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BACKGROUND OF THE INVENTION
1. Technical Field.
10 This invention relates generally to a carrier tape that is used to transport

components from a component manufacturer to a different manufacturer or to an
assembler that assembles the components into new products. More specifically, this
invention relates to flexible carrier tapes for storing electronic surface mount
components and for supplying those components seriatim to 2 machine.

15

2. Description of the Related Axt,

In the field of electronic circuit assembly, it is common to use robotic
placement equipment to move electronic components such as resistors, capacitors,

~ or memory chips from a supply source to a circuit board for attachment in a specific
20 location on the circuit board. After attachment to the circuit board, the circuit
board may be further incorporated into an electronic device.

High speed automated robotic placement equipment is often used for
electronic circuit assembly, where a typical robotic component placement machine
can place between 1,000 and 30,000 components per hour on circuit boards. More

23 specifically, the placement of components on circuit boards is often accomplished
with vacuum pick-up devices that draw vacuum pressure through small orifices.
The vacuum pressure'is sufficient to attract components to the vacuum pick-up
devices from a supply source and this pressure is maintained while moving the
components to their desired locations on circuit boards. The vacuum pressure is

30 then sufﬁciently reduced to allow the components to detach from the vacuum
devices. This sequence of picking up a component and placing it on a circuit board
is repeated for each circuit board or series of circuit boards that require components
to be affixed to their surfaces. The automated robotic placement equipment is
programmed to perform this sequence of movements at a high speed. To keep the
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to performthis scqmponentsintoraserdiessofipockets thathirgprecisehe spacddalbngethe lédgth of the
carrier tape, covers the components with a cover tape, and winds the loaded carrier
10 tape into a roll or onto a reel. The loaded carrier tape may then be used to
transport the components from the component manufacturer to another
manufacturer or to an assembler, where the roll of carﬁer tape may be mounted
within an assembly process. The carrier tape is typically unwound from the roll and
automatically advanced toward a robotic pick-up location. As the carrier tape
15 advances, the robotic placement equipment removes the cover tape, after which it
removes the components from each succeeding pocket of the carrier tape, such as
with a vacuum pick-up device, to assemble the components into new products.
One type of carrier tape, known as a punched carrier tape, is illustrated in
United States Patent Numbers 4,702,788 (Okui) and 5,203,143 (Gutentag). The
20 pockets of punched carrier tapes are typically formed by die punching a series of
holes through a strip of material that is slit from a sheet of the material having a
thickness corresponding to the depth of the pockets to be formed. An adhesive
tape is often adhered to one side of the strip of material so that some portion of the
adhesive tape is exposed to the inside of the pocket, thereby creating the bottom of
25 the pocket. To use a punched carrier tape, a component is typically placed onto the
adhesive surface in each pocket, over which a cover strip may be affixed. The
carrier tape may then be wound into a roll and transported to another assembler or
manufacturer.
The strips of material used for punched carrier tapes are often strips of
30 paper that are slit from larger sheets of paper. The processes of slitting the paper
sheets into strips and punching holes into the strips of paper often creates residual
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causes problems. In the presence of moisture, the paper layers tend to expand and
change dimensions, which can cause delamination of the paper layers. In addition,
15 these multiple paper layers tend to delaminate from each other when wound about a
reel, particularly when the paper is thick. Therefore, the thickness of paper strips
are often limited to about 1 millimeter (0.04 inch), which limits the thickness of
components that can be stored in the carrier tape. Finally, because paper carrier
tapes tend to be fairly rigid, they have an inherent tendency to unwind from a core
20 about which they are wound and return to a linear position, which is an effect
known as “watch-springing.” Watch-springing leads to difficulty in bandling reels
- of paper carrier tape in both loading and unloading operations.
To address some of the concerns associated with paper carrier tapes, it is
known to make the strips of material from nonwoven materials, such as a layer of
25 nonwoven polymeric fibers adhered together at their crossover points. One
example of such a carrier tape is illustrated in U.S. Pat. No. 5,150,787 (Bird et al.).
Nonwoven polymeric carrier tapes are typically more flexible (i.e., less prone to the
watch-springing effect) and less abrasive than paper carrier tapes. In addition, the
dust particulates generated when slitting and punching paper tapes are not
30 generated when producing nonwoven polymeric carrier tapes. However, residual
stray fibers can extend into the pockets and from the face of the carrier tape. These
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equi pment,  t her ebyqfifier 885,187 EIBfinson). This carrier tape requires the use of at least two
separate layers and is produced by providing a flexible thin plastic or foam layer to
which a strong and stable base layer is laminated. The base layer is selected to
10 provided the desired strength for the tape structure.
In view of the disadvantages of conventional carrier tapes, it is therefore
desirable to provide a low cost carrier tape that can be produced easily and
inexpensively and that does not leave dust or stray fibers when slit and punched.

15 SUMMARY OF THE INVENTION
In one embodiment, the invention relates to a component carrier tape used
for storing and transporting components. The carrier tape comprises a single layer
elongated flexible strip portion having properties suitable for storing and
transporting a plurality of components. The single layer strip portion comprises a
20 layer of thermoplastic polymeric foam and has a first surface, a second surface
opposite the first surface, and a plurality of openings spaced along the strip portion
and extending through the strip portion between the first and second surfaces for
receiving the plurality of components. The carrier tape further includes a bottom
strip bonded to the second surface of the strip portion, extending along the strip
25 portion, and covering at least a portion of the plurality of spaced openings. The
carrier tape may further include a top cover tape realeasably secured to the first
surface of the strip portion, extending along the strip portion, and covering at least
a portion of the plurality of spaced openings.
The strip portion may comprise a blend of polystyrene and polyethylene, and
30 more specifically may comprise about 10 to 49 percent by weight polystyrene and
about 51 to 90 percent by weight polyethylene, wherein the sum of the polystyrene
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BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be more fully appreciated with reference to the following
drawings in which similar reference numerals designate like or analogous
components throughout and in which: _

20 Figure 1 is a perspective view of one embodiment of a carrier tape
according to the present invention having a bottom tape and a cover tape adhered
thereto, and having end portions separated to show details of the carrier tape;

Figure 2 is an enlarged cross-sectional view taken approximately along line
2--2 of Figure 1; ' |

25 Figure 3 is a fragmentary plan view showing another embodiment of a
carrier tape according to the present invention having a portion of the cover tape
removed; | |

Figure 4 is a schematic view illustrating a first part of a method according to
the present invention for making the strip portion included in the carrier tape of

30 Figures 1 and 2; '
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Referring now to the drawings, and initially to Figures 1 and 2, a first
embodiment of 2 carrier tape 10 according to the present invention is shown.
10 Carrier tape 10 may be used to transport components (e.g., electronic components,
such as surface mount components, including resistors, memory chips, integrated
circuits, and capacitors) from a component manufacturer to a different manufacturer
that removes the components from the carrier tape and assembles the components
into new products. More specifically, carrier tape. 10 is preferably an elongated
15 flexible tape having a strip portion 12 defining a top surface 14 and a bottom
| - surface 16 opposite the top surface. Strip portion 12 includes longitudinal edge
surfaces 18 and 20 on opposite transverse sides of strip portion 12, a predetermined
thickness between top surface 14 and bottom surface 16, and a series of spaced
openings 22 through strip portion 12 between the top and bottom surfaces 14, 16.
20 Strip portion 12 also includes at least one row of aligned advancement holes 24
formed in strip portion 12 and extending in a row spaced inwardly from one of the
longitudinal edge surfaces 18 and 20. An optional second row of advancement’
holes 24 (not shown separately in the drawings) may be spaced inwardly from the
other longitudinal edge surface. Advancement holes 24 are typically sized and
28 spaced to engage with a specific advancement mechanism (not shown). The
advancement mechanism may comprise, for example, one sprocket for each row of
advancement holes 24, where the teeth of each sprocket engage advancement holes
24 to advance carrier tape 10 toward a predetermined location so that the robotic
placement equipment may either place components on the carrier tape or remove

" 30 components from the carrier tape.
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I n one enbodi ment, the invention relates to a conponent carrier tape used
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single | ayer 2&wo972umpgated flexible strip portion having prorarses/mss
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the polystyrene o jtable shape. It is preferable that each opening 22 be the same size and shape as
the other openings 22 and that each opening 22 be adapted to receive a single
component. It is also preferable that the openings 22 are spaced equally from each
other in an aligned row along the length of carrier tape 10.
Carrier tape 10 may also include a bottom tape or strip 26 bonded to the

15 bottom surface 16 of strip portion 12 to cover at least a portion of the openings 22.
The bottom strip 26 may be bonded directly to the bottom surface 16 with or
without adhesive. For example, the bottom strip may include a film layer (e.g.,
polyester film, nylon film, or polypropylene film) which may have heat-activated
adhesive or pressure sensitive adhesive on one surface for adherence to bottom

20 surface 16. Alternatively, the bottom strip 26 may be an adhesive-free film product.
Bottom strip 26 may also be secured to strip portion 12 by other known means,
such as with an adhesive 27 on the bottom surface 16 or on both the bottom surface
16 and the bottom strip 26. In one preferred embodiment, the adhesive may be any
of a wide variety suitable to secure the bottom strip 26 to the bottom surface 16,

25 such as hot melt adhesives, pressure sensitive adhesives, solvent-coated adhesives,
and heat-activated adhesives. Alternatively, the bottom strip 26 may be secured to
the carrier tape by heating strip portion 12 until it becomes sufficiently tacky, then
applying bottom strip 26 to bottom surface 16. When strip portion 12 cools so that
it is no longer tacky, the bottom strip 26 will become secured to bottom surface 16.

30 Bottom strip 26 thereby forms a base for the openings 22 and creates a surface on
which components (not shown) may be retained when placed within openings 22. It
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scals the components within the openings 22. The cover strip 28 may include 2 film
layer (e.g., polyester film, nylon film, or polypropylene film) which may have a
10 heat-activated adhesive or pressure sensitive adhesive on one surface for adherence
| to top surface 14. Alternatively, the cover strip 28 may be an adhesive-free film
product. The method and adhesive used for fastening cover strip 28 to top surface
14 are preferably of the type that allow cover strip 28 to be easily peeled away from

top surface 14 when the stored components are to be removed from the carrier
15 tape. In one preferred embodiment, the adhesive may be any of a wide variety
suitable to reieasably secure the cover strip 28 to top surface 14, such as hot melt
adhesives, solvent-coated adhesives, and heat-activated adhesives. Alternatively,
the cover strip 28 may be secured to the carrier tape by heating strip portion 12
until it becomes tacky, then applying cover strip 28 to top surface 14. When the
20 strip portion 12 cools so that it is no longer tacky, the cover strip 28 will become
‘'secured to top surface 14. With either of these methods, pressure may be applied
along the edges of the cover strip to uniformly secure the cover strip to the carrier
tape.
Figure 3 illustrates another embodiment of a carrier tape 10° having a top
25 surface 14° according to the present invention. In this embodiment, two or more
columns of openings 22’ are formed in a strip portion 12’ along the length of carrier
tape 10’ to facilitate the transportation of more than one row of components. Each
column of openings 22’ may have similarly sized and shaped openings 22’ as other
columns of openings, or each column of openings 22’ may have differently sized |
30 and shaped openings from other columns of openings.



