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CARRIER TAPE WITH COVER STRIP

TECHNICAL FIELD

This invention relates to a carrier tape for
5 storing electronic surface mount components and for
supplying those components seriatim to a machine. The
carrier tape includes a cover strip for covering the
individual pockets of the carrier tape.

10 BACKGROUND OF THE INVENTION
In the field of electronic circuit assembly,

electronic components are often carried from a supply of
such components to a specific location on a circuit board
for attachment thereto. The components may be of several

15 different types, including surface mount components and
through-hole components. Specifically, these components
may include, but are not limited to such things as memory
chips, resistors, connectors, dual in-line processors
(DIPS), capacitors and gate arrays. These and other

20 components are typically affixed to a circuit board that
may later be incorporated into an electronic device.

Rather than manually affixing each individual

electronic component to a circuit board, the electronics
industry makes extensive use of robotic placement

25 machines, sometimes known as "pick-and-place" machines,
which grasp a component at a specific location (the
supply) and place it at another specific location (the
circuit board). To ensure the sustained operation of such
robotic placement machines, a continuous supply of

30 electronic components must be furnished to the machine at
a predetermined location in order that the robotic
placement machine may be programmed to repeat a precise
sequence of movements during every cycle. It is therefore
important that each such component be located in the same

35 position (i.e. the point at which the robotic placement

machine grasps the component) as each preceding and
succeeding component.
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Thi.s invention relates to a carrier tape for storing electronic surface
nount conponents and for supplying those conponents serialimto a nmachine.
The carrier tape includes a cover strip for2tovering the individual pockets
of the carrier tape. BACKGROUND OF THE, | NVENTI ON, In the field of
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series of such components into pockets that are spaced
along a carrier tape. The loaded carrier tape, which is
5 usually provided in roll form, may then be advanced toward

the pick-up location at a predetermined rate as each
succeeding component is removed from the tape by the
robotic placement machine. Conventional carrier tapes
generally comprise a self-supporting lower portion that

10 carries the component, and a flexible cover strip that
aids in preventing foreign matter from deleteriously
affecting the component. The cover strip is typically
bonded to the lower portion, and is progressively peeled
away from the lower portion just before the ;obotic

15 placement machine removes the component from the carrier
tape. Alternately, a rigid reusable cover strip may be
used, such as that described in U.S. Patent Nos.
4,733,778, 4,842,135, 4,844,258, 4,958,053, and 5,005,275.

Figure 1 illustrates a conventional carrier tape

20 10 in combination with a robotic placement machine 12. A
supply roll 14 provides carrier tape 10 having an aligned
plurality of regularly spaced pockets 16, each of which is
loaded with an electronic component. A stripper assembly
18 peels the cover strip 20 from carrier tape 10 around a

25 stripper block 22, which assists in preventing stripper
assembly 18 from pulling carrier tape 10 away from its
designated path. Carrier tape 10 is advanced by a sprocket
24, which engages advancement holes along at least one
outer edge surface of carrier tape 10 to advance carrier

30 tape toward robotic placement machine 12. As each
successive component reaches the desired pick-up point,
the robotic placement machine grasps the component (either
manually or by suction) and places it on a circuit board
in the appropriate location.

35 Electronic components may be formed by
encapsulating an integrated circuit within a plastic
compound. However, if the component contains entrained
moisture, cracking can occur when the component is later
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attachnment thereto. The conponents may be of several different types,

I ncl udi ng surface nount conponents and through-hol e conponents.
Specifically, these com ponents nmay inclue&8>~ but are not limted to such
things as nenory chips, resistors, connectors, dual in-line processors
(DIPS), capaci ﬁmatem(fcgatseﬂaietram tPhes & ianes i hoardongénds Fherefore

typically affi é%gﬁ.gbqeRaohtyre&no%ar gla%%h Iﬂ\%l's'%ﬁ‘ifeogrsagﬁﬁléﬂﬂl% an

el ectroni c device t han manua f.1xing each 1 ndivi el ec-
troni ¢ conponefrom theciqomponentarin qn%relt@cﬂléﬁﬂbl@ei

extensive use Qhaciifly.C MYidtIFR refdval is usually done by baklng or
5 drying the components in an oven to evaporate the
entrained moisture prior to soldering the components to a
circuit board. Baking and drying are synonymous as used
herein. The baking conditions vary with the application,
and are generally divided into low temperature baking and

10 high temperature baking. See R. Prasad, Surface Mount
Technology: Principles and Practice pp. 190-92 (1989), the
entire contents of which is hereby incorporated by
reference. Low temperature baking typically occurs at a
temperature of approximately 40°C (15°) at less than 5%

15 relative humidity for a minimum period of 192 hours (8
days). Because of the extended time period required for
effective low temperature baking, high temperature baking
is generally preferred. High temperature baking typically
occurs at a temperature of 125°C (t5°) at less than 50%

20 relative humidity for a period of approximately 24 hours.
The duration and temperature may vary from the
illustrative ranges described above depending on the
construction of the components, the amount of moisture
present, and other operating conditions.

25 Components are presently baked in temperature
resistant trays or tubes to remove excess moisture and
then loaded into carrier tapes for storage and delivery.
It would be desirable to dry the components within the
carrier tape, to eliminate the intermediate processing

30 step of loading and unloading the components from the
baking trays or tubes for baking in the oven. However,
carrier tapes constructed of conventional materials are
generally not suitable for high temperature baking because
the carrier tape and cover strip may begin to degrade at

35 elevated temperatures. Degradation of the carrier tape may
cause warping, shrinkage, or other undesirable effects
that could prevent the carrier tape from being used
effectively. For example, if the floor or walls of the

I
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chi nes, .sonetimes known as "pick-and-place" nma- chines, which grasp a
conponent at a specific location (the supply) and place it at another
specific location (the circuit board). To espsure the sustai ned operation of
such robotic placenent machi nes, a continuous supply of electronic
conponents mus poick eftu deiforad due tioe high bakiagateaperadsres)yi aad | ocati on
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prevent the placement machlne from grasping the component.

Alternately, the cover strip could become pliable or

5 change shape when it is heated, and could perhaps become
adhered to the components within the pockets. The
components may become damaged in an attempt to remove them
from the cover strip, thereby rendering the components and
carrier tape useless and resulting in a substantial loss

10 for the packager.

Even if a heat-~resistant carrier tape and cover
strip are provided, another difficulty has been shown to
render in situ baking undesirable. The adhesive that bonds
the cover strip to the carrier tape tends to form a strong

15 bond between the cover strip and the carrier tape when it
is exposed to high temperatures. That is, the adhesive
bonds the cover strip to the carrier tape so effectively
that facile removal of the cover strip becomes difficult
or impossible. For example, the cover strip may release

20 only after the application of high peel forces, which can
dislodge components that are in uncovered pockets.
Alternatively, the high peel forces may cause the cover
strip to tear, which could require the production line to
halt in order to reattach the cover strip to the stripper

25 assembly. Although the temperature of the baking step
could be reduced in an attempt to prevent the overbonding
problem, the time necessary to evaporate extant moisture
correspondingly increases as described above, which slows
the production process.

30 In view of the disadvantages of conventional
carrier tapes, it is therefore desirable to provide a
carrier tape and cover strip for electronic components
that can withstand the temperatures encountered during the
drying process and yet allow for facile removal of the

35 cover strip to provide access to the contents of the
pockets.
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2 It is.therefore inportant that each such conponent be |ocated in the sane
position (ie. the point at which the robotic placenent nachi ne grasps the
conponent) as each precedi ng and succeedi ng3conponent . One way to

provi de a continuous supply of electron- ic conponents to a desired
| ocation is to§ﬂ&¥é3¥_§§£ﬂé§Llﬂyﬁﬂilgﬂ
According to the present invention, there is
provided a unitary flexible carrier tape for storage and
seriatim delivery of electronic components by an
5 advancement mechanism. The carrier tape includes a top
surface having first and second parallel longitudinal edge
surfaces, with at least one of the edge surfaces including
means for-engaging the advancement mechanism. The carrier
tape also includes a plurality of pockets depending
10 downwardly from the top surface between the edge surfaces
and along the length of the carrier tape for containing
the electronic components. A flexible elongate cover strip
is provided to overlie the pockets, and it extends along
the length of the carrier tape. The cover strip includes
15 first and second parallel longitudinal bonding portions
bonded to the first and second longitudinal edge surfaces,
respectively. Also provided is means for enabling
progressive separation and removal of a medial portion of
the cover strip overlying the pockets from the first and
20 second bonding portions to provide access to the pockets,
which in one embodiment includes a tear tape adjoining the
cover strip.
The present invention also includes a method of
loading electronic components into a carrier tape for
25 seriatim delivery by an advancement mechanism. The method
includes the steps of (a) providing a unitary, flexible
carrier tape, including a top surface having first and
second parallel longitudinal edge surfaces, at least one
of the edge surfaces including means for engaging the
30 advancement mechanism, and a plurality of pockets
depending downwardly from the top surface between the edge
surfaces and along the length of the carrier tape for
containing the electronic components; (b) placing an
electronic component within each pocket; (c) providing a
35 flexible elongate cover strip adapted to overlie the
pockets, and having a medial portion and first and second
parallel longitudinal bonding portions; (d) affixing the
first bonding portion to the first longitudinal edge
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of .such: conponents into pockets that are spaced along a carrier tape. The
| oaded carrier tape, which is usually provided in roll form my then be
advanced toward the pick-up location at a pbedeternined rate as each suc-
ceedi ng conponent is renpved fromthe tape by the ro- bOtIC pl acenent

machi ne. ConvefUrdRge ARG the sesondybending, Pogitdans &0x the segaitor ting

| ower portion tedgitRdingd dagyeC dmTFat ofatthed car@died eta?@ve;ro Hovier il
aids in preventing forei mat,t fromdel eteri.ously af- fecgting the &
conponent. The P& 5t AN i(8); VARG Fhs, FArTdeT: e Y 6g‘rﬂ G “fhd
I S progressivelenapde wapmﬁnwndfheﬂtmﬂnqmmlmmtfrw &he t he robotic

5 electronic components. Another step in a related method
includes (f) peeling the cover strip longitudinally of the
carrier tape to separate the medial portion of the cover
strip from the first and second bonding portions to
provide access to the electronic components.

10 The present invention also contemplates a
flexible elongate cover strip for a carrier tape having a
top surface having first and second parallel longitudinal
edge surfaces and a plurality of pockets formed in the top
surface between the edge surfaces and along the length of

15 the carrier tape for containing electronic components. The
cover strip is adapted to overlie the pockets and to
extend along the length of the carrier tape, and includes
a medial portion and first and second parallel
longitudinal bonding portions adapted for bonding to the

20 first and second longitudinal edge surfaces, respectively.
The cover strip further includes means for enabling
separation of the medial portion overlying the pockets
from the first and second bonding portions when the
bonding portions are bonded to the edge surfaces to

25 provide access to the contents of the pockets. The
separation means in one embodiment comprises a tear strip
adjoining the medial portion along the length of the cover
strip to guide the propagation of opposed longitudinal
tears in the cover strip between the tear strip and the

30 respective bonding portions.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be more readily understood
with reference to the accompanying drawings, wherein like
35 reference numerals refer to like components throughout the
several views, and wherein:
Figure 1 is a schematic representation of a
conventional carrier tape and placement machine;
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pl acenent machi ne renoves the conponent fromthe carrier tape. Alternately,
a rigid reusable cover strip may be used, such as that described in U S
Patent Nos. 4,733,778, 4,842,135, 4,844, 258' 4,958, 053, and 5, 005, 275.

robot i ¢ pl acenent machi nd HBE% L g emathe ARt L 1 °
having an al i greakmier atapey lmémgeglbaﬂéc;/ witzit ezl guinkan o gmpendnts, vvm ch
cover strip 20 ML P AAPE Shnlieh ) BRF peio R OF SETed e
assists in preventing Figure 3 is a cross-sectlonal view of a first
5 embodiment of a carrier tape and cover strip according to
the present invention;

Figure 4 is a cross-sectional view of a second
embodiment of a carrier tape and cover strip according to
the present invention;

10 Figure 5 is a cross-sectional view of a third
embodiment of a carrier tape and cover strip according to
the present invention; and

Figure 6 is a perspective view of a carrier tape
and cover strip according to the present invention,

15 wherein a medial portion of the cover strip'is being
removed to expose the contents of the pockets.

DETAILED DESCRIPTION

The present invention relates broadly to a

20 carrier tape having a plurality of pockets formed therein.
A unitary flexible carrier tape 100 having a strip portion
102 defining a top surface is shown in Figures 2 through
6. Strip portion 102 includes longitudinal edge surfaces
104 and 106, and a row of aligned advancement holes 108

25 and 110 formed in and extending along one or both edge
surfaces. Advancement holes 108 and 110 are adapted for
engagement with an advancement mechanism, as shown in
Figure 1. The advancement mechanism typically comprises
one sprocket for each row of advancement holes, and the

30 teeth of each sprocket engage the holes to advance the
carrier tape toward a predetermined point, at which point
the robotic placement machine may grasp the individual
electronic components seriatim. The holes and the spacing
between adjacent holes may be varied to accommodate

35 different types of advancement mechanisms. In one
embodiment, the holes measure approximately 1.55 mm
(.061") in diameter and are regularly spaced at a distance
of approximately 4 mm (.16") on center.
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stripper assembly 18 frompulling carrier tape 10 away fromits designated
path. Carrier tape 10 is advanced by a sprggget 24, whi ch engages
advancenent hol es along at | east one outer edge surface of carrier tape 10

to advance carrier tape Rty QRO !a§e0|f%ﬁ-§{§amin”%},dffg&;{gﬁ;e alohd & ip

successi ve conponent reaches the desired pick-up porn e robotic
pl acement machPeXtdoms 392 Ha emeperemoreciallignedamoais],y agr shpwaudm on) and

places it on apgigupds 2008 ¢." T @hAPRNARRAR dC eiibodifdnt, each
pocket includes four side walls 114 each at generally
5 right angles with respect to each adjacent wall. Side
walls 114 join and extend downwardly from the top surface
of the strip portion, and join bottom wall 116 to form
pocket 112. Bottom wall 116 is generally planar and
parallel to the plane of strip portion 102. Each wall may
10 also be formed with a slight draft (i.e. a 2° to 12° slant
toward the center of the pocket) in order to facilitate
insertion of the component, and to assist in releasing the
pocket from a forming die during fabrication of the
carrier tape. It is also within the range of equivalents
15 of the present invention to provide a pockef having more
or less walls than the four that are shown with reference
to the preferred embodiment.
Pockets 112 are designed to conform to the size
of the electronic components. Two or more columns of
20 pockets could also be formed along the length of the
carrier tape in order to facilitate the simultaneous
delivery of multiple components. It is believed that a
carrier tape including pockets having a longitudinal axis
that extends transverse to the longitudinal axis of the
25 tape may be more effectively rolled about a core to form a
roll for storage and shipment, without bending of or
damage to the pockets or the components.
In another embodiment, bottom wall 116 may
comprise a lower cover strip (not shown) that is applied
30 to form a flat-punch carrier tape. A flat-punch carrier
tape includes a strip portion having a thickness slightly
greater than the height of the components to be carried
therein, and having holes punched therethrough
corresponding to the size of the desired pocket. A lower
35 cover strip that is applied to the bottom of the carrier
tape provides bottom walls for each of the pockets. Thus
the lower cover strip adjoins the side walls to form the
pocket, and an upper cover strip may be sealed over the
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3 U S Patent No 4, 944,979 describes a carrier tape that includes a series
of sprocket holes and a series of pock- ets ghat extend along the | ength of
the carrier tape in arow The pockets are adapted for carrying electrical

component s. 3&% %x‘?ewé HE dSipiattd WRIAGE e ekt 1 51 tape

by a cover tap
the manner previously described.

