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This invention relates to a carrier tape for
5 stofing electronic components and for supplying those
components seriatim to a machine.

GRO 10
In the field of electronic circuit assembly,

10 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, one group of which is known as through-
hole components. Through~hole ¢6ﬁponents include a body

15 having a plurality of pins projecting therefrom, which are
adapted to be inserted through a matching number of
apertures on a printed circuit board and soldered on the
reverse side of the circuit board to electrically connect
and secure the éomponent to the circuit board. The pins of

20 the through-hole component, which are generally formed in

| at least two aligned rows, project either downwardly from
the bottom portion of the body, as shown by the component
in Figure 1 and the angled connector in Figure 3, or
outwardly from the side portions of the body for a first

25 distance and then downwardly for a second distance, as
illustrated by the component shown in Figure 2. Examples
of through-hole components include memory chips,
resistors, connectors, dual in-line processors (DIPS), and
gate arrays. Common to each type of through-hole component

30 are the downwardly projecting terminal ends of the pins,
which are adapted to be inserted through the aligned
apertures of a printed circuit board.

Rather than manually installing and soldering
each individual through-hole component to a circuit board,

35 the electronics industry makes extensive use of robotic
placement machines, which grasp a component at a sﬁecific

- location (the supply) and place it at another specific

location (the Vircq5gﬁgggggtﬁgggygthe*g§nswcf the
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.This*invention relates to a carrier tape for storing el ectronic conponents
and Yor supplying those conpo- nents seriatimto a machinec.

BACKGROUND OF THE INVENTION In the field2% electronic circuit assenbly,
el ectronic conponents are often carried froma supply of such conponents to
a specific | oceonponent athrought thesapefrturest inhthet printedocirpuit
conponent s mayy, he, of é&c‘!ﬁrﬁéqﬂiﬁé&rﬁ% éYQ&SbeOEﬁ?%PHQ £ s&@tgﬁg' s _known
as through-hol e conponents. rough-hol e conponents i nclude a bo havi ng a

plurality of prachpneseckerausecthe rpachinecingsertadthecping o€ theert ed

through a component through the apertures in the printed circuit

5 board, where the pins are soldered to the 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

10 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.

15 One way to provide a continuous supply of
electronic components to a desired location is to attach a
series of such components at constant intervals to a
length of carrier tape. The loaded carrier tape, which is
usually provided in roll form, may then be advanced toward

20 the pick-up location at a predetermined rate as each
succeeding component is removed from the tape by the
robotic placement machine. For example, conventional
carrier tape 10 is shown in combination with robotic
placement machine 24 in Figure 4. Supply roll 12 provides

25 carrier tape 10 having an aligned plurality of regularly
spaced pockets 14, each of which is loaded with a
component (not shown). As shown in Figures 5 and 6,
conventional carrier tapes generally comprise a lower
portion that carries ﬁhe component, and a flexible cover

30 strip. The cover strip aids in preventing foreign matter
from deleteriously affecting the component, and may engage
the lower portion periodically, as shown in Figure 5, or
be releasably bonded to the lower portion, (e.d.
thermally, ultrasonically or adhesively), as shown in

35 Figure 6. The cover sﬁrip is peeled away from the lower
portion just before the robotic placement machine rémoves
the component from the carrier tape.
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.mat chi ng nunber of apertures on s printed circuit board and sol dered on the
reverse side of the circuit board to electrically connect and secure the
conponent to the circuit board. The pins ef3-t he t hrough-hol e conponent.

whi ch are generally formed in at |least two aligned rows, project either
downwardly from the bot tReflexring ianyaind td\eFigm;e &5 sﬁ:lcﬁlppdny assemlbhyonent

porti ons of ¢ RS BERER GroeY A, Ad Srob the Nartial Cade FEUAED 200
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' 5 from its designated path. Carrier tape 10 is advanced by
sprocket 22, which engages advancement holes along at
least one outer edge of carrier tape 10 to advance carrier
tape toward robotic placement machine 24. As each
successive component reaches the desired pick-up point,

10 the robotic placement machine grasps the component (either

| manually or by suction) and places it on a circuit board

with the pins of the component inserted through apertures
in the circuit board. '

An example of a conventional carrier tape for

15 through-hole components is shown in Figure 5, and is
generally similar in design to the carrier tapes shown in
U.S. Patent Nos. 4,583,641 (Gelzer) and 4,757,895
(Gelzer). Carrier tape 10a includes substrate 30 including
a plurality of holes into which the pins of through-hole

20 component 32 are inserted, usually manually. The pins
project beyond substrate 30, and it is therefore desirable
to protect the pins from damage. The pins are pressed into
and protected by a foam cushion layer 34, which is
generally the same width and length as substrate 30, and

25 is thicker than the length of the pins. Cover strip 36 is
periodically attached to substrate 30, and assists in
protecting through-hole components 32 prior to use. An
aligned row of advancement holes formed in substrate 30 is
adapted to receive drive sprockets of an advancement

30 mechanism for advancing the carrier tape toward a desired
location.

While having its own utility, the carrier tape
shown in Figure 5 may be undesirable because it is
typically assembled by hand, which is slow and expensive

35 because it usually requires an extensive commitment of
human resources for large scale operations. The substrate,
cushion layer, and cover strip configuration is also
relatively difficult to assemble, and the use of such
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tors, dual in-line processors (DI PS), and gate arrays. Common to each type
of through-hol e conponent are the downwardly projecting term nal ends of
the pins, which are adapted to be inserted4-hrough the aligned apertures of
a.printed circuit board. Rat her than manual ly installing and sol dering
each i ndi vi dugadkaging-im|expensinmand taons idemed tbposone tdcbel ect roni cs

i ndustry makes, ot Sin i sp a
conponent at a és%ge?ll?i %’%%lg}%)ng eétg%géf)i §}§ andt n)?%ceé'k?t at a%%tlﬁé&
speci fic | ocatanga tand @8 ;uiresvkt dghe\ gomponent; nbs Ssuseeptibientatdust
through the apgid Wiater hirlord Bsttfminaits. The illustrated carrier

5 tape may not include any anti-static capability, and an
electrical chérge that is applied to the carrier tape may
be conducted directly to the component, which may damage
the component. Finally, the carrier tape shown in Figure 5
does not protect the through-hole components mounted

10 thereon from the application of significant pressure to
the top of the component. For example, a loaded carrier
tape is typically stored and transported in roll form, and
the through-hole components carried by the carrier tape
described above and located near the core of the roll

15 could be subjected to compressive forces that would damage
the components. Similarly, the through-hole components at
the outer periphery of the roll could be subjected to
impact that would damage the components.