conmponents throughout and in which: 20 - - Figure 1 is a perspective
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Figure 5 is a schematic view illustrating a second pasrt, of t net hod for
maki ng the str$p posenpor arstabiligiog layers: H@W“F‘@rp‘gﬁb’é“‘cﬁ"ﬁ %({}ﬁ%gpi and 2,
al so contemplated by the present invention are cellular products that are considered to
be non-fibrous since they do not have fibers and therefore do not generate dust
particles and loose fibers of the type generated by fibrous or paper products during |
slitting and punching processes. In a preferred embodiment, the polymeric foam is a
10 closed cell foam that is comprised of a blend of polymeric materials, where each
polymeric material contributes to some desirable characteristic of the foam product.
Alternatively, a single polymeric material hiving the desired properties could be
used for the foam. The polymeric materials selected should provide a foamed
material having sufficient toughness so that the material does not tear during
15 punching, having a low elongation to minimize the tendency of the foamed material
to stretch, and sufficient flexibility to allow the foamed material to be easily wound
about a core. A wide variety of polymeric materials may comprise the polymeric
blend, such as, for example, polyesters (e.g., polyethylene terebhthalate and
ethylene glycol modified polyethylene terephthalate), polyolefins (e.g., low density
20 polyethylene, linear low density polyethylene, high density polyethylene, and
polypropylene), polystyrene, polycarbonate, nylon, acrylics, acrylonitrile-butadiene-
styrene, and copolymers of the foregoing materials.
~ Inone preferred embodiment, the blend of polymeric materials may
comprise low density polyethylene and polystyrene, where the polystyrene
25 contributes to the stiffness of the polymeric foam, and the polyethylene contributes
to the flexibility of the polymeric foam, and the blend of polyethylene and
polystyrene contribute to a desirable amount of foaming. In this embodiment, it is
- preferable that the blend comprise about 10 to 49 percent by weight polystyrene and
about 51 to 90 percent by weight polyethylene, so that the sum of the polystyrene
30 and polyethylene is 100 weight percent. It is even more preferable, however, that
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resistors, mnenory théblead caomprisgbetween 25 and 35 peresnt by, weight polystyreneandgtweent r om

a conponent manuf gt ur. t i f £ acturer t hat renoves
t he conponents fr%%?@%ﬁe@%@g%@@%ml es the conponents

i nto new products. Mr &lehermoplastid fsam preferably hisoapdentity beswiendd.25 giaing pan

el ongated 15 flexible ta aving a stri ortion 12 defining a to
surface 14 and a H'E‘S{ccfﬁ?me’pﬁs%@m’ qtﬁcg’ﬁgcﬁ‘ptlé{]ms?ﬁr ¥ eteISt 1 p
portion 12 igcl udggaly ?giéﬁdé%f‘&lbi@ﬂgg.r The thermopiaSfié foaﬁ%solﬁemgnyaﬁs Bétween

opposite transverse Ssi of strip portion 12, a predeterm ne

t hi ckness bet ween abopt ¥ and£0cpetcentontnispaces; and most-prefembly hap betwesnahout 49t

spaced o] i i '

bott om surfaces 1}iﬁfg%%&$ﬁ%ﬁ)&p% |0M§p%§§ﬁs§%§ﬂ%@@awggg€
one row of al i gnechsahedensieyredictionlof thedvaterial, such that the thecmoplastic fogm (having 30 12
and extending in a row spaced iH%Af(ardlr%

f .of th
| ongi t udi nal edge B9 ﬂf;"a{?pﬁwr%%°§we5?%&rancenent
hol es 24 (ngp show&s&am&ﬁm&k&d@%@ﬁkﬁmwﬂn@mﬂwﬂw from
rface.

t he ot her |ongitudinal edge su Advancenrent holes 24 are
typically sized argessspsuch as sarhendioxide.mitsoasn, andiothes residual gases nreducad byent

Tt iyl sy bl e BRI iR TR
density reduction is controlled by the amount of foaming of the thermoplastic
material and is selected to achieve certain characteristics in the strip portion. For

15 example, a foam with 60 percent density reduction will require less raw
thermoplastic materials than a foam with 10 percent density reduction. In addition,
foams with higher densities will typically have more strength than foams with lower
densities.

Thermoplastic polymeric foams of the type contemplated by the present

20 invention are considered to be closed cell foams. The sizes and shapes of the cells
may vary throughout the foam, where cell sizes are measured as the average
diameter of a cell. The average cell size throughout the foam is preferably in the
range of 10 microns (jum) to 500um and more preferably in the range of 50um to
200uum. However, no cell may have a diameter larger than the thickness of the

25 foam. Varying the number and size of cells in a particular foam will provide
different properties for the foam, such as different densities and strengths.

In a preferred embodiment, the thermoplastic polymeric foam material is
electrically dissipative, and may include an electrically conductive material, such as
carbon black, which is either interspersed within the material, or is coated on the

30 carrier tape either before or after the tape is formed. The electrically conductive
material allows an electric charge to dissipate throughout the carrier tape and



advancenent holes 24, where the teeth of each sprocket engage advancenent
bol es ' 24 to advance carrier tape 10 toward a predeterm ned

| ocation so that the robotic pl acenent equi prent nay either place
conponents on the carrier tape or renove 30 conponents fromthe carrier
t ape. WO 97/ 24022 - 7

PCT/ US96/ | 8188w 97724022 The openingg 22 and the predecsrusosresiss

t hi ckness of the strip portion 12 ﬁay be designed to conformto

the size and shape of one th r
within the openi ngspriff""bg'pt@gﬁ) 4?‘“*%&“’%@ %‘%r%n“ri\ ﬁ?c er?gsgb %ﬁst he
strip portion is prﬁnﬁﬁ@'%tlﬂiﬁébﬁheiﬁﬁﬂd&dtﬁaﬁht@hwaéctﬁdmm:gmm:eents

and the size 5 and shape ofthe open d

openi ngs are not deﬂ‘mﬁ}’éﬂmcpgymeﬂcfﬂﬂéﬁi%&':ﬁgg o esglgg‘gg’t‘?sﬁ terﬁt the
However, openi ngs Oétogerﬁ ﬂi%etr@brexamp!e mmﬁ%%ﬁém&hﬁ-s&ﬁmss
of w deI y varying s and apes In addition, al t hough t he
openi ngs 22 aise |IIMMS&WIM@WWIMMQLG“#WY&&GM%t Vel

i nst ead be anot her SE'aﬁﬁ such as circular, oval, triangular, pentagonal,
or any other 10 gble shape. It is preferable t hat each openi ng 22

be the same size and shageipportion 12 should have sufficient strength to resist tearing or breaking
during manufacture and under normal use conditions (e.g., winding and unwinding
operations), especially since removal of material for the openings and advancement

10 holes during die punching reduces the inherent strength of the strip portion.
Therefore, it is preferable that the tensile strength of the polymeric foam be least
500 pounds per square inch (psi). The strip portion should also experience minimal
elongation during manufacture. If the strip portion stretches during die punching,
the resulting component openings and advancement holes may be improperly

15 aligned, shaped, and spaced apart. To minimize deformation, the percent elongation
of the strip portion at break is preferably less than 7 percent, and more preferably
less than 5 percent

Figure 4 illustrates a method according to the present :nvention for making

strip portions 12 for carrier tape 10. In general, foaming of polymeric materialsis a

20 process that is familiar to those of ordinary skill in the art and is described in various
references such as Handbook of Polymeric Foams and Foam Technology (Daniel
Klempner and Kurt C. Frisch eds., Hanser Publishers 1991), which discusses
different methods of foaming polymeric materials. Many of these can be employed
to manufacture the carrier tapes of the invention. Quite advantageously, strip

25 portion 12 can be easily manufactured by extrusion. The desired raw polymeric
materials, usually in the form of pellets or the like, are supplied by a material feeder
50 to an extruder 52, where it is conveyed, melted, mixed, and forced to the end of
the extruder under préssure. The materials that comprise the blend may reguire the
same or different extruder temperatures for processing, however, the extruder

30 temperature should be high enough to allow proper extrusion of a uniform, well- .
blended mixture. The extruder 52 may comprise equipmeni of several different
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the ot her openi ngs 22 and that each opening 22 be adapted to receive a

single conponent. It is also preferable that the openings 22 are
spaced equal ly from each other in an aligned row along the | ength
of carrier tape 10. Carrier tape 10 nmay al so include a

bottomtape or strip 26 bonded to the 15 bottom surface 16 of strip
| east a portion ofthe openings 22.

portion 12 to
bottom strip ﬁ%m@e bonded directly to the bottom surface Pﬁ"\ﬁ’f’ﬂ“éﬁ‘
wi t hout adhesi ve For exanple, the bottomstrip may include a filmlayer

g; gh;ive heat - actl ns,usud)as clfew [ iched g :\C/Q on
ong surface for ao%%ence st%ndo%t??ro %CX&S% ‘lﬁaf‘g ﬁizﬁete{g\l P@‘r#&fﬁ?@ '573 t he

bot t om s][ ri pb26 nethiclhessandaddthufvie tateral Eiuhigg ﬂfeQﬁtmderk and the extrusidipfat®arest ri p
26 may al so be secure strip portioon 12 by of her knpwn neans,

such as with an acfmg'?%é&?'?"%?l"? erstion when chiooaing apRroORFate SRRSO eauiEMSat t om
sur face s 16 an%tmmtmﬁdﬁﬁr%@ddmmww@ma qfi ment,

t he adhesive may be any W de variety suitabl’e to sécure t he

bottom strip 26 t@dmﬂsmaGMMnmd@M fq!swthee’stmshréz:, TFhs die 54 is

adhesi ves, pressurrge%gﬂ? .

and heat -activated adhesi stehéqy%l ter n%el Y, g&ﬁ]%&ggr iﬁ%i é‘giiﬁeﬁya %’5
secured to whmmﬂymdudﬁsaﬂmgpmmmﬂgpﬂam@wﬁvhmmﬂmnti it
beconmes sufficientl cky, J.hen appl yin tfom tr| 6 to

bott om surface 16. ‘§¥ %"‘ AM"&B@# B‘g‘!‘ﬁ?ﬂil‘hemy %e'l%d'ﬁo

| onger tackyo the Hagihk @Gr&dldri eﬁﬁgmughhﬂﬁ&imeﬁa &WMP&&%M:&% 16.

30 Bottomstrip 2 thereby forns base for the openings 22 and creates

a surface on orm WE?\“@S%MW’&%WGP fammafist shes). o one pesfereed when
placed w thin openkgitgginmert, teldie 54 is a film-forming die having an orifice that is 10 inches wide

by 0.040 inches high. As the polymer blend exits the die 54, it preferably has a
viscosity that is sufficiently low to flow through the die under safe operating

15 pressures, but high enough to withstand the forces that will be generated by gas
expansion while creating a stable, uniform cell structure. The foaming of the raw
polymeric materials typically occurs outside the die, typically by one of three
methods, explained below.

In the first méthod, one or more chemical foaming agents are added to the

20 polymeric material in the material feeder 0. Chemical foaming agents, which are
also commonly referred to as chemical blowing agents, are typically easy to use for
foaming polymeric blends because polymeric material blends that include a chemical
foaming agent may be extruded in the same manner and with the same equipment as
po!yineric material blends that do not include a chemical foaming agent. When a

25 polymeric material blend having a chemical foaming agent is extruded, the chemical
agent decomposes to release a gas, which causes cells to form in the polymeric
material blend as it leaves the extruder. Chemical foaming agents may be either in
liquid or solid form and can be either organic or inorganic compounds that
decompose at a temperature that is lower than the extruder temperature, thereby

30 converting into a gas or mixture of gases that form the cellular structure of the
foam.
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WD 97/ 24022 T 8 .
PCT/ US96/ 18188 .is preferable that the bottomstrip 26 conpletely"
cover the openings in the bottom surface 16 to forma pocket for

stordge of conponents. Optionally, the portion of the bottomstrip

26 that is exposed to the inside of the openings 22 may have an
adhesi ve t her eqfpogiiea as adhesive 27, for gt ai ni ng conponent BCTUSYS1A1S8he
pockets. 5 After conponents are placed in the openings 22 of

strip portion 12, a Coveﬁ}ecggmifal f&:[’@??g%ﬁu?édriﬁEe%eﬁﬁ%n@&%@nhﬁg'ﬁ@kﬂ?&iﬁ' y

secured along the top surta portion 12 to cover at
1east a portion of déndethemmio foagringapentinanrexsthermic fAntikgagehy Endothermic chemical

t he conponents within §{he openin 22, Jhe, cover.strip. 2 inel ude a
film | ayer °E'@'.“§.‘,33‘85§§f@g’( t‘?‘ﬂ%de’t‘ﬂﬂ"ﬂﬂﬁmf’_f‘l ‘“Sﬁdggﬁ/f)’fq&ﬁy ene
film which may hav Aﬁoﬂv@"mdotﬁéﬂicaﬁhﬁeaﬁsls%gdpaﬁlm IRkAistienasensi tive
adhesi ve on one surface for adherence 0 top surtace 14,

