non-slippably coupled to electrically conductive roller shaft 35 by the
inner diameter 34 of roller 30. Each roller 30 preferably has a resistance, when
measured from surface 40 of the roller outer diameter to roller inner diameter 34,
of more than about 1 x 10° ohms and less than about 2 x 10° ohms.

25 One end of electrically conductive roller shaft 35 is rotatably supportéd by
an electrically conductive bushing 45. Bushing 45 is supported within electrically
conductive bushing holder 50. Bushing holder 50 is in turn supported by
electrically conductive static support member 55. The other end of roller shaft 35
is preferably supported by a bushing, bushing holder and static support member

30  similar to that described, as is shown in FIGS. 2 and 3. Although bushing holder
50 has been shown and described as a component separate from static support
member 55, those of ordinary skill in the art will recognize that the bushing 45
may also be supported by a bushing holder that is integral with static support

member 55.



plurality of rollers, each of said roller shafts supporting at djt,gzﬁ
said roller; a plurality of electrically conductive bushings a A\ 03
configured for rotatably supporting said plurality of roller shafts, said
bushi ngs beMyO¥®FHed from a synthetic material including coRel{E$99(ai84

m crofibers, carbon or graphite; a plurality of electrically conductive
bushi ng holders for supporting said plurality of bushings; a plurality of
electrically conductive non-nmetallic pullels, each of said pulleys being
coupled to one of said roller shafts; a plurality of drive belts, each of

said drive belts driying one gf sa ul l.eys, sai e belts belng f or med
froman el dstomer i clré éﬁ?é%gsﬁ}ﬂ eéf’[’nb&’a%/'}‘@"é gfr‘:?"ﬁan}‘ c%‘?4 uivePahch sai d
drive belt; angowae ebrveyiighurfact & Srouidiifclidhg a&em& SromS@k ebjeersBi ngs,

said pulleys, and said bushing holders arg in electrical com‘rum catlon W th

a common el ect ralleaphagy Huefgmoresthamabauit i od! & wipsiasd degs ﬂ]@ﬂ@bﬁlldl-dgl(h ohpis| er
conveyor, t_ran é)“é R&n@@of’ﬁ{s?@* [3;1 (?he Orﬂ‘c%%eroﬂ 1{}%?‘ g:%{,%g An

el ectrostatic ar ge assocCl j ect conauc

el ectrostatic elbahgd dhafgmdnhessmbitﬂetdewhé otigiiject beingSbnveyed Hbavaea the first
resi stance having a valu dgan about one hundred t housand ohns and

| ess t han boufondpEtiYs H’qﬂi‘ Bg RelRr30ngn anbthequgh roléss shaft 35, epande
through a secopgyf %mg%@ ahd ﬁﬁ-o 'ﬂwﬁﬂg(mﬁ{el‘ 9@&?5\[@‘&9&0%&&0&%& ber
con val ue o

resi stance, the s si Stance havi ng ess th one hundr ed
t housand ohns; Sipd:fe:xabidmcan marth gmuatléét onsthertgrourch dHayeven ﬁmsouﬁordafaryer said

ducti th t 0 h t hod
cocordi ng t o chailih B SR tekREnZs AR TN GETe £ R BB By or
having a rol | egncofifpfabsed by (B pkderd ifvtnkioN. BB:de)&ﬂ{p‘le ﬂfé@’edﬁ‘iﬁa‘libhafr%b' ﬂé\eﬁlg

conprises: generating a triboelectric field by the pulley and and

shi el di ng 6he Bbmexsensitizafieviee thrpugiesustace 0 of rcékeai%o Mollmaﬁéﬁm alsscor di ng
to cl 29,
o claim é\??e%eglh%gﬂhgd @15 awed a}‘g %}Pﬁw’ dx% V\Et sﬂg g’?xY E¥fthct QAW N9 a

roller shaft her conprises:
generating an &ilhﬁshmmndmlmarmmymﬁQTMdlﬁy and the belt; and