A particularly advantageous feature of the
present invention is provided by the cover strip 120.

5 Cover strip 120 is applied over the pockets of the carrier
tape to contain the components therein. As shown in
Figures 3 through 6, flexible, elongate cover strip 120
overlies part or all of pockets 112, and is disposed
between the rows of advancement holes 108 and 110 along

10 the length of carrier tape 100. Cover strip 120 includes
parallel longitudinal bonding portions 122 and 124 that
are bonded to longitudinal edge surfaces 104 and 106,
respectively, of carrier tape 100. For example, a pressure
sensitive adhesive, or a heat-activated adhesive such as

15 an ethylene vinyl acetate (EVA) copolymer méy be used to
adhere the cover strip to edge surfaces 104 and 106.

Cover strip 120 also includes means for enabling

separation of a medial portion 126 of cover strip 120
overlying the pockets from bonding portions 122 and 124 to

20 provide access to the contents of the pockets. In the
preferred embodiment, separation means includes a tear
strip 128 applied over medial portion 126 along the length
of cover strip 120, as shown in Figure 3. Cover strip 120
is preferably constructed of a uniaxially or biaxially

25 oriented film to facilitate downweb tearing, and to reduce
or prevent transverse tearing. Tear strip 128 is resistant
to tearing, and thus medial portion 126 of cover strip 120
may be peeled away from carrier tape 100, leaving bonding
portions 122 and 124 attached to edge surfaces 104 and

30 106. Bonding portions 122 and 124 remain affixed to edge
surfaces 104 and 106 due to the initial bonding of the
cover strip to the carrier tape, or due to the heat
encountered when the carrier tape and components are dried
within an oven. Tear strip 128 also assists in guiding the

35 propagation of opposed longitudinal tears in cover strip
120 between tear strip 128 and bonding portions 122 and
124, which exposes the contents of pockets 112.
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along the length of the carrier tape and over the electri- cal conponents.
The cover tape is secured to the carrier ta § by two bands or zones of
adhesive along the length of the carrier tag Tand at the lateral margins

thereof. The cover tape |§§L?ﬂe fgpfbé 9; %?@Ee% gf% %ﬁgéFgﬁggga €93§d on

| ateral ly opposite sides e and extend
tape parallel tmathniabmsuchcaspqunestenntandlngypbekbosdeﬁthtthe | i nes

Ty be a seri esifteRBa! Bhefack"kEOCTHY ERECEALIPIOIBE! ORS plBkefbyi dp the
{RabThd PRE ehrRElof 2t /' eF

cover tape into a cen I es ts and a pal
border strips thbhe axteadm;reurf@cehefcqwemstnpp12>9 th'&ea_ﬁnéﬁrbp baBds

of adhesive,  pay be used to assist in separating medial portion 126
from bonding portions 122 and 124, as described above, but
may also prevent electronic components from adhering to an
exposed adhesive surface of cover strip 120, if such a
surface faces the components. In essence, tear strip 128

10 acts as a deadening layer to protect the components from
contacting an exposed adhesive surface.

Tear strip 128 may be provided with a metallized
layer 127 on either the interior or exterior surface or
both, for dissipating electricity (such as static

15 electricity) that may be applied to the cover strip. A
metallized layer may also be applied to the cover strip or
to the carrier tape. The metallized layer could comprise
metals such as aluminum, stainless steel, or nickel-
cadmium, which are applied to the tear strip by vapor

20 coating or sputtering. An abrasion resistant coating may
be applied over the metallized layer or layers to prevent
scratching or damage, which could inhibit the electrical
dissipation capacity of the metallized layer. The abrasion
resistant coating 129 may be provided by applying a cross-

25 linkable acrylic material to the metallized layer, and
curing the material using UV or E-beam radiation.

In another embodiment, the means for enabling
separation comprises parallel lines of weakness formed in
cover strip 120. Lines of weakness could comprise aligned

30 slits, a score line having a thickness that is less than
the remainder of cover strip 120 (as shown at 140 in
Figure 4), or perforations (as shown at 142 in Figure 5).
Thus when cover strip 120 is peeled from carrier tape 100,
medial portion 126 is separated from bonding portions 122

35 and 124 along the lines of weakness, thereby exposing
pockets 112, Bonding portions 122 and 124 thus remain
bonded to longitudinal edge surfaces 104 and 106,
respectively.
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El ectronic conponents nay beforned by encapsu- lating an integrated circuit
within a plastic conpound. However, if the conponent contains entrained
noi sture, cracking can occur when the conﬁﬂﬂéht is later heated for

oL ver g Lo 3,00t O8outh, bt REVBSCHERERTsHARRghB FEEURRBLIACT
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o or to ol dePeRGLTRe PRstachénpe Bue,BB0RR Serdp Rave BRERESy Y O Vi Ny are
synonynmous as appdicabdilityThe bhei ayesooedi ovensbaked GRrKiexetapgsi,- the
5 present invention has utility with carrier tapes
generally. The means for enabling separation may also be
applied to conventional carrier tapes to provide the
separation characteristics described above. In the case of
conventional carrier tapes that are not subjected to

10 heating during a drying process, the medial layer may be
separated from the bonding portions in the manner
described herein, or the entire cover strip may be removed
by conventional separation of the bonding portions from
the edge surfaces. Thus the present invention should be

15 understood to include carrier tapes generalfy, as well as
the specific area of oven-baked carrier tapes.

The carrier tape of the present invention could
also include pockets formed in multiple columns extending
along the length of the carrier tape. Cover strip 120

20 could be adapted to include a bonding portion between each
pair of aligned columns, to enable separation of a medial
portion from between each pair of bonding portions to
expose the pockets.

In general, the carrier tape of the present

25 invention is made by thermoforming pockets in a sheet of
polymeric material. The polymeric sheet may be made from
many different materials including, but not limited to
polyester, polycarbonate, polypropylene, polystyrene, PVC
(polyvinyl chloride), and ABS (acrylonitrile-butadiene-

30 styrene) copolymers. The material from which the carrier
tape is constructed is preferably resistant to the
deleterious effects of the heat applied during the drying
process. As used herein, "deleterious effects of heating"
include any significant change in the useful properties of

35 the carrier tape or cover strip, including but not limited
to embrittlement, warping, shrinkage, discoloration, and
the like.

eet Has Been Replaced

T




cation, -and are generally divided into | ow tenperature baking and high
tenperature baking. See R Prasad, Surface Mount Technol ogy: Principles and
Practice pp. 190-92 (1989). Low tenperaturelBaking typically occurs at a
tenperature of approximately 40[err]C (5[err]) at |less than 5%re|ative
hum dity for a m ni num pekn cehefpn senipdinent, gherelrerie sheet

extended tinme pgLiQfedCriddiIPhaisdipdt Bed,] Vdnd QNuy SfReIwdé! 4n bDaki ng, hi gh
{em perat ure b%alkl n@ai s%ﬂlre)geral I%c‘fo){‘?ferred., Hi ghs&c:e}lrrpaesr aéaxl-k%ne ﬁjf‘é(éf?
ypical |y occur®-8ftiel¢ rCRRA g mgteriadl,
which is either interspersed within the material
5 comprising the polymeric sheet, or is coated on the
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
preferably to the ground. This feature may prevent damage
10 to the components contained within the carrier tape due to
an electric charge in much the same manner as the
metallized layer previously described.
The polymeric sheet is supplied, either in roll
form, sheet form, by continuous injection molding, or by
15 extrusion, and conveyed to a heater, where the sheet is
heated sufficiently to permit thermoforming. The
temperature to which the polymeric sheet must be heated
varies over a broad range depending on the gauge and type
of material that is being thermoformed. Following heating,
20 the sheet member is thermoformed by a die or dies that
shape the pocket to conform to the size of the electronic
component to be carried therein. The carrier tape is
typically cooled after thermoforming until the polymeric
material solidifies. Advancement holes are punched into
25 the carrier tape, and any excess material, known as weed,
is cut from the edges of the carrier tape to conform the
carrier tape to industry standards.
As shown in Figure 2, the formed carrier tape is
loaded with components 170 by loader 162, and a cover
30 strip 120 according to the present invention is applied by
strip applicator 158 and bonded to the longitudinal edge
surfaces of carrier tape 100. The loaded carrier tape may
be concentrically wound about a core for storage and
delivery. If the carrier tape is wound on a reel, the
35 reel should also be resistant to the deleterious effects
of high-temperature baking. The formation and loading
steps associated with the carrier tape are generally known
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4 (5) at

hour s.

| ess than 50% relative humdity for a period of approxinmately 24

. The duration and tenperature may vary fromthe illustrative ranges
descri bed above dependi ng on the constructtbirof the conponents, the anount
of noisture present, and other operating condi -

10

15

20

25

30

35

in the art, and are therefore not described in further
detail herein.

After the carrier tape has been loaded and
sealed with the cover strip, it is dried in oven 160.
Because higher temperatures result in shorter ‘baking
times, it is desirable to bake the loaded carrier tape at
a relatively high temperature (e.g. 125°C (257°F)) to
expedite the production process. The duration of the
baking step depends on the level of entrained moisture in
the component, the relative humidity in the oven, and the
acceptable level of entrained moisture in the component
after baking. As with high temperature baking processes of
the prior art, the duration may be approximately twenty-
four hours. After the drying step, the carrier tape is
typically loaded into a sealed, desiccated container for
shipment and storage of the carrier tape and components.

In use, the carrier tape is unloaded as shown
with respect to the prior art in Figure 1. As illustrated
in Figure 6, cover strip 120 is peeled from carrier tape
100, and medial portion 126 of cover strip 120 separates
from bonding portions 122 and 124 to expose components 170
within pockets 112. The bonding portions remain adhered to
the edge surfaces and of carrier tape 100, and medial
portion 126 may be rolled onto a take-up reel for
disposal.

The present invention has now been described
with reference to several embodiments thereof. It will be
apparent to those skilled in the art that many changes can
be made in the embodiments described without departing
from the scope of the invention. For instance, other
materials that are resistant to the effects of heat may be
used to construct the carrier tape or cover strip or both.
The carrier tape of the present invention could also be
modified to incorporate two or more parallel cover strips,
each of which comprises outer bonding portions and a
medial portion, and each of which is bonded over a column
of pockets. Hence, the scope of the present invention
shall not be limited by the structures described herein,
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tions. =~ Conponents are presently baked in tenperature re- sistant trays
or tubes to renove excess noisture and then | oaded into carrier tapes for
storage and delivery. It would be desirabl el4e dry the conponents within
the carrier tape. to elimnate the internediate processing step of |oading
and unl oadi ng thatcenp¥nblt strugkuras éaﬁpngbedagz thet yangupge plkthg in

the oven. Howevglaifig' hh&' thaPEuEPATEAYS! 88 EhosEN¥EphLeARbsAterials are
generally not suitable for high“tenperature baking be- cause the carrier

tape and cover strip nmay begin to de- grade at el evated tenperatures.
Degradati on of the car-
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48491PCLTA
rier tape may cause warping, shrinkage, or other unde- sirable effects that

could prevent the carrier tape from bei ng used effectlv
the floor or walls of the pocket deform dad3to hi gh baki rmugmgi m an
el ectronic conponent may shift within the pocket and prewe

machi ne from gFEBEMBY t he com ponent. Alternately, the cover strip coul d

becone pliable or change shape when it is heated, and coul d perhaps becone
adnered Lo the componeni s LUhDeRAG PPEKEI Sy e THECEPURODEBL S IFY) DPE™
rendering the saaragenandasdrmatimedelhperysefeeteahdoneeucompgnents
5 (170) by an advancement mechanism, the carrier tape
comprising:

(a) a top surface having first -and second
parallel longitudinal edge surfaces (104, 106),
at least one of said edge surfaces including

10 means (108, 110) for engaging the advancement
mechanism;

(b) a plurality of pockets (112) depending
downwardly from said top surface between said
edge surfaces and along the lengthlof the

15 carrier tape for containing the electronic
components;

(c) a flexible elongate cover strip (120)
overlying said pockets and extending along the
length of the carrier tape, said cover strip

20 having first and second parallel longitudinal
bonding portions (122, 124) bonded to said first
and second longitudinal edge surfaces,
respectively; and

(d) means for enabling progressive

25 separation and removal of a medial portion (126)
of said cover strip overlying said pockets from
said first and second bonding portions to

provide access to the pockets.

30 2. The carrier tape (100) of claim 1, wherein
said carrier tape and said cover strip are constructed of
a material resistant to the deleterious effects of heating
to a temperature of approximately 125°C.

35 3. The carrier tape (100) of claim 2, wherein
said carrier tape comprises polycarbonate and said cover
strip comprises polyester.
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mm for the packager. Even it a heat-resistant

car m’mm H@F strip are provided, another difficulty has been
showt té render ¢ n tu baking undesi r abl e=16he adhesi ve that bonds the
cover. strip to the carrier tape tends o forma strong bond between the

cover strip and the carrider 'Jttm)@am@ren ttape HAe®t C1Aigh Lehiarain es.

