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BACKGROUND OF THE | NVENTI ON . 1. Technical Field.

This invention relates generally to carrier tapes of the kind used to
transport onents from a conponent manufacturer to ' t
manuf gctureyv"[%%ﬁgo assenbl es the conponents into new pro uctsg. re
specifically, this invention relates to carrier tapes for storing

el ectroni c surface nount conponents and for suppl yi ng those conponents
seriatimto a machine. The invention further relates to a nmethod for

manuf acturing such carrier tapqSOMPONENT Wri ption of the
Rel ated Art. 15 In gene?g?, carri ercf apelgkt at are used to transport

conponents from a conponent nmanufacturer to a different manufacturer
t hat assenbl es the conponents i Q.new products are well known. For
: IRQUND OF THE INVENTION

exanple, in the field of el ecepehd et 2 y, electronic
conponents are ofteq cﬁﬁmm%m a supply of such conponents to a
specific location on a cCircul oard for attachment thereto. The 20
conponents may be ofThisdeantion csldtéssgeannally yo carrier tapés ofitheykind usedcto transport
conponents. Partpcul ar exanples i ude . ne hi ps. i ntegrated
i reurt chi ps, cPERMEntsTRorR's OB aplietineg o ¥ Spfetent Ml el

capaci t or s,10ga%kssefbles fife conipdnents/ifo AGWPRIGAEIE.S More spekifitally,thizdhveatisaf i xed to
a circuit board that may | ater be incorporated into an el ectronic

devi ce. 25 relatestor casvien tapes forstoring electronicsurfgca-mount componeatsanddbrect r oni c

oa of robot i ¢ SPhind YBe bompSiEd seditn £ £ b0 Fod AT RARE AN S O

machi nes, whi cla igétheddfor manufaceifp suchdarridr tepespeci fic | ocation (the supply)
and place it at anotzher specific | ocation
. Description of the Related Art.

15 In general, carrier tapes that are used to transport components from a
component manufacturer to a different manufacturer that assembles the components
into new products are well known. For example, in the field of electronic circuit
assembly, electronic components are often carried from a supply of such
components to a specific location on a circuit board for attachment thereto. The

20 components may be of several different types, including surface mount components.
Particular examples include memory chips, integrated circuit chips, resistors,
connectors, dual in-line processors, capacitors, gate arrays, etc. Such components
are typically affixed to a circuit board that may later be incorporated into an
electronic device.

25 Rather than manually affixing each individual electronic component to a
circuit board, the electronics industry makes extensive use of robotic placement
machines, sometimes known as "pick-and-place” machines, which grasp a
component at a specific location (the supply) and place it at another specific location
(the circuit board). To ensure the sustained operation of the robotic placement

30  machine, a continuous supply of electronic components must be furnished to the
machine at a predetermined rate and location to permit the machine to be
programmed to repeat a precise sequence of movements during every cycle. It is
therefore important that each such component be located in the same position (i.e.
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(the circuit board). To ensure the sustained operation of the robotic

pl acenent 30 nmachi ne, a—continuous supply-of el ectronic conponents nust be
furnished to the machine at a predetermned rate and |location to
pernmt the machine to be programmed to repeat a precise sequence of
movenent s duri nguoRyépksss cycle. It is therefore inportant t uch
conponent be Io?at ed i?\ the sane position (i.e. WO 96/ g@@ﬁm
PCT/ US95/ 03965  the poinbat wisithn thearbbotiti pliveiest madhiiel grash AfiBRidond ML &h
grasps the corrponenrageéas each precedi ng and succeedi ng corrponent

One way to providéP mthnﬁ&me@wmwmpma ectronic conponents to a

goneral 1y 5 compri se_ SieaYanrelBt s EBRuRbPYEEY U Uil LonBhac S,

pockets forned at desired locawatmm:ned;armmndpu rﬁ:qnvequmncarﬂémmlgenmg t he

| ength of the tape.  Each pocket IS, S ed to, clopsely rece| ve an
electronic co one'r?f“ %@?FIQB@%?@B%WM &F"s °P‘d°1“1'ﬁ?n‘ porkets farmedat of

t hrough hol es uni %ﬁd‘étéfnﬁmcaﬁhf infdi bl

el.ongated strip. througﬁ hol es, frequer?t’ § ngggﬁén&mofﬁ&‘ém vancelt%g‘hliet

hol es, 10 drive Hélshﬂpedspdowﬂoetwﬂuemebcmmmammemnstapeealm mmtany t eet h

of a dr|ve sprocke to d the r

pl acement machi ne. ihelude a sdribd of C'EH‘TSQ‘"QYP@Q ?#/g{o“gz?ﬂﬁgr 5918 edges of the
manuf act ured in ongodgaeadtstrip). Twmﬁﬁ.gﬁmblés Afrequently R¥érredaBds haﬁﬂé&ﬁbrnt ﬁ&e& 0 a
second | ocation where the tape i s unwound_and continuously f

machi ne that atf orﬂ%ﬂedﬁlqsymfmthqlwfﬂmm receive ther tegth of aiﬁn‘ve sprocket

conponents. The a IRBS [ 1] he pockets with
respect to t%‘e‘ﬁdr}ggponetnF%@Mﬁ@ﬁ%@%ﬁ%%@é%ﬁ& é’HEﬁr e that each
conponent is deposited Typically, the carrigptes aré ifnifactuted ift oA® Ricatitn, Wud bfd & OF
subsequent renoval by t‘ge robotjc pl acenment nmachi ne. A cont i NUOUS

cover tape may t heifelp and frnsperted o segond locaﬂonahswa@&aaeswnwpunéan@t ain the
component i n o ARy 1201w 8 machind Baukifarkly 1B bkl i o

t hen wound onto anot r transport
15 components. The advancement holes accurately position the pockets with respect to

the component loading machine to help ensure that each component is deposited into
a pocket and in the proper orientation for subsequent removal by the robotic
placement machine. A continuous cover tape may then be applied over the
elongated strip to retain the components in the pockets.

20 Usually, the loaded carrier tape is then wound onto another reel for transport
to the manufacturing location where the new products are being assembled. The
loaded carrier tape is then unwound from the reel and fed to the robotic placement
machine that removes the components from the pockets and places them onto the
circuit board. The advancement holes accurately position the loaded carrier tape

25 with respect to the robotic placement machine to ensure precision removal of the
stored components.

Carrier tapes are often manufactured in a thermoforming operation in which
a web of thermoplastic polymer is delivered to a mold that forms the component
pockets. The thermoformed web is usually cooled to ambient temperature before

30  being delivered to another manufacturing station where the advancement holes are
punched through the web by an automated punching machine. While these
operations can be run at an acceptably high line speed, they also require precision
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te the manufacturing | ocation where the new products are being assenbl ed.

The | oaded carrier tape is then unwound fromthe reel and fed-to the-
roboti ¢ placenent machi ne that renoves the conponents fromthe pockets
and places themonto the circuit board. The advancenent hol es

accurately position the |oaded carrier tape 25 wth res"?@rm%&ﬁa@@
robotic pla OP64884hachi ne to ensure preci sion renoval of the Stored

components. handling of me%% ?g%&@eﬁﬁmg&%sgaﬂggn{ gﬁmﬁ&sﬂmeﬂn&dﬂ hdles are

t her nof orm ng operation in C . ernopl astic polymer is
delivered to apnopérly aligaed and registared wishpespeat to the comporgnd packetsy Failwes 10of or med

b i [ 1 I i . i ' d
Aot her - ranuf JRENRE AfedvRis g P and TSNS Sar Al o dithrogd? sielifent V' O L0
through the weposhioning cfithe ca@tiechape/incthe bemponeht loading\hiatking Awd/er in the

operations can be _run at an accept abli/hhigh | i ne speed, .they also require
preci sion 5 robotic placement machine. Since the component pockets are formed separately \\p

96/ 25841 P : setrats

PCT/ US96/ 03965T0M the pdvancement holes, it is negessary Lo egain registration whenthe Juent 1y
punched advancennéformed-wetnisaielivered o the putiching! maphim. This isawit always dasyitbh
respect to the _ conponent pockets. Failure to provi de adequate

al i gnnent and F%gi stration can result in inproper subsequent

posi tioning of the gambi nﬁﬁﬁ’ﬁ A rSaeAP e hermoprRsk lﬁg‘;‘.l\;,gﬁ-sand/ or in
the 5 robotic pl acerren%ﬁfrrac mfe. %# e tﬁg conmponent d%c ets are forned
separat el y10  indexedrta & machinethatbath thenmbfesms the posksteandkpunchesitbe r egai n
regi stration wh vr;ﬂt he ‘] ! t her no orrrsggq_nen gqtla%o&e‘.ld&g{iﬁgw%sﬁatggagtfﬁ%&%}hng

machi ne. This

manuf act uri ng aa:nr«.?aehandmerégmfaﬁa@bawxﬁma@bmpmenwmbsaﬁ@md ndexed to a
machi ne that both {hernoforns the pockets and punches the advancenent

hol es. Carri er advapesmenyheoles in any givessegment distypically quite good. Howeyerycarrias
each cycle, and LN {i°@'abbh*1006 Tndiées WhieRath Afe SAEFIRBRALA HPS Kinbfe BAY Tii€

15  requires about 3000 combined thermoforming/punching operations to produce a
single reel of carrier tape, and it can be difficult to maintain consistent component
pocket-to-advancement hole registration over these distances. In addition, this
process is associated with the use of a flat forming die which can limit the speed of
the manufacturing line.

20 Both of the processes described above involve punching a thermoformed web
to provide the advancement holes. Punching creates waste (weed) that may
contaminate the components, which can be of special concern when manufacturing
precision electronic parts. In addition, the thermoplastic web may be a tough,
resilient material that can be difficult to punch. As a resuit, the punches wear out

25 or break and have to be frequently replaced. Precision punches are expensive and
replacing them is a time consuming process that requires delicate realignment of the
new punch.