Another type of carrier tape is shown in Figure

20 6, and is available from Minnesota Mining and
Manufacturing Company of St. Paul, Minnesota. Carrier tape
10b is a molded polymeric material that includes a strip
portion 50 in which a series of pockets 14b have been
formed to carry through-hole components 52. Each pocket

25 includes a bottom wall 54 and four side walls 56, and
bottom wall 54 further includes channel 58, which is
adapted to surround the pins (not shown) projecting from
the underside of the through-hole component. Dividers 60
separate adjacent through-hole componénts, and assist in

30 positioning components 52 within pockets 14b. Strip
portion 50 includes two parallel rows of advancement holes
62 and 64, which are dimensioned to be engaged by the
teeth of sprocket 66 to convey the carrier tape in
direction 70. A cover tape 72, which is releasably bonded

35 to strip portion 50, aids in protecting the through-hole
components 52 from airborne contaminants prior to use.

The carrier tape shown in Figure 6, while
overcoming some of the deficiencies of the carrier tape
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board. Such machi nes may al so be known as insertion machi nes, because the
machine inserts the pins of the conponent through the apertures in the
printed circuit board, where the pins are se:dered to the board. To ensure
t he sustained operation of such robotic place- nent machines, a continuous
supply of el ecteferenced: apowenpt alsosinbtufiesssenet undesirabllienfeatures.

pzedeter- ”‘“eﬂokosﬁéhsﬂe,iEaBBd%BrBHSB-LBierBBﬁbBﬁeREaSSW%QEe to rattle
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within the confines of pocket 14b, which could damage the
pins of the component, or the component itself. The
carrier tape also does not organize the through-hole
components in the most space efficient manner, which
wastes packaging materials.

Most importantly, carrier tapes generally, and
the illustrated carrier tape in particular are not
intended to convey through-hole components of different
sizes. For through-hole components that are larger than
those that the pocket would usually contain, the pocket
would be too small, which would require a component
packager to stock carrier tapes having larger pockets than
that packager would normally use. This could require that
the packager maintain an increased inventory and incur the
concomitant costs thereof. When smaller through-hole
components are conveyed on a carrier tape that would
normally carry larger components, the smaller components
could rattle within the pocket, which could damage the
pins of the component. Furthermore, if the component is
small enough, any significant displacement would prevent
the robotic placement machine from locating and grasping
the component because the component would not be presented
at the precise location that is required for effective
operation of the robotic placement machine. For example,
the Electronic Industries Association restricts the
maximum allowable rotation of a component in a carrier
tape cavity to no more than 20° with respect to the
carrier tape, and a relatively slight displacement of a
small component could result in an angular rotation that
exceeds the limit established by the E.I.A. The carrier
tape described above, which may tend to permit
translational or rotational movement of smaller
components, is thus disadvantageous because it may not
present each component in the same location as the

previous component.
—_—
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2 mathine may be programmed to repet a precise se- quence of novenents
during every cycle. It is therefore inportant that each such conponent be
| ocated in the same position (i.e. the poifé=at which the robotic place-
‘ment nachine grasps the conponent) as each precedi ng and succeedi ng
conponent . One way to fnovidw efcthei disadvanpphgsobfetbet camrier

b tapes of the prior art, it is therefore desirable to
; provide a carrier tape for through-hole components that
protects the components it conveys, is inexpensive and
5 space efficient, and that can be easily adapted to convey

different types and sizes of through-hole components.

SUMMARY OF THE INVENTION
According to the present invention there is

10 provided a unitary flexible carrier tape for storage and
seriatim delivery of electronic through-hole components by
an advancement mechanism. Each component has a body having
a plurality of pins prbjecting from the body and arranged
in two parallel rows. The carrier tape includes a strip

15 portion defining a top surface, the strip portion
including laterally spaced, parallel rows of aligned holes
formed in the top surface for engagement with the
advancement mechaniém, and a plurality of aligned pockets
spaced along the carrier tape and opening through the top

20 surface. The pockets each include four side wall portions
each at generally right angles with respect to each
adjacent wall portion, the side wall portions adjoining
and extending downwardly from the top surface of the strip
portion, and a bottom wall portion adjoining the side wall

25 portions to form the pocket. The bottom wall portion has
two parallel rows of aligned apertures formed therein,
which are adapted for receipt of and engagement with each
of the pins of the components, the rows having at least as
many apertures as the component has pins, and two spaced |

30 rib portions formed in the bottom wall and projecting away
from the strip portion for a distance greater than the
length of the pins to protect the pins of the component.

In another embodiment, the present invention

also provides for a carrier tape as generally described

35 above, but having a plurality of arranged apertures formed
in the base wall portion, which are adapted to retain the

* pins of a through-hole component having an arranged

plurality of pins. Also provided is a carrier tape having
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.conpdnents to a desired location is to attach a series of such conponents
at constant intervals to alength of carrier tape. The |oaded carrier tape,
which is usually provided in roll form mey7<4hen be advanced toward the

pi ck-up location at a predeterm ned rate as each suc- ceedi ng conponent is
renoved from tthroughe-hgle heompdments pstorednin nthei peckeébs, caanped]l as

conventi onal | 1 bot. | acenent
machi ne 24 |nc% ‘Jiffri&getépﬁ? ﬁa‘?@‘%‘ﬁ%&m es c%?hrl#% %%eg&gfﬁgv?ﬁg an
al i gned pl ur althe pockets - amt&rtlye scpmeuelpobm sralledaabowt aheenei to| oaded
with a componegiyp @tyrsPpWn). As shown in FIGS. 5 and 6,

