WO 2006/ 078493 PCT/ US2006/ 000676 COVPONENT CARRI ER AND METHOD FOR MAKI NG
Field of the Invention The present invention relates generally to carrier
tapes of the kind having a 5 plurality of pockets spaced |longitudinally on

the tape fQr dati ng conmponents therein. Mre } ly, the
lezgt{%@%g{gg p PG boR e

invention r carrier tapes for very small conponents, and a nethod
for producing such carrier tapes. Background 10 In general, carrier tapes
that are used to hold and transport conponents are well known. For exanpl e,

inthe field of elQpiPORERT GARRHIH ARDSRIPHLD FORMARQING conponents  are

often carried froma supply of conponents to a specific |ocation on a
circuit board for attachnent thereto. The conponents may be of several

different types, including surﬁi%&‘gﬁhmgﬁ%onponent s. Particular exanples
rTcu

i nclude nenory chips, integrat chi ps, 15 resistors, connectors,
processors, capz@raser inveryan eelatgs genesally éq eurieRtapbicf thelkénd bavingial |y af fi xi ng each
i ndi vi dual : i . i i ot tronics

d
i ndust Sy %{%@f&e@? %ﬁ%ﬁ@géaﬂggﬁg%n@ggg@ é{p%?%‘éagcr?egﬁl%r nglghﬁlﬁgog{eﬁgsoneti mes known
as "pi ck- drcip| Maoe partienddly rtbsinvention retptea $ycamicc bpgydorevsty satalla specific | ocation
(i.e., fromthe . .carrier,tape nd place .t at another specific |ocation
(i.e., on C%m%e%sr’frh %lae%d?fgrtﬁr?&ﬁlgggu&ﬁ%a@%%pﬁng of the conponents is
comonl y acconplished with a vacuum pick-up device that grasps the top of

t he conponent by suction. Roboti | aceyrent equi pnent is typically
programed to repeat a precise SM nmovements in every cycle. For

el ectrnioni ¢ conpgaen, casisaiet jhat Ard16sed NN Md eaispEDRAtponmYs abewelpr ogr ammed to
grasp a nory chip, far_.e l.Le, and place it .in a specific |ocation on a
55 i r oui FOBBh A" PP e SORIE IETHeRSy st BEPLIY SRR LREORBBoL | ¢ pl acenent
nachi ne, are oftendairied @am sSUpY f Bfnp@ledss tr DRpLGficloramon e Sroitisbarberf ani shed to
the machine at a redetermned rate and location. It js therefore inportant
that " oach TS RBENRE DA B GUHOBES T4y ERbo T ot Boh el leE ST poi nt ot

whi ch  t he nfoR@binfonphta CRARNr HBEHlesRCGdatdsory B8ps, MRgRRARRNIT cBfpseach precedi ng

and succeedj ng conponent. 30 A common way to provide a continuous supply of
el ect foni ESEBFpERBIFHNLS: PI§cCsiobh BAPREIOR: SALAHHY S8qui pment is to use a carrier

tape. Convent il iha@mbduBily 4ARESeBR Refvitubl¥iectronic component to a circuit
board, the electronics industry makes extensive use of robotic placement machines,
sometimes known as “pick-and-place” machines, that grasp a component at a specific
location (i.e., from the carrier tape) and place it at another specific location (i.e., ona

20 printed circuit board). Grasping of the components is commonly accomplished with a
vacuum pick-up device that grasps the top of the component by suction. Robotic
placement equipment is typically programmed to repeat a precise sequence of movements
in every cycle. For electronic component assembly, the robotic equipment may be
programmed to grasp a memory chip, for example, and place it in a specific location on a

25  circuit board. To ensure the sustained operation of the robotic placement machine, a
continuous supply of electronic components must be furnished to the machine at a
predetermined rate and location. It is therefore important that eéch component be located
in the same position (i.e., the point at which the robotic placement machine grasps the
component) as each preceding and succeeding component.

30 A common way to provide a continuous supply of electronic components to
robotic placement equipment is to use a carrier tape. Conventional carrier tapes generally

comprise an elongated strip that has a series of identical pockets formed at predetermined,
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conprise an elongated strip that has a series of identical pockets forned at
predet er m ned, WO 2006/ 078493 PCT/ US2006/ 000676 uniformy spaced intervals
along the length of the tape. The pockets are each designed to receive an

el ectroni CwSTRANSM therein. Frequently, the pocket §Cﬁfj%m%'gg@% to match a
parti cul ar 'conponent. The conmponent manufacturer typically | oads conponents

into the series of pockets. After conponents are placed in the pockets, a
cover tape i s applied over 5 the elongated strip to retain the conponents in

their respidfemiespserddaieryals siee the lkamh otthe faper Thepagistsiare SRERMTFLIH® a rol | or

onto a reeakeeiRRH cleRRRicHAPSRA RSN | FOMehie 1R QPNQRGA size MBWAALL Urer to
anot her manufacturer or assenbler, where the'roll of carrier tape may be

mount ed wi RAAicRlasgPoRSEh el hseomresent Iy lacturepiveirally Igade cerorsnds inbodhre | s _
typical l'y dnwouRthiet " R BSpdnahi m@?ﬁgéﬁgﬁ glggga&@uaev@rqém&@gﬁédqslwd a robotic

pi ck-up location. Advancenent 10 of the carrier tape I's common

acconpl i sHbelensring step Saetamgheromppresiy ghthpiptespsciive podtet Yhe pdedsariat ong one or
bot h edge f: onaat £dastrd i bleShmbaRe: The (

t hr ough- ho %sfs‘%ge"%‘ei?%}e tgcﬂ]e_ t%%tﬁeg?ﬁg&%%‘?%gﬁogtgc}%%g%ﬂ toﬂlgt advances the tape
t owar d t hemanpfabloter to apbtherermaniachmsroriaprembley eviieng dliel rgl] of dagiec Byemay bpe i s

stripped f Qg.”ﬁ I t e T t he pockets
and t hen prfl%%}eeg on %Békgﬁ?%%ﬂblygggpégﬂqgﬂﬁ {&?eé%ggwgﬁg%&%?ar rier tapes
using a r drat baplidnd automiigaliotdsdncalyodard mrétatc pick-pp locationt jdefcampinds di sposed
o U L T L o P TR gD AT b B, 1 0o
di mensi onspacad alongndrerngbdt edpeihe thehdlaigmedsripfonhing tHeapeier thppe Thept h of t he

pocket, angd t t hermal, coptr.act.i on o h ape after. mol.di ng. An exenplary
et hod 1 ormsbeihplieneiTR e SRR B ke el AP ARG B LR B0 10 Gescri bed
in U S Patigtit phoemebt B80né 7 Pvdntmaliy tieavea tape isrstripped fooro disctniena@f an enbossed
carrier tape using a convex .rotar | d,, .a b of terial is increnentally
heat ed t o T SRS EEATIEEP G SeP ISRt tn PhRet o FEEE i Bo%kss  around t he
peri phery of thdsldivuwmto fohe cafdripaesingatretig dnth aPesroaies drivh@asw| ds and cones
into close.cantact wit.h nerally.the.entire si surfaces of the convex

ol s excdiitatbrt eidt diboRdaGna iRttt s o aEae BOVREER- ad; acent
convex nolmsife) ofbontdi@ (1S3 TEndld) idlds! 4@ arewRd toproradelibddedirclhap@akddst t he nol ds

to urge the web into the_spaces between adjacent nol ds. ary nol ds used
i n vacuum¥BICRY 2creuniEg & é}éld%‘?ﬁﬁ\?\ﬁﬁ’ﬁlt@e-g}{éﬁéi’ﬁlqu e pocket, and the

thermal contraction of the tape after molding. An exemplary method for producing carrier
20  tape using a convex rotary mold is described in U.S, Patent No. 5,800,772 to Kurasawa.

In the production of an embossed carrier tape using a convex rotary mold, a web of

material is incrementally heated to its softening temperature, and is then guided to pass

around the periphery of the drum. The sofiened material drapes over the molds and comes

( into close contact with generally the entire side surfaces of the convex molds except for

25  those portions of the web located between adjacent convex molds. At the same time, the

web 1s vacuum-drawn against the molds to urge the web into the spaces between adjacent

molds.