Consequently, there is a continuing need for component carrier tapes that
display excellent advancement hole-to-component pocket registration, especially

30  over the long distances typically found on reel-wound carrier tapes used in the
electronics industry. There is also a need for a manufacturing process that provides



advancenment holes in any given segnent is typically quite good. However,

carrier tapes of up to about 1000 neters in | ength are often provided
on asingle reel. This 15 requires about 3000 conbi ned

t*her nof or mi ng/ punchi ng operations to produce a single reel of carrier
tape, and it c b I fficult to maintain consistent conponen

pocket -t o- advaﬁ&e Yhol e regi stration over these distances. Eﬂ]mzsigcf&s ron,
this  process arfieans f¥G@dddmRihg\thé BarHbPtapé ¥ithbut puhdhiv ﬁaémﬁﬂcﬁilﬁiﬂmi’s%'
can limt the speed of t he manuf acturing |ine. 2(§ Both of the
processes descri bdg daneWihout generating weedi ng a t her mof or ned web to

provi de the advancenent hol es. Punching creates waste (weed) that may
contam nate the conponents, which can be of special concern when

manuf act uri ng preci sion el ec SUMMARBO! DN i, the
t her nopl astic web may ti_g a tou?h‘} . resilient material that cag be
difficult to pdnch. As 3¢ PESeHtinvention 192 carperigpe having a.pluralityjof, 5\ ¢

to be frequently naplaCRimed Mefein! Abndshibbdiment, fheSrveativh tgf%daftleexiblemn-ier

replacing themis™a tinme consum ng process that requires I ca
real i gnment of t haape for storage apd delivery of electronic compoentsshyancadvangemerit emechanisna

conti nui ng need f conponent carrier.tapes that I splay excel | ent
‘advancenent hol e- ﬁé‘gﬁf%ﬁ'ﬁ%@"}?&&@tm %W“ﬁﬁzw%?ﬁ%ﬁ'glbp 84 %% er the
| ong di stances ty ekt theltoh suffac) afEmbandForedgapiigly Rteivind®e advaficknietit t he

el ectronics industry. There is also a need for a manufacturing process that
provi des 10 mechanism. The carrier tape further includes a plurality of aligned pockets for canyying

96/ 25841 . . . . .
PCT/ USO5/ 03965 e SecHanis somponentsy fhie pockers bl spaced,algne e SR POrHONL 179 SRFTENE ng
hol es, especi al | y thibughthe topaorface therédd. The meavistforaenpaginpheresdiving theadvhncement

mechanism comprises a plurality of hollow protuberances that are spaced equally along
the strip portion, open through the strip portion, and extend outwardly therefrom, the -
15  protuberances being adapted to receive the advancement mechanism within the holiow
portion thereof.
The pockets include at least one side wall that adjoins and extends
downwardly from the strip portion, and a bottom wall that adjoins the side wall.
The pockets more preferably include four side walls each at generally right angles
20  with respect to each adjacent side wall. Typically, each of the pockets is essentially
identical and are equally spaced along the strip portion. The bottom wall of each
pocket may include an aperture or through hole to, for example, accommodate a
mechanical push-up.
The hollow protuberances that provide the means for engagingly receiving
25  the advancement mechanism can open through the top surface of the strip portion and
. extend downwardly from the bottom surface, or they can open through the bottom
surface of the strip portion and extend upwardly from the top surface. Desirably, the
hollow protuberances define circular openings through the strip portion. The strip
portion further has first and second parallel longitudinal edge surfaces, and preferably at
30 least one of the edge surfaces includes the means for engagingly receiving the
advancement mechanism. Even more preferable is to have both the first and second



SUMVARY OF THE | NVENTION 5 The present invention relates broadly
to a carrier tape having a plurality of pockets f |
epbodinment, the invention relates to a flexible carrier tape for.

storage and delivery of electronic conponents by an advancenent mechani sm
The carri er, e conprises a strip portion having a top surface. a bottom
surface 5% te the top surface, and neans for engagrﬁﬂpw& Vi ng

t he advancene gmd' é{@?ﬁ &?‘incﬂ&g ' . . 1 pcludes a
plurality of gﬁgne % ets ftor ca#@f‘%ﬂm%ﬁé&gwgwg%?{W%ﬂﬁﬁ%mgms,
t he pockets benetharssmaced al ong the strip portion and opening t hr ough
the top surface thereof.. The negns for. engagi ngly, receiving the advancenent
nmechani sm conpr i se?ﬁ’ﬁmﬁﬁw m@ﬁgﬁgmﬂﬁésaﬂ?é@ly seured te.the o e d
equal | y al ong surface of B sirp portidhO efted alon Pme m%i-,léi @%ﬁ{.& on, and
ext end out wardl y_therefr(g thé 15 pro?gﬁes%?ces élmralg a é%t 0 receive
t he advancdémerkypicaliy, she comends positionedhbetwesni theafirst and speond parallél ihangitadinal edge

The pockets i gast _.one side wall that adjoins and extends
downwar dl y fr;}wo@?kﬂp&mbn, and a bottomwall that adjoins the side
val | . The pocmmmwﬂeﬁmﬁbﬂﬁeh@d@mwﬁfuﬁoﬂ&oﬁﬁémmat

general ly right angles 20 W th respect to each adjacent side wall.

Typi cal |y, eacdHrfage moysat electonic components ¢éna machine, such as p aehetic placementi ar e

equal |y spaceqnﬁmgg . ' rii || of .each pocket
may include an apert uﬁrg&gﬁi‘%H?so%h&h%??pg%lg%“wgﬁt&mﬁ&mwya
mechani cal 10puskelup. The hol | ow protuberances that provide the
means for engagingly recejving 25 the advancenent nechani sm can open

through the top surl§invegsionalsa relates to asmethodfar making such adlexibleccarrientapes dl v
fromthe bottgpeadls the ch‘fﬁ&s%??ﬂ?g&f ough the bottom surface
y

of the strip porti and extend upwar romthe top surface. Desirably,
t he hol | ow pr ot ube(®rprevididg hiweb of a flexiblethenmeplastio polymenugh t he strip

ongi tudi nal_edge. sur f a@BsSeiaie e Vet g Poideragie [ oas: one of ¢ he edge
Tochan sm  Even mor e pr olor I Qep 8 SIicSey thefiotbrfing the oot e e
- 4- the hollow protuberances; and
(d) cooling the shaped web to solidify it.
The web may be provided as a preformed sheet or roll, by direct extrusion, or
by continuous injection molding. Preferably the web is shaped in a vacuum
20  thermoforming mold or die, a rotary vacuum thermoforming mold or die being
particularly advantageous.
The carrier tapes of the invention offer significant advantages when the means
for engagingly receiving the advancement mechanism is in the form of hollow
protuberances. Included among these advantages are: excellent component pocket-to-
25  advancement means registration, simplified manufacturing, reduced waste, and
elimination of the need to punch the web to form drive holes. However, there are
situations in which it may be desirable to provide a carrier tape having conventional
drive holes. In this situation, the hollow protuberances can be removed to form through
holes in the strip portion, the through holes providing the means for engagingly
30 receiving the advancement mechanism. Advantageously, the hollow protuberances can
be removed by techniques other than punching through the strip portion, such as by
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PCT/ US95/ 03965 | ongi_tudinal edge surfacesinclude the means for
engagi ngly receiving the advancenent mechani sm The

Carrier tape can further include a cover that is releasably secured to the
top surface he strip portion, extends along the strj §shos 3
and covers the%o’f%%%' .5 Typically, the cover is positionggr’ggt vveg% t he
first and second pasktadt with al sharpiblade thabshesrs g hollow profubefanezs flush with e Sirp! P

porti on. . The carrier tapes of the invention are especially
useful for storin@od®a. delivering surface nount el ectroni c conponents

to a machi ne, such as g. g(géjigi I ggﬁﬁ- “;rp& | W Lt at
this, the carrier tapeitcxél% V\B‘l%rtl‘g&a ou{)maag%lPoe 0 g?“ﬁlépg%eggwﬁbﬁ@ l‘i\‘?eel .
The invention al sbotterhavaiicoftthe pocket anddiehends thekefrom.s This can Homexathhesatrer timer

t ape. I n_one approach th t hod i ncludes the steps of:

(a) providing & M‘@%Mﬂ‘ﬁ“ﬁﬂwmﬁ%ﬂ%%ﬁ%@m& To form a

(b) delivering th fﬁﬁéh I kiR iacti ‘f}f)&i g
t he web by simul t%eous?@e? hg?r?g%tg?n‘? rlllgu%hheon ggcpgtegsnogncgn be subse?%gil%g ov‘\"/a
pr ot uber ances; andy contact with a sharp blade that ghearssheholloy projectionaflesh witththe dottom
solidify it. The web nay be provided as a preforned sheet or
roll, by direct eﬂ#lUsi on, or by continuous injection nolding.
Preferably the web is shaped in a vacuum 20 thernoform ng nold or die, a
rotary vacuum thernoform ng nold or die being particularly

advant ageous. 10 TheBR ESCRIFIAONOF I DRAWINGS, of f er
significant advant ages : | Y
advancenent nechani sm ;fgg?ﬂr}'ebﬁkg' ggtraﬁr%sl(‘)‘? fg]ly E@W%@o %ﬁiel%caﬁ’cde{és&ﬁlow&
I ncl uded anong t helsswingyinwkide similae reference! numetalcdasipame like poahaddgoue- 25
advancenent neans registration i mplifjed manufacturing, reduced waste,

Si

and el i ni natPBRCRMs theoughem 2pd inwhich: t he web to form drive hol es.
However, there are FIGSh § %IQP | ME Edtive VieWPr & q%em vi de
a carrier tape having coﬁven%?on Sntdr ri \‘/’eR'hOI es. Ien t li S gﬁ%%trﬁgﬁ

t he hol | ow pr oiSubdaperaceardingrto the invention avitha ¢oyemtheieobliaying been parially gemoved he

strip portion, the_ through hol es providi t he ans for engagingly 30
recei ving the advjﬂéﬂqvéﬁ&“M'éﬁpgﬁwﬂgU%%g@'y, the hol | ow
prot uberances can FIG. 2 is a sectional view taken along lines 2--2 in FIG. 1 and showing, in

more detail, structures for advancing the carrier tape;