5 Other embodiments of the carrier tape of the
present invention include a carrier tape having pockets
adapted to carry more than one component in each.pocket, a
carrier tape having a plurality of rows of pockets, a
carrier tapé having a cover strip, and a carrier tape that

10 is electrically dissipative. '

BRI DESCRI ON_OF THE DRAWINGS

The invention will be more readily understood

with reference to the accompanying drawings, wherein like
15 reference numerals refer to like components throughout the
several views, and wherein:

Figures 1 and 2 are perspective views of
conventional through-hole components;

Figure 3 is a perspective view of an angled

20 through-hole connector;

Figure 4 is a schematic representation of a
carrier tape being supplied to a robotic placement
machine;

Figure 5 is a perspective view of a carrier tape

25 of the prior art;

Figure 6 is a perspective view of a carrier tape
of the prior art;

Figure 7 is a perspective view of one embodiment
of a carrier tape according to the present invention;

30 Figure 8 is a sectional view of two stacked
layers of the carrier tape of the present invention;

Figure 9 is a perspective view of a second
embodiment of a carrier tape according to the present
invention;

35 Figure 10 is a perspective view of a third
embodiment of a carrier tape according to the present

invention; and
I
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.conventional carrier tapes generally conprise a |lower portion that carries

t hdht ‘Jire Been Repiatedy f | exi bl e cover strip. The cover strip aids in
pr ey matter from del eteri ousdge af fecting the conponent, and
may r portion periodically, as shown in FIG 5, or be

rel easably bonded to théFigmes Ybris an,sclenatidhadiagtan of ta asethed| fgror

.adhesi vel y), | [ Ryl I th
Touer port] on BEtdihd Tetie Barkict edil He Mke dedi SvalEYont P

conponent fromthe carrier tape. Referring again to FIG 4, stripper

assenbly 16 pqs 'pEddnibrzoN rom the carrier tape around stripper

5 The present invention relates broadly to a
carrier tape having a plurality of pockets formed therein,
each of which includes an array of apertures formed in the
bottom wall thereof to retain the pins of through-hole
components positioned therein. Through-hole components

10 refer broadly to electronic compdnents having a body
including a plurality of aligned pins having downwardly
projecting terminal ends which are adapted to be inserted
through the apertures of a printed circuit board. Although
the term "through-hole component" will be used herein to

15 refer primarily to components that are later connected to
a circuit board, it should be understood that any articles
having projecting leads, pins, wires, or the like (e.d.
small light bulbs, thermocouples, male plug members, and
thermistors) are also contemplated. Similarly, although

20 the through-hole components described herein typically
include a plurality of aligned pins that include
downwardly projecting terminal ends, components having
pins including terminal ends that project substantially
downwardly are also included within the scope of the

25 present invention.

Referring specifically to Figure 7, there is
shown a unitary flexible carrier tape 100, which is
generally self-supporting, having a strip portion 102
defining a top surface. Strip portion 102 includes at

30 least one, and preferably two rows of aligned advancement
holes 104 and 106 formed therein, which holes are adapted
for engagement with an advancement mechanism (shown with
respect to the prior art in Figuré 6) . The advancement
mechanism typically comprises one sprocket for each row of

35 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 through-hole components



Bhis SheetHHps BerpReplac} ok assists in preventing stripper assenbly 16 from
pul tape 10 away fromits designated path. Carrier tape 10 is
a cket 22, which engages adwsgweenent holes al ong at | east one

outer edge of carrier tape 10 to advance car- rier, tape toward robotic
pl acenent nachseri&iéim AsThecholescandi the csppoingt betwebnsadfjacdntkhdles

Panual [y or bynaY cal8RTbE v le PEE CBE 2 OBMGEa P MAPP £LRENE (EPRep B L' 1"
t he conponent adeancenentrwechanpsmsurEs onet émbedinent, bbhedholes
measure on the order of 1.55 mm. (.061") in diameter and
5 are regularly spaced at a distance of approximately 4 mm.
(.16") on center.
Pockets 114 are formed in and spaced along strip
portion 102 in one or more aligned rows, as shown in
Figures 7 and 9. In the illustrated embodiments, each
10 pocket includes four side wall portions 110 each at
generally right ahgles with respect to each adjacent wall
portion. Side wall portions 110 join and extend downwardly
from the top surface of the strip portion, and join bottom
wall portion 112 to form pocket 114. Each wall portion may
15 also be formed with a slight draft (i.e. a 2° to 12° slant
toward the center of the pocket) in order to help prevent

stacked layers of empty carrier tape from nesting
together, which may make separation of adjacent layers
difficult. It is also within the range of equivalents of
20 the present invention to provide a pocket having more or
less wall portions than the four that are shown with
reference to the preferred embodiment (e.d. a circular
pocket having only one wall portion, or a triangular
pocket having three wall portions). Bottom wall portion
25 112 is generally planar, and parallel to the plane of
strip portion 102, and includes one or more rib portions
extending from the bottom of pocket 114 to protect the
pins of the component, as shown in Figure 8 and described
hereinbelow. In the preferred embodiment, the pocket is
30 designed to conform to the profile of the component, in
order to position the component more precisely within the
pocket.
As shown generally in Figure 9, pockets 114 may
- be formed in more than one row that extends longitudinally
35 of carrier tape 100’. Although Figure 9 illustrates_each
pocket oriented parallel to the longitudinal axis of the
tape, pockets 114 could also be oriented transverse to the
longitudinal axis of the tape, as shown generally in
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" An exanpl e of a conventional carrier tape for

-10-

Figure 10. Additionally, Figure 10 illustrates a single
row of pockets extending along the length of the tape, but
it is within the scope of the present invention to provide
more than one row of pockets along the length of the tape.
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.