That is, the adhsy AP a(i'at &rﬁ%cﬁ@:’ﬁs’é (PRRaY0 SHri
fectlvelythat famlerermvﬁnﬁ} egcovr stt(r?"lp |cuﬁ§? or P
i npossi bl e. For(13&nAdiciming sadd mediglpprtion along the 1ength of
said cover strip to guide the propagation of opposed
5 longitudinal tears in said cover strip between said tear

strip and said respective bonding portions.

5. The carrier tape (100) of claim 4, wherein
said tear strip is bonded to a major surface of said cover
10 strip facing the interior of said pockets.

6. The carrier tape (100) of claim 1, wherein
said carrier tape is electrically dissipative.
.
15 7. The carrier tape (100) of claim 4, wherein at
least one of said tear strip and said cover strip is
coated with an electrically dissipative metallic layer.

8. The carrier tape (100) of claim 7, wherein
20 said metallic layer is coated with an abrasion resistant
coating.

9. The carrier tape (100) of claim 1, wherein
said means for enabling separation comprises parallel
25 lines of weakness (140, 142) formed in said cover strip.

10. The carrier tape (100) of claim 1, wherein
said cover strip is constructed of an oriented film
adapted to facilitate downweb tearing and to aid in

30 preventing transverse tearing of said cover strip.

11. The carrier tape (100) of claim 1, wherein
said carrier tape further comprises an electronic
component (170) disposed within each pocket.

35

12. The carrier tape (100) of claim 1, wherein
said plurality of pockets includes more than one aligned
column of pockets extending along the length of said
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S_jﬂlﬂ ﬂﬂu ﬂﬂtﬂﬂﬂr the application of high peel forces, which can
di gi¥ ! that are in uncovered pockets. Alternatively, the high
peel forces y’* cduse the cover strip to t&dr, which could require the

production line to halt in order to reattach the gover_strip to.the i p-
carrier tape, and said cover str{b fncfhdes apbonding strip

portion between each pair of said aligned columns enabling
separation of a plurality of medial portions from between
said bonding portions to expose said pockets.

13. A flexible elongate cover strip (120) for a
carrier tape (100) having a top surface having first and
second parallel longitudinal edge surfaces (104, 106) and
a plurality of pockets (112) formed in said top surface

10 between said edge surfaces and along the length of the
carrier tape for containing electronic components (170),
said cover strip adapted to overlie the pockets and to
extend along the length of the carrier tape, and including
a medial portion (126) and first and second parallel

15 longitudinal bonding portions (122, 124) adapted for
bonding to said first and second longitudinal edge
surfaces, respectively, and further including means for
enabling separation of said medial portion overlying said
pockets from said first and second bonding portions when

20 said bonding portions are bonded to said edge surfaces to
provide access to the contents of the pockets.

14. The cover strip (120) of claim 13, wherein
said cover strip is constructed of an oriented film
25 adapted to facilitate downweb tearing and to aid in
preventing transverse tearing of said cover strip.

15. The cover strip (120) of claim 14, wherein
said means for enabling separation comprises a tear strip
30 adjoining said medial portion along the length of the
cover strip to guide the propagation of opposed
longitudinal tears in the cover strip between said tear
strip and said respective bonding portions.

35 16. The cover strip (120) of claim 15, wherein
said tear strip is bonded to a major surface of the cover
strip facing the interior of the pockets.
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per t gh the tenperature of the baking step could be reduced
I n 5 “i ﬂggent the over- bonding problem the tinme necessary to
eva LEX «1oi sture correspondi ngl y18ncreases as descri bed above,

whi ch sl ows the production process. I n, view of the disadvantages of
conventional carrier tapes’- i¥he LO¥RYL &SP ddAVamfe 2lain A3 deheredt i er

tape and cover g ridadtorornd 6t IS CABPMI D iR i Wddy st@ipl idie
temperatures encountered during the drying process and yet allow for facile
removal of the ¥¥RETLGAILY (B gtiRAYBdccess to the contents of the

pockets.
5 18. The cover strip (120) of claim 13, wherein
said means for enabling separation comprises parallel
lines of weakness formed in said cover strip."

10
15
20
25

30

35 48491PCT.MAL
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48491pCT7A : - :
SUMMVARY "OF THE | NVENTI ON According to the present invention as

defined in claiml, there is provided a unitary flexible carrier tape for
storage and seriatimdelivery of electroni~d9conpo- nents by an advancenent
mechani sm The carrier tape |ncludes a top surface havi ng first and second
parall el |ongitudinal edge sur apdsiAty : glBl@f the edge surfaces

i ncl udi ng neans for engagi ng éﬁﬁRgﬂﬁaﬁng ﬁ@@ﬁ @@@ﬁ@ns@ﬁipThe carrier tape
al so includes a plu- rality of pockets dependi ng downwardly fromthe top

surface between the edge surfaces and along the | ength
A carrier tape (100) and cover strip (120) are

5 provided for storing electronic components (170) and for
supplying those components seriatim to a machine. The
carrier tape includes a strip portion having spaced
longitudinal edge surfaces (104, 106), and a plurality of
pockets (112) formed in the strip portion. The cover strip

10 is applied over the pockets to contain electronic

components therein, and is bonded along two outer bonding
portions to the edge surfaces of the carrier tape. In one
embodiment, the cover strip includes a tear strip (128)
attached to a medial portion (126) of the cover strip

15 overlying the pockets, which may be used to separate the
medial portion from the bonding portions to expose the
contents of the pockets.

20
25
30

35
43491PCT.MAL
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of the carrier tape for containing the electronic conpo- nents. A flexible
el ongate cover strip is provided to over- lie the pockets, and it extends
along the length of the carrier tape. The cover strip includes first and
second paral |l el [ongitudinal bonding portions bonded to the first and
second | ongi tudi nal edge surfaces, respectively. A - so provided is neans
for enabling progressive separa- tion and renoval of a nedial portion of
the cover strip overlying the pockets}? omthe first and second bondi ng
portions to provide access to the pockéxs, which in- cludes a tear tape
adj oining the cover strip.

18

Fig. 1
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6 As an exanple, a nethod of |oading electronic com ponents into a
carrier tape for seriatimdelivery by an advancenent nechani smi ncl udes the
steps of (a) pro-

2
3 100 106
122 170
108 ' 104 120 406 re 124/ 440
102 S — '

128 \\\7\29\
112 — 127

114=

N 1 A~114
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viding a unitaty, flexible carrier tape including alop sur- face having
first and second parallel |ongitudinal edge surfaces, at |east one of the
edge surfaces including nmeans for engagi ng the advancenent nechani sm and a
plurality of pockets depending dowmnwardly fromthe top surface between the
edge surfaces and along the length of the carrier tape for containing the
el ectroni c conponents. (b) placing an el ectronic conponent wthin each
pocket: (c) providing a flexible eIong.%e cover strip adapted to overlie

t he pockets, and having a nedial por- tﬁdn and first and second parallel

| ongi t udi nal bonding portions. (d) affi%8ng the first bonding portion to
the first :
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| ongi t udi wal edge surface,and the second bonding por--tion to the second
I"'ongi t udi pal- edge surface,pf t he Cag- rier tape to cever the pocket§ and
(e) drylng/the carrier tabg'MAthln,gn oven to enabl & evaporation of '
entrained poisture fromtihe el éctronic conponents. other step in'h

rel ated m¥t-hod i ncl udes (f) ‘peeling the, cover strlpvyongltudlnally ®f the
carrier tape to separate~the nedlal por%lon of the cover strip fronfthe
first and second bond- CARR ARE | Clev BTRIPO the electronic
conpo- nents. The present |nvent|on al so contenplates a flexibl er?fs{a7

el ongate cover strip for a carrier tape having a top sur-

This invention relates to a carrier tape for
storing electronic surface mount components and for
supplying those components seriatim to a machine. The
carrier tape includes a cover strip for covering the
individual pockets of the carrier tape.

BACKRGROUND OF THE INVENTION

In the field of electronic circuit assembly,
electronic components are often carried from a supply of
such components to a specific location on a circuit board
for attachment thereto. The components may be of several
different types, including surface mount components and
through-hole components. Specifically, these components
may include, but are not limited to such things as memory
chips, resistors, connectors, dual in-line processors
(DIPS), capacitors and gate arrays. These and other
components are typically affixed to a circuit board that
may later be incorporated into an electronic device.

Rather than manually affixing each individual
electronic component to a circuit board, the electronics
industry makes extensive use of robotic placement
machines, sometimes known as "pick-and-place" machines,
which grasp a component at a specific location (the
supply) and place it at another specific location (the
circuit board). To ensure the sustained operation of such
robotic placement machines, a continuous supply of
electronic .components must be furnished to the machine at
a predetermined location in order that the robotic
placement machine may be programmed to repeat a precise
sequence of movements during every cycle. It is therefore
important that each such component be located in the same
position (i.e. the point at which the robotic placement
machine grasps the component) as each preceding and

succeeding component. eremécementsheet

ig is th
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face haV|n first nd second parall el |ongitudinal edge surfaces and a
"plurgT : %ormed in the top sur- face between the edge surfaces
and aq of the carrier tape for containing electronic

conpo r strip is adapted to overlie the pockets and to extend
along the length of the carrier tape and includes a nedial portion and

first and second parahgebayogglb§gb1d@al RepdiinhRY td a1 pdept ed for
bonding to the first
electronic components to a desired location is to load a

series of such components into pockets that are spaced
along a carrier tape. The loaded carrier tape, which is
usually provided in roll form, may then be advanced toward
the pick-up location at a predetermined rate as each
succeeding component is removed from the tape by the
robotic placement machine. Conventional carrier tapes
generally comprise a self-supporting lower portion that
carries the component, and a flexible cover strip that
aids in preventing foreign matter from deleteriously
affecting the component. The cover strip is typically
bonded to the lower portion, and is progressively peeled
away from the lower portion just before the robotic
placement machine removes the component from the carrier
tape. Alternately, a rigid reusable cover strip may be
used, such as that described in U.S. Patent Nos.
4,733,778, 4,842,135, 4,844,258, 4,958,053, and 5,005,275.
Figure 1 illustrates a conventional carrier tape
10 in combination with a robotic placement machine 12. A
supply roll 14 provides carrier tape 10 having an aligned
" plurality of regularly spaced pockets 16, each of which is
loaded with an electronic component. A stripper assembly
18 peels the cover strip 20 from carrier tape 10 around a
stripper block 22, which assists in preventing stripper
assembly 18 from pulling carrier tape 10 away from its
designated path. Carrier tape 10 is advanced by a sprocket
24, which engages advancement holes along at least one
outer edge surface of carrier tape 10 to advance carrier
tape toward robotic placement machine 12. As each
successive component reaches the desired pick-up peint,
the robotic placement machine grasps the component (either
manually or by suction) and places it on a circuit board
in the appropriate location.
Electronic components may be formed by
encapsulating an integrated circuit within a plastic
compound. However, if the component contains entrained

moisture, cracking can occur when the component is later
This is the replacement sheet
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7 second | on |tud|nal edge surfaces, respectively. The cover strip further

i ncl U4 @bl i ng separa- tion of the medial portion overlying
t he po first and second bondi ng portions when the bonding
por- t d to the edge surfaces to provide access to the

contents of the pockets. The separagion means
heated for soldering to a circuit board. It is therefore

desirable to remove as much entrained moisture as possible
from the component in order to minimize the possibility of
cracking. Moisture removal is usually done by baking or
drying the components in an oven to evaporate the
entrained moisture prior to soldering the components to a
circuit board. Baking and drying are synonymous as used
herein. The baking conditions vary with the application,
and are generally divided into low temperature baking and
high temperature baking. See R. Prasad, Surface Mount
Technology: Principles and Practice pp. 190-92 (1989), the
entire contents of which is hereby incorporated by
reference. Low temperature baking typically occurs at a
temperature of approximately 40°C (*5°) at less than 5%
relative humidity for a minimum period of 192 hours (8
days). Because of the extended time period re uired for
effective low temperature baking, high temperature baking
is generally prefe:red. High temperature baking typically
occurs at a temperature of 125°C (%*5°) at less than 50%
relative humidity for a period of approximately 24 hours.
The duration and temperature may vary from the
illustrative ranges described above depending on the
construction of the components, the amount of moisture
present, and other operating conditions.

Components are presently baked in temperature
resistant trays or tubes to remove excess moisture and
then loaded into carrier tapes for storage and delivery.
It would be desirable to dry the components within the
carrier tape, to eliminate the intermediate processing
step of loading and unloading the components from the
baking trays or tubes for baking in the oven. However,
carrier tapes constructed of conventional materials are
generally not suitable for high temperature baking because
the carrier tape and cover strip may begin to degrade at
elevated temperatures. Degradation of the carrier tape may
cause warping, shrinkage, or other undesirable effects
that could prevent the carrier tape from being used
effectively. For example, if the floor or walls of the

Thsnstherephcementsneet
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cover he tear strip and the respective bondi ng portions.
BRI EF DESCRI PTI THE DRAW NGS The invention will be nore readily
understood with reference to the acconpanying draw ngs, wherein |like
reference nunerals refer to |li ke conponents throughout the several views,
and wherei n:

pocket deform due to high baking temperatures, an

conprT' e HapBgen Réplacqd adj oi ni ng the medial portion along the | ength of the
cover ' , J,@M‘the propagati on of opposed |ongitudinal tears in the

electronic component may shift within the pocket and
prevent the placement machine from grasping the component.
Alternately, the cover strip could become pliable or
change shape when it is heated, and could perhaps become
adhered to the components within the pockets. The
components may become damaged in an attempt to remove them
from the cover strip, thereby rendering the components and
carrier tape useless and resulting in a substantial loss
for the packager.

Even if a heat-resistant carrier tape and cover
strip are provided, another difficulty has been shown to
render in situ baking undesirable. The adhesive that bonds
the cover strip to the carrier tape tends to form a strong:
bond between the cover strip and the carrier tape when it
is exposed to high temperatures. That is, the adhesive
bonds the cover strip to the carrier tape so effectively
that facile removal of the cover strip becomes difficult
or impossible. For example, the cover strip may release
only after the application of high peel forces, which can
dislodge components that are in uncovered pockets.
Alternatively, the high peel forces may cause the cover
strip to tear, which could require the production line to
halt in order to reattach the cover strip to the stripper
assembly. Although the temperature of the baking step
could be reduced in an attempt to prevent the overbonding
problem, the time necessary to evaporate extant moisture
correspondingly increases as described abové, which slows
the production process.