Rotary molds used in vacuum forming as described above are generally

constructed by stacking a plurality of drum sections as described in United States Patent
30 No.5,800,772. When a plurality of drum sections are ‘assembled together, a forming tool

is created. The space between the drum sections enables the use of vacuum to draw down

a molten web to form pocket features.



constructed by stacking a plurality of drum sections as described in United
States Patent 30 No. 5,800,772. When a plurality of drum sections

are' assenbl ed together, a formng tool is created. The space between the
drum sections enables the use of vacuumto draw downP ﬁ“%ﬁ’w poweb to form
pocket fedtUPWEIBYIWD 2006/ 078493 PCT/ US2006/ 000676  TREZSHGOI ig trend in

el ectronics towards snmaller and smaller products requires continued

m niaturization of electronic conponents. Needs exist for packagi ng small

el ectroni ¢ conpameatisg U@dﬁmdemodiestowﬁrdismdllbﬂ andemelter p@dOAOrequishes) | ength by
0.5 milli e l, | : maj or

chal | enges%‘ l|E ?E%dr &g%%%d"@g???")é‘? H_\ﬂ[cgé 3 %ﬁ%gsnﬁsffoc%%%%%@li s to

consi st entelegtronetomppensas ithegkder 6§ lnmlldnmm&ﬂmiadheadmgﬂmw Saniiilimqwreci si on
requirene T &0 sed.to ke for too ve

signi fi caR@‘azodlr] %\%ﬂgﬁé E{osrm gg%rogg%?% r%aé?rrc}]glgngeﬁbnep 0 uc f{é“érea%ergral I

conponeént Jor skall c@mamﬂtel,s tondossistentia eesrindresingin dinel S:nregwmar atatdyragddrum i t
becones |ncrea5| cult to draw d bet. en the small er
and nore &IGEERY qglﬁé%e@if %ﬁ’ %%Délﬁﬂséhfwgﬁq?m}n@t%? MSFEHIFF cult to keep
carrier talmvbﬁtﬂcafdﬂlpﬁ)ddmmmﬁi@mﬁew;ﬁcﬂdag‘e srnﬁqubm@heﬁt@l Bir2ranse, w&nmd f eat ures of
the carrier tape are not always fully and accu for en the

di mensi ons 29 g gllgfngtaé?}@mfgé%frﬁ}tgi‘;{wgaﬁ?gy tgf’wv\? magni t ude as
t he thi ckng@s sndetvicbetheeBaller Mﬂiﬂrﬂ&oﬁe@%p@o%ﬂ FloRE. t:arneqdehﬂyhnﬁmOreec essary

preci si on dﬁcan? 'F i ncr ea5| ng/ pr obl, EITB.tI c. For g)r oduci n ver smal |
featur'¥s i 30 KSFRERITIETfaRs Teatyre dimensions wthing Ler"’é‘ces’l web of

mat eri al kgt caBR kA pediphdiamsaéfuﬂ ﬁl.ndaacamelmnhe& QVH&ﬂh@ch%ﬁsﬂﬁE opr chronme. The
t hi ckness of the web exceeds the height of features on the tool, such that

fleat ures &FECT YRS FRNICSHRPIORD thy e STde‘t Heagpigde as e Bickesss of hhwethe t ool
features, feffholihecaRaetept #8h Bk nbddQary\WRRisloh BeoiRl A6lcasMly prbtlémdticP roll) is

conpl etely flat and featureless. Such a construction applied to a carrier
tape woul d notF®RMFuREveRHiRall 6%%?@?@&@*8%@%1@8b@%t@r:m%‘éﬁs) but 20 the
di mensjisongoRRe: &&dﬂﬁﬁ%&lb%ebﬁ b b 1M mmemls Rinakmicabesy dirgdes0 adversely

af fect conpatibil automated systens. If carrier dinensions are

i
not kept Wibe Hickngss ?fég‘% ‘B?té?xﬁff?é%ée beight phigetienen b tooh such st features gigpe are not
fully and sgeey 51?1519 bife (‘;f%en@éir in E&Hmpwﬁt{'ﬁlé to%Pfé!itQIe? Gnf A MMksibdofidie pockets, be

wobbly or unstable in e pockets, magrate to an incorrect position, or turn
over web (in contact with the nip roll) is completcly flat and featureless. Such a construction

[y

applied to a carrier tape would not only use more polymer (leading to greater costs), but

20  the dimensions and reduced flexibility of the thick tape would also adversely affect
compatibility with many automated systems.

If carrier dimensions are not kept within fine tolerances and features of the carrier
tape are not fully and accurately formed, components could be canght in the pockets, be
{ wobbly or unstable in the pockets, migrate to an incorrect position, or turn over

25  completely. Since it is virtually impossible to correct the attitude of a component in a
pocket, a part improperly positioned in a pocket can fail to be picked out of the pocket or
can be improperly picked as it is removed from the pocket. As a consequence, an
improperly positioned part may not be successfully mounted on a printed circuit board or
the like.
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25 completely. Since it is virtually inpossible to correct the attitude of a
conponent in a pocket, a part inproperly positioned in a pocket can fail to
be picked out of the pocket or <can be inproperly picked as it is renoved

fromthe pﬁ/%‘&%@maﬁ?s a consequence, an inproperly po?#fbﬁg‘ﬁ%d%g%t may not be
e 'l ke.

successful 'y nounted on a printed circuit board or Summary 3
WO 2006/ 078493 PCT/ US2006/ 000676 | n one aspect, the invention described

herei n provi des a co?fgggle_nt carrier tape. In one enbodi nent according to the
i nvention, thellcBrpBiHETEe BRendestibpbhaanpiovidess @mPPRRLTHIFATARE 1 | exi bl e

strip havighgembdalnbhbdctdri¥in®o ROBKREiSN, HRNGInbaHIENAHeY tapOShdphigRgd on the
| ongi tudinal stri E .The pockets are configured for receiving a conponent
exg

therein. Bepgidtal Begiesiipkries rhaditacinepkes longindisalyppsitened agBeof t he

| ongi t udi RHoirsdisal Brillﬁ.hﬁieﬂo&eﬂraf‘eaéoﬁﬁg&@% r@cei»&:tcg(aCés%é&n%erEﬂe gh&ﬂﬁ" tudi nal
strip. The side walls separating adjacent pockets“are space apart by a
di st anée [thepocketidns %@pﬂk&lﬂ?@ top swrfak¢ ofdhe ongiwdinklstriptthat figrgeester gfanehe

| ongi t udi LE P &S igeval lp‘g[ [ ' Jrockets have
a hei ght grﬁéekgf%rf%hﬁgﬁggﬂg p(ljpzlget @%elﬁ@ﬁ‘s&g nd@ggﬂ%g% ?ﬁg%ﬁ%ﬁ)g&ecorrponent
whi ch t he apasthyet distaacwelegsdhrniagproxithately f1v0 timex e thicknéss obtholongitudanabodi nent
accordi ng i i : I C I l.ongi t udi nal

1 oxi bl oS AR kGl A e Aok ol AR COMRE PP 0T, 1 272 e top
surface. Aogkeidepthintiyus atheightolf dtesompmenterdainbapchanpocmfipgedtoe spaced al ong
the stpi pr?a&glge open through the top surface of the strip. Adjacent pockets
are separated from each other 15 by a crossbar. The crossbar separates

adj acent r eceshesotlyy cabdlirs¢r acerdingss tht: freventioathe ciienttpe bympirisesee ti nes a

T A e
extend f safact.he phatityafpedet fe eeceiving hemsinttpare emedd oty tif stfgnendpr of ect i ons
CoL P B TR o AL At R ROESL 0 A, SRR sopct, (e
t ape. 16n one conbadThesrbssba cepathied gdjh@nt ib@ssenibyendisiaite ldséndamet hod
approximately three times a thickness of the strip, and a top surface of the crossbar is
substantially coplanar with the top surface of the strip. A plarality of projections extend
from the bottom surface of the strip, each one of the projections corresponding to one of
the plurality of pockets.
20 In another aspect, the invention described herein provides a method for making a
component carrier tape. In one embodiment according to the invention, the method
comprises providing a rotatable tool having an outer circumferential surface and a nip roll
having a conformable outer circumferential surface opposed to the outer circumferential
( surface of the tool. The outer circumferential surface of the rotatable tool includes a series
25  of projections for forming a plurality of longitudinally spaced component receiving
pockets. A polymer web is introduced into a nip between the tool and the nip roll, and the
polymer web is pressed between the tool and the nip roll to emboss the web with the
projections on the circumferential surface of the tool. The embossed web is then removed
from the tool.
30
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conprises providing a rotatable tool having an outer circunferential surface
and a nip roll having a conformable outer circunferential surface opposed
to the outer circunferential surface of the tool. The outer circunferential

surface of §hg,kpisadsabl e tool includes a series 25 of,prahachiens for
formng a plurality of longitudinally spaced conponent recelving pockets. A

polymer web is introduced into a nip between the tool and the nip roll, and
the polymer web is pressed between the tool and the nip roll to enboss the
web with the pFigjred i oirpgmepian ParseicH ¥ iA¢ve plame pmbodiert atecagfer tape t ool . The

enbossed [ - : &k Bri rhhtd.gn of the
Dr awi ngs @&%&%g%}&gﬁ%‘ge%%éﬂu%%%g/ go%%%%Of%%f]%%egﬁ R%E%&é&?(trﬁggnent ary

per spect i véo show\gompongrie stesath Bithinppekelsof the earieritape. Thgeomponsst bisbgent o t he

i nvention, W ﬂﬁ 4 i ially renoved to
show corrpor?ig%t%eg ﬁg?loﬂr?@géw t ﬁflﬁp%gé?("g?lg Hgg{otr E@%@%@Z‘rﬁﬂ% ‘ggdél.& The conponent has
been oditted fFipwe R eamdilntgwsicketong bneshodintFigre bt eri or of the pocket

nore clearly. Fl gur e | SR . i I, 2-2 in Figure
1. Figure 3 isSlgE&sIg ésr?asltéilég%flﬁlﬁgfa&la]?% e%ﬁ%#@%ﬁ%ﬁ@é’?@%ﬁr%{égss according to
t he i nventnvemtichder prodocingihn gartidrearcaf Figeres t aple?. of Figures 1 and 2. Figure 4