The electronic through-hole components are
maintained in position within pockets 114 by insertion of
each pin through an aperture, which apertures 108 are
formed in bottom wall portion 112. Although apertures of
many different sizes and patterns may be formed, they are
shown in the illustrated embodiment as two parallel rows
of aligned apertures. It should be understood, however,
that the apertures could instead be organized in any other
pattern, or may comprise just one aperture, depending on
the through-hole component to be carried by the carrier
tape. Additionally, some components include one or more
post membérs, shown at 1 in Figure 1, that extend
downwardly from the component body, and are adapted to be
retained within a hole of a circuit board after the
circuit board is assembled. Apertures 108 of the present
invention may also be sized and positioned to receive post
member 1 in the aperture, to further assist in retaining
the component within the pocket. '

The number of apertures in each pocket is
preferably equal to or greater than the number of pins of
the largest through-hole component that is to be conveyed.
As shown in Figure 7, apertures:108 are preferably
arranged in two parallel aligned rows, for retaining the
pins of one or more through-hole components having two
parallel rows of pins. By providing a number of apertures
that is equal to or greater than the number of pins of the
largest component to be carried, two advantageous features
of the present invention are provided. First, components
having an array of fewer pins, which pins are sized and
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t hr ough- hol e conponents is shown in FIG .5, and is generally simlar in
design to the carrier tapes shown in U S Pat. Nos. 4,583,641 (Ceizer) and
4,757,895 (Celzer). Carrier tape 10a incl uwggs substrate 30 includ- ing a
pIurallty of holes into which the pins of through- hole conponent 32 are

i nserted, usuaéﬁacemnuﬁmiyarThe ﬁhﬂSepoﬁJEhé bayger eoiponehts3fiorawHich is

therofore dosi {60! Sl Bk oLeph blg L05LLA™ HAU™HE. cIUP,BAYS RETR°Elel 0,
and length as puﬁkettrﬁhehBﬁpmpndeht maYchercehaeredewith@nhthé phekpitis.
Cover strip 36q)SeR8h! REY CHL! YePLLEcE6fatl8 GHBSLi8LCof0carrier tape 100,
' 5 as shown at 122. This allows a single size of carrier tape
to be stocked and hsed by electronic component packagers
for a variety of sizes of through-hole components, thereby
reducing the need for stocking a different size carrier
tape for each size of component.

10 A second advantageous feature is that multiple
components may be conveyed within a single pocket, so long
as each component has pins that are sized and spaced to
match the size and pattern of the apertures. For example,
two or more of through~hole components may be conveyed in

15 adjacent relationship, as shown at 120 in Figure 7. If
carrier tape 100 includes more than one row of aligned
pockets, as shown in Figure 9, each pocket may carry two
or more components as well, depending on the dimensions of
the carrier tape and of the components.

20 In the preferred embodiment, means are provided
for mechanically engaging pins 130 when they are disposed
within apertures 108, in order to prevent accidental
removal of the pins from the apertures. Engaging means
preferably comprises slightly undersizing apertures 108 to

25 induce mechanical engagement between the pin and the wall
of the aperture. In this embodiment, the apertures should
not be undersized to the point where pins may be bent
during insertion into the apertures, but a pin measuring
0.76 mm (0.030") in diameter has been retained by an

30 aperture measuring 0.75 mm (0.0295") without significant
difficulty during insertion. The engaging means could also
comprise forming apertures 108 so as to leave a burr
attached to the aperture, which burr would tend to
mechanically engage the pins of the through-hole

35 component, as well as other means known in the art.

In the preferred embodiment, the rows of ﬁbckets
and the rows of apertures within each pocket are oriented
generally perpendicularly to the longitudinal direction of
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and assists in protecting through-hole conponents 32 prior to use. An
allgned row of advancenent holes fornmed in substrate 30 is adapted to
receive drive sprockets of an advancenment ogghani smfor advancing the
carrier tape toward a desired | ocation. Wil e having its own utility, the
carrier tape sithen tape;l @s Fhomn bim Widpaie ahl @Iﬁ@&mnﬁat\:ﬁoﬁ ernd ty

al.l
w22, it S S o s
oper at i ons. Th@ommnmsamtlmmra @ringhee pocket ,c At may iglemfagll Htate
is also relati Y:QJMMJ_ e odde @ i e 12K dodtt @ Yord'db form a
| 5 roll. In another embodiment, the rows of pockets and the
rows of aligned apertures within each pocket are oriented
generally parallel to the longitudinal direction of the
carrier tape, as shown in Figure 9.
Bottom wall portion 112 also includes two spaced

10 rib portions 132 and 134 formed therein and projecting
downwardly, as shown in Figure 8. The desired height of
rib portions 132 and 134 depends upon the length of the
through~hole component pins, and should generally be of a
height greater than the length of the pins to protect the

15 pins from damage during shipping and storage. The carrier
tape may be provided in roll form, which presents
successive layers in stacked relationship as shown in
Figure 8. Rib portions 132 and 134 distance pins 130 from
the carrier tape layer below, and thereby reduce or

20 prevent the risk of damage due to contact with adjacent
layers. The rib portions could be combined into one rib
portion, or could include several spaced rib portions that
act as legs to maintain a space between the pins and any
generally planar surface below the pins, such as another

25 layer of the carrier tape. Another possible configuration
is shown in Figure 10, which includes two half-disk shaped
rib portions 132a that protect the pins of through-hole
component 120, which may also facilitate coiling the
loaded carrier tape about a core to form a roll.

30 In general, the carrier tape of the present
invention is made by thermoforming pockets in a sheet of
polymeric material, forming advancement holes and
apertures in the carrier tape by punching, and winding the
carrier tape onto a core to form a roll, as shown

35 schematically in Figure 11 and described further
hereinafter. A polymeric sheet 200 is provided, which
polymeric sheet may be made from many different materials
including, but not limited to polyester, polycarbonate,
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packdgi ng i s expensive and consi dered by sone to be wasteful. Furthernore,

t he conponent is not in a sealed area and as a result the conponent is
susceptible to dust and other airborne comias nants. The illustrated
carrier tape may not include any anti-static capability, and an electrical
charge that ispapyprepylenehestyreney Pupe(payybenymun&orededurABSIy to the

TS s dos tASFTHoHRERISe DR ATRARSRLYELNE Lbpol UReRa) Lo FRBL0
from the appliandi theolikegnihi theapreﬁee:gdrembodmentoppoﬁymn&l@oﬁp@esnt
For exanple, a;bhgaggdetadctitbalipeaissipRtiob! YanaCint1a8dst agnsported
5 electrically conductive material, such as carbon black,
which is eithér interspersed within the material
comprising the polymeric sheet, or is coated on the
carrier tape after the tape is formed. The electrically
conductive material allows an applied electric charge to
10 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
applied static electric charge. .
Polymeric sheet 200 is provided, either in roll
15  form, sheet form, by continuous injection molding, or by
extrusion, and conveyed to heating means 202, where
polymeric sheet 200 is heated sufficiently to permit
thermoforming. The temperature to which the polymeric
sheet must be heated varies over a broad range (i.e. 200-
20 370°F) depending on the gauge and type of material that is
being thermoformed.