Chrough the pul Ly 18 FAMIE: [2vArsalABC oA R pat R i %%%be' e
g”yAaY A3y . AF3iofgrbimd)\tve e@mp%\ﬁeﬂts'%\énﬁé:é}{ the cAR by g stfacR bndBrdund¥re A . - R <X } +
20  preferably conductive. Roller shafts 35 and bushing holders 50 are preferably
fabricated from a conductive stainless steel. Bushing 45 is preferably fabricated
from a mixture of synthetic materials as previously described. The resistance of
bushing 45 from its internal diameter, in contact with the outer diameter of shaft
35, to the outer diameter of bushing 45, in contact with bushing holder 50, is
25  preferably less than about 1 x 10° ohms, and most preferably less than 1 x 10*
ohms. In one embodiment of the present invention, bushing 45 includes most of
the resistance in the ground path from shaft 35 to ground 60. However, the present
invention also contemplates bushings 45 which are metallic, and would therefore
have a greatly reduced resistance in comparison to a bushing fabricated from
30  synthetic material. In a preferred embodiment, bushing 45 is a generally
cylindrical plain bushing fabricated from any of the synthetic mixtures previously
described, or their equivalents known to those of ordinary skill in the art. Further,

the present invention contemplates those embodiments in which bushing 45 is

metallic, including roller bearings and ball bearings.
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Another aspect of the present invention pertains to reducing or eliminating

triboelectric sources within the conveyor. As shown in Fig. 1, one end of roller
shaft 35 is coupled to one or more drive pulleys 65, such as by a keyway (not
shown). A drive belt 70 driven by drive shaft, or lineshaft, 75 rotates pulleys 65

35  and subsequently causes roller shafts 35 and thereby rollers 30 to rotate in a

£
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and also those embodiments in which one or more pulleys 65 are driven by belts 70
which are driven by other adjacent pulleys 65. Drive shaft 75 is preferably
supported within a metallic ball bearing 80 that fits within a bearing mount 85

10  supported by static support member 55, although the present invention also
contemplates other types of bearings for supporting drive shaft 75, such as bearings
formed from synthetic materials, and plain and roller bearings.

In one embodiment of the present invention, pulleys 65 are electrically
conductive. Being electrically conductive, pulleys 65 are less likely to have

15  damaging charges and voltages built up on the pulley surfaces as a result of
slippage and contact between pulleys 65 and drive belt 70. Although the slippage
and contact of drive belt 70 with pulleys 65 can create an electrical charge by a
triboelectric effect, conductive pulleys 65 permit the flow of electrical charge to
ground 60 before the charge builds to a voltage that can create a device-damaging

20  ESD event. In one embodiment of the present invention, pulleys 65 are fabricated
from a polyamide nylon 6,6 resin with mineral filler, and about 1% to about 5% by
weight of conductive microfibers. As previously discussed, the low percentage
addition of conductive microfibers permits the conveyor component to have
sufficient electrical conductance yet retain other physical properties useful in a

25  conveyor. |

In another embodiment of the present invention, the triboelectric generation
of electrical charge on pulleys 65 is minimized by fabricating pulleys 65 and drive
belt 70 from similar materials that do not respond triboelectrically. For example,
both drive belt 70 and pulleys 65 may be fabricated from a urethane material.

30 Further, the present invention also contemplates a conveyor apparatus
which includes electrically conductive means for driving the roller shafts. The
electrically conductive driving means includes, by way of non-limiting example, a
substantially smooth drive belt 70 driving a substantially smooth, electrically
conductive V-groove pulley 65 coupled to the roller shaft, and also contemplates a

35  toothed drive belt driving an electrically conductive toothed pulley coupled to the
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@O0%& () - S 10%fe(shaft. The toothed pulley includes a series of teeth which couple to the
complementary shaped teeth of the toothed drive belt.