In view of the disadvantages of conventional
carrier tapes, it is therefore desirable to provide a
carrier tape and cover strip for electronic components
that can withstand the temperatures encountered during the
drying process and yet allow for facile removal of the
cover strip to provide access to the contents of the
pockets. .
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Fiduﬁﬁsémhﬁhéséﬁﬂaﬁﬁgjc representation of a conven- tional carrier tape

and pl e, Figure 2 is a schematic representation of a
carri e'mﬂnmuﬁml H"ng | oaded with el ectronic conponents, hav- ing a
cover ! and being dried in an oven; Figure 3 is a

cross-sectional view of a first cnbod- i ment of a carrier tape and
cover strip according to the progonl invontion. Figure 4 is a
Cross-sect$ ARY| O% THE] INVENTI O bodi mrent of a carrier tape and
cover strip accordingecorqifiol Be REESHleddhe i Mhtion, FEAEE Bs' S 2
cross-sectional view of 4 third embod-

provided a unitary flexible carrier tape for storage and

seriatim delivery of electronic components by an
advancement mechanism. The carrier tape includes a top
surface haﬁing first and second parallel longitudinal edge
surfaces, with at least one of the edge surfaces including
means for engaging the advancement mechanism. The carrier
tape also includes a plurality of pockets depending
downwardly from the top surface between the edge surfaces
and along the length of the carrier tape for containing
the electronic components. A flexible elongate cover strip
is provided to overlie the pockets, and it extends along
the length of the carrier tape. The cover strip includes
first and second parallel longitudinal bonding portions
bonded to the first and second longitudinal edge surfaces,
respectively. Alsoc provided is means for enabling
progressive separation and removal of a medial portion of
the cover strip overlying the pockets frbm the first and
second bonding portions to provide access to the pockets,
which in one embodiment includes a tear tape adjoining the
cover strip.

The present invention also includes a method of
loading electronic components into a carrier tape for
seriatim delivery by an advancement mechanism. The method
includes the steps of (a) providing a unitary, flexible
carrier tape, including a top surface having first and
second parallel longitudinal edge surfaces, at least one
of the edge surfaces including means for engaging the
advancement mechanism, and a plurality of pockets
depending downwardly from the top surface between the edge
surfaces and along the length of the carrier tape for
containing the electronic components; (b) placing an
electronic component within each pocket; (c) providing a
flexible elongate cover strip adapted to overlie the
pockets, and having a medial portion and first and second
parallel longitudinal bonding portions; (d) affixing the

first bonding portion to the first longitudinal edge
This is the replacement sheet
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|nEntTR§&@d$ﬁ§B@ﬁqum@E and cover strip according to t he present
i'nventi gure 6 is a perspective view of a carner tape and
cover %M‘l Mﬁuﬂlm to the present invention, wherein a nedi al
portio cover strip is being renoved to expose the contents of
the pockets. 6
surface and the second bonding portion to the second
longitudinal edge surface of the carrier tape to cover the
pockets; and (e) drying the carrier tape within an oven to
enable evaporation of entrained moisture from the
electronic components. Another step in a related method
includes (f) peeling the cover strip longitudinally of the
carrier tape to separate the medial portion of the cover
strip from the first and second bonding portions to
provide access to the electronic components.
The present invention also contemplates a
flexible elongate cover strip for a carrier tape having a
top surface having first and second parallel longitudinal
edge surfaces and a plurality of pockets formed in the top
surface between the edge surfaces and along the length of
the carrier tape for containing electronic components. The
cover strip is adapted to overlie the pockets and to
extend along the length of the carrier tape, and includes
a medial portion and first and second parallel
longitudinal bonding portions adapted for bonding to the
first and second longitudinal edge surfaces, respectively.
The cover strip further includes means for enabling
separation of the medial portion overlying the pockets
from the first and second bonding portions when the
bonding portions are bonded to the edge surfaces to
provide access to the contents of the pockets. The
separation means in one embodiment comprises a tear strip
adjoining the medial portion along the length of the cover
strip to guide the propagation of opposed longitudinal
tears in the cover strip between the tear strip and the
respective bonding portions.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more readily understood
with reference to the accompanying drawings, wherein like
reference numerals refer to like components throughout the
several views, and wherein:

Figure 1 is a schematic representation of a.

conventional carrier tape and placement machine:
This is the replacement sheet
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8 " DERRKhEHHBSER FlddeN The present invention relates broadly to a

.carrie a plurality of pockets forned therein. A uni- tary
flexib %ﬂ!‘f@[“ﬂwe 100 having a strip portion 102 defining a top surface
is sho 2 through 6. Strip portion 102 includes |ongitudina

edge surfaces 104 and 106, and a roy/of al i gned advancenent hol es

Figure 2 is a schematic representation of a
carrier tape being loaded with electronic components,
having a cover strip applied, and being dried in an oven;

Figure 3 is a cross-sectional view of a first
embodiment of a carrier tape and cover strip according to
the present invention;

Figure 4 is a cross-sectional view of a second
embodiment of a carrier tape and cover strip according to
the present invention;

Figure 5 is a cross-sectional view of a third
embodiment of a carrier tape and cover strip according to
the present invention; and

Figure 6 is a perspective view of a carrier tape
and cover strip according to the present invention,
wherein a medial portion of the cover strip is being
removed to expose the contents of the pockets.

S¢ 8)

The present invention relates broadly to a
carrier tape having a plurality of pockets formed therein.
A unitary flexible carrier tape 100 having a strip portion
102 defining a top surface is shown in Figures 2 through
6. Strip portion 102 includes longitudinal edge surfaces
104 and 106, and a row of aligned advancement holes 108
and 110 formed in and extending along one or both edge
surfaces. Advancement holes 108 and 110 are adapted for
engagement with an advancement mechanism, as shown in
Figure 1. The advancement mechanism typically comprises
one sprocket for each row of advancement holes, and the
teeth of each sprocket engage the holes to advance the
carrier tape toward a predetermined point, at which point
the robotic placement machine may grasp the individual
electronic components seriatim. The holes and the spacing
between adjacent holes may be varied to accommodate
different types of advancement mechanisms. In one
embodiment, the holes measure approximately 1.55 mm
(.061") in diameter and are regularly spaced at a distance

of approximately 4 mm (.16") on center. :
"’ | | This is the repkacemgnt sheet
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lindand extendi ng al ong one or both edge surfaces.
ﬁ§ and 110 are adapted for engagenent with an

108 afd 51 L0 [ 9L

Advanc

advancﬁ'ﬁﬂu l'gi ism as shown in Figure 1. The advancenent mecha- ni sm
typi ca

one sprocket for each row of advancenent hol es, and the
teeth of each sprocket en- gage themgoles to advance the carrier tape
toward a pre- determ ned point, at I ch point the robotic placenent
machi ne may grasp theposdewsdualk ekecfoemed danpad spatedsalicag mtripe

01 FS, o SERdS U UEER, B skRCE) SIRKE® gAY, 05 iy accommaat
Figures 2 and 6. In the illustrated embodiment, each
pocket includes four side walls 114 each at generally
right angles with respect to each adjacent wall. Side
walls 114 join and extend downwardly from the top surface
of the strip portion, and join bottom wall 116 to form
pocket 112. Bottom wall 116 is generally planar and
parallel to the plane of strip portion 102. Each wall may
alsoc be formed with a slight draft (i.e. a 2° to 12° slant
toward the center of the pocket) in order to facilitate
insertion of the component, and to assist in releasing the
pocket from a forming die during fabrication of the
carrier tape. It is also within the range of equivalent.
of the present invention to provide a pocket having more
or less walls than the four that are shown with reference
to the preferred embodiment.

Pockets 112 are designed to conform to the size
of the electronic components. Two or more columns of
pockets could also be formed along the length of the
carrier tape in order to facilitate the simultaneous
delivery of multiple components. It is believed that a
carrier tape including pockets having a longitudinal axis
that extends transverse to the longitudinal axis of the
tape may be more effectively rolled about a core to form a
roll for storage and shipment, without bending of or
damage to the pockets or the components.

In another embodiment, bottom wall 116 may
comprise a lower cover strip (not shown) that is applied
to form a flat-punch carrier tape. A flat-punch carrier
tape includes a strip portion having a thickness slightly
greater than the height of the components to be carried
therein, and having holes punched therethrough
corresponding to the size of the desired pocket. A lower
cover strip that is applied to the bottom of the carrier
tape provides bottom walls for each of the pockets. Thus
the lower cover strip adjoins the side walls to form the

pocket, and an upper cover strip may be sealed over the
This is the replacement sheet
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ment , i$e hol es measure approximately 1.55 nm (.061 ") in dianeter and are

regul a mﬁm“}ﬁ"mﬁi stance of approximately 4 nm (.16") on center.
Pocket s " in and spaced along strip portion 102 in one or nore
al i gned in Figures 2 and 6. In the illustrated enbodi nent,
each pocket includes four side walls 114 each at generally right angles

Wi th respect to each adjacent wall. Side walls 114 join and extend
downwardly fromthe top sur- face o§ the strip portion, and join bottom

wal | 116 t pobRie®sP @K @lonitkdn Boid dondnertdd wEtWERCERE! YoBkatar iand par -

| an f stri rtion 102. Each wall may al so
allel to t%ﬁepﬂgﬂié% prevf%dgiy descrf%ed. Y

A particularly advantageous feature of the

present invention is provided by the cover strip 120.
Cover strip 120 is applied over the pockets of the carrier
tape to contain the components therein. As shown in
Figures 3 through 6, flexible, elongate cover strip 120
overlies part or all of pockets 112, and is disposed
between the rows of advancement holes 108 and 110 along
the length of carrier tape 100. Cover strip 120 includes
parallel longitudinal bonding portions 122 and 124 that
are bonded to longitudinal edge surfaces 104 and 106,
respectively, of carrier tape 100. For example, a pressure
sensitive adhesive, or a heat-activated adhesive such as
an ethylene vinyl acetate (EVA) copolymer may be used to
adhere the cover strip to edge surfaces 104 and 106.

Cover strip 120 also includes means for enabling
separation of a medial portion 126 of cover strip 120
overlying the pockets from bonding portions 122 and 124 to
provide access to the contents of the pockets. In the
preferred embodiment, separation means includes a tear
strip 128 applied over medial portion 126 along the length
of cover strip 120, as shown in Figure 3. Cover strip 120
is preferably constructed of a uniaxially or biaxially
oriented film to facilitate downweb tearing, and to reduce
or prevent transverse tearing. Tear strip 128 is resistant
to tearing, and thus medial portion 126 of cover strip 120
may be peeled away from carrier tape 100, leaving bonding
portions 122 and 124 attached to edge surfaces 104 and
106. Bonding portions 122 and 124 remain affixed to edge
surfaces 104 and 106 due to the initial bonding of the
cover strip to the carrier tape, or due to the heat
encountered when the carrier tape and components are dried
within an oven. Tear strip 128 also assists in guiding the
propagation of opposed longitudinal tears in cover strip
120 between tear strip 128 and bonding portions 122 and
124, which exposes the contents of pockets 112,

This is the replacement sheet
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be f opved - Wihpdn Rigipdt draft (ie. a 2[err] to 12[err] slant toward the

-center in order to facilitate insertion of the conponent,
and to n ‘lﬁﬂglasmgthe pocket froma formng dio during fabrication
of the is also within the range of equivalents of the

present invention to provide a pocket having nore or less walls

10

Tear strip 128 is preferably constructed of a
material such as polyester, and may be bonded to the
interior surface (facing the interior of the pockets) or
the exterior surface of cover strip 120. Tear strip 128
may be used to assist in separating medial portion 126
from bonding portions 122 and 124, as described above, but
may also prevent electronic components from adhering to an

~ exposed adhesive surface of cover strip 120, if such a
surface faces the components. In essence, tear strip 128
acts as a deadening layer to protect the components from
contacting an exposed adhesive surface.

Tear strip 128 may be provided with a metallized
layer 127 on either the interior or exterior surface or
both, for dissipating electricity (such as static
electricity) that may be applied to the cover strip. A
metallized layer may also be applied to the cover strip or
to the carrier tape. The metallized layer could comprise
metals such as aluminum, stainless steel, or nickel-
cadmium, which are applied to the tear strip by vépor
coating or sputtering. An abrasion resistant coating may
be applied over the metallized layer or layers to prevent
écratching or damage, which could inhibit the electrical
dissipation capacity of the metallized layer. The abrasion
resistant coating 129 may be provided by applying a cross-
linkable acrylic material to the metallized layer, and
curing the material using UV or E-beam radiation.

In another embodiment, the means for enabling
separation comprises parallel lines of weakness formed in
cover strip 120. Lines of weakness could comprise aligned
slits, a score line having a thickness that is less than
the remainder of cover strip 120 (as shown at 140 in
Figure 4), or perforations (as shown at 142 in Figure 5).
Thus when cover strip 120 is peeled from carrier tape 100,
medial portion 126 is separated from bonding portions 122
and 124 along the lines of weakness, thereby exposing
pockets 112. Bonding portions 122 and 124 thus remain
bonded to longitudinal edge surfaces 104 and 10s,

respectively. This is the replacement sheet
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9 than the four that are shown with reference to the PHS: f
- enbodi nent . Pockets 112 are designed to conforn1to'¥ﬂ

. Shee ! cfi: R l(@d
el ectroni c conponents. Two or nore colums of pockets c [m mﬂ'gmormed
along the length of the carrier tape in order to facili

si mul taneous deliv- cry of multiple conponents. It is believed that a
carrier tape including pockets havinp f | ongitudinal axis that ex- tends

transverse to the | oggthddgRakheXicovalr (gt iPpendayedts "DEE €hdBtihgel y
rolled abqgépgrggggnt8ffgrghgigglEgg%kon of the cover strip from the
bonding portions of the cover strip have primary

applicability in the area of oven-baked carrier tapes, the
present invention has utility with carrier tapes
generally. The means for enabling separation may also be
applied to conventional carrier tapes to provide the
separation characteristics described above. In the case of
conventional carrier tapes that are not subjected to
heating during a drying process, the medial layer may be
separated from the bonding portions in the manner
described herein, or the entire cover strip may be removed
by conventional separation of the bonding portions from
the edge surfaces. Thus the present invention should be
understood to include carrier tapes generally, as well as
the specific area of oven-baked carrier tapes.