Following heating, the sheet member is
thermoformed by a die or dies 204 that shape the pocket to
conform to the maximum size of the through-hole component

25  to be carried therein. The die may be opposed male and
female dies 204 that stamp the sheet material to mold the
pockets. The carrier tape pockets could also be formed by
vacuum forming the heated sheet material over a male die
or into a female die, or by other molding means known in

30 the art. The carrier tape is typically cooled after
thermoforming, which can be accomplished by air cooling
until the polymeric material solidifies.

As further shown at 206 in Figure 11,
advancement holes and apertures are punched into the

35 pockets, and any excess material, known as weed, is cut
from the edges of the carrier tape to conform the cérrier
tape to industry standards. The finished carrier tape is
wound onto a core 208 to form a supply roll for storage
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i.-n rol'l form and the through-hole conponents carried by the carrier tape
described above and | ocated near the core of the roll could be subjected to
conpressive forces that woul d danage the celenents. Simlarly, the

t hr ough- hol e conponents at the outer periphery of
J SRtil the carrier tape is loaded with components.

Alternatively the pockets of the carrier tape may be
loaded with through-hole components immediately after the
tape is formed, and the loaded tape rolled for immediate

5 use during a circuit assembly operation. In the preferred
embodiment, a cover strip (shown with respect to the prior
art at 72 in Figure 6) is placed over the top surface of
the carrier tape and releasably bonded thereto to prevent
contaminants from reaching the components. The cover strip

10 must therefore be peeled away from the carrier tape in the
manner earlier described before the contents may be
removed. . '

The process described above may be practiced in
a variety of ways, for example by using a modified version

15 of a machine such as an ETM 320 or an ETF 278B embossing
and taping mechanism available from ARCOTRONICS MECCANICA
of Italy, or from Mechanization of Active and Passive
Components (M.A.P.C.) .of Occidental, California.
Modifications of the described process are also possible,

20 and incorporate manufacturing techniques are generally
known in the art.

. The présent 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

25 be made in the embodiments described without departing
from the scope of the invention. For example, certain
other articles having at least one pin member, such as
lamps, light emitting diodes, male plug members or other
products could be carried by the tape of the present -

30 invention. Thus, the scope of the present-invention should
not be limited by the structures described herein, but
only by structures described by the language of the claims
and the equivalents of those structures.

35
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1. A unitary flexible carrier tape (100) for
storage and seriatim delivery of electronic through-hole
5 components (120) by an advancement mechanism (22), each
component having a body having a plurality of pins
projecting from the body and arranged in two parallel
rows, the carrier tape comprising:

10 (a) a strip portion (102) defining a top
surface, said strip portion including at least
one row (104) of aligned holes formed in said
top surface for engagement with the advancement
mechanism;

15 : .

(b) a plurality of aligned pockets (114) spaced

along the carrier tape and opening through said

top surface; said pockets each including

20 (i) four side wall portions (110) each at
generally right angles with respect to each
adjacent wall portion, said side wall
portions adjoining and extending downwardly
from said top surface of said strip

25 portion, and

(ii) a bottom wall portion (112) adjoining
said side wall portions to form the pocket,
said bottom wall portion having
30
(A) two parallel rows of aligned
apertures (108) formed therein and
adapted for receipt of and engagement
with each of the pins one of the
35 components, said rows having at least
as many apertures as the component has
pins, and



i s available fromMnnesota M ning and Manufacturing ﬂ“ﬂlﬂ“‘ﬂ“ﬂﬁ]mmﬂl
Mnn. Carrier tape 105 is ainolded pol yneric materi al rip

porti on 5OThisShediHasBeen Replateds of pockets 14dp-have been forméd to Carty
through hol . Each pocket in- cludes a botton1ma|| 54 and -
four side tton1ma|(Bﬁ4thrspnmednnihdperthanae[lsz, ®A4Lh

I's adapted t0 surroun e pins ( f gunder si de
of the through-hole conponent %5 gﬁgs%%§?2§%tg§ma%§ﬂ} ?ﬁrough hol e
conpo- nents, and assist in p03|t|nmmmgctbnwoﬂ@ﬁystQmmﬁéhﬁnSEEéRets 14b.
Strip portion 50 includes two parapbptisRVEor a distance greater than

5 the length of the pins to protect the

pins of the component.

2. The carrier tape of claim 1, wherein each
pocket (114) is adapted to carry more than one component
10 (120) therein.

3. The carrier tape of claim 1, wherein said
plurality of pockets (114) includes more than one aligned
row of pockets opening through said top surface.

15
4. The carrier tape of claim 3, wherein said
rows of pockets extend generally parallel to the
longitudinal direction of the carrier tape.
20 5. The carrier tape of claim 1, wherein said

apertures (108) are adapted to receive post members (1)
projecting from the component.