is a photograph..of a.carrjer tape produced,usjng pr.or, art processes,

showi ng i nconplhl:eltguerfymfac?rhﬁ%%ra%}f%%s ”ra%ealfrﬁ?uég kS é’Pgﬁmoc fﬁ%%icent pockets.
10 Fi gur e Shdvsngingingiady fophedofosabat Satutes sephapity pljoehipedetsSi Ng processes
accordi.ng to the ipvention, .show ng conpletely.forned crossbar features
separ atllﬂng adj acBft ° podkgpgern %cﬁgétapﬁ%g@?dp%fngrﬁ’rqcﬁss?sﬁlécqﬂilw Wi ng detailed
descri pt i otheafivehtiva, fhoefngcomplelelyliaticdentdar fealrey epeing adidéentmdeets.0 t he
algcorrpanyi ng draw ngs, which forma part hereof, and in which is shown by

y of illustration specific enbodinents in which the invention may be
practiced. It is to be under st pegilédiBéscapdiey enbodi ments may be utilized

oD STt Rl e el eSS [0, e TRde, WA fou, Separt g, Trom the
t her ef ase, niafe 10 @e dc@nipAnyimkEiwings, ¥hich Hriiaert §@BTeand LR R sBsapey of the
way of illustration specific embodiments in which the invention may be practiced. Itis to
be understood that other embodiments may be utilized and structural or logical changes
may be made without departing from the scope of the present invention. The following
detailed description, therefore, is not to be taken in a limiting sense, and the scope of the
20  present invention is defined by the appended claims,
The present invention provides a component holding or transport device having a
phirality of pockets formed therein that can be used in the storage or transport of a variety
of types of components. More particularly, the present invention provides a holding or
( transport device having very small precisely formed pockets for use with very small
25  components. In one implementation, the present invention provides a longitudinal
component carrier tape having a plurality of closely spaced pockets for storing,
transporting, and otherwise handling electronic or other components. Although illustrative
embodiments of component carries are described below with reference to carrier tapes for
use with electronic components, it is understood that the component carriers may be
30  adapted for use with materials or substances of any type. For example, the features and
materials of the component carriers may be adapted for use with liquid sample materials

(or sample materials entrained in a liquid), as may be used in sample processing devices



20 present invention is defined by the appended cl ai ns. The present

i nvention provides a conponent holding or transport device having a
plurality of pockets formed therein that can be used in the storage or
transport variety of types of conmponents. Mbre i ly, the
present i n@éﬁ&f%ﬁ”ﬁr ovides a holding or transport d%@?%%boﬁ}g@?ﬁg very small
precisely forned pockets for use with very small 25 conponents. In one

i npl enentation, the present invention provides a |ongitudinal conponent
carrier t ajsethhsadesegbed ipLLF FpfeatyhpplicagpoBeialNe 0 86825Yoblke Ostobad, st or i ng,
transportizp(%_ and ot herw se handling electronic or other conponents.

Al though illustrative enbodinents of conponent carries are described bel ow
wi t h ref er enceReforipanew torthe dapingsf ene empodimppttofia edreerttapoapcordimgtpdicent s, it is
under st oo : t I ‘%9%9} W th

mat eri al s%ﬁ@éﬁ%{ﬂgﬁ‘g&m@} &gna)l}gtg y%iée.eﬂlﬁsglrag gﬁ%ﬁ%ﬁ%ﬁ t'he C? %g{' ﬁ%egg%gnd

mat er i &l s thefstordge anbdvivere nf sred elettems: areporzsts &y apadydncementusehanistch | i qui d

sanpl e materj al r..sanpl e terials entrained in a liguid), as my be
daed i n SEm et i ARl G @R bR §58a00- Rt br o006 e 1 ke
t hose deson theetet of 1UniBimdRat@0 idghpd) ianddmadler. Seri al No. 10/ 682,597, filed

Cctober 9, 2003... Referring.now t he draw.n e _enpodi nent of a carrier
t ape accor di ng> 0 &HEexRl, %Bﬁwbs‘laéﬁa‘ﬂﬂp?fﬁf”gf”g}&%@%lnﬁa Rd"Z° The

i |l ustrat @6k sdrabbidm bldfaee 105 oppdsité thel koprsluyface 36, WWirif guitiondl 01 hehglbor age and
delivery of || electronic c onents by._an advancenen hani sm For
pur pogés g@g’?%a} ?‘P\?%ﬁ?*a&?'?ﬁolgFfﬁllq{agﬁﬁﬂ6%?#’a§gw39¥aﬁ%%sﬁggﬁ%nI east one

di nensi o][m 11mﬂamlﬁéalen efdd&tendibg dlowp dnle,iagegaﬁfen(b@&&@e&ga@hmks.at(uirm&?ﬁh:hter. A
unitary Xi hl e rrier tape 100 has a strip portiaqn 101 defining atop
Jirface 165 Dsand Pl Shoreerto o proLr b b Be T BB H Rz 0109, S i p
portion 1%@0&'@&}&#6&&c&ﬂet&ﬂ%ﬁ%ﬂﬂva&d%%aﬁi@ﬁﬁﬁﬂ@ﬁt&%ﬁnd 106, and a row of
al i gned advancenent holes 108 and 110 formed in and extendi ng al ong one,

and pr ef ePEBYSOHSE IPC2¥ge surfaces. Advancenent holes 108 and 110 provide a

neans 150r I ecea VdriadofdR cleean GERRRY i RRRARES MUt Retidn61, theeth of a
sprocket drive (not shown) for advancing carrier tape 100 toward a

pr edet er mPOf&s prratg fspueh1hs top Sislaredld2 of the gfEiR gerdion 1Withia 2peReEAren and spaced
al ong str e RMhigoARt 11Dkis uduld® practically identical to the other pockets. Typically, the

pockets 112 are aligned with each other and equally spaced apart. In the illustrated

embodiment, each pocket 112 includes four side walls 114, each at generally right angles

20  with respect to each adjacent wall. Side walls 114 adjoin and extend downwardly from
the top surface 102 of the strip portion and adjoin bottom wall 116 to form pocket 112.
Bottom wall 116 is generally planar and parallel to the plane of strip portion 101. The
transverse side walls 114 of adjacent longitudinally positioned pockets 112 define

{ crossbars 117 that separate adjacent pockets 112.

25 Pockets 112 may be designed to conform to the size and shape of the components
that they are intended to receive. Alternately, pocket 112 may have a generic design to
readily accommodate components of varying sizes and/or shapes. Although not
specifically illustrated, the pockets may have more or less side walls than the four that are
shown in the preferred embodiment. In general, each pocket includes at Jeast one side

30 wall 114 that adjoins and extends downwardly from strip portion 101, and a bottom wall
116 that adjoins the side wall 114 to form the pocket 112. Thus, the pockets 112 may be

circular, oval, triangular, pentagonal, or have other shapes in outline. Each side wall 114



pockets opening through the top surface 102 of the strip portion. Wthin a
given carrier tape, each pocket 112 is usually practically identical to the
- other pockets. Typically, the pockets 112 are aligned with each other and

equal |y Sp%\?{fguo?)@gb In the illustrated enbodi nent Pc'*? é%og&g%gt 112

i ncludes fo Wal I's 114, each at generally right W th respect
to each adjacent wall. Side vval | s 114 adj oin and extend downwardly from the
top surface 102 of the strip portion and adjoin bottomwall 116 to form
pocket 112mayB®dib@ﬁmmmlldnﬂﬁ]sﬁglitﬁra@&mreaﬂdrxytoﬁb:amlmrceﬁaobfmmbkealtoto t he pl ane
of strip p veresde IIs 114 of. ad] acent

| ongi t udi ngﬁctlﬂ/a?ep]t‘}?ﬁqnc?gglﬁ C%Eci?g? anf OASHER Fre2 %%B‘Efg?tsﬁoﬂ%m?ﬁﬁf separ at e
adj acent ptﬁ.ﬁiﬁﬁigshejcﬂﬂng ﬂEndaﬁmkﬁtﬂm chir2r epy/ e delels biyheshcka canndooram t o the si ze
and shape e copponent s re intended. to . rece ye. Al ternately,

pocket 112 g?‘\pﬁ A\ SR R gla qs‘?oﬁgealsdme?dgﬁﬁ’ TES7 Ve LS conponent s of

varyi ng ssi zf&ioadfth®pockdansnayAk fdiRedRitnREges, 31b6,Geddsan] bays, idilkust rat ed, the
pockets may have nore.o Ies? si de vv?lls than the four that are shown in
the pref er FRRITERBUS AL APer sipila Stmsiuzal featuss fp beenasommprdpls@ERIPR™ | east one si de
30 wal | 1lgardiliddr cadpdbms and extends downvvar dly fromstrip portion 101, and
a bottomwall 116 that adjoins the side wall 114 to formthe pocket 112.