The carrier tape of the present invention could
alsc include pockets formed in multiple columns extending
along the length of the carrier tape. Cover strip 120
could be adapted to include a bonding portion between each
pair of aligned columns, to enable separation of a medial
portion from between each pair of bonding portions to
expose the pockets.

In general, the carrier tape of the present
invention is made by thermoforming pockets in a sheet of
polymeric material. The polymeric sheet may be made from
many different materials including, but not limited to
polyester, polycarbonate, polypropylene, polystyrene, PVC
(polyvinyl chloride), and ABS (acrylonitrile-butadiene-
styrene) copolymers. The material from which the carrier
tape is constructed is preferably resistant to the
deleterious effects of the heat applied during the drying
process. As used herein, "deleterious effects of heating"
include any significant change in the useful properties of
the carrier tape or cover strip, including but not limited

to embrittlement, warping, shrinkage, discoloration, and

the like.
This is the replacement sheet
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storage and shi pment, without bending of or damage to UmESﬂQQ&E%QmQ&jmmE

conmponent s. I n anot her enbodi nent, bottomwall 116

| ower cover strip (not shown) that is applied to forn1a ﬂiﬂa rier
tape. A flat-punch carrier tape includes a strip portion kness
slightly great- er than the height of ,tje conponents to be carrleq_there-

I n, and havi ng hol es punched therethrough correspond- ing to the size of

the desired pocket. AIrmowdre grefernad rﬁmb@dim%n*appﬂb%cbcobymdmi@osheetof
t he carrlerlga@q ﬂ¥%f¥¥i (3t§gp§ﬁgl¢%f(yn&a (&“é¥ﬁa xets. Thus the
S

| ower cov- stri t side wall's to formt cket and an
ectrlcally ccnductlve material, such as carbon black,

which is either interspersed within the material
comprising the polymeric sheet, or is cocated on the
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
preferably to the ground. This feature may prevent damage
to the components contained within the carrier tape due to
an electric charge in much the same manner as the
metallized layer previously described.

The polymeric sheet is supplied, either in roll
form, sheet form, by continuous injection molding, or by
extrusion, and conveyed to a heater, where the sheet is
heated sufficiently to permit thermoforming. The
temperature to which the polymeric sheet must be heated
varies over a broad range depending on the gauge and type
of material that is being thermoformed. Following heating,
the sheet member is thermoformed by a die or dies that
shape the pocket to conform to the size of the electronic
component to be carried therein. The carrier tape is
typically cooled after thermoforming until the polymeric
material solidifies. Advancement holes are punched into
the carrier tape, and any excess material, known as weed,
is cut from the edges of the carrier tape to conform the
carrier tape to industry standards.

As shown in Figure 2, the formed carrier tape is
loaded with components 170 by loader 162, and a cover
strip 120 according to the present invention is applied by
strip applicator 158 and bonded to the longitudinal edge
surfaces of carrier tape 100. The loaded carrier tape may
be concentrically wound about a core for storage and
delivery. If the carrier tape is wound on a reel, the
reel should also be resistant to the deleterious effects
of high-temperature baking. The formation and loading
steps associated with the carrier tape are generally known

This is the replacement sheet
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upper cover strip may be seal ed over the pockets to corhistSatenHishge, e

conponents within the pockets in the manner previously d | pbﬁ@
particular feature of the present invention is pro- vide lﬂ!gﬂ”’gm
strip 120. Cover strip 120 is applied over the pockets of t t ape
to contain the com ponents therein! s shown in Figures 3 through 6, flex-
i bl e, el onpateheoxet, shndpatadOtheerfoee patt descxlibesf ipodiurtdier 112, and
S dispose@ getgeﬁn t he rows of advance- nent holes 108 and 110 al ong the

| engt h of Srfter ?ﬁﬁénloo. Cover strip 120 includes parallel |ongitudinal
bond- ing portions 1R2teandthedcakziesr capendes thedrpngaded mnd

sealed with the cover .strip, it is dried in oven 160.
Because higher temperatures result in shorter baking
times, it is desirable to bake the loaded carrier tape at
a relatively high temperature (e.g. 125°C (257°F)) to
expedite the production process. The duration of the
baking step depends on the level of entrained moisture in
the component, the relative humidity in the oven, and the
acceptable level of entrained moisture in the component
after baking. As with high temperature baking processes of
the prior art, the duration may be approximately twenty-
four hours. After the drying step, the carrier tape is
typically loaded into a sealed, desiccated container for
shipment and storage of the carrier tape and components.

In use, the carrier tape is unloaded as shown
with respect to the prior art in Figure 1. As illustrated
in Figure 6, cover strip 120 is peeled from carrier tape
100, and medial portion 126 of cover strip 120 separates
from bonding portions 122 and 124 to expose components 170
within pockets 112. The bonding portions remain adhered to
‘the edge surfaces and of carrier tape 100, and medial
portion 126 may be rolled onto a take-up reel for
disposal.

The present invention has now been described
with reference to several embodiments thereof. It will be
apparent to those skilled in the art that many changes can
be made in the embodiments described without departing
from the scope of the invention. For instance, other
materials that are resistant to the effects of heat may be
used to construct the carrier tape or cover strip or both.
The carrier tape of the present invention could also be
modified to incorporate two or more parallel cover strips,
each of which comprises outer bonding portions and a
medial portion, and each of which is bonded over a column
of pockets. Hence, the scope of the present invention
shall not be limited by the structures described herein,

This is the replacement sheet

pate: 1 ¥ HAR 1857



edge surfaces 104 and 106, respectively, of carrier tape ll@soShe@Hasm
a pressure sensitive adhesive, or a heat-activated adhesi v
et hyl ene vinyl ace- tale (EVA) copolynmer may be used to ad
strip to edge surfaces 104 and 106.

14

but only by structures described by the language of the
claims and the equivalents of those structures.

This is the replacement sheetl
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10 Cover strip 120 also includes neans for enabling separation of a

medi al portion 126 of cover strip 120 overlying the pockefts
portions 122 and 124 to provi de access to the contents of

Tear strip

1. A unitary, flexible carrier tape (100) for

storage and seriatim delivery of electronic components
(172 by an advancement mechanism, the carrier tape
comprising: '

(a) a top surface having first and second
parallel longitudinal edge surfaces (104, 106),
at least one of said edge surfaces including
means (108, 110) for engaging the advancement
mechanism;

(b) a plurality of pockets (112) depending
downwardly from said top surface between said
edge surfaces and along the length of the
carrier tape for containing the electronic
components;

(¢) a flexible elongate cover strip (120)
overlying said pockets and extending along the
length of the carrier tape, said cover strip
having first and second parallel longitudinal
bonding portions (122, 124) bonded to said first
and second longitudinal edge surfaces,
respectively; and

(d) means for enabling progressive
separation and removal of a medial portion (126)
of said cover strip overlying said pockets from
said first and second bonding portions to
provide access to the pockets.

2. The carrier tape (100) of claim 1, wherein

said carrier tape and said cover strip are constructed of
a material resistant to the deleterious effects of heating
to:an temperature of approximately 125°C.

3. The carrier tape (100) of claim 2, wherein

sajal carrier tape comprises polycarbonate and said cover

st¥dp comprises polyester.

O o

Date: B T WAR 195,
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. . R
separation means includes a tear strip 128 applied over ne " jﬂjﬂ L
20

along the length of cover strip 120. as shown in Figure 3. Cover strip 1
is preferably constructed ot a unigxgally or biaxially oriented filmto
faC|I|tat%I%§§ﬁ¥eb tearing, and to reduce or prevent transverse tearing.
I's resistant to tearing,

d
6
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and thus nedial portion 126 of cover strip 120 nmay be p emmmhwd
carrier tape 100, |eaving bonding por- tions 122 and 124 H dge
surfaces 104 and 106. Bonding portions 122 and 124 renai dge
surfaces 104 and 106 due to the initial bonding of the cover strlp to t he
carrier tape, or due to the heat en- 4c unt er ed mhen the carrier tape and
conmponents are dried within an oven, ar,_strip %ﬁglso assi sts, in guid-

ing the propagation %f ﬁbﬁOEQHrFSHgFﬁﬁﬁlﬁépoﬂeé¥% %ﬁﬁﬁﬁ) 120

bet ween t edi&thé#nd 2802NEnRBNTHE0sppaa®iDn]l Zompid skdd a Wiagh stdigses t he

contents °{1£€Ck§é§o%§fng said medial portion along the length of

said cover strip to guide the propagation of opposed
longitudinal tears in said cover strip between said tear
strip and said respective bonding portions.

5. The carrier tape (100) of claim 4, wherein
said tear strip is bonded to a major surface of said cover
strip facing the interior of said pockets.

6. The carrier tape (100) of claim 1, wherein
said carrier tape is electrically dissipative.

7. The carrier tape (100) of claim 4, wherein at
least ocne of said tear strip and said cover strip is
coated with an electrically dissipative metallic layer.

8. The carrier tape (100) of claim 7, wherein
said metallic layer is coated with an abrasion resistant
coating.

9. The carrier tape (100) of claim 1, wherein
said means for enabling separation comprises parallel
lines of weakness (140, 142) formed in said cover strip.

10. The carrier tape (100) of claim 1, wherein
said cover strip is constructed of an oriented film
adapted to facilitate downweb tearing and toc aid in
preventing transverse tearing of said cover strip.

11. The carrier tape (100) of claim 1, wherein
said carrier tape further comprises an electronic
component (170) disposed within each pocket.

12. The carrier tape (100) of claim 1, wherein
said plurality of pockets includes more than one aligned

column of pockets extending along the length of said
TWﬂsistheremacementsheet
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Tear strip 128 is preferably constructed of a nateriaITﬁngmqgsgol ester,

and may be bonded to the interior surface (facing the i o fpaced
pockets) or the exterior surface of cover strip 120. Tegmygm y be
used to assist in separating nedial portion 126 from bo 122

and 124, as descri bed above, but may al so prevent el ectronic conponents
fromadhering to an ex- posed adhesive surface of cover strip 120,- if such
a sur- face faces the conponents. |h%essence, tear strip 128 acts as a
deadeni ng Ebayeiekothpatl eahdt Ba idorpyeenist rfipormaintdes iagoeamd Exgosed

adhesi ve SUELRGEH petwhod eSbh Bad?d Pty WIAYlRe Y1 "Ei£b] {45
separation of a plurality of medial portions from between
said bonding portions to expose said pockets.

13. A flexible elongate cover strip (120) for a
carrier tape (100) having a top surface having first and
second parallel longitudinal edge surfaces (104, 106) and
a plurality of pockets (112) formed in said top surface
between said edge surfaces and along the length of the
carrier tape for containing electronic components (170),
said cover strip adapted to overlie the pockets and to
extend along the length of the carrier tape, and including
a medial portion (126) and first and second parallel
longitudinal bonding portions (122, 124) adapted for
bonding to said first and second longitudinal edge
surfaces{ respectively, and further including means for
enabling separation of said medial portion overlying said
pockets from said first and second bonding portions when
said bonding portions are bonded to said edge surfaces to
provide access to the contents of the pockets.

14. The cover strip (120) of claim 13, wherein
said cover strip is constructed of an oriented film
adapted to facilitate downweb tearing and to aid in
preventing transverse tearing of said cover strip.

15. The cover strip (120) of claim 14, wherein
said means for enabling separation comprises a tear strip
adjoining said medial portion along the length of the
cover strip to guide the propagation of opposed
longitudinal tears in the cover strip between said tear
strip and said respective bonding portions.

16. The cover strip (120) of claim 15, wherein
said tear strip is bonded to a major surface of the cover

strip facing the interior of the pockets. ¢
This is the replacement sheet
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| ayer 127 on either the interior or exterior surface or both, for
dissipating electricity (such as static electricity) thatT’rmHﬂdnHaymam chdo

the cover strip. A netallized |ayer may al so be applied to "w ”mml

or to the carrier tape. The: netalllzed | ayer could conprls

1 8 Sl

17. The cover strip (120) of claim 13, wherein
at least one of said cover strip and said tear strip is
electrically dissipative.

18. The cover strip (120) of claim 13, wherein
said means for enabling separation comprises parallel
lines of weakness formed in said cover strip.

A ) 2 T

This is the replacement sheet
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11 as alum num stainless steel, or nickelcadm um which are applied to the
tear strip by vapor coating or sputter- ing. An abrasionT.e I stant cgatin
may be applied over the netallized |ayer or |ayers to pre = LB F “gr
damage, which could inhibit the electrical dissipation ca- ﬂ t
netallized | ayer. The abrasion resistant coating 129 may

appl ying a crosslinka- ble acrylic maté&fial to the netallized | ayer and

curing the material using UV or E-beam radiation. I n anot her
enbodi ment, the neans for enabling separation conprises parallel |ines of
weakness formed ABSTRACT OF THE DISCLOSURE

CARRIER TAPE WITH COVER STRIP

A carrier tape (100) and cover strip (120) are
provided for storing electronic components (170) and for
supplying those components seriatim to a machine. The
carrier tape includes a strip portion having spaced
longitudinal edge surfaces (104, 106), and a plurality of
pockets (112) formed in the strip portion. The cover strip
is applied over the pockets to contain electronic
components therein, and is bonded along two outer bonding
portions to the edge surfaces of the carrier tape. In one
embodiment, the cover strip includes a tear strip (128)
attached to a medial portion (126) of the cover strip
overlying the pockets, which may be used to separate the
medial portion from the bonding portions to expose the
contents of the pockets.