FIG. 3 is an enlarged, fragmentary, sectional view showing in greater detail
20 one embodiment of an advancement structure for use in a carrier tape according to
the invention;
FIG. 4 is a sectional view similar to FIG. 3 and showing another
embodiment of the invention;
FIG. § is a sectional view similar to FIG. 3 and showing a further
25 . embodiment of the invention;
FIG. 6 is a sectional view similar to FIG. 3 and showing a different
embodiment of the invention;
FIG. 7 is a schematic illustration of one method for manufacturing a carrier
tape according to the invention;
30 FIG. 8 is a sectional view similar to FIG. 2 and showing an additional
embodiment of the invention in which the advancement structures of FIG. 2 have
been removed; |



be renoved by techni ques other than punching through the strip portion,

such as by WO
96/ 25841 . :

PCT/ US96/ 03965 contact with a sharp bl ade that shears the hol | ow

prot uberances flush with the strip portion. It is also

possi bl e t o™MAMRM or m a hol | ow projection that opens thro

bottomval | of the prells AaciciaPARASMIE SFIOM Bit hitial alggggal the same

time 5 that the pockets and the hollow protu es are thernofornmed. To
forma t heemppnent) land showing a igatrico tapeatdording ¢o thelibvention priexciither can be

Ror o or o Lot PRty p SRR, vt o s B et S S
BRI EF DESCRI PTofNcéMporidht thitSs formed in the wrrﬂg@ljepvent ion will be nore
fully appreciated with reference to the follow ng drawi ngs in which

simlar refé&rence nBigrH) isagchamptigiview illustratinghow @ gastier tape according tocthe s
th hout d. | ' : . ' t ar. ti
e of “one el ik be toaded with combiaSius fol e il ARARRICdh BE BRRE n°

with a cover thamdeof having been partially renoved to show conponents
stored wwthin the carrier, tape; ., . . LFIG 2 is a sectional view
taken al ong |ines 2FKiiH ispachematic yiew, Jlystrafing;arobotic maghine remaying,

T o AR Rt LSk o v % 153" one
enbodi ment 1®f an advancement structure for use in a carrier tape according
to the Invent ¥¥AILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Turning now to the drawings, one embodiment of a carrier tape according to
the invention is shown in FIGS. 1 through 3. The illustrated carrier tape is useful
for the storage am_i delivery of electronic components by an advancement

15 mechanism. More specifically, a unitary flexible carrier tape 100 has a strip portion
102 defining a top surface and a bottom surface opposite the top surface. Strip
portion 102 includes longitudinal edge surfaces 104 and 106, and a row of aligned
advancement structures 108 and 110 formed in and extending along one, and
preferably both, edge surfaces. Advancement structures 108 and 110 provide a

20  means for engagingly receiving the advancement mechanism and are described more
fully hereinbelow.

A series of pockets 112 is formed in and spaced along strip portion 102, as
shown in FIGS. 1 and 2, the pockets opening through the top surface of the strip
portion. Within a given carrier tape, each pocket is usually essentially identical to

25  the other pockets. Typically, they are aligned with each other and equally spaced
apart. In the illustrated embodiment, each pocket includes four side walls 114, each
at generally right angles with respect to each adjacent wall. Side walls 114 adjoin |
and extend downwardly from the top surface of the strip portion and adjoin bottom
wall 116 to form pocket 112. Bottom wall 116 is generally planar and parallel to the

30 plane of strip portion 102. Optionally, though desirably, bottom wall 116 may
include an aperture or through hole 118 that is of a size to accommodate a
mechanical push-up (e.g., a poke-up needle) to facilitate removal of component 119

I



FIG 4 is a sectional viewsimlar to FIG 3 and show ng anot her _
enbodi nent of the invention; —FLG 5 is a -.sestional viewsimlar
to FTG 3 and showing a further 25 enbodi nent of the invention;

FIG 6 is a sectional viewsimlar to FIG 3 and showing a different

enbodi mrent of the invention,; FIG 7 is a schemati W%@%&t I on
of one method MRA9RBMf acturing a carrier t ape accordi ng

i nvention; 30 §=¢@ ' N L1
showi ng an addi ti Ssr'l]g?%ﬁel e bﬂl ﬁgn?é@? t l\és@#\@h%%&il%ﬂmﬁk&u%r}ggqmy
advancenent st r uctlse be ussd Hyl aB. opficiiseanner to delestthe presencedr absence of a component

. -6 VO 96/ 25841 . iy . .
PCT/ US95/ 03965 within any givenogket, I addition, apergyrs 11§ may be;usefplin applyinga

(but without a stQiRdm to the PBinit Aidte fficieht@ading af the PocketsPRitRCCOr di ng
to the invention prior 'to the renmoval of a hollow projection, which

renmoval forns &n &pmpengnis. iFurthemdisqussion\of aperture 118fand howibway he formeddn t hat

is formed in the ' L .. . 0O is a schematic view
il tustrating how g&@w%ﬁﬁﬁg}%@e&%m%&wﬁd &%&‘ i nvention may be

| oaded wi th conponent sinf gdnkalyasdekets 1 12ara dpdignedito 0onfofm to the'size and shape ofi fifé
FIG 11 is a schenmatic viewill ustrati;\‘g a robotic nachi ne renpvin

conponent's from acemponeats that theyaze intemded to; 15caiYRa Although noyspecifically illt?stmwd,
OETA LED DESCR! PTYQN. 0k J iy REEH05R 1Y B0 Fin the four ht are sBR o0
one enbodi fent. o 0

to the draw ngs, a carrirer tape according t he
i nvention is dbowpreferrdd eithodimenitr dnigénesal, ok pocketincludescat least onecsidet walb thas
usef ul adjoins and extends downwardly from strip portion 102, and a bottom wall that
adjoins the side wall to form the pocket. Thus, the pockets may be circular, oval,
triangular, pentagonal, or have other shapes in outline. Each side wall may also be
formed with a slight draft (i.e., a 2° to 12° slant toward the center of the pocket) in
15 order to facilitate insertion of the component, and to assist in releasing the pocket
from a mold or forming die during fabrication of the carrier tape. The depth of the
pocket can also vary depending on the component that the pocket is intended to
receive. In addition, the interior of the pocket may be formed with ledges, ribs,
pedestals, bars, rails, appurtenances, and other similar structural features to better
20 accommodate or support particular components. Although a single column of
pockets is illustrated in the drawings, two or more columns of aligned pockets
could also be formed along the length of the strip portion in order to facilitate the
simultaneous delivery of multiple components. It is expected that the columns of
pockets would be arranged parallel to each other with pockets in one column being
25  in aligned rows with the pockets in the adjacent column(s).

Strip portion 102 may be formed of any polymeric material that has a
sufficient gauge and flexibility to permit it to be wound about the hub of a storage
reel. A variety of polymeric materials may be used including, but not limited to,
polyester (e.g., glycol-modified polyethylene terephthalate), polycarbonate,

30 polypropylene, polystyrene, polyvinyl chloride, and acrylonitrile-butadiene-styrene.
Strip portion 102 may be optically clear, pigmented or modified to be electrically
dissipative. In the latter case, the strip may include an electrically conductive
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far the storage and delivery of electronic conponents by an advancenent 15
mechani sm Mre specifically, a unitary flexible carrier-tape—100-has—a
strip portion 102 defining a top surface and a bottom surface
opposite the top surface. Strip portion 102 includes |ongitudinal

edge surfac%gﬁsa?nd 106, and a row of aligned adva’}izﬁﬂﬁ%(mss

structures 110 fornmed in and extendi ng al ong one .
pref erably bot fhategill Suéli/id @eison bIAKGHRaRIREH gﬁﬁtbki% WhiSis éﬂ%r%id#&@%d” ovi de
a 20 means for engagingly receiving the a vancerment nechani snfand are
descri bed nor eWwithin meweﬁemmpb!ﬁﬂbseq“enﬂy coated pntodhe nspo'l'hepockets 112

ana 3"t pocRErEASERL AR B wiiedf e o il Do

portion. Wt hi cartiepiapeand prefersbly tcﬁmegmah'rmtﬂmﬁrelm qpt | al Iy
identical to 25 the other p ck . lypically, they are allgne W th each
ot her and eﬁuaﬂ@%%éﬂnm“ H'r@e caugier ape due (psan accumulated statignelectriceach
pocket i ncl udeéhﬁ.gélr side walls 114, each at generally right angles
with respect to ch adjacent wall. Side walls 114 adjoin and extend
downwardly fromt heCamprsapeflaﬁqrmdallylimhmnnqmqmm elnngaeldoudjlw nalthebgio m

wall 116 to form cket 112. tom 6.18S ner y | anar and
parallel to thHs “s'ﬂf’dﬁgptlﬂ"a t¢ Hm‘i‘bﬁ"ﬂgﬁ iof, the,camies tape to

desirably, bOti‘éﬁm\fﬁHéoni‘pbﬁer[@ﬁnerem Agmimm%mgriuﬁ z%v mvgh hole 118

that is of a size to accommbdate a nechani ca g., a poke-up
needl e) t o1® acflexiblg; evarliespas orpmorepreferably, allief pockets 112, and is dlsposed

-7-

PCT/ US95/ 03965 Lobétleén” &‘&68‘?4‘ gfadyancement stengtures 108 agd 410 plopg the leagth of steip | n
pocket 112. Appértioh 202.1Eon@y120 is reRbsBlyd@cuisd th 1Y tohsupfabd 6Pdirip parivR 1020

detect the presence, or absence of a conponent w thin any Qi ven pocket.
In addition, afthatiteambgsybsequently seatoved foacaess ithe siered componentsc lAsn t o t he

Fur her  di SousesEE ks OSSR Bheihfal BSikiieniibd 123 anidBRO" =

15 that are bonded to longitudinal edge surfaces 104 and 106, respectively, of strip

portion 102. 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
120 could be secured to strip portion 102 by a mechanical fastener such as a snap fit

20  interference fastener or a hook and loop fastener (with the hooks being carried by
either the cover or the strip portion and the loops being carried by the other).