Thus, the pocketi&otaie spgle godmngf PB‘"t!fFférllz is istratqdip e fravanes: tY8®f agonal , or

have ot her rghapfsnk Bf Aighdd Jaeketseait aisd BfolRddlaloh fhe 1M ARABIHHORHAS
PCT/ US2006/ 000676, may al so be formed with a slight draft (i .e., a sl ant

t owar d e 1@lafastitag the gamuByeresdplives offmygtinlg ‘toﬁﬁ?'énqﬂﬁs ahe pdwnwfoft he conponent,

and to asspglets BoulEheBAahdRE phldfel RRGKES thdr Wp8ckeR lifloRlcolufnbBhpth di e during
fabrication of the carrier ta e. The de th of the pocket can al so vary

déependi ng éfsnﬁdw@wwfﬁ%&wﬁﬁkefsmfheﬁﬁ@e@de (5D§Sf1‘?$§1@?ﬁ’éé‘dU¥1€?drsé9éf‘él ve. In
addi tion, phg: xol NS¢, w Aerofo, meﬁ&%&mﬂaaﬁcmohﬁﬁnsfn% B Qi Bl €dges, ribs,

pedestal s, bars, rail appur t enances, ot her sim I ar structural
features t@acbéth%ﬁs‘?&écé@ féd%tﬁte%WbNﬁ 47@&1953 cul ar conponents. Although a

singl e ;gol um gf . Gilt Sarfidrd a&c%rélirl H&Elﬁjrﬁx&?ﬂn,'tﬂe Mhewﬁlrsq‘(‘%&‘&lﬁacén‘f‘” or nore

col ums of allgne ockets coul rmed al on ength of the
strip port peshets 112 ar@separeted b)caﬂlﬁmbsam@l @p\ntlﬁvtéﬁ)@msthde@ﬂm@em mul tiple

conponent P refbFhB1y3Qds YR Qli mge%?%%rﬁs ERWeH iR Gn L AR EE Do PAEA or Bl Wals €CH Ot her

wi th pockets 1n“one co
114 separating adj acent pockets 112 are substantially coplanar with the top surface 102 of

strip portion 101. The height of the adjacent side walls 114 is greater than the pocket

20  depth minus the component height, to prevent component migration between adjacent
pockets. In some embodiments, the height of the adjacent side walls is approximately
90% of the pocket depth or greater, preferably approximately 95% of the pocket depth or
greater, and more preferably equal to the pocket 112 depth. In some embodiments, the

{ depth of the pockets 112 is greater than the thickness of the web forming strip portion 101,

25  while in other embodiments the depth of the pockets 112 is less than the thickness of the
web forming strip portion 101. Ineither case, the pockets 112 produce corresponding
projections on the bottom surface of strip portion 101. In some embodiments, at least one
of a length of the pocket and a width of the pocket is less than 2 mm, preferably less than 1
mm. In other embodiments, the strip portion has a width of less than approximately 16

30 mm for multi-row embodiments, and less than approximately 10 mm for single row
embodiments. In still other embodiments, the plurality of pockets 112 are spaced along
the longitudinal strip at a pitch of approximately 2 mm or less.



aligned rows wth the pockets in the adjacent colum(s), as described in
United States Patent No. 4, 298,120. Alternately, the pockets in adjacent
colums may be offset from each other, as described in United States Patent

No. 4,724, 9‘%3‘8%273!%9% conponent carriers according to I;Lﬂ?%sitz&g/%wﬁon, t he side
t

wal I's 114 o pockets 112 are separated by a ance l'ess than
about five (5) tines the web thickness, preferably |ess than about three
(3) times the web thickness; and the top edges of the walls 114 separating
adj acent pocket®he Veb faminesupPORRE i1 & 15y Rayproyibipkngss: 19 lengeasthepvedbibies ace 102 of

strip portLﬁﬂci&l%exﬁﬁﬁ@t@ﬁéntahtm@faewﬁdawu@&eaabaiaci%rag@lréeﬁ hidnis greater than

t he pocket 20 depth nmnus the conponent height, to prevent conponent

m grati on PebedEemtsaosdiesie thajpierians strip porieias a tikapseehless thanigordi ght of t he

adj acent Sinﬂ?(ﬁ"ﬁﬂilb,?ge{fez?t;ﬁ/f’lgﬁs%%&& oY% mm PO, T@nRREHEEmIRR L R O eater,

preferably approxire o% of the pocket depth or greater, and nore
pref er abl ypatiendias ¢ Sidkhess fpoctkat about®. Zfapn (L0 mpih). Stipwodiebddl menbs, the depth of
t he pocket s . J i : regng strip

port | on 1038 ke PUERRRE o aRGIB ) AR R Ve SRR TR T 102 1

| ess than tiberidaly clodedive mhtetidl @llowssln efeotrinicingzegit disppapothtaughmui®g. |1 n eit her
case, the pocket I C r i rojections. on the hottom
surface of P‘E?Crr ?aﬁ’g?)nor ?fgrr%&%olfse glﬁué%?f@%re}%%hgg{nﬁg%rg J'étn’,"“l%aatmalg%:élosc';Eg mgﬁréengof a length

of the pockmtaimaddithinwhedthirieofapd he tpacicaimulaed stsis ekettdnci2rgem preferably | ess
than | ,,nm In ot odi ne '

her e ts, the.stri ortion h wiﬁth of less than
appr ox il ?mt ely %{apﬁn or Pl?l?a;l}’ Blfvﬁg. o%‘? nﬁgtﬁf %V,er% edla%%eggv? £
appr oxi mat &0yis 4pliedoveothe poches €12r dthe cemtiboiepeni® tsretalmhstdndonatsher enbodi nent s,
the plural jty. of, pockets 112 ar aged al on t%}} langitudinal strip at a
piT tch of a%ﬁ%‘é‘x Aﬁﬁ%“"éﬁmﬁ“ﬁ oppfoget LS Sctismetally Bucnand jn BBRE 40 067 000676 The
web for m nQo&t tappl20@e alenprdBdt thiespmbeneats &om dithardlotes sontasdndnnbptas t he web has
sufficient f Xiéaﬁi%%;it to permt it.to be woynd abqut Qerfr of a storage
eel 1 B  PIRHE S REEEhPah i R re vt i 2L B Hor on hae_a
t hi ckness eferlleepst driaipf pdeRets 110, ards 4idfdsodivedweeptheidvsabhdvah@msnttorn about 0.5
mm (20 ml)_ . | one ergﬁ?dirrets, the strip 5 rtion h a thickness |ess
than about ?Q&.aéglfﬂﬁk(nﬁéh efh °5§Fmpﬁ#ﬁa#§]i- _viﬁi&ﬁéél fecleptly seqrry %l ear,
pi gment ed e topRehEce 8ktiPpdatonell0e 6d hitGedah Ye Slibssat@@l kerrved 1oaed et i ve. The
el ectricall onductive mater |dal allows an_el ectric charge . to, dissipate
t hr oughout st rﬁtgcomponents. As illustrated, cover tape 120 includes paralle! longitudinal bonding
portions 122 and 124 that are bonded to longitudinal edge surfaces 104 and 106,
20  respectively, of strip portion 101. For example, a pressure sensitive adhesive such as an
acrylate material, or a heat-activated adhesive such as an ethylene vinyl acetate
copolymer, may be used to adhere the cover to edge surfaces 104 and 106. Alternatively,
cover tape 120 could be secured fo strip portion 101 by other means. Cover tape 120
( could also be omitted, and components retained in the pockets 112 by an adhesive, for
25  example.
In one exemplary embodiment, the carrier tapes according to the present invention
are made By shaping the pockets 112 in a sheet of polymeric material and winding the
carrier tape onto a reel to form a roll. Figure 3 schematically shows an apparatus and
manufacturing process used in the production of a component carrier tape according to the
30  present invention. A rotatable tool 200 has a structured outer circumferential surface 202.
The surface 202 includes projections 204 extending therefrom that correspond to the

various features to be formed in a component carrier tape 100, e.g., component pockets



carrier tape and preferably to the ground. This feature may prevent danage
to conponents contained wthin the carrier tape due to an accunul at ed
static electric charge. 10 Carrier tape 100 rmay optionally include an

el ongate cover tape 120. Cover tape 120 is applied over the pockets 112 of
the carri e 8P8™%0 to retain the conponents ther eF‘ﬁT’U%’l“(é’?(‘gﬁﬁpl ary
conponent 118 is schematically illustrated in Figures 1 and 2. Cover tape
120 can al so protect the conponents fromdirt and other contam nants that
coul d invatge, ili@&m&ﬂ(ﬁdﬁ&li—a.\adtﬁﬁlthhe@ickﬁﬁﬂﬁmsifﬁksEﬂo@lef&SaI@mﬁﬁdh&as,G‘ﬁ.\/er tape 120

is flexible, 15 overlies.part.or all .of pockets 112, and is di sposed between
the rows o OIERHW&?%%H;‘I’F?“W%P %rglec%gg(gﬂ’&vﬁ%“ &’Ieﬁﬁ'gen{"’f?éd F”e'gf;f%erﬁ?ﬂcst rip portion
101. CoverreprefpatafidbfiFiured. easabl y secured to the top surface of strip
portion 101 so that i an be subsequently renoved to ess the stored
Component s. As A 44 BEine OB SIS A s gk PTG ¢ udi nal
bondi ngs pwitk irdRepckdhadifer tRdinfhrattiabiuefabang 6ht Stdt b biudd ath @stge surfaces
104 and 106, 20 respectively, of _strip portion 101. For exanple, a pressure

sensitive HeRRisF{aEs &iiiaess tdppd dsfopy thy surtage 2 Bt fhe niggoll21helhe acti vat ed

adhesi ve syghnfRfenddl s&tRY b BNE el tiyioll 26®L JleferatPPRIE XA th afBYsthferiesed to adhere
the cover to edge surfaces 104 and 106. Alternatively, cover tape 120 coul d

be secur edngtgriakt yitablp glagtomaric mrpierisls insfudebuhasenet imaed oy rubbgse stipgnes.coul d al so
be o t t ek pFRABRTERE S1ohGhat PRBMY R RACKEIE nbiks ¥oRtheadhesi ve, for