Al ternativel ys t he Carperation of KeyportyNewilerseyandcHiwdsoceeol P endothermic chemical

product. The met hod .,and adhesiv S f.or st enlng c ' top
surface 14 ‘a‘?"é%ﬁ%‘ﬁﬁ”gﬁ?y- @?"“P%S’ II-GBltgy %‘3@“&%?&%%?‘%&%%’28 to
be easily peel ed avieyothérMid chemical foamingfagents fetease Hedt ddring debempdsitiontind

conmponents are to be rempved fromthe carrier 15 tape. In.one p{ag%'erred
embodi ment, the adhiaeipde; forsxamplegrpdicrrbanarpide (o8, K epRore™ organic clm' pwIng,

el secur e ARl e U el Uil i
Al ternativel y10 Comparniy)ncosfiMiddizbury pCérhectiont)p4, 4 5-oxybissBeszenesntfonyd)r r i er
tape by heating str ﬂfdr%g(bgglﬁ %e.g., Celogen™ OT chemical blowing agent from Uniroyal
Chemical Company, Inc.), and p-toluene sulfonyl hydrazide (e.g., Celogen™ TSH
chemical blowing agent from Uniroyal Chemical Company, Inc.). A preferred
foam-fomﬁng composition for use in the invention preferably comprises about 0.2
15 to 5 percent chemical foaming agent by weight, about 10 to 49 percent polystyrene
by weight, and about 51 to 90 percent polyethylene by weight, where the sum of the
three products equal 100 weight percent.
The second method of foaming includes injecting gas or liquid directly into
~ the extruder to cause foaming. These gases or liquids are typically referred to as
20 physical foaming agents, which cause foaming either by evaporation upon
application of heat or by expansion upon release of pressure. Physical foaming
agents, however, require additional processing equipment to introduce the foaming
agent to the polymeric material mixture. Although either chemical or physical
foaming agents can be used for the present invention, physical foaming agents
25 typically allow for greater density reductions in foam extrusion. More specifically,
chemical foaming agents generally have a limitation of about 50 to 60 percent
density reduction while physical foaming agents allow for density reductions greater
than 60 percent. Therefore, physical foaming agents are typically used when higher
density reductions are desired for the foamed material. Typical materials used as
30 physical foaming agents include, for example, hydrofluorocarbons, hydrocarbons
(e.g., butane and pentane), and methylene chioride.




until it becomes tacky, then applying cover strip 28 to top surface 14.

Wen the 20 strip portion 12 cools so that it is no |onger tacky, the
cover strip 28 will becone secured to top surface 14. Wth either
of these methods, pressure may be applied al ong the edges of the
cover strip to uniformy secure the cover strip to the carrier

t ape., Figure 3 illustrates another enbodinent of a carrier
tape 10' havi TP 3492 25 surface 14' aggording to the precSeHUS/18188
invention. In this enbodiment, two or nore col ums of openings 22

are formed in a strip pbrathivd niefiod a¢hemipal énd phesical Foanfingapents eway be used t ape
10" to facilitate the, trangportation of re.than one yow of .co epts.
Each col HTROIeREP R fptse Seming oF st hofiparts T sl B Bt o
openi ngs 22' as ot fethod, the chemicat flaki t @i B8 Lsed s adlicieAing agat forthe |

openi ngs 22' may have, di fferentty sized 30 and shaped openings from

ot her col ums of opfisicplfeamingagent. WD 97/ 24022 . .
12 of the prdsent i nverl1oF 5o eREH ARACH! foaming agent s used, the Srind Bk | O
t her nopl asti ¢ pol ydesomposes dnrisgthe foaming grbcess suchithat filtlecr moaesiduabinhterialtis e
carrier tape 10 present in the foamed material. However, some residual material from the foaming
agent may remain in the foamed material after foaming. This residual material may
or may not later decompose or dissipate into the foamed material.

10 Next, the foamed film 56 passes over a cooling cylinder 58, after which it
may be heated and compressed in a nip between a pair of temperature-controlled
cylindrical rollers 60 to form a flexible sheet 62 having relatively flat top and bottom
surfaces. The rollers 60 are maintained at.an appropriate distance from each other
to achieve the desired properties without damaging the flexible shéet 62. Although

15 it is preferable that the sheet be extruded and foamed as described, other known
methods of manufacturing foamed polymers may also be used, such as, for example,
oven expansion foaming where a polymer shée_t is extruded then foamed in an oven.

The flexible sheet 62 is then slit with conventional slitting equipment 64 to
form a plurality of strips, where only a single strip 66 is shown. The strips 66 may

20 be helically or concentrically wound about the hub of a reel to form a supply roll 68
of the strips 66. More than one strip 66 may be wound about a single hub to make
a single supply roll with multiple strips, or each strip 66 may be wound about its
own hub.

Thé supply roll 68 may then be transported to other machinery where

25 operations illustrated in Figure S take place. The strip 66 is unwound from the
supply roll 68 and conventional punching equipment 70 is used to punch the series
of openings 22 and advancement holes 24 illustrated in Figures 1 and 2 into the
strip portion 12. In general, punching holes into the extruded thérmoplastic
polymeric foam strip does not generate the dust particles that are generated when

30 punching holes into paper strips. The bottom strip 26 is then applied to the bottom
surface 16 of the strip portion 12 as it passes between a pair of platens 72 to



to eésily be wound about a core (i.e., mnimze the watch springing

effect), yet is sufficiently strong to give the carrier tape
structural integrity without additional 5 support or stabilizing
| ayers. Thernopl astic polyneric foans of the type cont enpl at ed by

t he present invention are cellular products that are considered to
be non-fi brous wigwasdey do not have fibers _and therefore do peFgsnsisat €
dust particles and | oose fibers of the type generated by fibrous

or paper products durin litti and N [ .
preferred embodi nentP™®¥ ethﬁg?mwiiswgﬁ s°p§n‘f‘€s%?%3ﬁ%§°en§9?2%%’feg‘§% "hat
i's conprised of a blpanitulaily phbny1ie bosomstiripr26and/or sip pertiond2 must be heated to
polymeric material cgntributes o so desirabl e characteristic of e foam
product . | il the aces to;adhere o ﬁﬁWi mWBY#%ImQQVF%ﬂ] pegd
desired proper (i es G@ybhdifed, especially wié B6hidn Serip26 AR o RS20 behsRaivE C
material s sel ected should provide a foaned material having
sufficient tou§hnesadbesivenhat issufficienthetarior atdoem tewperaterg to sagurerthe bogtom strip 26

punchi ng, having a | y t PUN . . o f d
mat er al ¢ BB REREHOE o, Al Lk enfisSiaRBRRor i (e T
foamed material to Hsmiaster foflennonstiown) may be usedinplace of thecplaténs\i2d The apenings of
polynmeric materials et C. rise th r,c . en ch as, for
exanmpl e, pol yesters Z?Eé&&&%MV%Wﬁ%W%BﬁPﬂﬁ?’a@Pﬁg&mgy deline 98% ene
gl ycol nodified pol \iingYhecuridr @ipRND! TRE Sdefidr tapl 0/iabyPhien Be WOurill againdntodensi ty
20 pol yet hyl ene, 'linear |ow density polyethylene, high densit

pol yet hyl ene, 18nd  another supplyrellinatshown) W ¢ followingprocesiey may take prase, or

nyl on, acrylics, acy, hiife! ?'smmﬂbfgﬂ : he stris b¥AAG2 m“gpga} S
of the foregoing mate iaPs. e Fes’WheTent %f\%‘ﬁ%e errecg enbodi nent’
the bl end of pol ynetpwardmtlosden’4 nay conprise | ow density

PoLYEt Yl ene A pol vty 8l el SR o oBROE E2MLER
to the flexibility ahrrichtapp® passesibendattodie loader 140 Cdvertage 28 isphdnyapplicd toweennd
g%g;{ ?/nreﬁ'? fa fﬁ? ;[ ; 'b uatp(?lirto(i1 pFate%g % troatgle ?opasi]xnrgget 140<If tlzeos%r% Q‘%ﬁoxl. Tz.t Rls %rith the
platens 72, platens 76 may or may not be heated, depending on the desired means of
attaching the cover tape 28 to strip portion 12. The loaded carrier tape 10 is then
wound about the hub of a reel to form a loaded roll 78 of carrier tape 10. The
loaded roll 78 is then ready to be shipped to an assembler who will then remove the
20 components from carrier tape 10 and assemble the components into other products,
such as with the use of automated robotic equipment.

The portion of the method illustrated in Figure 4 can be performed by one
manufacturer who manufactures the strip portion 12, and the portion of the method
illustrated in Figufe 5 can be performed by another manufacturer, such as the

25 supplier of the components. Alternatively, the entire operation of Figure 4 may be
performed together with the punching operation and application of the bottom strip
26 illustrated in Figure S by a single manufacturer. This carrier tape product may
then be provided to a component supplier who can fill the carrier tape pockets with
components and apply the cover tape 28. However, the operations of Figures 4 and

30 5 may be divided between manufacturers in any other manner to produce a loaded

carrier tape.



preferable that the blend conprise about 10 to 49 percent by wei ght

pol ystyrene and about 51 to 90 percent by wei ght polyethyl ene, so
that the sum of the polystyrene 30 and pol yethylene is 100 wei ght
percent. It is even nore preferable, however, that WO 97/ 24022

| O PCT/ US96118188 the bl end conprise
bet ween 25 and 35 percent by wei ght pol ystyrene and bet ween 65 and
75 percent by Wiy'éfg‘lmbol yet hyl ene. 16 The ther m)BFﬁ@ts?@RF?am
preferably has a density between 0.25 grans per cubic centineter

(15. 6 pounds per cubic Tiedbjdednoll 78 Maybatranspentedtoithelocativn wherethe'somponents
(62.43 pounds per cubig foot The ther asti.c foamals ref erably has
bet ween HEIR g’lmﬁ%f” ébglﬂéﬁe@m@%ﬁmawéﬁmﬂhda}?&?“ vé?cff}/'?fmay
has between about digchanism automatitilly avaneésahé loadétbianidrageor rehovilanamally epen
spaces is also conmmonly referred to as t.he_ density, reduction of

the material, suchb¥uohptiq ﬂ!‘m%m% j s %‘?ﬁdﬂ Figyre 6, carrier tape 1048 cont |
xani 6. Thede openninaaBIRLbRMLIIGNTS by ek EilAlaih Grodd SPIGHRRYe the Bl |
resi dual pe £ toveand tobatic placdment equipment 82.nThe robetic placeimest pquipment
residual gases pr Oﬂjﬁ?ndovgsyeach successive component 84 from an opening 22 as it reaches the
desired removal point by any known removal method, such as a vacuum pick-up
device, and may then place the component on a particular location on a circuit
10 board or some other desired location.

The carrier tapes of the present 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,
microprocessors, capacitors, gate arrays, and the like. However, the carrier tapes

15 may be used to transport other components such as small springs, clips, and the
like. | _

The following non-limiting examples illustrate one method used to produce
the carrier tapes of the present invention with different polymeric blends.

20 Examples 1 and 2
The extruded thermoplastic polymeric foam used for the strip portions
according to the invention were prepared by a foam extrusion process using a film-
forming die. The sheets were formed from a polymer blend including a chemical
foaming agent.