FIGURE 6

I'nis is the replacement sheet
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in cover strip 120. Lines of weakness could conprise allgned sllts a sco
1ine having a thickness that is |ess than the remai nder of d
(as shown at 140 in Figure 4), or perforations (as shown a

5) Thus when cover strip 120 is peeled fromcarrier tape 1

portion 126 is separated from bondi ng Ror- tions 122 and 124 al ong the

l i nes of weakness, thereby exposing pockets 112. Bondi ng portions 122 and
124 thus renain bonded to | ongitudinal edge surfaces 104 and 106,

respectively. Al t hough the cover strip and nmeans for enabling
separation of a nedial portion of the cover strip fromthe

Fig. 1

PRIOR ART
158
162 p
{
1 120 }60
l
100 170 112

Fig. 2

ihis is the replacement sheet
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bondi ng portions of the cover strip have primary appli - 1§ $hcetylag Beet Replaced
‘area of oven-baked carrier tapes, the present invention ha E]ﬁ

carrier tapes generally. The means for enabling separation

applied to conventional carrier tapes to provide the separation
characteristics described above. In the case of conven- tional carrier
tapes that are not subjected to heating dur- ing a drying process, the
medi al | ayer may be separated fromthe bonding portions in the nanner
descri bed here- in or the entire cover strip be re ed by

; Y BBy
t | t bondi ng t f 6%5m f i h th
p'rSQZmS?ﬁi‘éﬁth@%souﬂﬁ%é’”u'nﬁ APt one Lo G odbe 124 11ous ’
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stood to include carrier tapes generally as well as the specific area of
oven-baked carrier tapes. The carrier tape of the present, inyveptian,
could al so include pockets forned in multiple colums ext jﬁﬁimtﬁiiﬁeinﬁleﬂiced
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pbarrt-0 1105

12 along the IHigict rier tape. Cover strip 120 coul d be adapted
to include a b g ﬂ bet ween each pair of aligned colums, to
enabl e separat portion from between each" pair of bondlng

portions to expose the pockets. In general, the carrier tapg of - the #b
present i nventi.oni's made by t her nmof or m*ng pockefs in a sheet -of poty- '
meric material. The polynerlc sheet may be made from many di‘fferent

naterlqks |nclud|ng,Hb”"not 1 ted to pol - yester, polycarbonate,
pol ypr:opyl ene,. pol ystytene, PVC ponV|nyI chl oride), and ABS [
. : 1affa7

(acrylonltrlle butadlenes-- o CLAHWS

1. A unitaryguflexible carrier tape (100) for
storage and seriatim delivery of electronic components
(170) by an advancement mechanism, the carrier tape
comprising:

(a) a top surface having first and second
parallel longitudinal edge surfaces (104, 106),
at least one of said edge surfaces including
means (108, 110) for engaging the advancement
mechanism;

(b) a plurality of pockets (112) depending
downwardly from said top surface between said
edge surfaces and along the length of the
carrier tape for containing the electronic
components;

(c) a flexible elongate cover strip (120)
overlying said pockets and extending along the
length of the carrier tape, said cover strip
having first and second parallel longitudinal
bonding portions (122, 124) bonded to said first
and second longitudinal edge surfaces,
respectively; and

(d) means for enabling progressive separation
and removal of medial portion (126) of said cover
strip overlying said pockets from said first and
second bonding portions to provide access to the
pockets; characterized in that

(e) said means for enabling separation
comprises a tear strip (128) adjoining said medial
portion along the length of said cover strip to
guide the propagation of opposed longitudinal
tears in said cover strip between said tear strip

and said respective bonding portions.

Thmistheremacementsheet
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tyrene) copply, l@%rﬁsa pﬁ over strip may conprise pol- yester The materi al

fromwhich 't % and the cover strip are constructed is
preferably e deleterious effects of the heat applied during
t he drying d herein. "deleterious effects of heating include

any signifrcant change in the useful properties of the carrier tape or
cover strip, including but not limted to enbrittlenent war pi ng,
shri nkage, drscoloratron and_t he preferred enbodi nment ,

the pol yneric sheet is ef%&?r?%ﬁf%?rdgéngéFPQe 4n& Ligy® i e | WRRE @
el ectrical | padahdueatn e nedss | @hd satl asvear beribl agle WHSUS& -oF

a material resistant to the deleterious effects of heating

to a temperature of approximately 125°C.

3. The carrier tape (100) of claim 2, wherein
said carrier tape comprises polycarbonate and said cover

strip comprises polyester.

4. The carrier tape (100) of claim 1, wherein
sald tear strip is bonded to a major surface of said cover

strip facing the interior of said pockets.

5. The carrier tape (100) of.claim 1, wherein

said carrier tape is electrically dissipative.

6. The carrier tape (100) of claim 1, wherein at
least one of said tear strip and said cover strip is

coated with an electrically dissipative metallic layer.

7. The carrier tape (100) of claim 6, wherein
said metallic layer is coated with an abrasion resistant

coating.

8. The carrier tape (100) of-ciaimnl, wherein
said means for enabling separation comprises parallel
lines of weakness (140, 142} formed in said cover strip.

9. The carrier tape (100) of claim 1, Wherein
said cover strip is constructed of an oriented film
adapted to facilitate downweb tearing and to aid in
preventing transverse tearing of said cover strip.

10. The carrier tape (100) of claim 1, wnerein
said carrier tape further comprises an electronic
component (170) disposed within each pocket.

This is the replacement sheet
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t her |nterspeﬁ§§§m%“hgganh cepterial conprising the pol- yneric sheet. or
Is coated on t either be- fore or after the tape is forned.
The el ectri cal :Elmm ﬂ material allows an electric charge to

di ssipate throu ier tape and preferably to the ground. This
feature may prevent danmage to the conpongnts contained within the carrier
tape due to an electric charge in nmuch the sanme manner as the netallized

| ayer previously described. The polyneric sheet is supplied, either in
roll form sheet form by continuous injection nolding, or by ex- trusion,
and conveyed to a heatler, Thieercardiershegie i 100) of claim 1, wnerein

said plurality of pockets includes more than one aligned
column of pockets extending along the length of said
carrier tape, and said cover strip includes a bonding
portion between each pair of said aligned columns enabling
separation cf a plurality of medial portions from between

said bonding portions to expose said pockets.

12. A flexible elongate cover strip (120) for a
carrier tape (100) having a top surface having first and
second parallel longitudinal edge surfaces (104, 106) and
a plurality of pockets (112) formed in said top surface
between said edge surfaces and along the length of the
carrier tape for containing electronic components (170),
said cover strip adapted to overlie the pockets and to
extend along the length of the carrier tape, and including
a medial portion (126) and first and second parallel
longitudinal bonding portions (122, 124) adapted for
bonding to said first and second longitudinal edge
surfaces, respectively, and further including means for
enabling separation of said medial portion overlying said
pockets from said first and second bonding portions when
said bonding portions are bonded to said edge surfaces to
provide access to the contents of the pockets;
characterized in that said means for enabling separation
comprises a tear strip adjcining said medial portion along
the length of the cover strip to guide the propagation of
opposed longitudinal tears in the cover strip between said

tear strip and sald respective bonding portions.

13. The cover strip (120) of claim 12, wherein
salid cover strip is constructed of an oriented film
adapted to facilitate downweb tearing and to aid in

preventing transverse tearing of said cover strip.

This is ths replacement sheet
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heated suff|C|entIy to permt thermoformng. The tem perature to which the
ﬁEHeﬂh tRRplal@ heated varies over a broad range depending on the

m ,”m,erlal that is being thernofornmed. Follow ng heating,

gauge a
her nof ormed by a due or

t he she

14. The cover strip (120) of claim 12, wherein
said tear strip is bonded to a major surface of the cover

strip facing the interior of the pockets.

15. The cover strip (120) of ciaimg 12, wherein
at least cne of said cover strip and said tear strip is

electrically dissipative.

15. The cover strip (120) of.claimf 12, wherein
said means for enabling separation comprises parallel
lines of weakness formed in said cover strip.

This is the replacement sheet
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13 dies that shape the pocket to conformto the size of the electront
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conponent to be carried therein The carrier tape is typical I{yi}cggNeﬁ%fter

t hernol orm ng until

the pol- yneric material solidifies Advancenent hol es

are punched into the carrier tape, and any excess material, known as weed,

Is cut fromthe edges of the carrier tape to conformthe carrier tape to
As shown in Figure 2, the forned carrier tape is

| oaded wi t h conponent %#ﬁwmﬂgr y@’l}p_p@bw RVSTRIP i p 120 according

strip applicator 158 and bonded to

I ndustry standards.

to the present invent

t he | ongi t udi nal

Description . &

AN N NAN

TECHNICAL FIELD

This invention relates to a carrier tape for storing
eiectronic surface mount components and for supplying
those components serialim to a machine. The carrier
tape Includes a cover strip for covering the individual
pockets of the carrier tape.

BACKGROUND OF THE INVENTION

In the field of electronic circuit assembly, electronic
components are olten carried from a supply ol such
components to a specific location on a circuil board for
attachment thereto. The components may be of several
different types, including surface mount components
and through-hole componenls. Specilically, these com-
ponenls may include, but are nol limited to such things
as memory chips, resistors, connectors, dual in-line
processors (DIPS), capacitors and gate arrays. These
and other components are typically affixed to a circuit
board that may later be incorporated into an eleclronic
device.

Rather than manually affixing each individual elec-
tronic component 1o a circuit board, the electronics in-
dustry makes extensive use of robolic placement ma-
chines, somelimes known as ‘“pick-and-place® ma-
chines, which grasp a component al a specitic location
(the supply) and place it at another specilic location (the
circuit board). To ensure the sustained operation of such
robotic placement machines, a conlinuous supply of
electronic components mus! be furnished 1o the ma-
chine at a predetermined location in order that the ro-
botic placement machine may be programmed o repeat
a precise sequence of movements during every cycle.
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edge surfaces of carrier tape 100. The |oaded carrier tape may be
concentrically wound about a core for stor- age and delivegpp a -
carrier tape is wound on a reel, the reel should al so be resi spg}#nfér’gﬁg
del eterious ef- fects of high- terrperature baki ng. The for magi pn !@ndS¥badi ng
steps associated with the carrier tape are gen- erally known 1n the art,

and are therefore not“q@qﬁéa and"g‘gfc%ﬂéﬂe{r}?ﬁe&gd,{ st]@ﬁeéé}n onenﬁ\fbtcer t he

carrier tape has been |0 e cover g Is dried
in oven 160. Because 'REgHd &t the $pEraRRson sy th QHOQHO#lt‘@ '°5‘a €g times,
it is de- sirable to dodctict plackemeedmachiner gtaaps Bie sormanemeglas hi gh

each preceding and succeeding component.

One way o provide a continuous supply of electron-
ic components to a desired location is to load a series
of such components into pockets that are spaced along
a carrier tape. The loaded carrier tape, which is usually
provided in roll form, may then be advanced toward the
pick-up location at a predetermined ratle as each suc-
ceeding component is removed from the tape by the ro-
botic placement machine. Conventional carrier tapes
generally comprise a sell-supporting lower portion thal
carries the component, and a flexible cover strip that
aids in preventing foreign matter from deleteriously al-
tecting the component. The cover strip is typically bond-
ed to the lower portion, and is progressively peeled
away from the lower portion just belore the robotic
placement machine removes the component from the
carrier lape. Alternately, a rigid reusable cover strip may
be used, such as that described in U.S. Patent Nos.
4,733,778, 4,842,135, 4,844,258, 4,958,053, and
5,005,275.

Figure 1 illustrates a conventional carrier tape 10 in
combmaltion with a robotic placement machine 12. A
supply roll 14 provides carrier tape 10 having an aligned
plurality of regularly spaced pockets 16, each of which
s loaded with an electronic component A slripper as-
sembly 18 peels the cover slrip 20 from carner lape 10
around a stripper block 22, which assists in preventing
slripper assembly 18 from pulling carrier lape 10 away
from its designated path. Carrier tape 10 is advanced
by a sprocket 24, which engages advancement holes
along at least one outer edge surtace of carrer tape 10
lo advance carrier tape toward robotic placement ma-
chine 12. As each successive compongenl reaches the
desired pick-up point, the robotic placemen! machine
grasps the component (either manually or by suction)
and places it on a circuit board in the appropriate loca-
lion.
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process. The duration of the baking step de- pends on the level, aof; 1 8
entrai ned noisture in the conpo- nent, the relative humdity ¥ n vHe &?en,
and the accept- able level of entrained noisture in the conponent after
baking. As with high tenperature bakiAg processes of the prior art, the

?Erat i on mayt be apppogi Pa_teﬁhwéwlt.ngu,g‘maeb@mns@s akfdreer tdrse thati ng step,
e one e LPlited §3ded GrlRRABI Rofecsith SLegiisifpatied contalner
the carrier tape iselgninaddxiead aasgihg lepgth of the carrier tape in a

row. The pockets are adapted lor carrying electrical

components. Electrical components are retained in

place on the carrner tape by a cover lape thatl extends

along the length of the carrier tape and over the electn-

cal components. The cover tape is securedlothe carrier

tapc by lwo bands or zones of adhesive along the length

ol the carrier lape and at the [aleral margins thereo!. The

cover lape includes a pair of tear lines that are disposcd

on lalerally opposite sides of the lape and extend along

the length of the tape parallel to the row of component-

containing pockels. The tear lines may be a senes of

separaled, uniformiy spaced perforations thal divide the

cover tape into a central strip thal overlies the pockets

and a pair of border strips that are adhered to the carrier

strip by the zones or bands of adhesive.

Electronic components may beformed by encapsu-
laling an integrated circuit within a plaslic compound.
However, if the component contains entrained moisture,
cracking can occur when the component is later heated
for soidering to a circuit board. it is therefore desirable
to remove as much entrained moisture as possibie from
the component in order to minimize the possibility of
cracking. Moisture removal is usually done by baking or
drying the components in an oven to evaporate the en-
trained moislure prior to soldering the components to a
circuit board. Baking and drying are synonymous as
used herein. The baking conditions vary with the appli-
cation, and are generally divided inlo low temperalure
baking and high temperature baking. See R. Prasad,
Surface Mount Technology: Principles and Practice pp.
190-82 (1989). Low temperature baking typically occurs
at a temperature of approximately 40°C (+5°) at less
than 5% relative humidity for a minimum period of 192
hours (8 days). Because of the extended lime period re-
quired for eflective low temperature baking, high tem-
perature baking is generally preferred. High tempera-
lure baking typically occurs at a temperature of 125°C

tenperature (e.g. 125[err]C (257[err]F)) to expedite the pp;ng,«](ﬂigg,tti[\;qné};EH--
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strip 120 is peeled fromcarrier tape 100, and nedial po é

strip 120 separates from bondi ng portions 122 and 124 to expos gjpo
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(£5°) at less than 50% relative humidity for a period of
approximalely 24 hours. The duration and temperature
may vary from the illustrative ranges described above
depending on the construction of the components, the
amount of moisture present, and other operating condi-
tions.