Although the use of toothed drive belts to drive toothed pulleys is known in
the art, in one embodiment of the present invention the toothed pulley is made
electrically conductive, and formed from a synthetic base material mixed with

10 conductive microfibers, carbon, or graphite. For example, the toothed pulley can
be formed from a compound comprising about 40% mineral reinforcement and
about 60% nylon 6,6, and which is sold under the designation Vydyne R-100 by
the Monsanto Company, to which about 3-5% conductive microfibers are added.
Triboelectric charges which build up by any slipping or sliding action between the

15 toothed belt and the toothed pulley are conducted to ground through the toothed
pulley.

As shown in Fig. 1, conveyor 20 also includes a cover 90 that locates on a
portion of bushing holder 50. Cover 90 is preferably fabricated from a conductive
plastic or a conductive metal such as aluminum or stainless steel so as to provide

20  electromagnetic interference shielding of the electric field created by the driving
means, such as the interface of pulleys 65 with belt 70. Cover 90 also provides a
second path to ground 60 for objects being conveyed along surface path 40 that
come into contact with cover 90.

In another embodiment of the present invention, a conveyor 120 with aerodynamic

25  features useful in a clean room is depicted in FIG. 2. The aerodynamic featﬁres and
other clean room related aspects of conveyor 120 are described in more detail in co-
pending U.S. Patent Application Serial No. 09/165,515. Flanged rollers 30’ with a
conveying surface 40’ support an object 21 being conveyed, object 21 containing one or
more devices susceptible to ESD.

30 FIG. 2 further illustrates an embodiment of the present invention in which the
conveyor includes only two rollers supporting the conveyed object. As illustrated, the
two flanged rollers 30’ are driven by a single roller shaft. A conveyed object 21, which
as shown is a carrier of an electrostatic sensitive device, is supported by the two rollers.
For those embodiment of the present invention utilizing an electrically conductive

35 carrier, only a single electrically conductive roller 30’ can be in contact with the carrier,
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Further, for those embodiments where the conveyed object is sufficiently
conductive, the present invention contemplates that fewer than all of the rollers
supported on a roller shaft are electrically‘conductive. For example, in the configuration

10  depicted in FIG. 2, only a single roller 30’ needs to be conductive with a resistance
preferably from about 1 x 10° ohms to about 2 x 10° ohms.

In yet another embodiment of the present invention, a conveyor 220 incorporating
ergonometric dimension and features is depicted in FIG. 3. Conveyor 220, and related
ergonomically arranged conveyors, are described in more detail in co-pending U.S.

15 Patent Application Serial No. 08/866,723. A modified static support member 55’ is
shown supporting a portion of the conveyor driving mechanism on one side of conveyor
220, and supporting a portion of the other side of conveyor 220. A drive motor 99 is
shown which drives line shaft 75 by an arrangement of belts and pulleys known to those
of ordinary skill in the art.

20 Further, the present invention contemplates conveyors with drive mechanisms on
each side of the conveying path, as is shown in FIG. 4. Conveyor 320, a portion of
which is shown in cross sectional view, includes drive mechanisms on either side of the
conveying path. Conveyor 320 is described in more detail in co-pending U.S. Patent
Application Serial No. 08/866,723. Each drive mechanism includes short, stub roller

25  shafts 35” driving and supporting at least one slippable roller. Each stub roller shaft 35”
is generally aligned with a stub roller shaft 35” driven from the other side of the
conveyor, such that the center of the conveyor beneath the conveyed product is largely
open.

Another embodiment of the present invention also includes a Faraday shield to

30  minimize the propagation of any electrical field generated by the belt and pulley to the
product being conveyed. As shown in Fig. 2, an electrically conductive enclosure 94, or
Faraday shield, comprising static support member 55, electrically conductive inner cover
92, and electrically conductive upper cover 98 contain most or all of the electrical field
generated by the roller shaft driving means. As shown in Fig. 3, another embodiment of

35  the present invention includes an electrically conductive enclosure 94’, or Faraday
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5 shield, comprising upper cover 90°, static support member 55°, side cover 91, and
electrically conductive inner cover assembly 92’.