25 More specifically, a composition of a polymeric blend and a chemical
foaming agent were dry blended and the blend was fed to a 3.18 cm (1.25 inch)
diameter single screw, three-zone extruder operating between 40 and 55 revolutions
per minute (RPM), depending on the example. For Example 1, the extruder was
operating at the following temperatures: Zone 1, 121°C (250°F); Zone 2, 188°C

30 (370°F); Zone 3, 221°C (430°F); and die temperature, 182°C (360°F). For
Example 2, the extruder was operating at the following temperatures: Zone 1,



chem cal blow ng agents that remain fromthe foam ng operation. The anount
af density reduction is controlled by the anount of foam ng of the
t her nopl astic material and is selected to achieve certain
characteristics in the strip portion. For 15 exanple, a foamw th 60
percent density reduction will require |less raw t her nopl astic

mat eri al s t han wofopasmai th 10 percent densi tq reduction. |n adgCctrawesensiss
foanms with higher densities will typically have nore strength than foans

foams of the type cAnTantasafid: zane 2 117°6 QSe: 2t 3 20PR AN FE B l™" ' ©

considered to be cl eafiseritfte 1982 BB AN The niabFiaPbléhdWasifélted fand Fsrc&itolthe end
may vary throughout the foam where cell sizes are neasured as .the, average

di aneter of a cel | . ofthe extrudesgad feditp agingle layer St dilm gxtrusion dig pring thisprecess)
o am . _ !
In the fa”gﬁe&w&nﬂb%gg%&%@@ﬁg&gg%@;ﬁﬂmwmmm

the range of 50pmt have a di aneter
| arger than the thi {khinshespwidelaad B&d a die ghpbetwedn0.§ mng (C. 029 inch)iand 1 aml (G04%

of cells in a particular, foam w provi di ff.erent properties
for the foam such @ﬁ.@aﬁwﬁ%bﬁﬁ?@gﬁﬁ?ﬁwﬁmdﬁé“ a presslire sl the
I-n a preferred enbogksiider exit 8EaboRET 740 Poassdsiper ek ¢ foam material is
electrically dissipative, and jmy . in¢clude an electrically conductive

material, such as Upop sxifjag;the | dies the fprmed gas expandrd;to ifom the pohaesicwi ¢ hi n
the material, or isnﬂ?&&?ﬁeﬂhﬂd@eﬂ’a “ﬁﬁ*"ﬁfi ' ﬁlﬁiinﬁﬁsi
after the tape is forned. The el ectrlf:°3'|“|“§/ con u@ﬁzﬁ%@hﬁ natg%?&n
allows an el ed@ric €8inches)wided Thefopmed materialishest was rémoved fiomethe diepwithethel aid

of a cooling cylinder maintained at a temperature of about 24°C (76°F).

The foamed sheet was then slit in-line by 2 score slitter into strips 32 mm

wide. The strips were wound into rolls, which were subsequently unwound and
shear slit into four 8 mm wide strips. These strips were wound again onto separate
15 cores and these cores were loaded onto a Nitto PM 1200 flat punch machine. The
strips were unwound from the cores and fed through the machine where component
openings of 3.05 mm (0.120 inches) by 1.52 mm (0.060 inches) and advancement
holes of 1.5mm (0.059 inches) in diameter were punched into the strips. A bottom
strip (polyester film with heat-activated adhesive) was applied to the bottom surface
20 of the strips and components were placed in the openings. A cover tape (2653
Heat-Activated Cover Tape from 3M Company of St. Paul, MN) was then heat
sealed to the strips at a temperature of 120°C, The loaded carrier tapes were then
wound onto separate 7.62 cm (3 inch) cores to make separate rolls.
With each of the samples, several properties of the strip portions were
25 measured. To determine the density of each sample, the sample was weighed on a
scale and the dimensions were measured with a micrometer to calculate the volume;
dividing the weight by the volume provided the density of the sample. The tensile
strength at break and percent elongation of the samples was determined through use
of a standard tensile test as described in American Society for Testing and Materials
30 (ASTM) D638, using an Instron 1122 computer assisted tensile tester set at a cross
head speed of 20 inches/minute, using a sample size for Example 1 of 3mm wide,
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preferably to the ground. This feature may prevent danage to the conponents
contained within the carrier tape due to an accunul ated el ectric charge.
The t her nopl astic polyneric foam may al so i nclude other naterials to
vary the properties of the foaned sheet. For exanple, additives such
as anti-static materials, desiccants, 5 hum di cants, adhesi on nodifi ers,
or the like %ﬁgoggedtotherawmaterials. Stri ortio

12 shoul d have ? P1%E ent strength to resisfgtearing or breakipﬁb' 56/18188
during manufacture and under normal use conditions (e.g., w nding and

unwi .ndi ng operSgtl mmsl@mg, esth@Z2min thick amtesamphosizd fooExamyile 2 iofl Bmfrowide,)he

epeni ngs and advan ng di e punchi ng reduces the

i nherent strengt h lgﬁﬁﬁéq@é&wgﬁ i‘ Therefore, it is preferable

that the tensile strengmﬂﬁfﬁm é,xﬂmdnfpofsmaﬂbbﬁelmm blend coniistised6E5 " |

Pa (500 pounds per square inch he strip.portion should al so experlence
Eastraan Chemical

mi ni mal el ongat i on PETFeRtRy weigh %%@W@P‘P‘Yetbﬂ@‘emﬁ 1580F from

ol o6 rmy be * . lcoany of KighiSh, Libdfeds SRR o MR oy R e SLRAE T

m ni mi ze def ormat i &wE r@amﬂ&'Md&nerumnﬂltwpr i on at

break is preferabl SS er nd nore ref erabl SS t han
5 percent. %‘u'e n; WFF&W?%P@W%W@@@E %fspﬁ@m

present invention fsﬂtoﬂidlydaﬂ:omcwd%hawbmw uﬁ&(h@hw m&mhﬁdiﬁl 10. In
general, foamng of polynperic naterials is a process t Is famliar

to those of ordi naGPrRoeAtion); FP%M!%MW@W&%MW&M@ Xhe
references sygh as kRRfg et iePiapRidd Eenkity VB grafd pERABic LEMRALOthE tbddid! ©!

strength at break was 848 psi, and the percent elongation was 6 percent.

In the second exampie, the composition of the material blend comprised 59
percent by weight low density polyethylene (LDPE 1550P from Eastman Chemical
Company), 40 percent by weight high density polyethylene (HDPE 3150B from

15 Quantum Chemical Company of Cincinnati, Ohio) and 1 percent by weight
SAFoam™ endothermic chemical blowing agent. In this example, the extruder was
set at a speed of 55 rpm. The resulting carrier tape had a density of 0.58 grams per
cubic centimeter, the tensile strength at break was 722 psi, and the percent |
elongation was 5 percent.

20 In each of the examples, which satisfied the parameters necessary for an
acceptable carrier tape, the general condition of the loaded carrier tape was
determined by examining the carrier tape. No visible tears or breaks were present in
the strip portions of the examples. The bottom strip and cover tape were
adequately adhered to the strip portion to store and protect the components

23 contained in the openings (i.e., the bottom strip was secured to the strip portion and
the cover tape remained laminated to the strip portion until it was physically peeled
away from the strip portion, yet the cover strip could be peeled from the strip
portion without causing damage to the strip portion). No visible stray dust or fibers
from the stnp portion were present either in the pockets or on the surface of the

30 carrier tape. |
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Kl enpner and Kurt C. Frisch eds., Hanser Publishers 1991), which discusses
different nethods of foam ng polyneric materials. Many of these can be

enpl oyed to manuf acture the carrier tapes of the invention. Qite
advant ageously, strip portion 12 can be easily manufactured by
extrusion. The desired raw polyneric materials, 25 usually in the form of
pellets or the i e supplied by a materjal feeder 50 to a

extruder 52, V\h‘gygqﬁﬁlis conveyed, nelted, R xed, and forced tgc{,r?esgsélr?éssof

t he extruder under pressure. The materials that conprise the blend may
require the same or Tdneipresent invention has ppw been dasenied wathirglersnce ,

however, the extr ud%&g%%ﬁ% Pﬂ,gﬁgﬁ,&t%ﬂ&g%@mﬂmm

. tnaXy
proper extrusion of a un mxture. 3( The extruder 52
may conprise equi prrshanges canchecmade tolthefembodimentsidesagibed withous departing from the

other - nown conPrin b BREESk ki BF s of DR bbfon el Bt f o<

and width of the  [imifédhythestrubhiiedsidestribétFheeein, bt ofily dy dtrivdiares désctibed by thet e

are typically taken . into cansi derati Qgn _when_choosi ng appropriate
ext rusi on equi pnent language ofthe claims and the equivalents of thoseSIEWIESS. 5 fi|m 56 i s
formed in a known manner by extruding the polymeric materials through

a die 54 fed by the extruder 52. The die 54 is preferably



of the type commonly known as a filmformng die or slot di
whi ch generally includes a |long, narrow orifice throu M"ﬁ “I i]! ull
materials are extruded into a 5 film product). AIternatl

die may be used (i.e., a die having a circular openi ng t hrough which
the polyneric materials are extruded in the formof a tube which is
then slit open, o forma flat sheet). In one preferred embodinent, the die
54  is a f 249%%i ng die having an orifggce that is 25,4 BﬁT’Q@W!’F&!‘hes)
wi de by I mm (0 040 inches) high. As the polyner blend exits the die
54, it preferably has a IO viscosity thatCLAIMRfficiently lowto flow

1 hrough the di e under rati ures, but high enough to

wi thstand the forces t %&Wgﬂﬁﬂhﬁ?é@@%@”ﬂy%kﬁ‘éhﬁﬁmm
creating a stabl e,dmgﬁnm.l structure. The foam ng of the raw

polynmeric materials typically occurs outside the die, typically by one of

three nmet hods, expl ai ned bel ow. 15 In the first nmethod, one
or nore chengcal f oani ng ageq polymeric material in
the material feeder 50. Chem oam ng ?&grﬁ’ pri svl\ﬁ!ﬁch are al so

comonly referred to as chemw@elﬁmﬂmﬂe&ﬂeﬁmsmpmmmmpmpem to use
for f oam ng pol |c bl en because p nerjc material RQl ends that
i nclude a chenical™ suitible f &ﬂﬂ"ﬁg"‘g °‘i‘t'&§ﬂ?@“é5f¥?fﬁ?é’l?°ﬂ single layer sap
and with the same mmm&ﬁm&emmbﬁﬁdﬂéﬁﬁ'ﬂ dﬁ%@g‘rdﬂp hot

I nclude a chem cal foam ng agent. Wen a ynmeric mater

havi ng a cheni cal HIWHQ%WESPMR'PP&%@RMMMMWOMMWP
deconposes g rel SptforPbetween t %%RE‘{;R yneric
mat eri al bl elnd as It |eaves tﬁgﬁ‘gtruﬁer eér%§gégl oa ‘?}g”fé‘g‘g g#rra be

either in | i cﬁwwomntsmhewmbe stripporticrcomprisdstaliayer of thermaplastic pulgmgmnl c
conpounds t hat de O‘ﬁ‘ﬁ at a tenperature that is |ower than the
ext ruder terrperatur ereby converting into a gas or m xture of

gases that formthe cel lul am bottomatriy bondéd iothe S¢2and surface of the strip portion,
extending along the strip portion, and covering at least a portion of the plurality of
15 spaced openings.

2. The carrier tape of claim 1, further comprising a top cover tape
releasably secured to the first surface of the strip portion, extending along the strip
portion, and covering at least a portion of the plurality of spaced openings.

3. The carrier tape of claim 1, wherein the thermoplastic polymeric
foam comprises a blend of polystyrene and polyethylene.

4, The camer tape of claim 3, wherein the thermoplastic polymeric
25 foam comprises greater than 50 percent by weight polyethylene.