Referring now to FIGS. 2 through 6, advancement structures 108 and 110

comprise a series of hollow protuberances that extend outwardly from strip portion
102, preferably in a plane perpendicular to the plane of the strip portion. The

25 hollow protuberances have a proximal end that opens through strip portion 102 and
a distal end that may be open or closed. The advancement structures are adapted to
engagingly receive an advancement mechanism such as sprocket 209 shown in FIG.
10 and sprocket 224 shown in FIG. 11 (discussed more fully below). The
advancement mechanism typically comprises one sprocket for each row of

30  advancement structures, and the teeth of each sprocket are engagingly received
within the hollow portion of the protuberance where it opens through strip portion
102. The advancement structures in combination with the sprockets advance carrier

9.



accordance wth the invention is provided bel ow I n general,
pockets 112 are designed to conformto _the size and shape of the
confponents that they are intended to receive. Although not specifically

Fllustrated, t he pockets may have nore or less side walls than the
four that are the 10 preferred enbodi nent. In gener
pocket i ncl ude@ng\@ﬁ%gst one side wall that adj oi ns and géﬁ' endas 65

downwar dl'y from s g okt ORN e dredeiBnined ocah Qhe ¢ e

side wall to formthe pocket.pThus,_the pockets may be circul ar,
triangul ar, pent atporier tapeomanbe filled wish compenestsi(seediiGL i1B)or arobhtic placenent | may

Center of the pochRiie i lpcteflsssetui; i or” chdy foBtieny iled 11

conmponent, and t othémin citcitbohd (s BIG. f1¢).pocket froma nmold or
formng die during fabrlcatlon of the carrier tape. The depth of the
pocket can al sb vary H&?ﬂdr}éﬂtm%w%fomid Wdw@ner vadety of ended

to receive. ihﬁg&%%li etﬁuﬁ@atédﬁoﬁé?lﬁ(su%di&‘ﬁmﬁﬁéeéaﬂ@iﬁ Qte,{:] gzﬁd with

| edges, ri bs, bars, rails, appurtenances, Tmlar
structural feat urfragmentirg seetiondDviewafdGodathe closedscylindert showntin FIG 24, or the

comonents, ALt oyl s, Soule By ome peedBRE 3. 53 Aeht b o, 1
along the length ﬂfss:b Tua{£§@g&ﬁrdrla%h&rwﬁedddﬁdfa&mlenhatﬁe bd38 of the

si mul t aneous delivery of nultiple onents. It is expected that the
col ums of 10 pa;brnmemenmmmw where they opganhmgb Istripopostiorh 102 dre Itypm:adlu

pockets in one cqu | i t h ocke S,.in .t
adj acent col urm(s‘fl be 3 olHfiné Bur cogll‘ﬂl gB@'ﬁ #haﬁesl:g”gem %B?%'F igent,
pol ymeric materi ajdvahd@melifstrudtures confpriké triacated oﬂﬁésgﬁvﬁigd lfd"%ﬁ)hﬂglé fi.d. Oa
permt it to be vvound about the hub of a stor A variety of

pol yneri ¢ nat er i aflighkinyvapbtaperdfgom the preximal tqﬂw%m emq)naslemhtoéaboutw mm

pol yester (e.g., I dfzﬂlmlm tnﬁt%as
pol ycar bonat e, w%%}b%%%gﬁdeﬁgwm*&ts‘?% ﬁgﬁd‘é A ny1‘ ol%rfsde, and
acrylonitril emutmpwmmatetwt 55 em (0.061 itch), merxdwancemedt(kﬂ'uom;estheingmhﬂm |y

cl ear, pignented or ified to be.electyicall . dissipative, In the
latter case, the ¥@ F‘?%g‘q ¢ SiEip Regtion at él‘{%ﬂ'?cf’ EFW’HWGB&%&%(&%WCMW

The shape of the advancement structure, the shape of the base outline, and
the spacing between adjacent structures may be varied to accommodate different
20  types of advancement mechanisms. In the electronics industry, the number, size and
spacing of advancement holes is largely standardized to ensure uniformity, and the
advancement structures of the invention can be formed to be consistent with the
industry standardization. In FIGS. 1 through 5, advancement structures 108 and
110 are illustrated as opening through the top surface of strip portion 102 such that
25 the hollow protuberances project or extend below the bottom surface of the strip
| portion, as do pockets 112. However, as shown in FIG. 6, the hollow
protuberances may also project or extend above strip portion 102 such that they
open through the bottom surface of the strip portion, this being the embodiment
used in conjunction with the schematic views of FIGS. 10 and 11.
30 In general, the carrier tapes of the present invention are made by shaping
both the pockets and the hollow protubérance advancement structures in a sheet of
polymeric material and winding the carrier tape onto a ree! to form a roll.
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PCT/ US95/ 03965 mat erial , such_as carbon black or vanadium pentoxide

that s either interspersed within the polyneric material or is
subsequently coated onto the strip. The el ectrically conductive

material allows an electric charge to dissipate throughout the

carrier tapavﬁ?ﬂﬁzsﬂ‘*‘eferabl y to the ground. This feature nayrwgﬂ?"ﬁanage
to 5 conponents qq&teagg B&flcatiyl B | Vi c l!gl‘“ at ed
static electric ch rge‘.ﬁﬂy’ wm?emﬁ%a‘?r‘?ée%ﬂ%pe 1'%8 ot?%lé'cZI y
further incl udeexampleehoved-200 of a\flexiblthermaodpldstic pblymer is suppliedi asal preformed s

optional. Cover_420 i | i,e er..th ockets of the carri,er tape to

retain the conprgﬁb%tésfeﬁ%ﬁg%yb@&éas UHON (¢ 8 AROPPEr-Ted  sipgle serew, 120 is
10 flexible, Ql(ﬁﬂzbweﬂﬁfd&ﬁﬁedWﬁ@sﬁ&?f&ﬁﬁ@ﬁe),&by%nm%{ifﬁiecﬁ&@’ and is
di sposed between the rows of advancenent structures 108 and 110 al ong

the I'ength & dJnoldisg toa molder dieA041(which way be a paiy of matched melsand femaler ed t o
e 850000l i oy S gt O

renmoved to access t stored conpone

i ncl udes par al |ant theoadyancedientdtrictuseli to ghendusiredsize dritPshapei(aliswingor afypt are
bonded to Iongitgdinal edge surfaces 104 and 106, respectively, of strip

portion 102. FJbsequensshrinkage uponcopling)e The dimensigns,ebthe incoming polymerieicr y| at e
terial, \ ' . ' t at
Copol yrrer , - VMRS delGtfba Sy e pifpe 38 Widl of heSealif i, i 10 B0, 0

106. Al ternét i etmed.cover 120 coul d be secured to strip portion 102
by a nechani cal fastgen such ag a, sha it,20. interference fastener or a
hook and | oop fasteh@r e‘[‘%"lq%ﬁ"ﬁea%ih@%e&stc&rmmawm thatgeliescon thee
cover or the stusk Bf B6th heft/ana preskilie td ' i t

e 8416 R MerMoplastic hslelil @g d%‘tr}ﬁ‘r‘gl%

Referring nowto FIGS. 2 through 6, advancenent structures
conprise a ser iRsavidad yothe selg) itsalf; ba preheater 202 a0r axextnuden(mptshosdny from strip

ti 1 . ' di 1 | f th
Ber b port i on. eeifGRYS) Bra oo pBiyeae NEb B i el slrRinally ab St opens
through strisp phermoformis Thedemperature t8iwhich the polyiiesAt web)mibeb& Reited Varfek 0Sed.

The advancenent structures are adapted t engagi ngly receive an

d
advan E enent meOYS? Bread ange {he.s pbaut Q@@-ﬂ@’é“) Sepeading onrthegauge anﬂ typeaofd
224 . . i . . .
sprocket S hpatetia 'ihaﬂs%eu%héﬁﬁo?ﬁﬁfé@g well'as tﬁéjlrﬂggq(gfﬁag ﬁangégﬁnpgm.f 30

advancenent mechani smtypically conmprises one sp
advancenent st rihetapplisd, pressuretih sufficient to permia a highaqualityereplivation 600 inisld Yor

recei ved thin the hol)]ow portion.of the protuberance where it opens
through strip \nger?qt m% may&&p%h&.vfgﬁ ¢ 'é?}%%@lﬁiﬁxmﬁation
: vmgt h the sppooclwb006weNtKe Mld dlédes or by the application of a vacuum that urges the web

to deform over a male die or draws the web into a female die (i.e., vacuum
thermoforming). A rotary vacuum thermoforming mold is particularly useful. Web
200 is typically cooled after thermoforming, which can be accomplished by air
cooling, fans, a water bath or a cooling oven until the thermoplastic polymer

25  solidifies. '

Importantly, the pockets and the advancement structures are formed
simultaneously which permits excellent registration between these features since
their relative orientation is determined by the configuration of the mold in which
the carrier tape is thermoformed. To the contrary, in conventional carrier tapes, the

30 advancement, drive or sprocket holes are subsequently formed in 2 separate
punching operation that requires precision handling of the web to ensure that the
subsequently punched advancement holes are properly aligned and registered with
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PCT/ US95/ 03965 tape 100 _toward a predeterm ned |ocation. At the
predeterm ned | ocation, the carrier tape may be filled with conponents
(see FIG 10) or a robotic placenent machi ne may grasp conponents,
seriatim to, for exanple, subsequently place themon a ¢i ' ard
(see FIG 11). Wape2s8dt Advancenent structures 108 and 110$ﬁ&@g%’§”§)6§r ned

to have a variety S E;’Q‘ﬁ | ed in
both FIG 2 and irﬁw; gl eﬁ a ge #&m?ﬁ g%a Eiﬁsec 'ﬁg%gfﬁ{%eg&v[%@q:%&
3, the closed cyl irestlsiin mamrlmbﬁq&ntppslmnmgld the carrish@apé in/the epmparenon,

di npl e or done de cribed Ln Fl er, s es are.a . ossi bl e
such as a cone or ?9? E'Faﬂ&oﬁ"hmamccﬂ?%cgﬁmtéﬂ?fm“?h&%éﬁe Mpasgnt) o
advancenent str UCbUé]@?s dw%eﬁmlﬁmehﬁéﬂ% Fionh &e%@iﬂc&ﬂeﬁ%%@

typically circular in outline but coul have ot her shapes | e5|red
| n one enbodi mént pegessary to regain vegisieation when ﬂ@dhmrmebsedclmmdaodtb cones

bl (i) i g i o

and a circul ar basagvirg multiple fows sfeohponeat pockefsas 1maec¢ssasy£b5nmﬁaﬁmzsss%b9| y
1.55 nm (0. 061 inch), the advancenent structures being equally spaced
along the strip p@&#@ﬁ%“&“ﬁ%ﬁ@@déﬂvﬂ'ﬁﬁﬂwl ﬁbﬁ@tgmhm@comnmh) on

center. - pocketd 1 a Y640 R mé:n&: atgg@&gg;mgl fabifithe 4t abelcHffor®d1En O

the base outline, pacl ng acen ures nay be
varied to accamdalrter tkpéfﬁn&nheﬁ&kets)apeﬂlddvatbemmmmﬁmmm In the
el ectroni cs industy t he nunber, size and spaci ng of advancenent
holes is |argely §¥éﬂ'&5ﬂr"1¥ed to ensure uniformty, and the

advancenent struct ures piadidi, W&Fﬁé %Fﬂi&‘%n%ﬁﬁi?ﬁff&ﬂhbgd gofent wth
t he i ndustry standardi zafi on. | GS. 1 through 5, advancénent

structures 108 andiminished waste.r Since thmrﬁareapeaareompun@ed Hhe amburit iof weeg that
ST o St L PPl Bl o el BB B SE %, °C
112. However, 13S sperddicinbefihéreaded ahdd mehﬂl'ridi\&pe fabncat:on process simplified since the
generally slow step of punching the web has been eliminated. This also brings the
benefits of decreased maintenance costs and reduced manufacturing down time
since the relatively expensive punches do not have to be replaced and recalibrated.