25 exanple. I n one exenplary enbodi ment, the carrier tages according to the
pr esentl i niuorrelagiamensy B seme enbydinenisp the gonferemaple ortat syrface 212 gf the gipaedt  of

pol ymeri ¢ JMQhes 4 Sorch Harlhellin MGk rhildR of $PH10E prekBRBy AMhDrafe o88h tg®, forma rol | .
Figure 3 schenmatically shows an apparatus ‘and manufacturing process used in

the producdepeidingfupen bompera heing frpeder t ape according to the 30 present
i nvention. A 1 ataliahb&skee borg Rl D Aivered kb 5h MERHerdh 87 2 QiU €7 ent i al

surface 202. The surface %O i ncludes projections 204 extending therefrom
t hat cor r eappoaitls 223 Themeli-propesspblefpolymer 8 gelivered éo the slptedie anpargtue d2ddnent carri er

tape 100 b (C RO R-RARKEL B NP AN OREAASFCTHRARPS/ 000670 112,

al i gnnment atures w ets, ses sprocket or alignnent
hol es, et cmoldgdpr Apigb pHsefpolyinei i Hisghargad from thegliojrperiuo P22 i804hdraye4been greatly

enl arged 1L g 43 FASERL 1061 200 SR 8 BRLEE 3107 1P londs'i @M Serations, it may be
preferred that the polymer web 230 be drop cast onto the rotatable tool 200 just before the
nip 240 formed with the nip roll 210. The conformable outer surface 212 of the nip roll
20 210 deforms as the polymer web 230 is pressed between the rotatable tool 200 and the nip
roll 210 and embossed with the features of the rotatable tool 200. The pressure applied to
the web 230 by the conformable nip roll 210 is sufficient to force molien resin of web 230

into small crevices between projections 204 (forming features of the carriex tape 100 such
( as narrow pocket crossbars 117) of the rotatabie tool 200, and to provided backside feature
25  definition to the web 230 (i.e., features are defined on bottom surface 103 of strip portion
101). The pressure applied by the conformable nip roll 210 will depend upon a plurality
of factors, including process speed, material viscosity, web thickness, and dimensions and
spacing of projections 204 on rotatable tool 200.
The dimensions of the incoming polymeric web 230 will be determined by the
30  gauge and width of the carrier tape 100 that is o be formed. It is preferred that the
thickness of the polymer web 230 and the pressure between the rotatable tool 200 and the
nip roll 210 be controlled such that the thickness of the web 230 exiting the nip 240 is less



A nip roll 210 having a confornmable outer circunferential surface 212 is in
contact 5 with and opposes the outer circunferential surface 202 of the
rotatable tool 200, such that the projections 204 press into and deformthe
surface 212 of the nip roll 210. The circunferential surface 212 of the nip
roll 210 i sVPrEPER4B v covered with an el astomeric nBEBYSZHI6/0008T t abl e

el astoneric materials include, but are not limted to, rubbers, silicones,
et hyl ene propyl ene di ene nononers (EPDM, urethanes, Teflon(r), nitriles,
neopr enes, thamitie Afglt bfibe prejectsne Pidrtbat farm thameperdpoptickent 1€, of thaeamienf or mabl e
outer surfac 12 of R 3 I in the range
of 30 to 106 165 BrSreb AltBhe e G B HGERAIITHEREEORE F

mat eri al beickapss ortimeehge AF Srells toPPadkessabl e pol yner is delivered from an
extruder 220 tq a sl.ot, die . appar S 222..T | t - pr abl e polymer is
delivered to tﬁlésogfed’fnpl i %n?aa{]ﬁlﬁgg aggogglfgmg?tha{l}ge %’?%%%&ﬁ% nel ting

t enper ai ur éeligéredefrom thadictappipeeusad2 i toethatotatdbieabol 200 atanedyerdhor thedis arornol ded) . A

web 230 of .polyner. is discharged fromt.he di e apparat 222 i the nip 240
ot ween © HEBTHPLr i PhR st o e 0 BB 4 LBttt
i npl emﬁnt afool®08 gtl drhbdf&&tsi’iheltprbée@rﬁﬂgb ﬂél}?ﬁhrithlalthéﬁtﬂymlcwrﬁeqmdﬁﬁﬁ)oﬁe ﬂr op cast
onto the rotata tool 20Q.just be the nip 2 ored with the nip
POl 210, " SEERRT it coik Ervectine dpEonsrogrittgotaph T | 50 910 def or s
as the pol yRpdratelat WR6h he pRiREREADLEH MOE Be BHRefc@Frahal] Be ippabu20fh and the nip
roll 2&0 and enbossed with the fg tures %oth(? rof at ablteh tool 200. The
pressut afpPl EF & oadrAree et 2Dt @&/tqwér foPerensing URPH P §7Y8° 539 | s
suf fi ci entyypebfiicsial thRidRMe Fatfkd) 20 velVBthd$ed dftfeanmimtiurifd @il ces bet ween

oj ecti ong 2;4 t{lf orming features of the carrieyr .tape_ 100 such, 6 as narrow

Décket  cor oalioughsthe o) 2048 qepigted andesmrive ookt syl ishemid Be Bgioged backsi de

feature 25ngedd 5l L0@Ray QetByvanal efi las By ottePREMRSAER dREAIHRI ON bottom
surface 103 of strip portion  101). The pressure applied by the conformble

nip rol | 2260RFOPGUs Mepéomer PERseTing HFAsacPatpuowdekact or s, incl udi ng process

speed, (g8t er i alfpyiese@atde)of BByl %ﬁ@ﬁ%&:@g%»d&&@%&@ﬂ%&ﬂat ~spaci ng of
projections 204 on rotatable tool 200. The di nensions of the incom ng

pol yner i c RRSSSSEEdcTmperauree sorae Boimiafiehonip LHLbetvann geuefalzbintroldWand of t he
carri er t 40el O 2108 relafh thOsiBhude LR in ko ot RLPTIOH bl the  thi ckness

of the polyner web 230 an pressure ween the rotatable tool 200 and
the nip rrogchargcpbstahlity torthe weh. @ aiglio femplwature ¢patreliof 8k veb 23Gthet he web 230

exi ting the. nbRefSod ﬁxd/'oxeiﬁ§m8 roll 210 may be heated or cooled, as necessary. The
20  result of the processing depicted in Figure 3 is an embossed web 250 that can be used to

form the carrier tapes 100 according to the present invention.
In the case of extrusion of thermoplastic resins, a web of molten material is gnided
to pass through the nip 240. As the embossed web 250 exits the nip 240, any suitable
( cooling means may be employed to cool the web and sufficiently harden the material such
25  that it may be removed from the rotatable tool 200. Cooling can be accomplished, for
example, by convective air cooling, direct impingement of air jets by high-pressure
blowers, a water bath or spray, or a cooling oven until the thermoplastic polymer
sufficiently solidifies.
In the case of polymerizable resins, the resin may be poured or pumped directly
30  into a dispenser that feeds the slot die apparatus 222. For embodiments wherein the
polymer resin is a reactive resin, the method of manufacturing the web further comprises

curing the resin in oue or more steps. For example, the resin may be cured upon exposure

10



WD 2006/ 078493 PCT/ US2006/ 000676 than the height of the projections 204
that formthe conponent pockets 112 of the carrier tape 100. In a preferred
-enbodi nent, the polynmer web 230 is delivered to the nip 240 at a thickness
in the rang f 1Js to 20 mils. In sone inplenentations, it nmay be
preferred tﬁa%?ﬁﬁé%%l ymer web 230 be 5 delivered froRtVRRIY'&Hppar at us 222
to the rotatable tool 200 at a tenperature that is at or above its nelt
processi ng tenperature. By providing the polynmer web 230 to the rotatable

t ool 200 at agnitahbleoedant teergysbwcpiudtestin gadiatiopeteviotes lightasiplelighier can

adequately_fo [ i ;ga S | s 204 on the
r ot at abl e ?t%b‘{e%&g #ﬁ%&ggénh%ggﬁ%%ﬁ%t 1? %ﬁlg?%%%b%ﬁggﬁg%?%ﬁ%e%%% nmust be
del i ver ed fricom kinevallfremdippeatetablepoPZR. Cofbmatidne sf @viag aad bwogdnayange (i . e.,
about 200 to .0over . F) _.de I J u and type of material that
is being f%ér%’r%géaﬁfllpg)gg%%Ih%rdgainsnpgtetﬁecej%sbgdgg%&%fegé}ﬁtggﬁ)ggu acturing line. Al though
the tood 200 i Suitehd retiechngnsiticts S@rcbinpehetteneientapes ofithisohentiontarshoul d be

under stood,. _that th 0Ql .200 .al.ternatively be provided as any ot her

rot at abl e SPPHE yesef\%’ﬁ?e%gﬁtl%%m@@@rﬁ?@ﬁﬂ%lﬁo @Eﬁfisff?ﬂ‘pr?flﬁ%%lé’é’si ng, such as a
cont i nuousSdigblk mafthiald helte binereaioulmitalfto thoepab e rehwelbmodifigr ef er abl y | ower ed
to below th t r ssi ng .t.enper at ur t.so oint after.the nip 240
betveen ¢ Bl sRERETRF 5 B0y SR (e i B eh S P PP PR e

st ruct ur espdiatyieng, Jjo[yvtnlslﬂchil@ildy,lﬁ&ﬁzloﬂi@ﬂe-ﬂ@c@di@;ﬁ@tﬁérﬁﬁnﬂ@phoﬁ?ﬁdﬁ@ﬂiy@k stability
to the, web. Toéﬁl%t i rature contr of tq web 23Q,. the rotatable

in fenpe 0 .
tool 280 dftEPEP ﬁePﬂV@“ggP?ly‘ﬁiﬁlsﬁea% PBIé‘Eth\él‘éfteeEP tept OF BAYiset A essary. The