Preferably, the Faraday shields thus described are generally continuous and
preferably surround drive belts 70, pulleys 65, other triboelectric generators, and active
electrical devices such as drive motors and solenoids. The Faraday shield should have

10  no or few gaps between covers and other shielding components so as to minimize
leakage of any electrical fields within. In such a configuration, the Faraday shield also
serves as a plenum which may be evacuated to remove particulate matter generated by
the driving components of the conveyor. Those embodiments of the present invention
including evacuated plenums preferably also include a foam rubber shaft seal which seals

15 agap between roller shaft 35 and cover 90.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only the preferred embodiment has been shown and
described and that all changes and modifications that come within the spirit of the

20 invention are desired to be protected.
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a conveyor adapted for moving objects, said conveyor including:

a plurality of electrically conductive non-metallic rollers adapted for
conveying an object thereon, said rollers having an outer diameter adapted for
contacting the object and an inner diameter, said rollers having a first electrical
resistance from the outer diameter to the inner diameter;

a plurality of electrically conductive rotatable roller shafts for supporting said
plurality of rollers, said roller shafts having an outer diameter smaller than the inner
diameter of said rollers supported thereon;

a static support member;

a plurality of electrically conductive non-metallic bushings for rotatably
supporting said plurality of roller shafts, said bushings being supported by said static
support member; and

wherein said rollers, said roller shafts, and said bushings are in electrical
communication with a common electrical ground, there being a second electrical
resistance from one of said roller shafts supported by one of said bushings to the
common electrical ground, the second electrical resistance being less than the first

electrical resistance.

2. The apparatus according to claim 1, wherein said bushings are formed

from a synthetic material including conductive microfibers, graphite, or carbon.

3. The apparatus according to claim 1, wherein said rollers are formed

from a synthetic material including conductive microfibers.
4. The apparatus according to claim 1, wherein the first electrical
resistance is more than about one hundred thousand ohms and less than about two

million ohms.

5. The apparatus according to claim 1, which further comprises:
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7. An apparatus according to claim 5, which further comprises at least
one electrically conductive cover, and wherein said pulleys and said drive belts
cooperate to generate a triboelectric field, and said cover provides an electromagnetic

shield to contain the triboelectric field.

8. The apparatus according to claim 1, which further comprises a
plurality of electrically conductive bushing holders for supporting said plurality of
bushings, and a static support member for supporting said plurality of bushing
holders, said bushing holders and said static support member being in electrical

communication with the common electrical ground.
9. The apparatus according to claim 1, wherein the first electrical
resistance is less than about two million ohms, and the second electrical resistance is

less than about one hundred thousand ohms.

10.  The apparatus according to claim 9, wherein the first electrical

resistance is more than about one hundred thousand ohms.

11.  The apparatus according to claim 10, wherein said rollers are formed

from a synthetic material including conductive microfibers.

12, The apparatus according to claim 11, which further comprises:
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14.  An apparatus comprising:

a conveyor adapted for moving an object, said conveyor including:

a plurality of electrically conductive non-metallic rollers adapted for
conveying an object thereon, said rollers having an outer diameter adapted for
contacting the object and an inner diameter;

a plurality of electrically conductive rotatable roller shafts adapted and
configured for said plurality of rollers, said roller shafts having an outer diameter
smaller than the inner diameter of said rollers supported thereon, said rollers and said
roller shafts being in electrical communication with an electrical ground; and

electrically conductive means for driving the roller shafts, a portion of said

driving means being in electrical communication with an electrical ground.

15.  The apparatus according to claim 14, wherein said driving means
comprises:

a plurality of electrically conductive non-metallic pulleys, each of said
pulleys being coupled to one of said roller shafts, each said roller shaft being
rotatably driven by one of said pulleys, said pulleys being in electrical
communication with an electrical ground; and

a plurality of drive belts, each of said drive belts driving one of said pulleys.
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18.  The apparatus according to claim 15, wherein said drive belts have a
toothed surface and said pulleys have a toothed outer diameter adapted and

configured for coupling with the toothed surface of said drive belts.