Other known manufacturing approaches involve simultaneous thermoforming

20  of the pockets and punching of the advancement holes. However, in these
operations it can be difficult to maintain consistent component pocket-to-
advancement hole registration over long distances and these processes are associated
with the use of a flat forming die which can Iimit the speed of the manufacturing
line. These processes also require the clean up of generated punch weed and

25  maintaining the punches that produce the advancement holes.

While the carrier tapes of the invention offer particular advantages when the
advancement structures are in the form of hollow protuberances, there may be
situations in which it is desirable to remove the protuberances to form advancement
holes similar to those found in conventional carrier tapes. Consequently, and with

30 continuing reference to FIG. 7, once thermoformed web 200 exits mold 204 it may
be conveyed to protuberance removal station 206 where advancement structures 108
and 110 are removed to yield a carrier tape 100' having advancement, drive or
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pr ot uberances may al so project or extend above strip portion 102 such that

t hey open through the bottom surface_of the strip porti-en—thi-s—beiny
t he—embodi nent used in conjunction with the schematic views of FIGS.
10 and 11. 30 In general, the carrier tapes of the present invention

are made by shapin both the pockets and the hollow p e
advancenpnthF’g-'@P res in a sheet of pol ymeric materi g&@gﬁo\?\ﬁ%dl ng
t?g carrier tmg%lgsli%dtﬂ%‘: Wvél?,' is sh?wp in FIG. 8. Thus, advancement
PCT/ US95/ 03965holes 126 and 128 prowidethepneans for hpagingiy teceiving the advaacemento t he
schematic view of, F] G as, an 0 of .&yf lexi bl e

t her nopl astic PEPRANSM:| %wmw&%t“g{%qpélf'&?éﬁ\‘“\egégwa £ 2 preforned

sheet, by diregkhfigids'$a¢tO4s Kyea Rser, & WARR R a h610wiré bPBY plaiimgC¥inding, t(hree
zone extruder fitted with a’sheet formng die), or by continuous injection
5 ol di ng $o endmillingorouting op grinding.i Althaugh nnt showm in the drawings, evapuine and
femal e di.es) .t t her.nof | d 204 sinul taneously

t her nof or s thhgf)é‘&g?&”d%a%%h%%m structures to the desired
si ze and shape (al | Howeerf Rhasbeen found espechsiyidearitagebas olengjsioy ! earp edge NO) -
The di mensi ons of the incom ng pol.fymeri [o web w1 _be determ ned by
the gauge and 8-& R fired oRyibzating; knife of Fazof blade.; which optionally canjpe hegted) that

By "L her of Of Mo thb AaVARLAT stkurds PRI Gt SRR RER AultPiith StrpPorfith 1

use of both heat and pressure to orma thernoplastic material” e heat
may be 10 plad suthas sharp edga2(i7khows éd F]G.a7.pThé blade cartifashionedfram tar uder

t sh \ i fi Ly). ..l , ' b 200 i s heated
(ot shoun a5 S i B B B SBSL b Sng, | 12t
pol yneric web Fh'ﬁiﬁ:ul'iﬂy ReFhISE aif Ordifity stainless QA utilinPkARCHIARHA Hak bBen citPOUL

200-370[err] F) dependlng on the gauge and type of material that is
bei ng t her nof otonthe appropriate size (if necessanydoriéntedas addfuangletwith regpdct tocthe

The appl i ed pr Gaoul Gl S U e dpRbachiRg Bfyetic e’ 8 Sb4fonbd wikBbGGS 0" ©f

15 10° pitch such that the advancing carrier tape rides over the knife blade which
engages and shears each advancement structure in sequence. For carrier tapes
having advancement structures formed along each longitudinal edge, as shown in
FIG. 1, a separate protuberance removal station may be employed to remove the
advancement structures from each longitudinal edge of the carrier tape, or a single

20 removal station configured, for example, to have a separate knife blade for
removing the advancement structures from each edge may be used.

Each of the techniques described above offers the advantage of removing
advancement structures 108 and 110 flush with strip portion 102. Thus, the size
and location of advancement holes 126 and 128 that are formed upon removal of,

25 respectively, advancement structures 108 and 110, is essentially the same as the size
and location of the openings through strip portion 102 originally created by the
advancement structures. Similarly, the spacing between adjacent advancement holes
along each longitudinal edge is the same as the spacing that existed between adjacent
advancement structures prior to their removal.

30 Consequently, punching is not considered a preferred removal technique as
the repetitive punching of the carrier tape creates a new set of holes. Precision
placement of the advancement holes by subsequently punching through the
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die pattern and may be provided by, for exanple, the force the nold exerts
upon 20 web 200 when the npld closes or_hy the application of a vacuum

t hai” Urges the web to deformover a nale die or draws the web into a
f-emal e die (i.e., vacuum thernoform ng). A rotary vacuum t her nof or m ng
nold is partic seful . Wb 200 is typically cool ed

t her nof or m ng, W“ an be acconplished by air cool i ng, "Tans, gmwater

bath or a cool i ngadWuAcenent struchites WHAE TR TegatnibldtepRAtiohbetWw&n! té Edrfifonent
| nportantly, the pockets and the advancenment structures are forned

si mul t aneous| y whPegketsand theadvancemert strueturess whigh iconld isesetheroriginad berieits: ur es
! ShY . : iy : . . f
I oL 1e T ke LA i ST Rl R ©

the nmold in which e carrier er nof ary,

in conventional ceffer the advaptage of femo¥ing thel holiove proniberaticés\other thanbiyominiching ol es
are subsequently forned in ., separate punchi ng operation that requires
preci si on hand? i ntreHElthe SR PO s yr e t hat t he subsequent |y punched

gg/vggg igent hol'es are pamiig Mow ' #1679 138 disé Beksibictotheritiofdtm a hollow piéfdction

PCT/ US95/ 03965 130 inthottoonwalh &1 ofipeckestld 2 arthelsame time that the pbeketchaduat e
| i t d i strati t ipi b
Bos L1 oni ng-of ¢ RS aasEmedY stRtiees 108 498 110 s epotorieal Bty dion; 130 pas

and/or in the robgpidximalena it opéMthiolgh bitoas ¥all 126 aRNPaRANEnd that mgpggets
are conventionally formed separately fromthe advancenent holes, it"is 5

necessary to negaPpenrarclesed.the bollownprejaction depending fomethe hettom walle| Hellaved t o
s hi . v O . ke .
mnuf act ure. of ¢ oPRREROR $30 HaY habe's GHGEbEnatest s SRIUIL, Wlbrlebfe at ot e . ¢

as it is necessar pnésaistaissd above @s avdilablelfor providingGidvircainentstracmng 108 and
punched advancenent_ hol es and _each of the conponent ockets in_a row

The met hods descr 1 Ko dnese embodigent, holigwe Praiestion 1 50 comprisss a fruacated cope havipg i er
e Sncast PRI A SO PASEITTYL bl W0 ) 0 { SRR i
of fer the advast ageinside diameter that measures approximately 1 mm (0.04 inch). Hollow
projection 130 is removed at protuberance removal station 206 or at another
similarly functioning station so as to form aperture 118 shown in FIG. 1. Hollow
projection 130 may be removed by the same techniques as described above for
removing advancement structures 108 and 110 and the use of a sharp edge (e.g., a
20 fixed or vibrating knife or razor blade, which optionally can be heated) that
contacts hollow projection 130 to sever or shear it flush with bottom wall 116 is
preferred. Particularly useful is an ordinary stainless steel utility knife blade that
has been cut to the appropriate size (if necessary), oriented at a 45° angle with
respect to the longitudinal axis of the approaching polymeric web, and positioned
25  with about a 10° pitch such that the advancing carrier tape rides over the knife blade
which engages and shears each hollow projection in sequence Thus, apertures 118
may be formed without punching the carrier tape.
Referring again to FIG. 7, the carrier tape (whether the hollow protuberance
advancement structures have been removed or not) is wound (either concentric or
30 level windings) about the core of reel 208 to form a supply roll for storage until the
carrier tape is loaded with components. Alternatively, and as shown in FIG. 10,
immediately after carrier tape 100 (or 100, not illustrated) is formed, a component
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dj m ni shed waste. Since the carrier tapes are not punched, the anmount of

weed t hat must be gat hered and_di sposed of is reduced-—Furtherrore—-
manofacturing 11 ne 15 speeds can be increased and the carrier tape
f-abrication process sinplified since the general ly sl ow step of

punchi ng the web has been elimnated. This also brings the fits of
decr eased n¥P#M4hce costs and reduced manufacturing dompﬁﬁgﬁw si nce

the rel ativel JoR%pPoIe ma§ R&3 12 withlcohpiifentsCl 10€ covel 196 S6F AR ded) i