20 resul t @bditideepdly GHESHND Shély PhistreBaepdlyBéByldloxsncpidrgsiigigsed web 250 t hat
_ci-n be used to formthe carrier tapes 100 _accordi n%lt:egtgt e present
[ "‘&R‘)

p
vent i on, bUfadieperstyrengissips PGB FORSYERe MhenpiesoP ithsmatenaheh of nol t en

material iigsgtHeH @shpefaudinde rhdpe 0fUII0° 1B 0NF PTHAR:terPmb B AARS&REEe Wb 250
suitable cooling nmeaps may be enployed to cool the

exits the nip. 240, any be ¢
web and sﬁ@ﬁl‘?@h@ﬁpa U O &onopete it IR casedhe Batedd ey iClde 8 be renpved from

the rotat alichichiBodonddbve HRGHA, R6chGE Barbéh H&k QP PInb GG PenthBde, 1hRKSBRIeE, DY
convective air coolin direct inpingenent of air jets by high-pressure

] ing ) i NQE h
bl ower s, anifEP@redFER 187 PBReEy masrialor isSBPRIGUENICE AR (o rb- The mopl ast i c
pol ymer  syfifiiaed RALHY if@lde Ghds| BforantspiRentS 836 1iBR) of BBl ZRARNEs. resins, the
resin may be poured or punped direct ?{
In general, the rotatable tool 200 may be comprised of any substrate suitable for

forming by direct machining. Suitable substrates machine cleanly with minimal or no burr
20  formation, exhibit low ductility and low graininess, and maintain dimensional accuracy
after machining. A variety of machinable metals or plastics may be utilized. Suitable
metals include aluminum, steel, brass, copper electroless nickel, and alloys thereof.
Suitable plastics comprise thermoplastic or thermoset materials such as acrylics or other
{ materials. In some embodiments, the material forming rotatable tool 200 may comprise a
25  porous material, such that a vacuum can be applied through the material of rotatable tool
200, in combination with nip roll 210.
The rotatable tool 200 is preferably formed as a unitary sleeve having projections
204 for all of the desired carrier tape 100 features on the unitary sleeve. The sleeve may
include projections for forming the pockets, alignment features thereof, and protuberances
30  for skiving to form sprocket holes, for example. The method includes simultaneously
thermoforming the pockets and the protuberances to provide excellent registration

therebetween.
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30 into a dispenser that feeds the slot die apparatus 222. For enbodi nents
wherein the polyner resinis a reactive resin, the nethod of manufacturing
the web further conprises curing the resin in one or nore steps. For
exanple, the resin may be cured upon exposure 10 WO 2006/ 078493

PCT/ US2006/ BB88¥8™*% 0" a suitabl e radiant energy sour cBCTYRHER0047t i nj ¢
radiation, ultraviolet light, visible light, etc., depending upon the
nature of the polynerizable resin to sufficiently harden the resin prior to
renoval from t Rejsctitmtoa hegutepeicuREOenc YR trtrotatnlle tbl 200akd meferbld curi ng may
al so be erpl Qe L, BRLARNAM, Ll MERiASy i SUMESiA lachBEALO! 200, S -

Sui t abl e resin Conposi frons Tor conponent “carri erH%apes of this invention
are di nenspobhalfyapsigabiherojettivabitelfincamerisieadMdoye $printefotCompanyt he desired
configuratgon. Suitabl. rial s 4 ar ot limted to,

pol yest er sér(déf"%).ﬂf Hg‘l I;%%Ccl) 91]%%7%7 jlqu&dp%%}% %‘ﬁ-@ﬁ%"‘f’éﬁgﬁ%’%"é‘ﬁé e or

pol ybuty| enmableanahinthiat atck pyrped. \Boek hachateetypipdlyniptlajellesae, pol ystyrene,

pol yvi nyl .chloride, acrylonitrile-butadi ene:st.yrene, r us pol yet hyl ene
10 e epheiaiaradeesfidad R o Sl ARRE ST Bt £ BGaBTRORZRES Dol Vbur one.
or polyi sapeeai@h, Middiedelfl iCAd Thodiymérghesiyduitaide ok hera)e thee lsydhrae tonctee,
pol ydi met hyl si | oxan ryloni:tril e- butadieng-styrene sins, and
pol yol ef i rﬁ(‘ﬁ%?f(?‘?éﬂré‘ﬁg&?&ﬁx@? W%Vﬁrﬁ'ﬁd"? ﬁ%ﬁ’r{é‘?@gp’a " has a melt
t enper at ur e i NThéBech@ti@be AfacKiM 1king G3R1ques anfihestival Ridvwalin eyrthe nodified to
be electrjca I§ di ssi ativs of conductive. ]n the |latter case, the materi al
may i ntl udBThHHC 3R] HRETH RS, q45}£‘i’f‘i?ﬁd £ B P R PISEHOn §¥EGESa s car bon bl ack or
vanadi um peréspridie to tRabmpdheRiphIR sidewAl ST IIREK Bfdrmidtofinininl reRREWTET i C

terial aqr is, SLigtSe uently coated onto the V\gg}e These ﬁgt erials may al so
i icl ude dyB3HPEELIERS eg%ﬂ%%gﬁ%%%%sf@v@%w SUHE IS IBEEESd additives. |n
general , tRatiémt1ak dh)jRG 600k facts CorfBoniiey GARPETBRbnOpocRAYrossHastINAt € sui tabl e
for formng b% di rect machi ning. Suitabl e substrates machine cleanly with
mi ni mal  orcahbe foered by dglding hiraserstationasy Bid cuitigg slatiepsells! tq the aeds P10 gr ai ni ness,

and mejsnt ajeBvediANBIDh PRAcHGHE CHEIPE Yhodd fo?_fonﬁﬁa?ﬁ}bsmi fPskiving/ 8d wtfymef imachi nabl e
netals or plastics may be utilized. Suitable netals 1 nclude alum num

steel, br &d%nne il todhetorpasion sktheprejeesions ed toashprsyhe roskateof . Suitabl e
plastics GRAMILEG, ﬁr&]@éﬁ%ﬁ@i@%%_sﬁ&e{c’ﬁ@ﬁgféﬁ% t%&nﬁi@{g&lﬁ#&&hc% acrylics or

other materials. 'In sone e iments, the material form ng rotatable tool

200 nmy compitsel camripstapesr Spesifieallvepockets and ather fetures forvabulity efeartise appl i ed
through t %eé@ﬂl%g bﬁ)ldu&ti oh Qgiﬁél@m:&'e,tagg bhe web 250 slit after forming to isolate the

20  individual carrier tapes.

Once the pockets 112 of the carrier tape 100 have been prepared, the advancement
holes 108, 110 are subsequently formed in a separate operation such as by punching the
strip portion 101, or by skiving off protuberances formed on one or both of longitudinal

{ _ edge surfaces 104 and 106 as described, for example, in United States Patent No.

25 5,738,816, The catrier tape 100 is then wound (either concentric or leve] windings) about
areel 260 to form a supply roll for storage until the carrier tape is loaded with
components.

Figure 4 is a photograph of a typical vacuum formed carrier tape formed on male-
featured tooling using a conductive black polycarbonate resin. The low pocket crossbars

30  result from the restricted flow of resin into the narrow crevices between the pockets in the

tooling.
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200, in conbination with nip Toll 210. The rotatable tool 200 is preferably
formed as a unitary sleeve having projections 204 for all of the desired
carrier tape 100 features on the unitary sleeve. The sleeve may include
proj ection rim ng the pockets, alignment features thereof, and

pr ot uber ani\gis)qg(3%@4%I skiving to form sprocket holes, YOVUBRAME The nethod
i ncl udes sinmultaneously thernoform ng the pockets and t he protuberances to
provide excellent registration therebetween. 11 WO 2006/ 078493