19.  An apparatus according to claim 14, which further comprises at least
one electrically conductive cover in electrical communication with the electrical
ground, and wherein said driving means generates a triboelectric field, and said cover

provides an electromagnetic shield to contain the triboelectric field.

20.  The apparatus according to claim 19, which further comprises a static
support member adapted and configured for supporting said roller shafts, wherein
said static support member and said cover cooperate to form a plenum which is

evacuated to remove particulate matter from said conveyor.

21.  An apparatus according to claim 14, wherein each of said rollers have
an outer diameter and an inner diameter, the resistance between the inner diameter
and the outer diameter being more than about one hundred thousand ohms and less

than about two million ohms.

22.  An apparatus according to claim 21, wherein said pulleys are formed

from a synthetic material comprising conductive microfibers.

23.  An apparatus according to claim 22, which further comprises at least

one electrically conductive cover in electrical communication with the electrical
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at least one electrically conductive roller adapted and configured for
contacting the object, said roller having an outer surface and an inner diameter, the
resistance between the inner diameter and the outer surface being more than about
one hundred thousand ohms and less than about two million ohms; and

at least one electrically conductive rotatable roller shaft having an outer
diameter for rotatably supporting the inner diameter of said at least one roller;

wherein the electrical resistance from the outer diameter of said roller shaft to
an electrical ground is less than about ten thousand ohms, and the outer surface of

said at least one roller is in electrical communication with an electrical ground.

25, An apparatus according to claim 24, which further comprises:

at least one electrically conductive bushing for rotatably supporting said least
one roller shaft; and a static support member for supporting said at least one bushing;

wherein said roller is in communication with an electrical ground through

said roller shaft, said bushing, and said static support member.

26.  An apparatus according to claim 25, wherein said bushing is formed

from a synthetic material which includes conductive microfibers, carbon, or graphite.

27. The apparatus of claim 24 where the electrical resistance from the
outer surface of said roller to the inner diameter of said roller is more than about

three hundred thousand ohms and less than about eight hundred thousand ohms.

28.  An apparatus comprising:
a conveyor for moving objects, said conveyor including;
a plurality of electrically conductive rollers for supporting the objects, said

rollers being formed from a synthetic material mixed with carbon microfibers, said
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a plurality of electrically conductive bushings adapted and configured for
rotatably supporting said plurality of roller shafts, said bushings being formed from a
synthetic material including conductive microfibers, carbon or graphite;

a plurality of electrically conductive bushing holders for supporting said
plurality of bushings;

a plurality of electrically conductive non-metallic pulleys, each of said
pulleys being coupled to one of said roller shafts;

a plurality of drive belts, each of said drive belts driving one of said pulleys,
said drive belts being formed from an elastomeric urethane material;

a drive shaft for driving each said drive belt; and

wherein said rollers, said roller shafts, said bushings, said pulleys, and said

bushing holders are in electrical communication with a common electrical ground.

29. A method comprising:

providing a roller conveyor;

transporting an object on the conveyor;

generating an electrostatic charge associated with the object;

conducting the electrostatic charge from the object through a first resistance,
the first resistance having a value of more than about one hundred thousand ohms
and less than about two million ohms;

conducting the electrostatic charge through a second resistance after said
conducting through a first resistance, the second resistance having a value of less
than one hundred thousand ohms; and

conducting the electrostatic charge to ground after said conducting through a

second resistance.
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generating a triboelectric field by the pulley and belt; and
shielding the object from the triboelectric field.

31.  The method according to claim 29, wherein said providing includes a
roller conveyor having a roller shaft driven by a pulley and belt, and which further
COmprises:

generating an electrostatic charge by the pulley and the belt; and

conducting the electrostatic charge generated by the pulley and belt through
the pulley to ground.