recal i brat ed. her known nmanufacturi ng appr oaches 1 nvol ve

si nul t aneous tdelivered from aplb212 and seeusechby amapplisator Bl Owhichyisdieated én the
advancenent hqgl es Ly d D: . 10 [ t.can.be difficult to
mai nt ai n consi e%ﬁak%\gﬁ%g'ﬁteﬂ'{o Oﬁéggz:%tiagt_wat%ngmyaﬁg é‘?PéHP‘?‘H& By BYI%ES ati on
ovfelr Io]pg di stofdnmaarﬂemta_ _ hpémﬁplpprtimeamdemeamdgmmer' 'hapeik w?und abotta édr€ orise of
a flat formn ie ich can Limt the spee .the manufacturin
| i ne. Thesé p?"&%le?slg Hprage Pbﬂ‘ﬂ%"Fﬁ“ta@“SF@Bﬁ l%'wvmpxmrmmmed and
25 i ntaini :

mal ntal nipieg ﬁ}g@éﬁi@???ﬁgﬂé& bg %%%&g%$%&ﬁ&¥ﬁ9?@ﬁ%@h&@&an oles if

Wiile the carrrer t I nvention er particular a ages when
t he adv arthe advancement structures have been remwvedy forméd incdarrier tapecl00h & ances,
there may be situations in whjch it is desirable to renove the

pr ot uber ances 4d¥ancsthg GAITEK °°mm5?t§9a§fh\[¢ar to those found in

conventional carri qp ys@RRE carfier'@pélisainidaded m:»%mu%%ch&ﬁ‘mcié%ﬁ% gref erence

to FIG 7, once thernotornmed web 200 exits nold 204 it may e conveyed
t o pr ot ubeltanddG. dipwhichdHustiates azagienitaped 08 dorald3niwrcombination withsa robatic

and 110 are v eipued.) Qa1 Silbly bt $RAToNIR calfly i R A SGHRAL, 01 ve

or 6/ 25841
PCT/ US95/ 03965assembly 220 pedieéovePt 20 frdiaried tdped00/apaundal stispey bl 23.0wn i n
FIG 8. Thus, advancenent hol es 126 and 128 provi de the neans for

engagi ngly recwhigh Assistsin paeveatirg:the stripper asserahly dvoms pulling, the cavrien dapeawway
Lt e, Tl kB e 10 gk BE A o 450, ks °

15 received by advancement structures {or advancement holes if the advancement
structures have been removed) formed in carrier tape 100, to move the carrier tape
toward robotic placement machine 218. As each successive component reaches the
desired pick-up point, the robotic placement machine grasps the component (either
manually or by suction) and places it, for example, on a circuit board in the

20 appropriate location.

The carrier tapes of the invention are particularly useful in the electronics
industry for transporting and delivering surface mount electronic components such
as memory chips, integrated circuit chips, resistors, connectors, dual in-line
processors, capacitors, gate arrays, etc,

25 The present invention has now been described with reference to severat
embodiments thereof. It will be apparent to those skilled in the art that many
changes can be made in the embodiments described without departing from the
scope of the invention. Hence, the scope of the present invention shall not be
limited by the structures described herein, but only by structures described by the

30  language of the claims and the equivalents of those structures.
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5. endm | ling, routing or gri ndi ng. Al though not shown in the draw ngs, a
vacuum line may be nerated weed.

However, it has been fouhd t ageous to enpl oy a sharp edge
(e.g., a fixed or VI bratin H ﬁiﬂbl ade, which optionally can be
heat ed) t hat acts structures to seve

them flush vm'tﬁv Stl’l p portion 10 102 such as sharp edge 207 gﬁg%%llﬁ%l G
7. The bl ade can be fashioned froma variety of materials including
tool steel, high carbide steel and cerani ELAIMS Particularly useful is an

ordinary stainless steel utility knife blade that has been cut to the
appropriate size (if necessary), oriented at a 45[err] angle with respect

to the | ongi t udi ﬂa|AﬂéhﬁedeWﬁﬂﬁﬁdﬂnﬂﬂeWW&mﬁﬁ&m
positioned with about a 15 10 pItCh such that the advancing carrier lt,}:alpe

ri des over the kranfdvascement mpchanism, the mears each advancenent
structure in gequence. For lnﬂﬁ%f @&%[@ tures
formed al ong §ach Iongltudﬁa#gﬁe@g: Eas sﬁo Q % %%03{[‘)%1 te
prot uberance r enmpsurfate; and meas fortengapingl ﬂ:eadnnwﬁdmmecmnmphtﬂncerrent

structures from each | ongituydi nal_ of the carrier t or,a single 20
renoval station configured® lﬂ ﬂ%ﬁM@%@fﬁ%ﬁg electionicicempenens,  or
renoving the advagesiuRds beitg #g‘;euraﬁ,gg %qﬂgwggﬂ%gj‘sﬁ?

Each of the techni ques descr ove offers the advantage o 'orPermw ng

advancenent strudbereafs 108 and 110 flush with strip portion 102. Thus, the

e movar 8 5k O 21, SPGBl 9 i AR Ml .

essential ly the sompriesaipl wwwpmmm“sﬁcedb@mﬂmmﬂémbr ough
strip portion 102 origi na r eat ed advancg_@ nt struct ures
Simlarly, the sPo Wg%["&é@% m mePBWQ“

| ongi t udi nal edg W qfi% G medank ﬂﬁhﬂpent
advancenent structures. prior to their renova Oonsequent Y, _

punching is not qoriondhareof. a preferred renmoval technique as t he
repetitive pui}chl ng of the carrier tape creates a new set of holes.
- Precision pl acenent of the advancenent hol es by subsequently punching
~ through the 2. A flexible carrier tape according to claim 1 wherein eachlpdcket comprises:
() atleast one side wall adjoining and extending downwardly from
the strip portion; and

(ii) a bottom wall adjoining the at least one side wall to form the
20 pocket.

3. A flexible carrier tape according to claim 2 wherein each pocket
comprises:
(1) four side walls each at generally right angles with respect to each
25 adjacent side wall, the side walls adjoining and extending downwardly from the
strip portion; and
(ii) a bottom wall adjoining the side walls to form the pocket.

4. A flexible carrier tape according to claim 3 wherein the bottom wall of
30  each pocket includes an aperture formed through the bottom wall.

«16-



W0 96/ 25841

PCT/ US95/ 03965 advancenent structures would require regaining

regi strati on between the co ets and the advancenent
structures, which could er W@Iﬂ H"ﬂﬂEenefi ts achi eved by

si mul taneousl x forni ng the L ds described herein of fer

t he advant ag hovi ng the hol | ow protuberances other t hERTHF*NIMNShi ng 5

t hrough the strlp Po&§t iA0R

possi bl e to thernof o?m %"?’FS\;‘V’"SF&"& é[)gé]:ﬂk&gcﬂ%’b%eﬁg% V\gﬁ k&f%
pocket 112 at tiseesmnellyldammhatdarbeqmlglspmedlawngthestﬁ;ipermrfent structures
108 and 110 are thernofornmed. Holl ow projection 130 has a proximal end
t hat opens through bottomwall 116 and a distal end that may be 10 open or
closed, the hollow pgoiACA&IBIE cARiRF Bife A8cording td ElRink 9 i

projection 130 nmay have a variety ggks apesw forns ar@?@ér?‘@gg]uﬁﬁy l'udi ng al |
of the Hnepocketsdncludey nm;eﬂmameahmddabhmﬁofrpqokmmendgnmdmgmenent
structures 108 one enbodi nent, holl ow projection 130
conprises a tru%@g‘[hoét%e#égﬁgb‘%ﬂ " a 10 dr aft angl e, a depth of about
0.51 mm (0.020 inch), and a C|rcul ar base with 15 an inside dianeter that
nmeasures approximately 1 mn (0.04 inch). Holl ow projection 130 is

removed at prot ubera?rcé\ flexible sarrier tape gecopding & claim 4 wherein the pluralityraf| ar | v

pr'of cct1 on_130- ToupH BRbubRrter GEARARAIM By bfhc? SR s iieh ol OV (o,

renovi ng adv@ncdovenwardly front the battohd Surfaceloflith®strip gortiol. use of a sharp edge
(e.g., a 20 fixed or vibrating knife or razor blade, which optionally can

be heated) that cont acts hol | ow projection 130 to sever or shear it
flush with bottom wagla &5@.@{ i Chtrdh ! $s an
ordinary stainless st eeI ut| I {?/erlganﬂ ng Egi[:nl halgein’)lgga?tl%ﬁt to the

appropriate si zhollaw protuhesancesyopen ﬂmx@tthccbottbmauﬁﬁ{e@fﬂie stripcpostion 4nd extend
respect to the Ion |t3d| n@l axi hlne a roach| ng pol yneric web, and
positioned 25 %ﬁeto t he advancing carrier tape
ri des over t%ie knife bl ade whi ch engages and shears each hol | ow
projection in sequence Thus, apertures 118 may be fornmed without

punchi ng the carri er9t Aditexib. ible carrier tape according torclaimd wheseim the strip portion has figst

ave been T omoviny Seond sane dongihl BB S foao R AFBETERT bl 1 °°

wi ndi ngs) about includesthe meank forenfapiiply teceifing theadwancement medhanisml St or age

until the carrier tape is | oaded with conponents. Alternatively, and
as shown in FIG 10,
20 10. A flexible carrier tape according to claim 9 wherein both the first and
second longitudinal edge surfaces include the means for engagingly receiving the
advancement mechanism.

11. A flexible carrier tape according to claim 1 wherein the hollow
25  protuberances are tapered.

12. A flexible carrier tape according to claim 1 wherein the hollow
protuberances define circular openings through the strip portion.