PCT/ US2006/ 0006 78wre s gjpbeiesramsof 6 parti¢rdans dereed wiinga sidtiedissipeive blrclof t he

rotatabl e ﬁ&ﬂéﬁ%gges [if af? )ﬁlfuﬁflﬁgk caﬁéhtprgdegse\ﬁm eoffd bthﬂ'ﬁ fliegye using either

a carbi de or annn too I ng nmachi ne S capa shapi ng each
pr oj ect i onzoppraig fd theinyension. sTh?wIOSM@tSrOé'EhSB@UFT@FG mﬁbfon@zm&émsly, theBr i dgeport, CT;
Precitech, §ﬁgg tinfk geiure S
sui tabl e n% I nes o?(?@gcﬁ%a%%g@g?&%u%ﬁn&%i |§llg:§s gtpéﬂ Ica Iy |ncI ude a | aser

i nt er f e¥ ongackst cyossbiuts ton thegtaddard vasyunafosméd pookeb crosshmpl e of which is avail abl e

from Zygo itable for use
are those such%ggs)&%%]ﬁaﬁ 1%391%? %&%@egﬂlﬂ- %ﬁkﬁgﬂ%&%’cﬁ@%@e@g , or Chardon
Tool , Char denge msfrdnéelghteebmncﬂammgeonda@ivc hlack pedycatyotatcin mstqn@d and net hods
known in t &, ar%0 to 10 formthe %elﬁllredw%ﬁé) ect | ons 2 18§ﬁte°n For

rrp

process po 15 were VErage Cross ned
exanpl e, e prolec Pon strtaces correépondlng %R ¥ pocket

sidewal | s ﬁsilng ideaticabmaterial irettie bytrubion feplicgnbmo&kseff\ﬂfe inventién \trgtpo 6et | athe

oper at n|n |c eevelsturneda ec is in a fixed

pgsi ti b)(g f%tﬁ(ﬁ?ﬁva%%fg{%'gg B EER '&qt%cdoslsg“ilﬁghtc%‘r’%gjnent pocket

crossbars a]:iarbmn%ﬂybmttblrﬂﬁﬁdnbt%hehxd) dfgfﬁlhﬁoﬁﬂeaemsbsﬁmg'hqwaﬁ]ythand cutting
sl ots parallel tolthe axis of the 15 slﬁeg |t ectlons such as
ose for POPHIHEPIELRL4GE °§me\}l?vﬁlﬂl,°n8§) U, afc’é?ls nner sinmlar to

t he format amxﬁiatdhf%"/pmoemmﬁlumybfhwm&dtchﬁsbm@ts Beneficially,

projectio 204_on the sleeve can be fornmed to sinultaneously produce a
plurality @?—M"e tapes. Specifically, pockets and other features for a

pluraligy of CNdotn@bneni@ﬁ%ﬁta@@&c&ﬂm@ﬁ@lﬁ&ﬁ@éﬁh@ﬂ dﬁhﬁbﬁd&xsﬁ Leemes and the web
250 slit after for carrier tapes. Once the

to | I ate t 20 indivi
pocket s 11d2336’F“‘E°l?€I?5%{?"P? @Fm k‘%‘i’&\]?@‘ﬂf)e r‘fﬂrb‘ﬁf’ér fedfntoras@eledy ancement
screw 2.5-inch Davis Standard extruder with a length/diameter (L/D) ratio of 30:1. A

rising temperature profile was used in the extruder die zones, reaching a final temperature
of 450° F. The molten polymer was passed through a heated neck tube into a 10-inch

20 wide film die block shimmed to a nominal gap of 0.070 inches. The web melt emerging
from the extruder die block was drop cast info a nip formed by an aluminum forming tool
and a silicone rubber covered nip roll, The silicone rubber had a Shore A hardness of 75.
The tool roll temperature was maintained at 100° F, while the nip roll temperature was

{ maintained at 70° F. After exiting the nip, the web continued around the curved surface of

25  thetool as it was cooled by contact with a chilled forming tool, and also by external
compressed air cooling until a temperature of less than the glass transition temperature of
the material (approximately 212°F) was reached. The web was then removed from the
tool and wound into a roll.

Although specific embodiments have been illustrated and described herein for

30  purposes of description of the preferred embodiment, it will be appreciated by those of

ordinary skill in the art that a wide variety of alternate and/or equivalent implementations

calculated to achieve the same purposes may be substituted for the specific embodiments

13



hol es 108, 110 are subsequently forned in a separate operation such as by
punching the strip portion 101, or by skiving off protuberances fornmed on

-~ one or both of longitudinal edge surfaces 104 and 106 as described, for
exanpl e, incbe. %4@/949? ates Patent No. 25 5,738, 816. TQ‘ET/(E@{()B&/L%PM ape 100 is

t hen wound (er'ther ‘concentric or |evel w ndings) about "a ree 60 to forma
supply roll for storage until the carrier tape is | oaded with conponents.
Figure 4 is a photograph of a typical vacuumforned carrier tape fornmed on
mal e- f eat ghova andddseniigd witheny depatioa fomttheseorslofithe ppoty Daeitionalkest esi n. The | ow

pocket cro S . tricted flow Lh. into the
narrow cr e\??tg glélﬁ bnﬁ%géﬁﬁ%%&lk%%ﬁ%ﬁ?%ﬁf& éésgrkt%g/ ?tlrﬁ}g.ma%%e {7@%%% 078493

PCT/ US2006 i@/ @ide Fargtyrad embodimentp Hdisagplapiiond$ intendrte cerr &ngpe formed using a
static dissj Jve bl ack p [ resin. in an extrusion:repl..cation
process mﬁ?%B%L%%§¥8?%%%?89%¥§%%%%€g§%)um%%é%? |%§EF%Lt gmﬁﬁggh%ion. The
crossbabs afanifdatly in@ndedelat thisanfeutidnybeflmriteg dnly & thaclaims ahéhéhe eguivadentst | on net hod
and appara us Pf the present invention produces significantly higher 5
pocket crossbars than the standard vacuum f or med pocket crossbars. In
experinmental results, where a fully fornmed crossbar has a height of 0.631
nmm average crossbar hei ghts obtained using conductive bl ack pol ycarbonate
in a standard vacuum form ng process pockets were 0.107 mm while average
crossbar heights obtained using identical material in the extrusion
replication process of the invention were 0.607 10 nm Thus, a standard
vacuum form ng process produced a crossbar height equal to approximtely
17% (0.107 nm/ 0.631 nm of a fully forned crossbar height, while the
extrusion replication process of the invention produced a crossbar hei ght
e&ual to approximately 96% (0.607 into/ 0.631 mm of a fully formed
crossbar height. Process Exanple 15 A conponent carrier tape according to
the invention was prepared using a static dissipative polystyrene resin
filled with carbon black. The resin was fed into a single screw 2.5-inch
Davis Standard extruder with a length/diameter (L/D) ratio of 30:1. A
rising tenperature profile was used in the extruder die zones, reaching a
final tenperature

14



of 450 F. The nolten pol yner was passed through a heated neck tube into a
10-inch 20 wde filmdie block shimmed to a nomnal gap of 0.070 inches. The
web nelt emerging fromthe extruder die block was drop cast into a nip
formed by an alum numformng tool and a silicone rubber covered nip roll.
The silicone rubber had a Shore A hardness of 75. The tool roll tenperature
was mai ntained at 100 F, while the nip roll tenperature was maintained at
70 F. After exiting the nip, the web continued around the curved surface of
25 the tool as it was cooled by contact with a chilled formng tool, and

al so by eXhatiscidimedishpressed air cooling until a tenperature of |ess than
the glass transition tenperature of the material (approximately 212F) was
reached.IThe ??b was then renoved fromthe tool and wound into a roll.

Al t hough ‘speci’t FEPORHE S HENPLS SHPESB&en i1l ustrated and described herein for

30 purposes of IgaGdihflifleRbleatrg; he preferred enbodinment, it will be
appreci ated by those of ordinary skill in the art that a wde variety of

al t er nat e andP@RrdiyPiRackets longigidastlypoesitiogpdson g langjtudinal stig apd pondigured he sane

pur poses nay be su i Hh%% L) i 78493
PCT/ US20061000676 h’?ﬁ%ﬁtﬁn andéog{ 3%‘?‘?%% ﬁ'gmh‘{chgﬁt g%&;gﬁa%%g% r%garﬁptﬁﬁgloagé[gpe of

t he present i nvent swface Tftbs bnginidial stkip Hat is greateethan a thigknessrof deilongitagipaleci at e
that the present iq%ention may be inplenmented in a very wide variety of
enbodi ments. This 5pB1ication is intended to cover any adaptations or

vari ations of whbeindidivadllseepaeitiag adjnrnt ockbitsat spaeel fardlya distihes REoham it is 5
mani festly intended that this invention be limted only by the clainms and

the equivalents t P@F@Bﬂ_“?"%’ﬁ"\?\ﬁ’ﬁfcﬁs the @F‘%ﬁeﬁéﬁﬂ}esl?ngﬂ“d%alcs&ﬁaé%ﬁkef%‘aﬁei er tape
conprising: al Onﬂhé\’vﬁfsgédard(tﬂlggietﬁhﬁcéﬁ E& ets lﬁa\QlaLHegéhg %%’ﬁc%nt W@n?

| ongi tudi nal ly positioned on t | ongi tudi nal stri configured for
recei ving a conponeompankatmaigraiombetweenfadjatnt peskkiet s having a depth froma top
surface of the longitudinal strip that is greater than a thickness of the
| ongi tudi nal strip;
2. The component carrier tape of claim 1, wherein the longitudinal strip has first and second

parallel longitudinal edge surfaces, and at least one of the edge surfaces includes a plurality of

equally spaced advancement holes for receiving an advancement mechanism.

3. The component carrier tape of claim 1, further comprising a cover releasably secured to a
top surface of the longitudinal strip, extending along the strip, and covering the plurality of
pockets.

4, The component carrier tape of claim 1, wherein the longitudinal strip has a width of less

than 10 mm.

5. The component carrier tape of claim 1, wherein the plurality of pockets are spaced on the

longitudinal strip at a pitch of about 2 mm or less.
6. The component carrier tape of claim 1, wherein side walls separating adjacent pockets

are spaced apart by a distance less than approximately three times the thickness of the
longitudinal strip.