6. The carrier tape of claim 1, and further
25 including a cover strip (72) releasably bonded to said top
surface. '

7. The carrier tape of claim 1, wherein said
carrier tape is electrically dissipative.

30
8. The carrier tape of claim 1, and further
including means for mechanically engaging the pins of the
electronic components when the pins are disposed within
said apertures.
35

9. A unitary flexible carrier tape (100) for
storage and seriatim delivery of electronic through-hole
components (120) by an advancement mechanism, each



of advancement holes 62 and 64, which are di mensi oned gnlmumama“ whe
teeth of sprocket 66 to convey the carrier tape in dir
tape 72, which is rel easably bonded to strig-portion 50,*ai%s"in protectlng

t he through hol e conponents 52 from airborne contam inants prior to use.
The carrier tapempoment havifig @ badyl d.merdi@m g Py ldfty ef defraigedi es

eat ures. For BN FEOIsctitEh ARt Snea ity MonhEs A% Rabl Fad Hodr i (i n

the confines ofthsocRaries tape compmilsingzmage the pins of the conponent,
or the conmponent itself. The -

5 — - (a) a strip portion (102) defining a top
surface, said strip portion including at least
one row of aligned holes formed therein for
engagement with the advancement mechanism;

10 - (b) a plurality of aligned pockets (114) spaced
along the carrier tape and opening through said
top surface, said pockets each including

(i) at least one wall portion (110)
15 adjoining and extending downwardly from
said top surface of said strip portion, and

(ii) a bottom wall portion (112) adjoining
said side wall portion to form the pocket,
20 ' said bottom wall portion having

— ___ (A) a plurality of arranged apertures
ThESMwﬂhsBm Rep (108) formed therein and adapted for

I ,"m”"'" m, ,'”m receipt of each of the pins of the
components, said bottom wall portion

having at least as many apertures as
the component has pins, and

2

(8]

(B) at least one rib portion (132)

30 formed in said bottom wall and
.projecting away from said strip
portion for a distance greater than
the length of the pins to protect the
pins of the component.

35 _

10. The carrier tape of claim 9, wherein each
pocket (114) is adapted to carry more than one component
(120) therein.
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11, The carrier tape of claim 9, wherein said

plurality of pockets (114) includes more than one aligned
row of pockeﬁs opening through said top surface.

5 12. The carrier tape of claim 9, wherein the
pins of the component are arranged in two parallel rows.

13. The carrier tape of claim 9, wherein said
apertures are adapted to receive post members (1)
10 projecting from the component.

14. The carrier tape of claim 9, and further
including a cover strip (72) releasably bonded to said top
surface.

15 _

15. The carrier tape of claim 9, wherein said

carrier tape is electrically dissipative.

16. The carrier tape of claim 9, and further
20 including means for mechanically engaging the pins of the
electronic components when the pins are disposed within
said apertures.

17. A unitary flexible carrier tape (100)
25 adapted for advancement by a mechanism (22), the carrier
tape comprising:

(a) a strip portion (102) defining a top

surface, said strip portion including at least
30 one row (104) of aligned holes formed therein

for engagement with the advancement mechanism;

(b) a plurality of aligned pockets (114) spaced
along the carrier tape and opening through said
35 top surface, said pockets each including _

(i) four side wall portions (110) each at
generally right angles with respect to each



Most i nportantly, carrier tapes generally, and the ill HM! ape.
in particular are not intended to convey through-hole :I ﬁm Imﬂlﬂﬂmr
different sizes. For through-hole componemiss-that are |drgér thah those .

that the pocket —would usual |y contain, the pocket would be too small, which
woul d require a conponent paahﬂgmment)si&shmtblrpqrtiGmEsshaﬁlagdeavgbl

zpockets than that packager VW%%ka%Hé“%&jbiﬁfhg1lmé éﬁ%@ﬁhiﬁ@“&é@n&gf&ly
from said top surface of said strip
portion, and

(ii) a bottom wall portion (112) adjoining
said side wall portions to form the pocket,
said bottom wall portion having

10 (A) a plurality of arranged apertures
(108) formed therein and adapted for
receipt of and engagement with each of

the pins of the components, said
bottom wall portion having at least as
many apertures as the component has

Thls Sheet Has Been.Replaced
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pins, and

(B) two spaced rib portions (132, 134)
formed in said bottom wall and

20 projecting away from said strip
portion for a distance greater than
the length of the pins to protect the
pins of the component, and

25 (c) a plurality of electronic through-hole
components (120) disposed within said pockets,
each component having a body including a
plurality of arranged pins projecting from the
body, each of the pins having a downwardly

30 extending terminal end, said components adapted
for carriage within said pockets with said pins
disposed within said apertures to form a loaded
carrier tape and to enable delivery of said
components by said loaded carrier tape as said

35 loaded carrier tape is advanced by the
mechanism. '



t he packager maintain an increased inventory and incu “mum!! ml l
costs thereof. When smaller through- hole conponents
carrier tape that would normally carry | argss conponents the sl

conponents could rattle within the pocket, which coul d damage the plns of

t he conponent. Furthernoi®, Thetdsfrcbepotspé o8 shaim rhpugherein each

significant displace- revent t.he robot | rom
l-ecati ng and d?ééﬁﬁ%g‘fﬁgicﬁﬂﬁgﬁkﬁ? %%Eﬁuggg?h%gg %%oﬁé§§e§§g%d O?bﬁ§n£
presented at thE2@)yecise loca- tion that is required for effective
operation of the ro- botic placenent frachine. For exanple, the Electronic

5 19. The carrier tape of claim 17, wherein said.
plurality of pockets (114) includes more than one aligned
row of pockets opening through said top surface.

20. The carrier tape of claim 17, wherein the
10 pins of the component (120) are arranged in two parallel
rovws.

21. The carrier tape of claim 17, wherein said
apertures are adapted to receive post members (1)
"~ 15 projecting from the component.

22. The carrier tape of claim 17, and further
including a cover strip (72) releasably bonded to said top
surface.

20 _

23. The carrier tape of claim 17, wherein said

carrier tape is electrically dissipative.

- 24. The carrier tape of claim 17, and further
25 including means for mechanically engaging the pins of the
electronic components when the pins are disposed within
said apertures.