-17-



| medi ately after carrier tape 100 (or 100", not illustrated) is forned, a
)

conponent — - -14-

96/ 25841

PCT/ US95/ 03965 | oader H“ﬂm“ﬂuumuets 112 with conponents 119,
cover 120 (if i Wq is & ¢ oma roll 212 andrﬁﬁ_ [ by an
appl i cat or 214‘%1 s heated in the case of a cover t s a

heat - acti vated bond) t ¢3,t AdflekibRodairied! tdpd accoftiirg t6¢laind 4 &sherein each podkerccofiiptibdse
tape strip portion, and the | oaded carrier tape . s wound about a core or 5
reel 216 for storage or del (il @t leastone side wall adioining)andsextending dowmwardly from

sprocket 209, N s .eﬂltgagi ngly received by advancenent structures
(or advancenent hé'f H?Poﬂnﬁn, he advancenent structures have been renoved)

formed in carrier tape 100, (ii) ca bottom wall adjoininghthe atleast ®ne side svallaodorth the
conponent | oader 21Q. I.n use, the.carrier tape is unloaded as
shown in the séheﬂﬁ?olfe& the botam. wall hayjng ?ﬁ‘@l"‘iﬂojﬁﬂﬁ’%ﬁhﬂt PPH&‘#“&P&R'&%BQ?% er
tape 100 (or 100" lwaliang QBpenBsinertrom.t  a robotic pl acenent nmachi ne
218. Supply reel 216 provides carrier tape 100. A stri pper assenbly

220 peels cover 120 fromcarrier tape 100 around a stripper block 222,

whi ch assists in prevenji ' I | 3. f 1O, |1 e rier
t ape away fromi tgidgg}céﬁ%%%m@ er‘%f'ége i‘g%&bﬂ%@ by a
sprocket 224, whi bckes cotaing £aafaceotint eRcyehixcedipohentt r uct ures (or
advancenent holes if the advancenent structures have been renoved)

formed in carrPer tape 100, to nove the carrier tape toward robotic

pl acenent machi ne 218. Y| rﬁ%&p
desired pi ck-up point, lﬁéﬁ%@%ﬁ%@%éﬁc@%gﬁ%é gr asgg:h{dﬂ’g accg?'rgonent
(either manuatleasably sebyred wothe p)surfare o thesrip portion] anerﬂkrgradﬁg,mmi;ﬁ

' : The carrier

circuit board in the 20 .appropriate |ocation.
tapes of the i nveRPTtSR W@WGM“HF‘W"EE@?%- in the el ectronics

i ndustry for transporting and delivering surface nount electronic
conmponent s such as nenory chips, integrated circuit chips, resistors,
connectors, dudl in-lidé& A flexible carrier tape according to claim 1 wherein the strip portion has

first and second paralle! longitudinal edge surfaces and at least one of the edge surfaces

includes the means for engagingly receiving the advancement mechanism, the carrier

tape further including a cover releasably secured to the top surface of the strip portion

between the longitudinal edge surfaces, extending along the strip portion, and covering
20 the plurality of pockets.

17. A flexible carrier tape according to claim 1 wound about the core of a reel.

-18-



pr-ocessors, capacitors, gate arrays, etc. 25 The present invention
has now been descri bed V\A—t-h_peier—e,m;er—t_o_seyeral enbodi nent s thereof

It will be apparent to th art that many changes can
be nade in the enbodi ment mﬂ ! t departing fromthe scope

of the mver* Wnce,,t resent i nvention_shal |l not be
limted by the structures descri bed here| n, but only by st r BEVHP950396S

described by the 30 gl maaaeeamasefa}memeﬁv&ym&@hﬁ%@fg@mmse

st ruct ur es.
WO 96/ 25841 an advancement mechanism, the carrier tape comprisingCT/ US95/ 03965

1. Aflexible carrier ta st and del ivery. of elegtronicg
conponents by an ad@énégq}gm'%hﬁgﬂﬂ?ﬁgm Spsface..4 botfog) s “F%'é’m’e?%q‘%l ng 5
(a) a strip por:gp ﬁﬂfabélvtﬂ@rﬁﬁeﬁec‘éhu pagiRl loaglhﬂhiapéagsuﬁr?&s@ aPieiNe ohd &F

top surface, rreans for engagi ngly receiving t advancenent rrechanl sm
and surfaces hawing megsis forgrigagingly re&emgadw advaricement imechanisny; \andig t he

porti Lﬁ”L‘n’fﬁgﬁﬁ?ﬁSt e o BB 3F iy BRI 15 o Riyepie componkeus,

wher ei n  he  meahepdckets beiag tialypdoad slon 6 srip poridy ane opERin AT F‘Fy al ong

conprises a plurali of hoI | ow rotuberances that are spaced equal |
the strip %?GCGKFW @Ewmm&tru p portion, and extend outwardly

fromthe strip portion, t he () four side walls each at generally right angles with respect
10 to each adjacent side wall, the side walls adjoining and extending downwardly from
the strip portion; and
(i) a bottom wall adjoining the side walls to form the pocket;
wherein the means for engagingly receiving the advancement mechanism
comprises a plurality of hollow protuberances that are spaced equally along the strip
15 portion and either (1) open through the top surface of the strip portion and extend
downwardly from the bottom surface of the strip portion or (2) open through the bottom
surface of the strip portion and extend upwardly from the top surface of the strip
portion, the protuberances defining circular openings through the strip portion and being
adapted to receive the advancement mechanism within the hollow portion thereof,

20
19. A flexible carrier tape according to claim 18 further comprising a cover
releasably secured to the top surface of the strip portion between the longitudinal edge
surfaces, extending along the strip portion, and covering the plurality of pockets.
25 " 20. A flexible carrier tape according to claim 19 wherein at least one of the

pockets contains a surface mount electronic component.

=]9.



pr ot uber ances bei ng adapt ed to receive the advancenent mechani sm within the
hol | ow portion thereof. 2.—A flexible carrier tape

according to claim1 wherei ach ri ses: (1)
dt | east one side wall ad] of“'iﬂi Iﬂﬂii %.I!Hﬁﬁg downwardly from t he
strip portion; v e bottom wal | adj Qj.nj at
| east one si deveﬁ\ia . 3 formthe 20 p'(‘)c.ket. 3. (yﬁb#gﬁ:g%e
carrier tape accordi n@i1i QA edetiodo? nvikitiged Mexibl€ CariierQiR!for storage At ENVeASof

(i) four side walls each at generallg right angles wth respect to each 25

adj acent si de walPMPEAcatsdy3a adyan mschanisn, thi Garsies EpRrOMPrising.a wEPotiony om

t he strip pQLti rﬁ"egﬁﬂgr : s \.rﬁ.r?ce 9‘5@%@5 LOLAI Ng
the side walls tg{a%lg?m e p%%{\gllyrecelvmgthegd nﬂeﬁ eﬁ‘?%:ple&%gﬁ’?er
tape accordi ng t qockets for Carryirg the coriponerits) ithecpckes dpenihg Sfloughake st pdrtion, and
I ncl udes an aperture f,or?e througg the bottomwall. . .

-16- Vio dFeplymiity pf hollow protuberances that open through the strip portion and extend
PCT/ US95/ 03965 outwardly therefrom, the method comprising the steps of:

(a) providing a web of a flexible thermoplastic polymer;

(b) delivering the web of thermoplastic polymer to a mold or a die;
{c) shaping the web of thermoplastic polymer by simultaneously

10  thermoforming the pockets and the hollow protuberances; and
(d) cooling the shaped web to solidify the thermoplastic polymer.

22. A method according to claim 21 wherein the web of flexible thermoplastic
polymer is provided as a preformed sheet or roll.
15
23. A method according to claim 21 wherein the web of flexible thermoplastic
polymer is provided by direct extrusion or continuous injection molding.

24. A method according to claim 21 wherein the mold or die is a vacuum

20 thermoforming mold or die.

25. A method according to claim 24 wherein the mold or die is a rotary vacuum
thermoforming mold or die.

25 26. A method according to claim 21 wherein the web of thermoplastic polymer
is shaped by vacuum thermoforming.

-20-



5. Aflexible carrier tape according to claim1l wherein each of the pockets
Is essentially identi
6.  Aflexible carrier .tape accordi to claiml1l wherein the plurality of 5
pockets i ncl udes nmor e 't mmil l“l%Hmol um of pockets extending al ong

t he | engt of t he 7. Aflexible carrier
t ape accorm’ Iclaim| wherein the plurality of NS URRS/03965
rot-uberances open ahr ' ext end
P pen % A)Hg&o{i ré%fairﬂ‘ the Streﬁhgggrttﬁ Eﬁdlﬁ&%ﬂ

10 downwardly from'the ace o
8. Aflexible mmmdathammamfwedpmt&meuipaummmeénhowpmmﬂemeési ty of

gﬁljl g\)/(vt gagt uber “'Jg en t&dﬁ?% %ﬁbg@pgﬁj@wrfacﬁgm trﬁ Stri B %8” I on

9. Aflexible mw portion
has first l“\'élt"&gﬁgecond par all\sib‘?ﬁl on&j udi nal edgg surfaces aﬂg at | east
one of the Sdgutrippmtiencand extend upwardly fronxthe bop surface-of they stripnportiom; ghe hallowei vi ng

accordi ng & o CHOSHFIRE Bls e 19 esive e b ent sidhatiehy iln B BRE, 1

edge surfaces popidnuH@edthe neans for engagingly receiving the
advancenent nmechanism . 11. Aflexible carrier tape according
to claim1 wherein the holl ow 25 pr ot uberances are tapered.

ot ot uber ances. der 1 8- PEAPARESRER H3f 27 Bl el Al frobBpish bt

10 circular openings through the strip portion.

29. A method according to claim 21, the method further comprising the step of
removing the hollow protuberances to form through holes in the strip portion, the
through holes providing means for engagingly receiving the advancement mechanism.

15

30. A method according to claim 29 wherein the hollow protuberances are

removed other than by punching through the strip portion.

31. A method according to claim 29 wherein the hollow protuberances are
20 removed by contact with a sharp blade.

32. A method according to claim 31 wherein contact with the sharp blade shears
the hollow protuberances flush with the strip portion.

25 33. A method according to claim 21 wherein each pocket comprises at least
one side wall adjoining and extending downwardly from the strip portion, anda
bottom wall adjoining the at least one side wall to form the pocket, the bottom wall
having a hollow projection that opens through the bottom wall and depends
therefrom, wherein the hollow projection is simultaneously thermoformed with the

30  pockets and the hollow protuberances.