5. The carrier tape of claim 3, wherein the thermoplastic polymeric
foam comprises about 10 to 49 percent by weight polystyrene and about 51 to 90
percent by weight polyethylene, wherein the sum of the polystyrene and
30 polyethylene is 100 weight percent.
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PCT/ US96/ 18188 The chem cal foam ng agent mﬂw mguu“amu |L|!||
present invention may be either an endot her m ¢ f oahf e AGETE OF
exot herm ¢ foam ng agent. Endotherm c chem cal f oam ng agents

absorb heat during deconposition and include, for exanple, SAFoam

endot her m ¢ chewiod?heddh oW Ng agent from Reecky| I nternational 5 pcraseeisiss
Cor poration of Keyport, New Jersey and Hydrocerol [err] endotherm c chem cal

e SEITOTE L T S B e A,

deconposi tion and foam furthet Ecihpiides residie fond A fdamingoagedt. car bonani de (e. g.,

Kenpore[err] organic chem cal bl ow ng : agent and Cel ogen[err]

organi ¢ chem cal bl owi ng agent from Uniroyal Chem cal 10 Conmpany, I nc.
of M ddl ebury, Connecticyt), i %%'éoﬁbﬁﬁﬂ Pladst s

hydr azi ne (OBSH) (e.qg., ?:él ogg%flgarxﬁ? chem ggﬁﬁfﬁg\frm ng gﬁ%ﬁﬁﬂ’? P%lﬁﬁmy(’f

Uni r oyal S Cispared gpeningsicontgins & componentnd p-t ol uene sul fonyl hydrazi de
(e.g., Celogen[err] TSH chem.cal bl owi ng agent from Uniroyal

Chem cal Conpany, Inc.). A preferred foam form ng conposition for

use in the invention pre8erablThe canigrtagecof claim U] wheréin tlie strip portion firtheent
chem cal foam ng agent Ryes\{a\enla htfora Ouéinglgeu)rﬁérg eg;:aennidvggl ngtynrwecﬂe_ .

10 9. The carrier tape of ciaim 1, wherein the carrier tape is electrically
dissipative, '

10.  The carrier tape of claim 1, wherein the layer of thermoplastic
polymeric foam has about 10 to 60 percent open spaces.
15
11.  The carrier tape of claim 10, wherein the open spaces contain air.

12.  The carmrier tape of claim 1, wherein the layer of thermoplastic
polymeric foam has an average density of about 0.25 to 1.0 grams per cubic
20 centimeter.

13.  The carrier tape of claim 1, wherein the plurality of spaced openings
includes more than one aligned column of spaced openings extending along the
length of the strip portion.

14.  The carrier tape of claim 1, wherein the carrier tape is wound about
the core of a reel.

15.  The carrier tape of claim 1, wherein the thermoplastic polymeric
30 foam before extrusion comprises about 10 to 49 percent by weight polystyrene,
about 51 to 90 percent by weight polyethylene, and 0.2 to 5 percent by weight

. This Sheet Has Been Replaced THIS SHEET HAS BEEN

w00 =




by wei ght, and about 51 to 90 percent polyethyl ene by weig

of the

th

ree products equal 100 wei ght percent. ml(l]“mmlrellmllj[llﬂmn

The second nmethod of foani ng:includes injecting gas or |iqus
the extruder to cause foam ng. These gases or liquids are typically

“referred to as 20 physi cal foam ng agents, which cause foam ng either
by evaporation_upon -application of heat or by expansi on upon
rel ease of pre¥@dfd02bhysical foaning 22  agents, homeve??rmégﬂi”’é

addi ti onal process
the polyneric nmat efdanlingagent, ivhereid thdunOSE the polgstyrenss Pblgéthylehie, ALY foafiing agent

foam ng agents can, be used for the present Invention, physical foam ng

i ng equi pnent to introduce the foam ng agent to

agents 25 t ypi S0P VeIght Becedy greater density reductions in foam
extrusion. Mre specifically, chemical foam ng agents generally
have a limtation of about 50 to 60 percent =~ density reduction

whi | e physical foaning 3§ent4 nah<fibrous clongatedsiexiplercothponeént carrigr tape for storing
than 60 percent. T . physi cal £ oam ng, agents. are typically used when
hi gher 3 de%gqmgﬂnugfi‘@ﬁ@%a?émgmd%m%w Tt eri al .
Typical materials used as 30astrip pottigs heving 4 fistsunfdce; g sedond isifdcedppofditethe
exanpl e, hydrofl uogocar hons, ,hydrqgcarpbons e, g.,. butane and
pentane), and met h%&ﬂgp’f'ﬁl‘w Pi‘g‘"’q"y °tb°9°m“35 spaced along the strip pomonan«?

10

15

25

extending through the strip portion between the first and second surfaces for
receiving the plurality of components, wherein the strip portion comprises a layer of
thermoplastic polymeric foam; and

a bottom strip bonded to the second surface of the strip portion,
extending along the strip portion, and covering at least a portion of the plurality of
spaced openings.

17.  An elongated flexible component carrier tape for storing and
transporting a plurality of components, the carrier tape comprising:

a strip portion having a first surface, a second surface opposite the
first surface, a means for advancing the carrier tape by an advancement mechanism,
and a plurality of openings spaced along the strip portion and extending through the
strip portion between the first and second surfaces for receiving the plurality of
components; wherein the strip portion comprises a layer of thermoplastic polymeric
foam, the thermoplastic polymeric foam comprising about 10 to 49 percent
polystyrene by weight and about 51 to 90 percent polyethylene by weight, wherein
the sum of the polystyrene and polyethylene is 100 weight percent; and

a bottom strip bonded to the second surface of the strip portion,
extending along the strip portion, and covering at least a portion of the plurality of
spaced openings.

THIS SHEET HAS BEEN

REPLACED
- This Sheet Has Been Reﬁiced .

\. .



WO 97/ 24022 ) 14

PCT/ US96/ 18188 In a third nethod, chem cal and physical
foam ng agents may be used simul taneously to cause foam ng of a
particular polynmeric material blend. In this nmet hod, the chenica

f oam ng agent wewyhf2i'sed as a nucl eating agent for the PCT/USHe/EB1883 |
foam ng agent. 5 In nost cases where a chem cal foam ng
agent is used, the foam ng agent gpeconposes during the foam ng
process such that little @y no residual material is present in the
foaned material. How sone r24idual material from R foani ng

agent may renmai nA D1 o frat epgal affer foanina/}This resi dual

mat eri al may \ \ éposetnz | ssipate into the

f oaned nat ef : =y, Faued ™RI56 pasi;s over a

cool i ng cyl o=t hﬁl : onpj essed
in a nip betmdha = ﬁ( \ nioéal
rollers 60 to forpAre X e i bap and
bottom o 2D opri ate
di stance frome her, D : : e s’ sges wi t hout
damagi ng the fl exi gg&ﬂket 6 ‘.tﬁ?ﬁwg\ ~ ; t the
sheet be extruded an&’foamed # descri by = met hods of
manuf acturi ng foanmed polynmers may al so be uded "‘or'ﬂ§anple,

oven expansioq f oam ng where a pol yner sheet i

oven. 10 The flexiple sheet 62 is t

. 3 >~ Wt h conventional
slitting equi pient 6d,,t 024" forma pl u[g;lit Strip®7 where only a
single strip 66N s sibwn. \The stfi beggelically or
concentri cal | yy—wouhrd-Rbouthe—h to forma supply roll 68

of the stripsgOasa I i ». _ ' be wound about a single hub to

make iple strips, or each strip 66
may be wound A&
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b §sf‘
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The supply roll 68 may then be transported to other machi nery where 25

operations illustrated in Figure 5 take place. The strip 66 is unwound from
t he supply roll 68 and conventional punching equi pnent 70 is used
to punch the series of openings 22 and advancenent hol es 24 '
illustrated in Figures 1 and 2 into the strip portion 12. In
general , punchiyag,hgahes i nto the extruded thernoplastic PCT/US4/\SISB! | C

foam'strip does not generate the dust particles that are generated when 30
punching holes into paper strips. The. botf/gmstrip 26 is then applied to

t he bottom surface 16 of the strip portion 12 as it passes between
a pair of platens 72 to WO 97/ 24022
15 . PCT/US96/ 18188 pr ogkwde the bottom

wal | s across the openings 22. The platens 72 may be heat,.ed,
particularly when the bottomstrip 26 and/or strip portfqon 12 nust be
heated to allow the two surfaces to adhere t "g'
Al ternatively, the platens 72 need not be hedt || especially when
bottomstrip 26 includes a pressure sensitive 5 ladliksi ve that is
sufficiently tacky at roomtenperature to secure the o‘W/o strip 26

to the strip portion 12. When a pressure sensi%ve adhds®ve of thif)type is
used, a : :




Fami nator roller (not siown) may be used in place of t platens 72. The

openi ngs, 22 these bottomwalls defined b he bottom stri p 26 -
thereby det i ne pocket s atong the tarrier tape 10: The carrier: t-gpe :
10 may then be wound again into 10 anot her supply roll (not- shown) ~+7 "sa
where the foll owi ng processes may take place, or may continue as

shown in Figure 5, where the strip portion 12 continues advanci ng

toward a | oadfiberé4an obstruct the small vacﬁ[hﬂ otifiaelesf soiné esbetintpl@emenPkqsipment,
conponents in the op Enln gs.22 as carrier, tape 10 passes

beneath the | 8af&y 9 e“’(B@ﬁ/éPteftf%FﬁeWQ@ thes aijn of s r@?tlseﬂla@éwanmpme@t pai r
of platens 76(&?&%12@9%@%;3}H&%ﬁ'@§n&%s cﬂlbtdﬁﬁloﬁtf gpprg%sg 'O(P'Blo]x%nﬁ%ﬁ%f%grs} fa¢

pl atens 72, pla not ependi n esired
nmeans of  nonwowdn prdnarc triacertads/ean lieaqxpex%vémdsd:dmgﬂeportlon 12. The

| oaded cargier tap@nbhermitB4l suggested for"t@é’?@p@@%at&r"‘zﬂ J‘s!é@ 16’ uﬁcﬁe%eéarlti&
forma | oaded roll 78 of carrier fTape 10. T | oaded

t hen ready t otapes m pdtitiaysr éammstsém@ﬂsenewmfaaw Bﬂruqthl@nas cmbf\nﬁed tSmteer])Patent
ts f 0 d eanetheco tsm t her

ronucre. o " RTRE 480, LEPichnsdilC THES SieE i bRiterote: e Bt JeSRctwo

The portion ofepabie weﬂoﬂm isl profiicatias) ]!Jr@vﬁ'irggléQ]e%&@'i‘hlﬁeplﬁ)ﬁfcf&rﬁﬁﬁll tag?ro fae

manuf act urer who manufactures the strip portion 12 d the portion
met hod which| & (strongtand stablei base daﬁerceriamnq@edfﬁhmsdoyay&nos rsetected to

manuf act ugoer f&ga‘ﬁ%?gj% é F"&“thiﬁ{j)‘]?‘ﬁéape S?mcg he conponents. Alternatively,

the entire op performed together with

the punching OperatAlr@theart ABPLagief tape Ampridehd@UARN STt Adnvoven thermophditic
illustrated in Figure 5 bﬁ)a S| ngl e ér%énuf aé:turée)r gml s carrier taper%?oduct

may POlymere fa@rews deseribed in Eloitpd States Raters Numbenh 8, 1321 60i(Bird).he

Fovever , the oper st oneY of e iirdysRRRTBERbRARERE Rt fnsk S hERER”

manuf act ur er s degirabiey tot;hemdﬁaﬁlﬂew cOstpEAtlec eape klﬁmd&m be produced @&silyeland
t ape.