Components are presently baked in temperature re-
sistant trays or tubes to remove excess moisture and
then loaded into carrier tapes for storage and delivery.
It would be desirable lo dry the components within the
carrier tape. to eliminate the intermediale processing
step of loading and unioading the components from the
baking trays or tubes for baking in the oven. However,
carrier tapes constructed of conventional materials are
generally not suitable for high temperature baking be-
cause the carrier tape and cover strip may begin to de-
grade al elevated temperatures. Degradalion of the car-
rier tape may cause warping, shrinkage, or other unde-
sirable effects that could prevent the carrier tape from
being used effectively. For example, if the floor or walls
of the pocket deform due to high baking temperatures,
an electronic component may shift within the pocket and
prevent the placement machine from grasping the com-
ponent. Alternately, the cover strip could become pliabie
or change shape when it is heated, and could perhaps
become adhered to the components within the pockets.
Tha componanls may bocomo damaged in Aan atlompl
lo remove them from the cover strip, thereby rendering
the components and carrier tape useless and resulling
in a substanlial loss for the packager.

Even if a heat-resistanl carrier tape and cover strip
are provided, another difficully has been shown to
render in silu baking undesirable. The adhesive that
bonds the cover slnp to the carrier lape tends lo lorm &
strong bond between the cover strip and the carrier tape
when it is exposed {o high temperalures. Thal is, the
adhesive bonds the cover strip 1o the carrier {ape so ef-
fectively thal facile removal of the cover strip becomes
difficult or impossible. For example, the cover strip may

T 188 Tof
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170 within pockets 112. The bondi ng portions renmain adh to the edge

surfaces and of carrier tape 100, and nedial portion 12 PfaéWﬁlSlHédTonto
a take-up reel for disposal. The present invention has now l‘)i
described with reference to several embodiments thereof. |tiwi ki b@sgp

pﬁirjegt to those skilled in the art thatgsmany changes can be nmade in the
For i nat ance, ot her nerepraran AL Iné PbgicAich 8L AiE e 4 f*e%PVEQL't"Ray
be used to construct wh@maanu@s!qdaﬁecemmtssthm @rerin BBaeverad carrier
tape of the present ifyekdtsonerhtvalysthédeugh peel forces may cause

the cover strip to tear, which could require the production

line to halt in order to reattach the cover strip to the strip-

per assembly. Although the temperature of the baking

step could be reduced in an attempt to prevent the over-

bonding problem, the time necessary lo evaporate ex-

tant moisture correspondingly increases as described

above, which slows the production process.

In view of the disadvantages of conventional carrier

tapes. it is therefore desirable 1o provide a carrier tape

and cover strip for electronic components that can with-

stand the temperatures encountered during the drying

process and yet allow for facile removal of the cover strip

lo provide access 10 the contents of the pockets.

SUMMARY OF THE INVENTION

According to the present invention as defined in
claim 1, there is provided a unitary fiexible carrier tape
for storage and seriatim delivery of electronic compo-
nents by an advancement mechanism. The carrier tape
includes a top surface having first and second parallel
longitudinal edge surfaces, with at least one of the edge
surfaces including means for engaging lhe advance-
ment mechanism. The carrier tape also includes a plu-
rality of pockets depending downwardly lrom the top
surface between the edge surfaces and along the length
of the carrier tape for containing the electronic compo-
nents. A flexible elongate cover strip is provided to over-
lie the pockets, and it extends along the length of the
carrier tape. The cover strip includes first and second
paraliel longitudinal bonding portions bonded to the first
and second longitudinal edge surfaces, respectively. Al-
so provided is means for enabling progressive separa-
tion and removal of a medial portion of the cover strip
overlying the pockets from the first and second bonding
portions to provide access to the pockets, which in-
cludes a tear tape adjoining the cover strip.



nodified to incorporate two or nore parallel cover str|p§

h of which

1
conpri ses outer bonding portions and a nedi al portion, ;%hLof‘Mhﬁch S

bonded over a col -

um of pockets. Hence, the scope of the Lesg

tion shall not be limted by the structures described here |4-nW
structures described by the | anguage ofg the cl ainms and the equival ents of

t hose structures.

As an example, a method of loading electronic com-
ponents into a carrier tape for seriatim delivery by an
advancement mechanism includes the steps of (3) pro-
viding a unitaty, flexible carrier tape. including a top sur-
face having lirst and second parallel longitudinal edge
surfaces, at least one of the edge surfaces including
means for engaging the advancement mechanism, and
a plurality of pockets depending downwardly from the
top surlace belween the edge surlaces and Along the
length of the carrier lape for conlaining the electronic
components. (b) placing an electronic component within
each pocket. (c) providing a flexible elongate cover strip
adapted lo overliec the pockets, and having a medial por-
lion and firs! and second paralle! longitudinal bonding
portions. (d) alfixing the first bonding portion 1o the first
longitudinal edge surface and the second bonding por-
tion to the second longitudinal edge surface of the car-
rier tape to cover the pockets: and (e) drying the carrier
tape within an oven to enable evaporation of entrained
moisture from the electronic components. Another step
in a related method includes (f) peeling the cover slrip
longitudinally of the carrier tape lo separate the medial
portion of the cover strip from the first and second bond-
ing portions to provide access to the electronic compo-
nents.

The present invention also contemplates a flexible
elongate cover strip for a carrier tape having a top sur-
face having first and second paralle! longitudinal edge
surfaces and a plurality of pockets formed in the top sur-
face between the edge surfaces and along the length of
the carrier tape for conlaining electronic components.
The cover strip is adapted to overlie the pockets and to
extend along the length of the carrier tape. and includes
a medial portion and first and second parallel longitudi-
nal bonding portions adapted for bonding to the first and

gt

ven-

inly by
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seriatimdelivery of electronic conponents (170) by S a
advancenent nechanism the carrier tape gom prising:

n

second longiudinal edge surlaces, respeclively. The
cover strip further includes means for enabling separa-
tion of the medial portion overlying the pockets from the
first and second bonding portions when the bonding por-
tions are bonded to the edge surtaces to provide access
to the contents of the pockets. The separation means
comprises atear strip adjoining the medial portion along
the length of the cover strip to guide the propagation of
opposed longitudinal tears in the cover strip between the
lear slrip and the respeclive bonding portions.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more readily understood with
relerence 10 the accompanying drawings, wherein like
relerence numerals refer to like components throughout
the several views, and wherein:

Figure 1 is a schematic representation of a conven-
lional carrier tape and placement maching;

Figure 2 is a schematic representation ol a carrier
tape being loaded with electronic components, hav-
ing a cover strip applied, and being dried in an oven;
Figure 3 1s a cross-sectional view of & lirst embod-
iment of a carrier tape and cover strip according 1o
tho prosont invonlion,

Figure 4 1s a cross-sectional view ol a second em-
bodiment of a carrier tape and cover strip according
1o the present invention:

Figure 5 is a cross-sectional view of a third embod-
iment of a carrier tape and cover strip according lo
the present invention; and

Figure 6 Is a perspeclive view of a carner tlape and
cover slrip according to the present invention,
wherein a medial portion of the cover strip is being
removed o expose the contents of the pockets.



(a) a top surface having first and second paral - I
| ongi t udi nal edge surfaces (104, 106), at REFLACL G t)'rf
of said edge surfaces including means gl:o&*!rlltb»): for
engagi ng the advance- ment mechani sm

(b) a plurality ol pockets (112) deper&di ng down-
wardly fromsaid top surface between said edge

surfaces and al ong thepEngiiEDRESERATION tape for
contai ni ng the el ectronrc components, (c) a flexible
el ongate cover strip (120) overly- i ng said pockets

and extendi ng al ong the | &g present invention relates broadly to a carrier
lape having a plurality of pockets formed therein. A uni-
tary fiexible carrier tape 100 having a strip portion 102
defining a top surface is shown in Figures 2 through 6.
Strip portion 102 includes longitudinal edge surfaces
104 and 106, and a row of aligned advancement holes
108 and 110 formed in and extending along one or both
edge surfaces. Advancement holes 108 and 110 are
adapted for engagement with an advancement mecha-
nism, as shown in Figure 1. The advancement mecha-
nism typically comprises one sprocket for each row of
advancement holes, and the teeth of each sprocket en-
gage the holes to advance the carrier tape toward a pre-
determined point, at which point the robotic placement
machine may grasp the individual electronic compo-
nents serialim. The holes and the spacing between ad-
jacent holes may be varied to accommodate different
types of advancement mechanisms. In one embodi-

ment, the holes measure approximately 1.55mm (.061")
in diameter and are regularly spaced at a distance of

approximately 4 mm (.16") on cenler.

Pockels 112 are formed in and spaced along strnip
portion 102 in one or more aligned rows, as shown in
Figures 2 and 6. In the illustraled embodiment, each
pockel includes four side walls 114 each at generally
righl angles with respect to each adjacent wall. Side
walls 114 join and extend downwardly {rom the top sur-
face of the slrip portion, and join bottom wall 116 to form
pockel 112. Bottom wall 116 is generally planar and par-
allel to the plane of strip portion 102. Each wall may also
be formed with a slight draft (i.e. a 2° 1o 12° slant toward
the center of the pocket) in order to facilitate insertion
of the component, and to assis! in releasing the pocket
Irom a forming dio during fabrication of the carrier tape
It 1s also within the range of equivalents of the present
invention to provide a pocket having more or less walls



of the carrier tape
and second parall el
(122, 124) bonded t
| ongi t udi nal edge s
means for enabling

, said cover strip having first
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o said first and second a

urfaces, respectively; and

progressi ve separati @n

Ci ARk £T
REPLACE RN D SREET

£ Al B9
(d)

and renoval

of a medial portionttdAGhedbusahdt are shown with reference todlerpretrip

Thfisy GiibaRidert * o tho.pockels,

overlying said pock
bondi ng portions to
characterized in th
conprises a

at Pockels 112 are desigaed tensantormaiodnatsize @
the electronic components. Two or more columns of
pockels could also be formed along the length of the
carrier tape in order to facilitate the simultaneous deliv-
ery ol mulliple components. It is believed that a carrner
tape including pockets having a longitudinal axis that ex-
tends transverse 0 tho longiludinal axis ot the tape may
be more effectively rolled about a core o form a roll for
storage and shipment, without bending of or damage to
the pockets or the components.

In another embodiment, bottom wall 116 may com-
prise a lower cover strip (not shown) thal is applied to
form a flat-punch carrier tape. A flat-punch carrier tape
includes a strip portion having a thickness shghtly great-
er than the height of the components to be carried there-
in, and having holes punched therethrough correspond-
ing to the size of the desired pocket. A lower cover strip
that is applied to the bottom of the carrier tape provides
bottom walls for each of the pockets. Thus the lower cov-
er strip adjoins the side walls to form the pocket, and an
upper cover strip may be sealed over the pockets to con-
lain the components within the pockets in the manner

previously described.
A particular feature of the present invention is pro-

vided by the cover strip 120. Cover strip 120 is applied
over the pockets of the carrier tape to conlain the com-
ponents therein. As shown in Figures 3 through 6, flex-
ible, elongate cover strip 120 overlies part or all of pock-
ets 112, and is disposed between the rows of advance-
ment holes 108 and 110 along the length of carrier tape
100. Cover strip 120 includes parallel longitudinal’bond-
ing portions 122 and 124 that are bonded to longitudinal
edge surfaces 104 and 106, respectively, of carrier tape
100. For example, a pressure sensitive adhesive, or &
heat-activated adhesive such as an ethylene vinyl ace-
tale (EVA) copolymer may be used lo adhere tne cover
strip to edge surfaces 104 and 106.

separation



tear strip (128) adj

oi ning said nedial portion al ong

. ength of said cover strip to guide the propaga- RED ugu
toars in said cover strip = %@?n
sai d respective bonding {so‘r’iﬁ J

opposed | ongi t udi nal
said tear strip and

10
Cover strip 120 also includes means for enabling

separation of a medial portion 126 of cover strip 120
overlying the pockets from bonding portions 122 and

124 1o provide access o the contents ol the pockels
Said separation means includes a tear strip 128 applied
over medial portion 126 along the length of cover strip
120. as shown in Figure 3. Cover strip 120 is preferably
conslrucled of a uniaxially or biaxially oniented film 1o
faciitate downweb tearing, and to reduce or prevent
transverse tearing. Tear strip 128 is resistant to tearing,
and thus medial portion 126 of cover strip 120 may be
peeled away from carrier tape 100, leaving bonding por-
lions 122 and 124 attached to edge surfaces 104 and
106. Bonding portions 122 and 124 remain affixed to
edge surfaces 104 and 106 due to the initial bonding of
the cover strip to the carrier tape, or due 1o the heat en-
countered when the carrier tape and components are
dried within an oven. Tear strip 128 also assists in guid-
ing the propagation of opposed longitudinal tears in cov-
er sinp 120 belween tear strip 128 and bonding portions
122 and 124, which exposes the contenls of pockets
112.

Tear strip 128 is preferably construclted ol a material
such as polyester, and may be bonded to the interior
surface (facing the interior of the pockets) or the exterior
surface of cover strip 120. Tear strip 128 may be used
{o assist in separating medial portion 126 from bonding
portions 122 and 124, as described above, bul may also
prevent eleclronic components from adhering to an ex-
posed adhesive surface of cover slrip 120, i such a sur-
face taces the components. In essence, tear strip 128
acts as a deadening layer to protect the components
trom contacling an exposed adhesive surlace.

Tear strip 128 may be provided with a metallized
layer 127 on either the interior or exterior surface or
both, for dissipating electricity (such as static electricity)
thal may be applied to the cover strip. A metallized layer
may also be applied to the cover strip or to the carrier
tape. The metallized layer could comprise melals such

the
I,tnor}



16 2. The carrier tape (100) of claim1l, wherein said car- rier tape

and said cover strip are constructed of a materi al resi st aMtFUAGELIFe T Sy
del eterious effects of heat- ing to a tenperature of approxiga;e\)w L%JSW
125[err]C. 3. The carrier tape (100) of claim2, wherein said car- '
rier tape conprises pol ycarbonate andlsai d cover strip conprises

polyester. 4. The gaanidinidPetdihiys sfec! aF Midkelvhantium, sdhight ear

are applied to the tear strip by vapor coaling or sputter-
ing. An abrasion resistant coating may be applied over
the metallized layer or layers to prevenl! scratching or
damage, which could inhibit the electrical dissipation ca-
pacily of the metallized layer. The abrasion resistant
coaling 129 may be provided by applying a crosslinka-
ble acrylic material 1o the metallized layer. and curing
the material using UV or E-beam radiation.