15



wherein side walls separating adjacent pockets are spaced apart by a
di stance less than approximately five tines the thickness of the
| ongi tudi nal strip, and wherein the sidewalls separating the adjacent

pockets have a height sufficient to prevent conpone L5Ahdeon between
adj acent p&’é’l&@‘fﬁé"mg’ The conponent carrier tape of chFpnb%, V\%erei n the

| ongitudinal strip has first and second parallel |ongitudinal edge
surfaces, and at |east one of the edge surfaces includes a plurality of
equal | y spaced Hevaprosas fEmsrdersof tlaimm | sdeteipi thapidewabrrapeivgediecsechani sm 3.

The conpPongnkets Blvk b §kightaRBtePhadppioNinbiclf Yok BEhe GRERGESH NG a cover rel easably
secured to a top sur?ace of thé longitudinal strip, ‘extending along the

strip, and covering the plurality of pockets. 4. The conponent carrier tape
of claim1lg wh i i i Lp: : j I than 10 m n.
5. The con%'oneﬁ%ﬁlggghrléﬁgg?tlc%g%‘g ﬂcf)!]g Y%?gni %%Eﬁﬁgsé%ﬁ%&ﬁ% glgaaﬁgfe;}t of pockets
ar e spacedpwkets bave aheiglijigteaiar thar approringiedit 9546 pf thepockdt deidbut 2 nm or | ess. 6.
The conponent carrier tape of claim1l, wherein side walls separating

adj acent pockets are spaced apart by a distance | ess than approxi mately
three tine8 theébthomgpones sarpér tipgef clhionlg ivhedinriled sidstvallypsepaBinge20061078493

PCT1US20 O Q 7. ) rier t of claim1, wherein

t he si dem?‘ﬁ%g%gg%rggzl ?vﬁﬁl hgﬁﬁ%?g%%%@ﬁiﬁéﬁ%gggkg f%’Etlg'ght greater 'than
approxi mately 90% of the pocket depth. 8. The conponent carrier tape of
claim1l, rei-n _the sidewal |.s separati adj acen ockets have a hei ght
reater t i apde SrmaPL iy Rt ST OBREE Btk B e R nd S hRRR A8 0 2 ol t i o
t ape of cl aidth, ind wieesireatiteattioae of thkepuakdt engibpad pdckaigvidthés lesadjaaCemn. pocket s have
a_ height approximately equal to the pocket depth. 10. The conponent carrier
tape of claim1l, wherein the pockets have a length and a w dth, and wherein
at | east ohe ofTht henppaek edrri¢resgivohclaindl Opehdteih thaipdtketsihgvd Bt s 2 mm 11,

The conponge carrier t of ai erein th ckets.have a length
and a Wi dYVﬁ?h’ SR 1S gpe ?Igt‘é%ﬁogf&ﬁjﬁg“’hﬁh a{l%%w%w%% %ﬁgﬁﬁiﬂﬂlm pocket wi dth
is less than 1 nmm 12. The conponent carrier tape of claiml, wherein the
ongi t udi nﬂ. S%!e Bont]p%gen%can'ier tape of claim 1, wherein the longitudinal strip has a

thickness of less than about 0.5 mn.

13.  The component carrier tape of claim 12, wherein the longitudinal strip has a
thickness of less than about 0.25 mm.

14. A flexible carrier tape for storage and delivery of components by an advancement
mechanism, the carrier tape comprising:
( a longitudinal flexible strip having a top surface and a botiom surface opposite the
top surface;

a plurality of pockets for receiving components spaced along the strip and opening
through the top surface thereof, wherein adjacent pockets are separated
from each other by a crossbar, the crossbar separating adjacent recesses by
a distance less than approximately three fimes a thickness of the sirip, and
wherein a top surface of the crossbar is substantially coplanar with the top
surface of the strip; and
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t hi ckness of | ess than about 0.5 mm 13. The conponent carrier tape of claim
12, wherein the longitudinal strip has a thickness of |ess than about 0.25
mm 14. A flexible carrier tape for storage and delivery of conponents by an
advancenen On%chanisnl the carrier tape conprising: a longitudinal flexible
strip havihﬁ A%YE Surface and a bottom surface oppodICHESEHEI0E76p surface; a
plurality of pockets for receiving conponents spaced along the strip and
opening through the top surface thereof, wherein adjacent pockets are
separat ed frompbedity aftpheectitins eatendingsfodyathe bothen arfassifale ssppeachbieng adj acent

recesses by a dist e l.ess t roxinatel y.thre ifes a thickness of
the strip, and V\he(r%gl%rf’ n%s[gct%%ﬁ)s cgﬁgpg@gngg?Oﬁoﬁeﬁgggbﬁr&ég&ﬂ%umt antially
coplanar with the top surface of the strip; and 16 WD 2006/ 078493

cur face of 't he et Btk GroRRE 8rG e trone s BoPFEbondi ng t o one. of

t he pl ur albhgrtudihaliyepiced sompoint rebeiving pooklets ara fpnosddchéagiaonmpiiingsed carrier
pocket o i n a1 PEnEeaaghs palERng SRR S G g 02 P8t at a6l o 1 50

_hav: ng_ an outer ci r&?ﬁﬁfeﬁiﬁkﬁfae&iﬂ?ﬁﬁﬁ@aseﬁi_ﬁﬁof@%j@ﬁirnnﬁbx}’i_@ﬂﬁ@?erti al sg_rfaf:le
Spaced component r GNP AHOPBERBIY: PEFOGIERHG! EoHPBEPRFShav ng &
conf or mabl e ou @md:ﬁ:aexmbﬂhmgiaabnﬁﬂﬁa‘basqﬁtee@imﬁﬂaeﬂtﬁl subfi® oppdsed to _
circunferential surface of the tool; introducing a polynmer web into a nip

bet ween the tool arftf FUE chigiergtial sufpee o€ g dealne “pol ymer web bet ween t he t ool

and the nip roldrodiRing¥e55het Ve WBR n¥Y Bebveeh R ) hEHE highsi; Oon the
chcunferentlaI surface_ of the tool; and renDVanhthe enbossed web fromthe
t P

ol . 16. The BEtsHEdhegol@eaRy hatveepfherienl andibevipdethy cabpsthsr Bt ool havi ng

an outer circunf ergnitrbdtiofdd 186 Qrelinberdhdhngriae 98ME €21, @hd Pr O] ections
conpri ses providing projections
removing the embossed web from the tool.

16.  The method of claim 15, wherein providing a rotatable tool having an outer
circumferential surface including a series of projections comprises providing projections

having a height greater than a thickness of embossed web removed from the tool.

17.  The method of claim 15, wherein providing a rotatable tool having an outer
circumferential surface including a series of projections comprises providing projections
separated by a distance less than about five times the thickness of the embossed web

removed from the tool.

18.  The method of claim 17 wherein providing a rotatable tool having an outer
circumferential surface including a series of projections comprises providing projections
separated by a distance less than about three times the thickness of the embossed web

removed from the tool.
19.  The method of claim 15, wherein providing a rotatable tool having an outer

circumferential surface including a series of projections comprises providing projections

to form a plurality of individual carrier tapes in the embossed web.
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havi ng a height greater than a thickness of enbossed web renoved fromthe
tool. 17. The nethod of claim 15, wherein providing a rotatable tool having
an outer circunferential surface including a series of projections

conpri ses rOV|d|n projections separated by a dist han about
five times PH@“@H*%kness of the enbossed web renove 60%&@QM%tool 18. The
nmet hod of claim 17 wherein providing a rotatable tool having an outer
circunferential surface including a series of projections conprises

provi ding projections separated by a distance Iess t han about three tines
the thickngss @ﬁlﬁgﬁﬁquQa§ﬁp“£§g [& 2 L@ e net hod of
claim 15, V\}ner elen roviding a rotzla1 obfﬁﬂ’g[aquoé{o avi n% éagl?éﬁa&gout;h

ci rcunfer @mqnabrexg foafees domptised progidmgaepidesnable cprwupfecttiabasiacompingses

providing, rality of individual carrier tapes in
t he emossgggﬂe%gﬁak@g&%&gé%g @?@i@gd{)PCT/ US20061000676 20. The net hod of
claim 15, wherein providing a ni p roll having a conformabl e outer

ci rcunf er%tl a.h1 surf C"%Cli%’%arg S {_‘O%VL di nlgpawgglgvg{lgo%%)a Olar%i% um‘ erenti al

surface having A Snore ess ?1 The net hod
of claim 1ﬁcunwﬂ5renrtml smrﬁammnﬁnngccaremgaa cnmhmfemualm@fae obrhé mpmfﬂbl e outer

ci rcunf erentele . urfﬁ%e conprises covering a circunferential surface of the
nip roll Cover °BH" el ast oner. 22. The nethod of claim 15, wherein
pressing the polyner web between the tool and the nip roll includes

def orm ng .t he r S ce of the nip roll th the ections of
the rotat §%1 e gaPB‘PIH% ]'r'gegﬁ PRETgpEih g% &BW‘EW‘%"HE \Rglt?nh% The

met hod of ﬂﬁal@inaﬂli:ﬁudmfmﬂlgmewnfdmmleauﬁmambh@ rblDwith e pRjdcs@s provi ding a
u(nl tary t (c))? tlhé ro%a%able tool to form features on a back side of the web.

23.  The method of claim 15, wherein providing a rotatable tool comprises providing a

unitary tool.
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