15  inexpensively and that does not leave dust or stray fibers when slit and punched.
SUMMARY OF THE INVENTION

In one embodiment, the invention relates to a component carrier tape used for
storing and transporting eomponents. The carrier tape comprises a single layer
20  elongated flexible strip portion having properties suitable for storing and
transporting a plurality of components. The single layer strip portion comprises a
layer of thermoplastic polymeric foam and has a first surface, a second surface
opposite the first surface, and a plurality of openings spaced along the strip portion
and extending through the strip portion between the first and second surfaces for
25  receiving the plurality of components. The carrier tape further includes a bottom
strip bonded to the second. surface of the strip portion, extending elong the strip
portion, and covering at least a portion of the plurality of spaced openings. The
carrier tape may further include a top cover tape realeasably secured te the first
surface of the strip portlon extending along the strip portxon and covering at least a

30  portion of the plurality of spaced openings. _
The strip portion may comprise a blend of polystyrene and polyethylene, and

more specifically may comprise about 10 to 49 percent by weight polystyrene and
about 51 to 90 percent by weight polyethylene, wherein the sum of the polystyrene
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WD 97/ 24022 16 .
PCT/ US96/ 18188 . The Ioaded roll 78 may‘ transported ‘t 0
the 1ocati6n where the conponents - - liare to be renoved, such as o
aut omat ed assenbly equi pnent, where an advancenent mschani sm - s
automatical ly advances the | oaded carrier tape for renoval manually or

by robotic placenent equipnment. As illustrated in Figure 6, carrier tape 10
is 5 uprefenatily’ tonhé @acled. i fegutey map préveniceareage Sp it kcetnpdferts
e e Car! oBhained witin YR Saftr' QYR bel PO GeRlAGRTE LA BIERL FRe
The robotic pI acene NE enoves each successive
conponent 84 thanmoalaanapdyngnziom may alsaiohleige otfeer materials to vy itheepropentiey al
ROL L DY anY. RO edafitl Rket TR mot G o8 SIACMARPL e PRtorals, desiccapts,

devi ce, and ace e co on a particu

circuit 105 humpwtaradbm mpldé'rers;l@stheédcelmc)abe gdded to the raw matenals The
carrier tapes of t t [ [

el ectronics indust :%rlp(ﬁ)ﬁ?&rha#sgo&{w h3¥e %ﬁg%@l{ S rng'th? J)¥es?s§%alilinc %tbregkmg

el ectronic durmg ma:mfmmrﬂnsl mdehnasnafmmmynd:hops (e g.nwégding add cmmxuumg
chips, resistors, nec SsSor s, @)sam to gat e

C
ot hys, and t REeIa0EY, RSl sincs aerayel Gl metEaotor the Speniigs and advahoctent

holes during die punching reduces the inherent strength of the strip portion.

n
-

“w oy

10 Therefore, it is preferable that the tensile strength of the polymeric foam be least :
34.10° Pa (500 pounds per square inch). The strip portion should also experience
minimal elongation during manufacture. If the strip portion stretches during die
punching, the resulting component openings and advancement holes may be
improperly aligned, shaped, and spaced apart . To minimize deformation, the percent

15 elongation of the strip portion at break is preferably less than 7 percent, and more
preferably less than S percent. )

Figure 4 illustrates a method according to the present invention for making
strip portions 12 for carrier tape 10. In general, foaming of polymeric materials is a
process that is familiar to those of ordinary skill in the art and is described in various

20  references such as Handbook of Polymeric Foams and Foam Technology (Daniel
Klempner and Kurt C. Frisch eds., Hanser Publishers 1991), which discusses '
different methods of foaming polymeric materials. Many of these can be employed to
manufacture the carrier tapes of the invention. Quite advantageously, strip portion 12
can be easily manufactured by extrusion. The desired raw polyméric materials,

25  usually in the form of pellets or the like, are supplied by a material feeder 50 to an
extruder 52, where it is conveyed, melted, mixed, and forced to the end of the
extruder under pressure. The materials that comprise the blend may require the same
or different extruder temperatures for processing, however, the extruder temperature
should be high enough to allow proper extrusion of a uniform, well-blended mixture.

30  The extruder 52 may compﬁse equipment of several different configurations, such as
single-screw extruders, twin-screw extruders, tandem-extruder lines, and other
known configurations. Parameters such as the desired thickness and width of the
material exiting the extruder and the extrusion rate are typically taken into

consideration when choosing appropriate extrusion equipment.
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15 may be used to transport other conponents such asgsmall springs,

clips, and the I ke. The foll ng non-limting.
exanpl-es iTlustrate one method used to- pr dduce - - the carrier tapes

of the present invention with different polymneric blends. 20 .
Exanples 1 and 2 .. The extruded thernoplastic polyneric foam
used for the strip portions h according to the invention were

prepared by a foamAxilfuserhea, aweess iy Sfoftflec® il i Rhown manner Hwémmndltse
The sheets were f.orped from a pol ymer bl end i ncl udi ngga chem’cal

foam ng agent pogglenc materials throu%ﬁéles%ﬁa@ﬁfhyéap pytru@er nﬁ‘bg idig hisggrefgrably
pol ymeric bl ey mgﬁl?lk own, gs a ﬁlh‘&ﬁmﬂgg %%GBI- Véﬁrcﬁe (Efé’ Q'?Q%ﬂcﬁmd

t he bl end vvasfedto si ngfe screw,
t hr ee- zone extgeuefelly insbrdes larlgng)elawewrorlﬁite Arodugh w}mkomaterm}ssure extruded inpea

h
operating & (haror anAt-balist A apEus’ S5 AE e L, pRiq BatpE R o
Zone 2, 188[ etopkfingQhrough WhieH eer ;];dTymZﬁ@@m@ena?s?ir]eeé%thﬁeﬁ43Qﬁ@|f'dSthbf adife di e
t enper at ur e, e 2, the extruder was

npl
operating at vﬁg%g ﬁg&ﬁﬁ@p@g%@rgx%ﬂwheg&{g one preferred embodiment, the die 54

17 is a film-forming die having an orifice that is 25,4 cm (10 inches) wide by 1 mm
(0.040 inches) high. As the polymer blend exits the die 54, it preferably has a
10 viscosity that is sufficiently low to flow through the die under safe operating
pressures, but high enough to withstand the forces that will be generated by gas
expansion while creating a stable, uniform cell structure. The foaming of the raw
polymeric materials typically occurs outside the die, typically by one of three
methods, explained below.
15 In the first method, one or more chemical foaming agents are added to the
polymeric material in the material feeder 50. Chemical foaming agents, which are also
- commonly referred to as chemical blowing ugents, are .ypica.y casy i0 woc ior
foaming polymeric blends because polymeric material blends that include a chemical
foaming agent may be extruded in the same manner and with the same equipment as
20 polymeric material blends that do not include a chemical foaming agent. When a
polymeric material blend having a chemical foaming agent is extruded, the chemicali
agent decomposes to release a gas, which causes cells to form in the polymeric
material blend as it leaves the extruder. Chemical foaming agents may be either in
liquid or solid form and can be either organic or inorganic compounds that decompose
25  at a temperature that is lower than the extruder temperature, thereby converting into a

gas or mixture of gases that form the cellular structure of the foam.



127[err] C (260[err]F); Zone 2, 177[err]C (350[err]F); ne 3, 204[err]C
(400[err]F); and die t.perature 193[err] C (380[e F). The material . .
bl end*was nelted and forced to the end of 1fhe extruder- - and f.éd.td.a , ",
single layer flat filmextrusion die. During this process, the.chemicak.” *.,"*
bl owi ng agent deconposed to forma gas. The die orifice was 25.4 cm (10

i nches) 5 wi de and had a die gap between 0.5 mm (0.020 inch) and 1 nm

(0. 040 inch),127MCquEPF); Zonei CATENTSsOPEY €241 3 Bioand (W%%éﬂd@@@emﬁ\érhﬂr@
pressure at the extruder exit of about 120. 10[err] Pa (1740 pounds per

squar e i nch).193°C (380°F). The mstariabklend veastmelteti and foreed torthe dnd o€ thexpdndisd t o
foamthe polyneric material, . end and create .a foaned materi al sheet
that was appr ,ﬁétt&g,sgg&‘gﬁygrnﬂﬁtgﬁhgﬁgylog(ffle-atzpagg tf])‘ﬁé?r?%?éﬁe erf%'?'é’r‘qa I
sheet was renglgeéhd 5@t tdeCoflp@sedith Fotnh @ @isdTAE dle GALLE Rehs 25.4 crf¥lo iaeﬁ‘és?]

mai ntai ned at a tenperature of about 24[err]C (76[err]F). The

f oamed shéet Wids anddad g die gambetineen Byp mms(@d129 igch) andrl inm (0.€4Q ingh), 3izrongh

wi de. The strjps e und.into rolls, which were subsequently un nd and
shear 0 st TRRAEE FalSiAnidn e Srraie etk atBistiod B8 YiliPaevetth e di -
ont 0 separ at e]ZTRIEPYH 740 Sudd3gRe sqRfEmcher e | oaded onto a Nitto PM 1200
flat punch nmachi ne e stri were unwound fromthe cores and fed

s | )

t hrough the machi n&ﬂfaﬁéﬁxwr@dﬁﬁémﬂw formed gasemipagdest tofoam therpplymepis matenals)
by ﬁ 5)2 nm ((j QbQﬁ? ah@@?@ﬁéa%amhﬁ%a@fﬂr?ﬁét th:t«.lt wa?%ﬁ%xiﬁatély@@?ﬁ%@@%ches}'
i nches) in dian re punched jnto the strjps of.t om .strip .
(pol yest el fi Wﬁ%’e@’ﬁ\qﬁ%‘%‘?w?r\ﬁg?éﬁt%ﬁéWQéﬁd &Bg‘ theshis wathithe akofbeediing
surface 20  efliddee niairnthifed anslterPEPANRIBIAbBEY 240 g@e@.i n the openings. A
cover tape (2653 Heat - ctivated Cover rom 3M Conpany_ of St.

A T
Paul, M) was thenlhedeamaehshsst trgs then Ktn-lee Bﬁsa store stisppbrasting 3 mm
120[err] C. Thﬁide??ﬁ@ﬁﬁ@éﬂﬁér@@voﬁﬂ@?xﬁo‘é@?sg WHIEDWORHQD sOfeftly unwoifi® #idbifead - 62

cm (3 inch) cores to e separate r
slit into four 8 mm wide strips. These strips were wound again onto separate cores

15 and these cores were loaded onto a Nitto PM 1200 flat punch machine. The strips
were unwound from the cores and fed through the machine where component
opeiitags of 3.35 mim (0.120 inches) by 1.52 mm (0.06( ‘.::les) ai:” advai.o..uint
holes of 1.5mm (0.059 inches) in diameter were punched into the strips A bottom
strip (polyester film with heat-activated adhesive) was applied to the bottom surface

20 of the strips and components were placed in the openings. A cover tape (2653 Heat-
Activated Cover Tape from 3M Company of St. Paul, MN) was then heat sealed to
the strips at a temperéture of 120jC. The loaded carrier tapes were then wound onto
separate 7.62 cm (3 inch) cores to make separate rolls.

With each of the samples, several properties of the strip portions were

25  measured. To determine the density of each sample, the sample was weighed on a
scale and the dimensions were measured with a micrometer to calculate the volume;
dividing the weight by the volume provided the density of the sample. The tensile
strength at break and percent elongation of the samples. was determined through use
of a standard tensile test as described in American Society for Testing and Materials

30 (ASTM) D638, using an Instron 1122 computer assisted tensile tester set at a cross
head speed of 50,8 cm/min (20 inches/minute), using a sample size for Example I of
8 mm wide, 50.8 mm long, and 0.72 mm thick and a sample size for Example 2 of

8 mm wide, 50 8 mm long, and 0.90 mm thick.



Wth each of the sanples, several properties of the strgap portions were 25

measur ed., To determ ne e density of each sanple, the npl e was wei ghed -
Scal e and the di mensions were mdhsured with a nicrometer to

on a

cal cul ate the vol uneg;

density of the sanple. The tensile strength at break and percent
el ongation of the sanples was determ ned throu é;)h use of a standard

tensile test as dedmwtheBrst ierampier theasonGusitamyo
(ASTM D638,
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resulting carrier tape had a density of 0.68 grams per cubic centimeter, the tensile at

break was 58.10° Pa (848 psi) and the percent elongation was 6 percent.