25. A unitary flexible carrier tape (100)
30 adapted for advancement by a mechanism (22), the carrier
tape comprising:

(a) a strip portion (102) defining a top

surface, said strip portion including at least
35 one row (104) of aligned holes formed therein

for engagement with the advancement mechanism;
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I-ndustries Association restricts the maxi num al | owabl e "I Huwlﬂl“m”““L
conponent in a carrier tape cavity to no nore than 20 mdﬂ‘ |

carrier tape, and a relatively slight dispkaeenent of a smalkl Eonpone

could result in an angul ar :rotation that exceeds the limt establlshed by

the E.1.A The carrier tdpd aepduthddtqbgfeaﬁﬂgndd pockiedsd (110.4)empaced
transl ational or rota- %e b ¢ $hy lﬁgld
disad- vant ageous becauseq"%b L ng:a%r’."esentg%eac %oneﬁ cingh

| ocation as the preV|oust@@n§@ﬁ§ﬁFe: sandvpgnhﬂts:n@qh smaﬂawhages of the
carrier tapes of the prior art, it is therefore desirable to provide a

carrier

5 J—

(i) four side wall portions (110) each at
generally right angles with respect to each
adjacent side wall portion, said side wall
portions adjoining and extending downwardly
from said top surface of said strip

10 ' portion, and

(ii) a bottom wall portion (112) adjoining

said side wall portions to form the pocket,

said bottom wall portion having

15 .

(A) a plurality of arranged apertures
(108) formed therein and adapted for
receipt of and engagement with each of
the pins of the components, said

20 ' bottom wall portion having at least as
ThlS Sheet Has Been Replaced

(B) two spaced rib portions (132, 134)

25 formed in said bottom wall and
| projecting away from said strip
portion for a distance greater than
the length of the pins to protect the
pins of the component,

many apertures as the component has
pins, and

30
(c) a plurality of electronic through-hole
components (120) disposed within said pockets,
each component having a body including a
plurality of'arranged pins projecting from the

35 body, each of the pins having a.downwardly
extending terminal end, said components adapted
for carriage within said pockets with said pins
disposed within said apertures to form a loaded



tape for through-hole conmponents that protects the co

s inexpensive and space effi- cient, and that can bengmmmm‘mmmum

canvey dlfferent'rypes and sizes of througMBho e conponents L

10

15

20

25

30

35

~carrier tape and to enable delivery of said
components by said loaded carrier tape as said
loaded carrier tape is advanced by the
mechanism; and

(d) a core (12) around which said loaded carrier
tape is wound to form a supply roll.

26. The carrier tape of claim 25, wherein each
pocket (114) contains more than one through-~hole component
(120).

27. The carrier tape of claim 25, wherein said
plurality of pockets (114) includes more than one aligned
row of pockets opening through said top surface.

28, The carrier tape of claim 25, wherein said
apertures are adapted to receive post members (1)
projecting from the component. '

29. The carrier tape of claim 25, and further
including a cover strlp (72) releasably bonded to said top
surface.

30. The carrier tape of claim 25, wherein said
carrier tape is electrically dissipative.

This Sheet Has Been Rep.
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SUMVARY OF THE | NVENTI ON. Accordlng to the preseﬁ 2P%§ggt I on

there is provided a unitary flexible carrier:tape for storage and seriatim
delivery of electronic through-hol e conporgats by an advancenent nechani sm
Each conponent has a body having a plurality of pins projecting fromthe

body and arranged in two par alABSTRAGES OFT ITHE: ATSCLOSURE: i ncl udes

10

15

20

25

30

35

The present invention relates to a carrier tape
(100) for supplying electronic through-hole components
(120) seriatim to a machine. In one embodiment, the tape
includes a plurality of aligned pockets (114) each
including two parallel rows of aligned apertures (108)
formed in the bottom wall portion (112) of each pocket and
adapted to grip the pins of the electronic components
inserted therein to retain the components within the
pockets.

This Sheet Has Been Replac
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a strip portion defining a top surfacej_the strip portion including
~laterally spaced, parallel rows of BisiSheeeHasBe¢nReplisdined in the top surface
- for engagenent with the advancenent a plurality of aligned
pockets spaced along the carrier tap [ hrough the top surface.
The pockets each include four side wall portions each at generally right
angles with respect to each adjacent wall portion, the sigawall portions
(adj oi ning and extendi ng gowiwgrdly fromthe top surface0 e strip

portion, and a botto tion adjoining the 0
formthe pocket. The oM wgl | portion has two _p4d




al i gned apertures forned therein, which are adapted for receipt of and
‘engdgenent with each of the pins of the conponents, the rows having at
| east as :IThisBheayiias Besh®splaved t he conponent has pins, and two spaced rib
portions ttomwall and projecting away fromthe strip
portion fior i F eater than the length of the pins to/@Rot ect the
,pi ns -of the . I n anot her enbodi ngpt, %e present Jnvention al so
vrovides for a carrier tape as generally ge s t having a
plurality of arranged apertures forpged—i3 '
adapted to retain the pins of a th u_»l?

F g 5 4
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plurality of pi ns Al so 'provi ded is a carrier tape having through-hole
-conmponents stored in the pockets, as well as a carrier tape having
t hr ough- holhes She@rpR BRI % ﬁ&egred in the pockets and the carrier tape rolled

about a cor O her enbodi nents of the carrier tape of the
present inv ﬂgmwgwmr a carrier tape having pockets adapted to carry
(ore than o n each pocket, a carrier tape having a plurality

~af rows of pockets, a carrier pe_having a-coverystrip, and a carrier tape

that is electrically dissipakive.
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BRI EF DESCRPTION OF THE DRAWNGS The invention will be nore readity
understood with reference to the acconpanyi ng draMAmgsmmmhﬁ£ﬁkﬂRékk '
reference nunerals refer to |i ke conponents througho vuems,
and wherei n: FIGS. 1 and 2 are perpective views of m@u '
t hr ough- hol e conponent s; FIG 3 is a #erspective VI

t hrough-  hQARRTROTAPEE FBROFLECTRONT SHROUEH-HELESCORPORERTSRL i ¢ [ epresent ation of a

carrier tape being supplied to a robotic placenment nachine;
TRACT O SCLO

The present invention relates to a carrier tape
for supplying electronic through-hole components seriatim
to a machine. In one embodiment, the tape includes a
plurality of aligned pockets each including two parallel
rows of aligned apertures formed in the bottom wall
portion of each pocket and adapted to grip the pins of the
‘electronic components inserted therein to retain the
components within the pockets.