21



-17- WD 96/ 25841
PCT/_US95/ 03965 ——33—Aflexible carrier tape according to clarm——
1 wherein each pocket conpr,i (i) at |east one side

wal | adj oi ni ng and ext endi :’ wlwmmﬂt the strip portion; and
(i) abottomwll agioini one side wall to formthe 5
pocket, the bo % 1 havi ng a holl ow projection that opens %%5he
bott om wal | and ggpepget békdi i '%eﬁ '

carrier tape accordi nggt.o cl aihr?la? wheliriéerilondgl‘tm ?%aﬂ;?mgtrl]\gdg t é’&‘bﬁggb%g{ék%ﬁp
contai ns a surf ac®f ryueming:the hoHow ipeojectiop ¢» £orm a thoough hole in the bottoptwall\of the
flexible carrier ég@% according to claim1 further including a cover

rel easably secure O the top surface of the strip portion, extending al ong

the strip portion, and covering the plurality of pockets. 15
16. A flexible carrier _tape accqording to claim1l wherein the strip portion
has 5 35. A method according to claim 34 wherein the hollow projection is

removed by contact with a sharp blade to shear the hollow projection flush with the
bottom wall of the pocket.

36. A method of making a flexible carrier tape for storage and delivery of
10 components by an advancement mechanism, the carrier tape comprising a strip portion
having means for engagingly receiving the advancement mechanism, a plurality of
pockets for carrying the components, the pockets opening through the strip portion, and
a plurality of hollow protuberances that open through the strip portion and extend
outwardly therefrom, the method comprising the steps of:
15 (@) providing a web of a flexible thermoplastic polymer;
(b) delivering the web of thermoplastic polymer to a mold or a die;
(c) shaping the web of thermoplastic polymer by simultaneously vacuum
thermoforming the pockets and the hollow protuberances;
' (d) cooling the shaped web to solidify the thermoplastic polymer; and
20 (e) removing the hollow protuberances by contact with a sharp blade to
shear the hollow protuberances flush with the strip portion to form circular through
holes in the strip portion, the circular through holes providing means for engagingly
receiving the advancement mechanism,

25 37. A method according to claim 36, wherein each pocket comprises at least
one side wall adjoining and extending downwardly from the strip portion, and a
bottom wall adjoining the at least one side wall to form the pocket, the bottom wall
having a hollow projection that opens through the bottom wall and depends
therefrom, wherein the hollow projection is simultaneously thermoformed with the

30  pockets and the hollow protuberances and then removed ny contact with :i sharp
blade to shear the hollow projection flush with the bottom wall of the pocket to
form a through hole in the bottom wall of the pocket.

22~



first and second parallel Iongitudinaﬁ?edge-surfaces_and at | east one of

the _edge surfaces Lncludes the neans for engagingly receiving the
adyancenent nechanism the carrier: tape further including a cover
rel easably secured to the top surface of the strip portion bet ween

t he Iongitudﬁ@@haﬁg e surfaces, extending along the strip portion, and
covering 20 " thé& plurality of pockets. 4 : 17. RCTURIS03965

carrier tape according to claim1 wound aﬁ%ﬁh the core of a reel.
WD 96/ 25841

PCT/ US95/ 03965 18. A flexible carrier tape for storage and
delivery of electronic conponents by an advancenent nechanism the
carrier tape conprising: (a) a strip portion having a
top surface, a bottom surface opposite the top surface, and first and

second parall el |ongitudinal edge surfaces, at |east one of the 5 edge
surfaces having neans for engagingly receiving the advancenent nechani sm
and (b) a plurality of "aligned packets for carrying

t he el ectroni c conponents, t he pockets being equally spaced along the
strip portion and opening through the top \ surface thereof, each
pocket conprising 52 \\(i) four side walls each at
generally right angles with respect 1G=\to side wall, the
side walls adjoining and extending dg N he strip portion
and ii {dj dTni ng the side
walls to formthe pocket; \n the neans for

engagi ngly receiving the adva K g \ donprises a plurality
of hol | ow pr ot uberances t hat 20 \gUA N
and either (1) open through \ R A o : D\ portion and extend
downwardly fromthe bottom SN i )

t he bottom surface of t
top surface of the strip

- N

pwardly fromthe

(/
/




portion, the protuberances defining circular openings through the strip

portion and being adapted to_receive the advancenent nechani smw thin
the holl ow portion thereof. 20 19. Aflexible carrier tape
according to claim 18 further conprising a cover rel easably secured to

the top surface of the strip portion between the |ongitudinal edge
surf aces, ex?@MMPﬂﬂ‘along the strip porg%?a$ and coveri ng tRET/pBsna%6st y of
e

pocket s. 25 20. A flexible r tape according to claim 19
wherein at | east one of the pockets contains a surface nount

el ectroni ¢ conponent.

- 19- WD 96/ 258422 119 100

PCT/ US95/ 03965 21 . A Hé*%od of nmaHli ng f1exi bf@4carrier t ape
for storage 4qus deliver

the carrier tape nuvu";s;zar:“""‘*"*-'*‘--*---“~-
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pockets for carrying the conponents, the pockets opening through the strip
portion, and 5 a plurality of hollow prot

strip portion and extend outwardly t om the nethod conprising the
steps of: (a) providing a web of a flexible

t her nopl asti c pol yner; (b) delivering the web of
t her nopl asti!"’p?é’lz%/'ﬂér to a mold or a di%/ 5 PCT/P9503368 pi ng
the web of thernoplastic polynmer by simultaneously 10 thernoform ng the

pockets and the hol | ow protuberances; and (d) cooling
the shaped web to solidify the thernoplastic pgBymer. _ 22. A
nmet hod according to claim21 wherein the web of " fl exi bl ©her moN astic
polymer is provided as a preforned sheet or rd 15 23. A

met hod according to claim21 wherein the web aq i astic

pol ymer is provided by direct extrusion or confi nuous Dl di ng

24. A nmethod according to claim21 wherein th " | sS4 vacuum 20

t hernof orm ng nold or die. 25. claim 24
wherein the nold or die is a rotary vacuum t her nof or mi ng nol ®MNor di e.
25 26. A nmethod according to claim 21

t her nopl asti ¢ pol yner i s shaped by vacuumjt her nof or m ng.

204
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- 20- WD 96/ 25841

PCT/US95/ 03965 27. A nethod according_to claim?2l1 wherein the |
strip portion includes a top surface and a bottom surface opposite the
top surface and the hol | ow protuberances either (1) open through the
top surface ?? 4@?&“ trip portion and extend downwardly from the bottom
surface of the gportlon or (2) opeg fkyough the bot t onPSHUPYEY3%65t t he

5 strip portion and extend upwardly from The top surface of the strip
portion, the holl ow pr ot uber ances bei ng adapted to receive the
advancenent nmechanismw thin the holl ow portion thereof.

28. A method according to claim 27 wherein the hol |l ow protuberances define
10 circular openings through the strip portion. 29. A

nmet hod according to claim21, the method further conprising the step of
removing the hol I ow protuberances to formthrough holes in the strip
portion, the throg%& hol es provi di ng neans r enga Iy recei vi ng
t he advancenent mechani 30. Al ng to claim
29. wherein the hollom1prutuberances renD‘ed ther th by punchi ng
through the s{Qgp portiop. 31. A ngethod accordi g to claim

29 wherein the hoT™ 2R AllCES Al T o eSS (II‘.'IA

AN ™

OO ITFFANT, IIIIIIIIIII

130 Fig. 9



20- renoved by contact with a sharp bl ade. 32. A nethod
according to claim31 wherein contact with the sharp bl ade shears the .
hol I ow protuberances flush with the strip portion. 25 : 33. A

met hod according to claim21 wherein each pocket conprises at | east

one side wall ad!oining'and extendi ng downwardly fromthe stri ortion,

and a Il adjoining the ag fdgst one side wal PG 36X he
pocket, the bottom wal l having a hol |l ow projection that opens through
the bottomwall and depends therefrom wherein the hollow projection
I's simultaneously thernoformed with the 30 pockets and the hol | ow

pr ot uber ances. _ -21-

WD 96/ 25841 212

PCT/ US95/ 03965 34. A nethod according to claim 33, the nethod
further conprising the step Q edQvi ng the holl ow projection to form

a through hole in the bottom wal pocket . 5 35. A
met hod according to claim 34 ol | ow projection is renmoved

by contact with a sharp bl ade §o slfe t hejhol | ow projection flush with the
bottom wal | of the pocket21o

ﬂ;gl \—120 214
\\ -

100 119 112

200 Fig. 10 |




l !
36. A nethod of making a flexible carrier tape fofl %?o??g% aang) deliv W"o

J.E) conponents by an advancenent nec hanl_sm_the_r_a.u;u_e.n;_t_a.pe—ee#p;%p,

slrlp portion havi ng neans for engagingly receiving the advancement

mechanism a plurality of pockets for carrying the CONPOZIRENS t he

pockets opening through the strip portion, and a plural ﬁ/“"' hol | ow
&’ out wardly

prot uber ances {PgTopen thrmmlmwpmm extend N

therefrom the nethod conpri si 1eses'3?
ot di AN TERNATIGRAL APPICR N Rk ISHED UbER Tk phTENT coopEraTION TREATY e
(b) détshyuaérhasianal Faent ChiifiafiontSher nopl qstl (1) MteriiBonallPoblicatici Nuthbe@d 2 diWO 9

(c) shapigmktiaaveb of thernopl asticApB mer by Si rrultaneousl vac
t her mbf ormi ng t he pockets and t he Hol | %g;mm %A“S“‘”mmm%)

(d) ceoling the shaped web to solidify t e t her nppl astic pol _and 20
(c) T Lo mmmsemdonbtion ot 1 JCHHESGE) B et Y, Sl Kl Y s Bzt

shear m%mdﬂwwbera%@mfnwzﬁam;h th&nsstrrsm portlon tof
circular through holes in the/strifp portion, the circular

hel es V| means for engagi ngl y P("mEEEI ving the advancg
mechan {3@%’“&%8 15 Fatruary 1995 016 I di’ NOwikhOuebnaidhalearbh, repoki €1 €
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(57) Abstract

A fiexible carrier taps for storage and delivery of electronic components by an advancement mechanism comprises: (2) a strip portion
having a top surface, a bottom susface opposite the top surface, and means for engagingly receiving the advancement mechanism; and (b)
a plurality of aligned pockets for carrying the electronic components. The pockets are spaced along the strip portion and opening through
the top surface. The means for engagingly receiving the advancement mechanism comprises a plurality of hollow protuberances that are
spaced equally along the strip portion, open through the strip portion, and extend outwardly from the strip portion. The protuberances are
adapted to receive the advancement mechanism within the hollow portion. Methods for manufacturing such carrier tapes are also disclosed.