In the second example, the composition of the material blend comprised 59
percent by weight low density polyethylene (LDPE 1550P from Eastman Chemical
Company), 40 percent by weight high density polyethylene (HDPE 3150B from
Quantum Chemical Company of Cincinnati, Ohio) and 1 percent by weight
SAFoam™ endothermic chemical blowing agent. In this example, the extruder was
set at a speed of 55 rpm. The resulting carrier tape had a density of 0.58 grams per
cubic centimeter, the tensile strength at. break was 50.10° Pa (722 psi) and the
percent elongation was 5 percent

In each of the examples, which satisfied the parameters necessary for an
acceptable carrier tape, the general condition of the loaded carrier tape was
determined by examining the carrier tape. No visible tears or breaks were present in
the strip portions of the examples. The bottom strip and cover tape were adequately
adhered to the strip portion to store and protect the components contained in the
openings (i.e., the bottom strip was secured to the strip portion and the cover tape
remained laminated to the strip portion until it was physically peeled away from the
strip portion, yet the cover strip could be peeled from the strip portion without
causing damage to the strip portion). No visible stray dust or fibers from the strip

portion were present either in the pockets or on the surface of the carrier tape.
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salt of pol ycar boni c d and carbonate conpounds (frﬁRe
Corporatjaon). In thi sa‘arrpl e, the extruder was set a IHHM“H“H} II

The - resulting carrier tape had a‘*density of 0.68 ‘grans perc cubi @ s
centineter, the tensile at break was 58. 10[err] Pa (848 psi) and the --
percent el ongation was 6 percent. 10 20 | n the second exanple, the
conposition of the material blend conprised 59 percent by wei ght | ow
density pol yet hyl ene (LDPE 1550P from East man Chem cal Conmpany), 40
percent by wei ght high density pol yethyl ene (HDPE 3150B from Quant um
Chem cal Conpany of Cincinnati, Chio) and 1 percent by wei ght

-SAFoanf err] endotherm c chemcal bl ow nggag . In this exanple, .the
extruder was 15 set at a speed of 55 r resulting carrier tape had a

density of 0.58 gr arms pefhe embodivients foervhicktasr exdive progierty ot pevifede &t
break was 50. 1% alamf&ef&%ﬁ%afal%?”d t he ~ percent elongation was 5

per cent exanpl es, which satisfied the paraneters
necessary f®r an acceptable carrier tape the general condition of the

| oaded carrier tape was 20 eterm ned by exani rBsng the carrier tape. No
visible tears or breaks here P@E\?ﬁ{‘e‘}tﬁa“‘e”apﬂ% THPRIISYF ti ons of the

exanpl es. The bottom strip ang sgyela g%ﬂl%t‘on‘gﬁeﬁ AdgaeldasttbYportion @qu{aeﬁmt 0
the strip portion to store and protect the conponents contained in th

openi ngs (i . e.propérdesitable for stopingvasd traespeBingtoplurality of ppmpgmemtsmhtaﬁdgltehe

cover tape layer err% ?ll('l) ﬁqgﬂk ﬁgtaggst s@#&ﬁ(lﬁ%r a chft §Jrfﬁg? Eg&) C(%)@/J élté’@g first

physi cal | y peel®e rtion,
coul d be pHzl esdrfhce)mnﬂhephiralitp qfosgtenimgs \(22)hspated alongcmassmg p@&mgéll)mnﬁh_e

ver e present SRR rigd 1 st &rgen o) e e sreondsyrfages fBhe "
16) for receiving the plurality of components, wherein the strip portion (12)
comprises a layer of thermoplastic polymeric foam ; and
a bottom strip (26) bonded to the second surface (16) of the
15  strip portion (12), extending along the strip portion, and covering at least a portion

- of the plurality of spaced cpenings (2.

2. The carrier tape (10) of claim 1, further comprising a top

cover tape (28) releasably secured to the first surface (14) of the strip portion (12),

20 extending along the strip portion (12), and covering at least a portion of the plurality
of spaced openings (22).

3. The carrier tape of claim 1, wherein the thermoplastic
polymeric foam comprises a blend of polystyrene and polyethylene.
25
4, The carrier tape of claim 3, wherein the thermoplastic

polymeric foam comprises greater than 50 percent by weight polyethylene.

5. The carrier tape of claim 3, wherein the thermoplastic

30 polymeric foam comprises about 10 to 49 percent by weight polystyrene and about
51 to 90 percent by weight polyethylene, wherein the sum of the polystyrene and
polyethylene is 100 weight percent.
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%?6&52?%188 The present 1|9nvent I on h'nomlmmmummllldum

with reférence tosever ai ermodl ments thereof tt wilt be appdreft *
t,0 those skilled | p&t tBeén 1adlB changes can be made to the .
enbodi nment s descrl art| ng frﬂ‘]hthe ' scope of the

I nvention. Hence, HH pr.esent vention shall not be 5

limted by the stru ed therein, but only by structures
described by the Ianguage of the cI ai nrs and the equival ents of

t hose structures. The carrier tape of claim 5, wherein the thérmoplastic

The embodi ment 5, { or i ot PN 9oan%'gzaé,ﬁge 's claimed are

7. The carrier tape of claim 1, wherein at least one of the

5 plurality of spaced openings (22) contains a component.

8. The carrier tape of claim 1, wherein the strip portion (12)
further comprises a means for advancing the carrier tape by an advancement
mechanism.

10
9. The carrier tape of claim 1, wherein the carrier tape is

electrically dissipative.

10.  The carrier tape of claim 1, wherein the layer- of

15 thermoplastic polymeric foam has about 10 to 60 percent open spaces.

11. The carrier tape of claim 10, wherein the open spaces contain

air.

20 ~ 12.  The carrier tépe -of claim 1, wherein the -layer of
thermoplastic polymeric foam has an average density of about 0.25 to 1.0 grams per

cubic centimeter.

13.  The carrier tape of claim 1, wherein the plurality of spaced
25 openings (22) includes more than one aligned column of spaced openings (22)

extending along the length of the strip portion (12).

14. The carrier tape of claim 1, wherein the carrier tape is wound

about the core of a reel.
30 "

15.  The carrier tape of claim 1, wherein the thermoplastic
polymeric foam before extrusion comprises about 10 to 49 percent by weight

polystyrene, about 51 to 90 percent by weight polyethylene, and 0.2 to 5 percent by

AMENDED SHEET



1. A conponent carri tape conpri sing:

el ongated flexible str |8port i on having properties sw t.l e ﬂm“me'“nHml’lH“I
transportl ng a plurality of conponents, the single |ayer stip*pottilon® s
having a first surface, a second surface opposite the first surface, and a--
plurality of openings spaced along the str'? portion and extendi ng through
the strip portion between the first and second surfaces for receiving the
plurality of conmponents, wherein the strip portion conprises a |ayer of
ternoplastic polyneric foam wherein thernoplastic polyneric foam
conprises a bl ¥aighbfiopmings agensnavhgrain ghe \sumhef ¢he; pqlystyene, polyethylene, and a

bottom strip ce of the strip portion, extending
bf&'aﬂﬁﬂ %entl he @F&Q@ ﬁ&&én@

along the strip por ng at | east a portion of the plurality
of spaced openi ngs, and a top cover tape rel easably secured

to the first surface of e st orti al one the.str
portion, and covering attlgeast’{ 38%&{%& %?gafeﬁeﬁﬁdwfegpp‘tp?“e“t carner tapepQO)
The carrier5tafoe Qbriagaind lran¥fiefifd fphﬁaﬁtbebﬁm@n?pﬁnkﬁts p@lhé’ fE%FrieG fq%@”ﬁlo
further conprises residue froma foam ng agent he carr| er

tape of clai m®TREEI&Iin the strip portion furt her corrprlses a rreans f or

advancing the carrier tag%tﬂ?ygéﬁloﬁCtY?ﬁWE ﬁ?ﬁ%ﬂ?ﬂ&é@}%c% seconfilsugface (léyhe

carrier tape of claim1l n the ‘carrier tape Is
di ssi pative. oOpposite the first surface (14), and a plurality of openings (22) spaced along the

strip portion (12) and extending through the strip portion (12) between the first and
10  second surfaces (14, 16) for receiving the plurality of components, wherein the strip
portion (12) comprises a layer of thermoplastic polymeric foam; and
| a bottom strip (26) bonded to the second surface (16) of the strip
portion (12), extending along the strip portion, and covering at least a portion of the
plurality of spaced openings (22).
15 _
37, An clongated fiexible component cariier tape (10) for iusing
and transporting a plurality of components, the carrier tape (10) comprising :
a strip portion (12) having a first surface (14), a second
surface (16) opposite the first surface (14), a means for advancihg the carrier tape
20 (10) by an advancement mechanism, and a plurality of openings (22) spaced along
the strip portion (12) and extending through the strip portion (12) between the first
and second surfaces (14, 16) for receiving the plurality of components, wherein the
strip portion (12) comprises a layer of thermoplastic polymeric foam, the
thermoplastic polymeric foam comprising about 10 to 49 percent polystyrene by
25 weight and about 51 to 90 percent polyethylene by weight, wherein the sum of the
polystyrene and polyethylene is 100 weight percent; and
a bottom strip (26) bonded to the second surface (16) of the
strip portion (12), extending along the strip portion, and covering at least a portion
of the plurality of spaced openings (22).
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2.77 + The-carri er wher ei n the | ayer of thenoplgste’e

poI ymeric foam mﬂﬂm’mm(ﬂmmﬂ percent open spaces. @yl The
carrier tape of clal erel diernopl astic pol yneric foam before -
extrusion conprises about 10 to 49- percent by wei ght PREPEASEMENT S ut 51
to 90 percent by weight polyethylene, and 0.2 to 5 percent by wel ght"

foam ng agent, wherein the sum of M}ﬁél ystyrene pol'yet hyl ene, and

foam ng agent is Tl@Gmimidghents fremdiuitan exclusive property or privilege is claimed are :
-21- f g | A non-fibrous elongated flexible component carrier
tape for sto‘+° Wb é‘“hﬁ’ lt’?“’a'nsportr ng a plurality of conponents, the carrier

t ape conpri sing: a strip portion having a first surface, a
second surface opposite the first surface, and a plurality of openings
spaced al’ong the Etrr p\pompommtrduempecrdnmgmnrhr ough the strip portion
between the first and secan surface receivi ng plurality of

conponents, wherein t e8¢ ?'ﬁ heiPpsy &%\ﬁb Pgé’sp‘%{[W ‘e“r‘“lemPﬁ-'é’Hrdptﬂhbt ic
for storing and transporting a piurality of components. the single laver strip portion
having a't'trst surface. a second surface opposite the first surface. and a plurality of
.openings spaced alchg the strip p()rtiound extending through the strip portion_ |
10 between the first dnd second sﬁrtltcei[or receiving the plurality of components,
wherein the strip port'io_u_gomprises a layer of thermoplastic potymeric foam; and
| dbottorh'strigb_)hded to the second surface of the strip portion,

cxu.ndmu alonL the strtp portion. and covering at least a portion of th plurality of

spaced opcmng,s
1S
2 The c;t-rrier tape of claim 1. wherein the thermoplastic polymeric foam

further comprises residue from a t"oa_ming agent,

-~

3. The carrier tape of claim 1. wherein the strip portion further comprises

20 ameans for advancing the carrier tape by an advancement mechanism.

4. The carrier tape of claim 1, wherein the carrier tape is electrically
dissipative.

25 3. The carrier tape of claim 1, wherein the layer of thermoplastic

polymeric foam has about 10 to 60 percent open spaces.