In another embodiment, the means for enabling
separation comprises parallel lines of weakness formed
in cover strip 120. Lines of weakness could comprise
aligned slits, a score line having a thickness that is less
than the remainder of cover strip 120 (as shown at 140
in Figure 4), or perforations (as shown at 142 in Figure
5) Thus when cover strip 120 is peeled from carrier tape
100. medial portion 126 is separated from bonding por-
tions 122 and 124 along the lines of weakness, thereby
exposing pocketls 112. Bonding portions 122 and 124
thus remain bonded to longitudinal edge surfaces 104

and 106, respectively.
Although the cover strip and means for enabling

separation of a medial portion of the cover strip from the
bonding portions of the cover strip have primary appli-
cability in the area of oven-baked carrier tapes. the
present invention has utility with carrier tapes generally. -
The means for enabling separalion may also be applied
to conventional carrier tapes to provide the separation
characleristics described above. In the case of conven-
tional carrier tapes that are not subjected to heating dur-
ing a drying process, the medial layer may be separated
from the bonding portions in the manner described here-
in, or the enlire cover strip may be removed by conven-
tional separation of the bonding portions from the edge
surfaces. Thus the present invention should be under-
stood to include carrier tapes generally, as well as the
specific area of oven-baked carrier tapes.

The carrier tape of the present invention could also
include pockets formed in multiple columns extending



strip is bonded to a major surface of said cover strip facing the
I nterior of said pockets. 5. The carrier tape (100) of CI@\igmﬂ.@Emﬂ@f FF"%T
- Ml p

said car- ~rier tape is electrically dissipative. 6. The %rr{er
(100) of claim1, wherein at |east one of said tear stripandUsaf
cover strip is coated with an elecfgzically dissipative netallic |ayer.

7. The carrier taptorfdHB lerfglhlohitescarriertapei Covardinmel20couldl lic layer is
coated with an abyaslonfo8iSiRhaE Yhonding portion between each

pair of aligned columns, to enable separation of a medial

portion from between each pair of bonding portions to

expose the pockets.

" In general, the carrier tape of the present invention
is made by thermoforming pockets in a sheet of poly-
meric material. The polymeric sheel may be made from
many diflerent malerials including, but not limited lo pol-
yester, polycarbonale, polypropylene, polystyrene, PVC
(polyviny! chloride), and ABS (acrylonitrile-butadienes-
tyrene) copolymers. The cover strip may comprise pol-
yester The material from which the carrier lape and the
cover strip are constructed is preferably resistant 1o the
deleterious effects of the heat appiied during the drying
process. As used herein. "delelerious effects of heating”
include any significant change in the useful properties
of the carrier tape or cover strip, including but not limited
to embriltlement, warping, shrinkage, discoloration, and
the like.

In the preferred embodiment, the polymeric sheet
is electrically dissipative, and may include an electrically
conductive material, such as carbon black, which is ei-

ther interspersed within the material comprising the pol-
ymeric sheet. or is coated on the carrier tape either be-

fore or after the tape is formed. The electrically conduc-
tive material allows an eleclric charge to dissipate
throughout the carrier tape and preferably to the ground,
This feature may prevent damage 10 the components
contained within the carrier tape due to an electric
charge in much the same manner as the metallized layer
previously described.

The polymeric sheet is supplied, either in roll form,
sheet form. by continuous injection molding. or by ex-
trusion, and conveyed to a heater, where the sheet is
heated sufliciently to permit thermoforming. The tem-
perature to which the polymeric sheet must be heated
varies over a broad range depending on the gauge and
type of material that is being thermoformed. Following
heating, the sheet member is thermoformed by a die or



ing. 8. The carrier tape (100) of claim 1, wherein said REPLAEANST QwerT

enabl i ng separation conprises parall el | i nes of weakness ggsja-éloﬂu,lzﬁt@-.
formed in said cover strip. 9. The carrier tape (100) of" & i 590
wherein said cover strip is construct of an oriented filmadapted to
facilitate downweb tearing and to aid in eventing transverse tearing

of said cover strip. diesthatshape the pocketto conform lo the size of the
electronic componcent lo be carried therein The carrier
lape I1s typically cooled after thermolorming until the pol-
ymeric material solidifies. Advancement holes are
punched into the carrier lape, and any excess material,
known as weed, is cul from the edges ot the carrier tape
lo conform the carrier tape 1o industry standards.

As shown in Figure 2, the formed carrier tape is
loaded with components 170 by loader 162, and a cover
strip 120 according to the present invention is applied
by strip applicator 158 and bonded to the longitudinal
edge surfaces of carrier tape 100. The loaded carrier
lape may be concentlrically wound about a core for slor-
age and delivery. If the carrier tape is wound on a reel,
the reel should also be resistan! lo the deleterious ef-
fects of high-temperature baking. The formation and
loading steps associated with the carrier tape are gen-
eraily known in the art, and are therelore not described
in further detail herein.

After the carrier tape has been loaded and sealed
with the cover strip, it isdried in oven 160. Because high-
er lemperalures result in shorter baking times, it is de-
sirable to bake the loaded carrier tape at arelatively high
temperature (e.g. 125°C (257°F)) to expedite the pro-
duction process. The duration of the baking step de-
pends on the level ol entrained moisture in the compo-
nent, the relative humidity in the oven, and the accepl-
able level of entrained moisture in the component after
baking. As with high temperature baking processes of
the prior art, the duration may be approximately twenty-
four hours. Alter the drying slep, the carrier tape is typ-
ically loaded into a sealed, desiccated container for
shipment and slorage of the carrier tape and compo-
nents.

In use, the carrier tape is unloaded as shown with
respect lothe priorartin Figure 1. Asillusirated in Figure
6, cover strip 120 is peeled from carrier lape 100, and
medial portion 126 ol cover strip 120 separates from
bonding portions 122 and 124 to expose components



10. The carrier tape (100) of claim1l, wherein said car-
further conprises an el ectroni c conponent

pocket .

1. wherein said plu-

14

170 within pockets 112. The bonding portions remain
adhered to the edge surfaces and of carrier tape 100,
and medial portion 126 may be rolled onlto a take-up reel
for disposal.

The present invention has now been described with
reference to several embodiments thereol. It will be ap-
parent to those skilled in the art that many changes can
be made in the embodiments described withou! depart-
ing from the scope of the invention. For instance, other
materials that are resistant to the eftects of heat may be
used 1o construct the carrier tape or cover strip or both.
The carrier tape of the present invention could also be
modified to incorporate two or more parallei cover strips,
each of which comprises outer bonding portions and a
medial portion, and each of which is bonded over a col-
umn of pockets. Hence, the scope of the present inven-
tion shall not be limited by the structures described here-
in, but only by structures described by the language of
the claims and the equivalents of those structures.

rier tape
(170) di spos%}E:PL\MClEm;‘:WT%‘#E:ET
17 11. The carrier tapeﬂ(%o%ﬂqu aim
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rality of pockets includes nore than one aligned col - um o
| ength of said carrier tape and Sa#ﬂ"ﬁﬁ
”Em Elﬂ portion between each pair of said align
f
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enabl i*ng¢tsepar

a

plurality of nedial portions fro

bondi ng portions to expose said pogkets. 12. A flexible el

strip (120) for a carrier

and sec-

ond parall el

| ape (100) having a top surface h
| ongi tudi nal edge surfaces (104, 106)

plurality of pockefggafphd2) fornmed in said top

1. A uniary, fiexible carrier 1ape (100) lor storage and
senalim delivery of electronic components (170) by
dan advancement mechanism, the carrier lape com-

prising:

(a) a top surtace having first and second paral-
lel longitudinal edge surfaces (104, 106), at
least one of said edge surfaces including
means (108, 110) for engaging the advance-
ment mechanism,;

(b) a plurality of pockets (112) depending down-
wardly from said top surface between said edge
surfaces and along the length of the carrier tape
for containing the electronic components;

(c) a flexible elongate cover strip (120) overly-
ing said pockets and extending along the length
of the carrier tape, said cover strip having first
and second parallel longitudinal bonding por-
tions (122, 124) bonded to said first and second
longitudinal edge surfaces, respeclively, and
(d) means for enabling progressive separation
and removal of a medial portion (126) of said
cover strip overlying said pockets from said first
and second bonding portions lo provide access
lo the pockets;

characlerized in that

said means for enabling separation comprises a
tear strip (128) adjoining said medial portion along
the length of said cover strip to guide the propaga-
tion ol opposed longiludinal toars in said cover strip
between said tear strip and said respective bonding
porions.
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surface between said edge surfaces and al ong the Iengt%rgf the carrier
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t ape f uy tronic conponents (170), said et NDSHEET
adapt eammmlml““l“mmn the pockets and to extend al ong the Qehglifi d§bc he
carrier st ape. tanl ifhcluding a nedial portion (126) and first and second

paral | el |ongitudi nal bonding porigons (122. 124) adapted for bonding
to said first and second | ongi tudi nal edge surfaces, respective-

Iy,d_ alnd further i rnz.: uThegareensaper( 1603l l:rmrrﬁepﬁ'hgr?i_n said cay- of saidd
medi al portion overl yj. - | r secon
bondi ng portions V\/nenhggtg_@%%ﬁﬁgﬁﬁ ﬁ&v&&sﬁ;ﬁ%g%@s&qéggaﬁgasai d edge
sur - material resislant to the deleterious effects ol heal-

ing to a temperature of approximately 125°C.

3. The carrier tape (100) of claim 2, wherein said car-
rier tape comprises polycarbonate and said cover
strip comprises polyester.

4. The carrier tape (100) of claim 1, wherein said lear
strip is bonded to a major surface of said cover strip
facing the interior of said pockets.

5. The carrier tape (100) of claim 1, wherein said car-
rier tape is electrically dissipative.

6. The carrier tape (100) of claim 1, wherein at least
one of said tear strip and said cover strip is coated
with an electrically dissipative metallic layer.

7. The carrier tape (100) of claims 6, wherein said me-
tallic layer is coated with an abrasion resistant coat-
ing.

8. The carrier tape (100) of claim 1, wherein said
means for enabling separation comprises parallel
lnes of weakness (140, 142) formed in said cover
sirp.

9. Thecarriertape (100) of claim 1, wherein said cover
strip is constructed of an oriented film adapted to
facilitate downweb tearing and to aid in preventing
transverse tearing of said cover strip.

10. The carrier tape (100) of claim 1, wherein said car-
rier tape further comprises an electronic component
(170) disposed within each pocket.
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tear strip adjoining said nedial portion along the I engt§ iy ‘-,Qg er
strip to guide the propagation of opposed | ongi tudi nal té&a S
cover strip be- tween said tear strip/and said respecti ve bondi ng

portions 13. The coven{stTh catd) 1dfe ¢1GOYBlaimher @hereiai shigpier

strip is constructed of anra?:{y' gpég&gt'slir%l% %gtrﬁgré than one aligned col-
umn of pockets extending along the length of said
carrier lape. and said cover strip includes a bonding
portion belween each pair of said aligned columns
enabling separation of a plurality of medial portions
from between said bonding portions (0 expose said
pockets.

12. A flexible elongate cover strip (120) for a carrier
1ape (100) having a top surface having lirst and sec-
ond parallel longitudinal edge surfaces (104, 106)
and a plurality of pockets (112) formed in said top
surface between said edge surfaces and along the
length of the carrier tape for containing electronic
components (170), said cover strip adaptedto over-
lie the pockets and to extend along the length of the
carrier 1ape, and including a medial portion {126)
and first and second parallel longitudinal bonding
portions (122, 124) adapted lor bonding lo said lirst
and second longitudinal edge surfaces, respective-
ly. and further including means for enabling sepa-
ration of said medial portion overlying said pockets
from said first and second bonding portions when
said bonding portions are bonded {o said edge sur-
faces to provide access to the contents of the pock-
ets;
characterized in that
said means for enabling separatlion comprises a
lear sirip adjoining said medial portion along the
length of the cover strip to guide the propagation of
opposed longitudinal tears in the cover slrip be-
tween said lear strip and said respeclive bonding
portions.

13. The cover sirip (120) of claim 12, wherein said cover
strip 1s constructed of an oriented film adapted to
lacilitale downweb tearing and to aid in preventing
transverse learing of said cover strip
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The cover strp (120) of claims 12. wherein saidtear
strip 1s bonded o a major surtace of the cover strip
facing the interior of the pockets

The cover strip (120) of claim 12, wherein at least
one of said cover strip and said tear strip is electn-
cally dissipative.

The cover strip (120) of claim 12, wherein said
means for enabling separation comprises parallel
lines of weakness formed in said cover stnp.



14. The cover strip (120) of clains 12. wherein saidlear stripis
bonded to a major surface of the cover strip faci ng th?pﬂmﬁﬁdrﬁrc'-ﬁﬁ{;ﬁ he
pockets 15. The cover strip (120) of claim 12, wherein at | east fﬁhe o]
said cover strip and said tear strip is electri- cal l'y @i Bsiifatldde.

16. The cover strip (120) of claim 12, ygerein said means for enabling
separation conprises parall el | i nes of weakness forned in said cover
strip.

ABSTRACT OF THE DISCLOSURE

CARRIER TAPE WITH COVER STRIP

A carrier tape (100) and cover strip (120) are
provided for storing electronic components (170) and for
supplying those components seriatim to a machine. The
carrier tape includes a strip portion having spaced
longitudinal edge surfaces (104, 106), and a plurality of
pockets (112)'formed in the strip portion. The cover strip
is applied over the pockets to contain electronic
components therein, and is bonded along two outer bonding
portions to the edge surfaces of the carrier tape. In one
embodiment, the cover strip includes a tear strip (128)
attached to a medial portion (126) of the cover strip
overlying the pockets, which may be used to separate the
medial portion from the bonding portions to expose the
contents of the pockets. -

FIGURE 6
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