6. The carrier tape of claim 1, wherein the thermoplastic polymeric foam
before extrusion comprises about 10 to 49 percent by weight polystyrene, about 51 to
30 90 percent by weight polyethylene, and 0. 2 to 5 percent by weight foammg agent,

wherein the sum of the polystyrene, polyethylene, and foaming agent is 100 weight '
percent.
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_pol: yrrerl C foam wherein th plastic polyneric foam conpri ses. a bI end
“of polystyrene aum Hi Hil and] _ _ t bonded
to the second su m p portion, extending %%EE@E&?&EEB '
portion, and coveri ng at Ieast aportion of the plurality of spaced

openings, and _7. A non-tibrous cfri@RE &QWudrﬂgﬂﬁteﬂﬁhﬁ@&Q@c\’mS%Hﬁ@d to the
first surface of the strip, of spaced openi ngs.

el ongat ed fMEFHERROEBEBOHERILY @ér‘?‘ﬂ%‘?“eﬂép@’eﬂéﬂl%tt%’E_I_ﬂ@loaﬁ‘ﬂ" t rans port i ng a
plurality of conponenf S(Flp&)hﬁllﬁa{dyn%rd 'ﬁt@{aﬁxrﬁg rské&r*&gmrtaue gpposite the first

strip portion having a , a sec sur the fi
surface, a smawrs. dndra poabycifRgetibes gaced Bongd ﬂnﬁetrhymﬁnmammmm
mechani sm plurality of openinhgs spaced. al gng the strip portion and

n
extendi my t ﬁijtf NE AEPPOFRELDERNEN; B t‘b%ﬂ%t*r‘r”t’%é”ﬁ“r%i‘"éﬁfiﬁ“é@,rb%‘hd surf aces
for receivi B&r&th@ L)P!’(%ﬁ reh Qﬁergﬂnpg%}ﬁﬁ\[gr Irtton%‘ﬁ{tﬁt‘b& tﬂgustgtrrh rd.tal!l

conprises a |ayef o enopl astic poly cto t her nop as I C
pol ynmeri ¢ f palyneowpoirsiang about 10 to 49 percent polystyrene by weight and

about 51 to 90 percent pol yet hyl e wei ght, Whe;I‘EJ t he sum of the

pol ystyrene and pol y &R ?P‘é _3\1201;&6‘6 %//\@F FROTH SHEtRGE ot t@hﬁ“p portion. | a
bot t om st ri pyRARAEAIdng thd\Grif SGRRA. Sdrd ()Q‘Qﬁn‘pit 1ER€4 pbitioR o@ﬂtetﬁlﬁ’r@lm of€xt endi ng
along the strip portidn, and covering at least a portion of the plurality

of spé@edbp@@dmngspgand a top cover tape rel easably
secured to the first surface of the strip portion, extending along the
strip portion, and covering at |east a portion of the plurality

8. An elongated {lexible component carrier tapg for storing and
transporting a plurality of components. the carrier tapg&dmprising: _
| a strip portion baving a first surface.a second surtace opposite the first
15 surface, a means for advtmcing the carrier tape by an advancement mechanism, and a
plurality of openings spaced along the strip pdrtiog_agd extending through the strip
portion between the ﬁrst'and second surfztces__for receiving the plurality of
components, wherein the strip portion comprises a layer of thermoplastic polymeric
foam, the thermoplastic poty_meric foam comprising about 10 tb 49 percent
- 20 polystyrene by weight and about 51 to 90 percent polyethylene by weight, wherein the
sum of the polystyrene and polyethylene is 100 weight percent; and |
a bottom strip bonded to the second surface of the strip portiog._;
extending along the strip portion. and covering at least a portion of the plurality of
spaced openings. _ |
25
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e carrier tape i oI ||||1||||m|4||||[t e it e vape | wmcm”émgggﬁ

di ssi pati ve. %ﬁrrler t ape of
" the |ayer of thernDpIastlc polynerlc foa has about 10 to 60 percent open
CLAIMS )

spaces.
‘ The embodiments for which an exclusive pm'[;eny or privilege is claimed are
defined as follows:
1. A component carrier tape comprising:

a single layer elongated flexible strip portion having properties suitable |
for storing and transporting a lﬁlu:aliq of components, the single layer strip portion
having a first surface, a second surface opposite the first surface, and a plurality of
openings spaced along the strip portion and extending through the strip portion between
the first and second surfaces for receiving the plurality of components, wherein the strip
portion comprises a layer of thermoplastic polymeric foam, wherein the thermoplastic
polymeric foam comprises a blend of polvstyrene 2od go!;cthgege; [and]

a bottom strip bonded to the second surface of the strip portion,
extending along the strip portion, and covering at least a portion of the plurahty of
spaced openings, and

2. The carrier tape of claim 1, wherein the thermoplastic polymeric foam
further comprises residue from a foaming agent.

3. The carrier tape of claim 1, wherein the strip portion further comprises a
means for advancing the carrier tape by an advancement mechanism.

4. The carrier tape of claim 1, wherein the carrier tape is electrically
- dissipative.

3. The carrier tape of claim 1, wherein the layer of thermoplastic polymeric
foam has about 10 to 60 percent open spaces.

6. The carrier tape of claim 1, wherein the thermoplastic polymeric foam
before extrusion comprises about 10 to 49 percent by weight polystyrene, about 51 to
90 percent by weight polyethylene, and 0.2 to 5 percent by weight foaming agent,

wherein the sum of the polystyrene, polyethylene, and foaming agent is 100 wei ght
percent.
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| 11. -~ The carri er!I wherei n_the open spaces contain air. EET
12. The carrie l .E wherein the |ayes ey I
*polyneric foam h m;m Egu |t1 Qf .about 0. 25 tggp&% ar pgﬁcubl o
centineter. .~ The carrier tape of claim1, wherein the
plurality of spaced openings (22) i ncl udes nore than one aligned col um of
spaced openings (22) extending along the Iength of the strip portion (12).

14. The carrier tape of claim1l1, wherein the carr ier tape is wound about
the core of ar e,? - A pop-fibrous elongated flexible componeﬂi crier tape for storing and
transporting 2 plurality of components, the carrier tape cdmprising:

' a strip portion having a.ﬁrst surface, a second surface opposite the first
surface, and a plurality of openings spaced along the strip portion and extending
through the strip portion between the first and second surfaces for receiving the
plurality of components, wherein the strip portion comprises a layer of thermoplastic
polymeric foam, wherein the th astic polymeric foam c jses a_bl do

ol and poly ene; [and]

a bottom strip bonded to the second surface of the strip portion,
extending along the strip portion, and covering at least a portion of the plurality of
spaced openings, and

atop ¢ tape releasably secured to the e of the

8. An elongated flexible component carrier tape for storing and
' transporting a plurality of compenents, the carrier tape comprising:

' a strip portion baving a first surface, a second surface opposite the first
surface, 2 means for advancing the carrier tape by an advancement mechanism, and a
plurality of openings spaced along the strip portion and extendmg through the strip
portion between the first and second surfaces for receiving the plurality of components,
wherein the strip portibn comprises a layer of thermoplastic polymeric foam, the
thermoplastic polyineric foam comprising about 10 to 49 percent polystyrene by weight
and about 51 to 90 percent polyethylene by weight, wherein the sum of the polystyx;én.e
and polyethylene is 100 weight percent; and

a bottom strip bonded to the second surface of the strip portion,
extending along the strip portion, and covering at least a portion of the plurality of
spaced openings, and |

2 top cover tape releasably secured to the first surface of the strip
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. 3
15 The carrier mﬁ mi &I ' ﬂ wherein the thermopl astic polyneric foam
bef ore extrusion 10 to 49 percent by wei ght pol yst n
*about 51 to 90 pen Eﬂ E MFA lp(;)l yebhyl ene, and OﬁPW%V@Jf%EET
-23- wei ght foam ng agent, wherein the sum of the polystyrene,

pol yet hyl ene, and foam ng agent is 100 hei ght percent. 16.
A non-fibrous elongated flexible conponent carrier tape (10) for storing
and transporting a plurality of conponents, the carrier tape (10)
conprising: a strip portion (12) having a first surface (14),
a second surface (16) opposite the first surface (14), and a plurality of
openi ngs (22) spaced -a®.ong Thee cadier Page0obi icRim ( L2Wwhadfath Qxd Q:Q&ljepgtaﬁpr;pugh t he

strip porti Oéleééauyb&?%s‘,“ﬁ%% he first and

10.  The carrier tape of claim 1, wherein the layer of .

thermoplastic polymeric foam has about 10 to 60 percent open spaces.

11.  The carrier tape of claim 10, wherein the open spaces contain
air.

12 The carrier tape of claim 1, wherein the layer of
thermoplastic polymeric foam has an average density of about 0.25 to 1.0 grams per
cubic centimeter. '

13.  The carrier tape of claim 1, wherein the plurality of spaced
openings (22) includes more than one aligned column of spaced openings (22)
extending along the length of the strip portion (12).

14.  The carrier tape of claim 1, wherein the carrier tape is wound

about the core of a reel.

1S.  The carrier tape of claim 1, wherein the thermoplastic
polymeric foam before extrusion comprises abour 10 to 49 percent by weight
polystyrene, about S1 to S0 percent by weight polyethylene, and 0.2 to S percent by

= - [ REPLACEMENT SHEET
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B

second surfaces (; eiving the plurality of conponents, wherein
the strip portio I I% &l'HF’!ﬁa | ayer of thernoplastic polyneric foa
- and x i s (26), bonded to the fRE@|d MENT&HEET

the strip portion (12), exténding al@ng the strip por,tlon,Aé@rE covering at
| east a portion of the plurality of spaced openings (22).

17. An el ongated fl exi bl e conponent carrier tape (10) for storing and
transporting a plurality of conponents, the carrier tape (10) conpri sing:
a strip portion (12) having a first surface (14), a second surface (16)
opposite the first surface (14), a neans for advancing the carrier tape
(10) by an weghhdesming agsshawheein hiadsum pf uhaldolystyitng peoiyangede2 Ahdspaced
al ong the skylP. POLabi o extendi ng through the strip portion (12)
bet ween thewfalh'?%? %ﬁ%gggéé’?&@@??é&c&és (14, 16) for receiving the plurality
of conponents, wherein the strip portion (12) conprises a |ayer of

t her nopl astic polynerig fo t | agt ic_pal yneric foam c rising
about 10 to 49 pqrcen'ltlg'pol 5%;‘@’%%&%‘35%?%“?1’?“%8 cﬁ%’éﬁ?‘%f’?’&‘ 5@°g@cent
pol yet hyl enéorbstoting gind, tradsgesing & Ipdumlity of dompopedty,sther eaeieanspep@lgjet hyl ene

is 100 wei ghy g‘% ent; and a bottomstrip (26) bonded
to the secon_cr-| urface (16) of the strip portion (12), extending along the

strip portion, and co#éwivppriien (I@daving pdirs: wrfaes (i4ea picandiburfage ¢f6)spaced
openi ngs (23}:posite the first surface (14), and a plurality of openings (22) spaced -along the
strip portion (12) and extending through the strip portion (12) between the. first and

second surfaces (14, 16) far receiving the plurality of c.bmponents, wherein the strip
portion (12) comprises a layer of thermoplastic polymeric foam; and

a bottom strip (26) bonded to the second surface (16) of the strip
portion (12), extending along the strip portion, and covering at least a portion of the
plurality of spaced openings (22). '

17. Aan e!origazed flexible component carrier tape (10) for storing
and transporting 2 plurality of componeants, the carrier tape (10) comprising :

a strip portion (12) havi.ng a first surface (14), a second
surface (16) opposite the first surface (14), a means for advancing the carrier tape
(10) by an advancement mechanism, and a plurality of openings (22) spaced along
the strip portion (12) and extending through the strip portion (12) between the first
and second surfaces (14, 16) for receiving the plurality, of components, wherein the
strip pgr't_ion (12) comprises a layer of thermoplastic polymeric foam, the.
thermoplastic polymeric foam comprising about 10 to 49 percent polystyrene by
wetght and about 51 to 90 ;ﬁerccnt polyethyiene by weight, wherein the sum of the
polystyrene and polyethylene is 100 weight percent; and

a bottom strip (26) bonded to the second surface (16) of the
strip portion (12), extending along the strip portion, and covering at least a portion
of the plurality of spaced openings (22).
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(57) Abstract

. Aco.mpom.xtca:ﬁert_apeused for storing and transporting components, wherein the carrier tape compriscs a single layer clongated
flexible strip portion having propesties suitable for storing and transporting a plurality of components. The single layer sirip portion
comgﬂses a layer of thermoplastic polymeric foam and has a first surface, a second surface opposite the first surface, and a plurality of
openings spaced along the strip portion and extending through the strip portion between the first and second susfaces for receiving the
plurah}y of components. ‘The carrier tape further includes a battom strip bonded to the second surface of the strip portion, extending along
the strip portion, and covering at least a portion of the plurality of spaced openings. The carrier tape may further include a top cover tape
;efaleasaelzlly seuiued to the first surface of the strip portion, extending along the strip portion, and covering at least a portion of the plurality