Figure 7 REPLACEME_NT SHEET
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of a carrier tapef)f -the‘*ﬁrwc)ﬁ aHEETs FIZER 6

FIG 5 IS

Is a pers u _ prrier tape of tHepPearistot; pogBlG wolvigdas.
perspecti Y View of one enpoyi ment of a carriief Iwe‘@ccordhﬁgwt@ t—bet“ 1.
present ippveht N ;DEC 1392 Ws a sectional vijeW of:#ingept pekadu @y@zcgbgf%aie
carrier tgpelof the prese Invention; 1 FIG] ;;‘sc@bpersp@ﬁul eV @gdq_ﬁ_
second enppdi-nent --of -a carrifer tape according to the present I nvention;
FIG 10 i pecrspective vigw of a thlrd embadi | asft e

paLs py of 2 e G pGRpY| ST are

accordin
, CARRIER TAPE FOR ELECTRONIC
THROUGH-HOLE COMPONENTS

TECHNICAL FIELD

This invention relates to a carrier tape for storing
electronic components and for supplying those compo-
nents seriatim to & machine.

BACKGROUND OF THE INVENTION

In the field of electronic circuit assembly, electronic
components are often carried from a supply of such
components to & specific location on a circuit board for
attachment thereto. The components may be of several
different types, one group of which is known as
through-hole components. Through-hole components -
include a body having a plurality of pins projecting
therefrom, which are adapted to be inserted through a
matching number of apertures on a printed circuit board
and soldered on the reverse side of the circuit board to
electrically connect and secure the component to the
circuit board. The pins of the through-hole component,
which are generally formed in at least two aligned
rows, project either downwardly from the bottom por-
tion of the body, as shown by the component in FIG. 1
and the angled connector in FIG. 3, or outwardly from
the side portions of the body for a first distance and then
downwardly for a second distance, as illustrated by the
component shown in FIG. 2. Examples of through-hole
components include memory chips, resistors, connec-
tors, dual in-line processors (DIPS), and gate arrays.
‘Common to each type of through-hole component are
the downwardly projecting terminal ends of the pins,
which are adapted to be inserted through the aligned
apertures of a printed circuit board.

Rather than manually installing and soldermg each
individual through-hole component to a circuit board,
the electronics mdustry makes extensive use of robotic
placement machines, which grasp a component at a
specific location (the supply) and place it at another
specific location (the circuit board) with the pins of the
component through the apertures in the pnnted circuit
board. Such machines may also be known as insertion
machines, because the machine inserts the pins of the
component through the apertures in the printed circuit
board, where the pins are soldered to the board. To
ensure the sustained operation of such robotic place-
ment machines, a continuous supply of electronic com-
ponents must be furnished to the machine at a predeter-
mined location, in order that the robotic placement



FIG 11 is a schematic diagramof a method for pro- ducin EMENT gﬁggpﬁe
of the present invention. : A LT
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machine may be programmed to repeat a prec:se se-
queLce of movements during every cycle. It is therefore
important that each such component be located in the
same position (Le. the point at which the robotic place-
ment machine grasps the component) as each preceding
and succeeding component.

One way to provide a continuons supply of electronic
components to a desired location is to attach a series of
such components at constant intervals to a length of
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 suc-
cecding component is removed from the tape by the
robotic placement machine. For example, conventional
carrier tape 10 is shown in combination with robotic
placement machine 24 in FIG. 4. Supply roll 12 pro-
vides carrier tape 10 having an sligned plurality of regu-
larly spaced pockets 14, each of which is loaded with a
component (not shown) As shown in FIGS. § and 6,
conventional carrier tapes generally comprise a lower
portlon that carries the componcnt, and a flexible cover
strip. The cover strip aids in preventing foreign matter
from deleteriously affecting the component, and may
engage the lower portion periodically, as shown in

- FIG. 5, or be releasably bonded to the lower portion,
(e.g. thermaily, ultrasonically or adhesively), as shown
in FIG. 6. The cover strip is pecled away from the
lower portion just before the robotic placement ma-
chine removes the component from the carrier tape.

Referring again to FIG. 4, stripper assembly 16 peels
cover strip 18 from the carrier tape around stripper
block 20, which block assists in preventing stripper
assembly 16 from pulling carrier tape 10 away from its
designated path. Carrier tape 10 is advanced by
sprocket 22, which engages advancement holes along at
least one outer edge of carrier tape 10 to advance car-
rier tape toward robotic placement machine 24. As each
successive component reaches the desired pick-up
point, the robotic placement machine grasps the compo-
nent (either manually or by suction) and placesiton a
circuit board with the pins of the component inserted
through apertures in the circuit board.




DETAI LED DESCRIPTICN
t ape having
an array of
of through-h
refer broadl
of aligned pi
adapted to

The present invention relates broadly to a carrier

‘ ets formed therein, each of which includes
t he bottom wal | thereof.to,netain t he pins
sifti oned therein. Through-hol e conpo- nents
{fonents Raving a body including a plurality
merdqy projecting termnal ends which are

| 1--

An example of a conventional carrier tape for-
through-hole components is shown in FIG. .5, and is
generally similar in design to the carrier tapes shown in
U.S Pat. Nos. 4,583,641 (Gelzer) and 4,757,895
(Gelzer). Carrier tape 10z inclndes substrate 30 includ-
ing a plurality of holes into which the pins of through-
hole component 32 are inserted, nsually manually. The
pins project beyond substrate 30, and it is therefore
desirable to protect the pins from damage. The pins are
prssed into and protected by a foam cushion layer 34,
which is generally the same width and length as sub-
strate 30, and is thicker than the length of the pins.
Cover strip 36 is periodically sttached to substrate 30,
and assists in protecting through-hole components 32
prior to use. An sligned row of advancement holes
formed in substrate 30 is adapted to receive drive
sprockets of an advancement mechanism for advancing
the carrier tape toward 2 desired location.

While having its own utility, the carrier tape shown
in FIG. 5 may be undesirable because it is typically
assembled by hand, which is slow and expensive be-
cause it usually requires an extensive commitment of
human resources for large scale operations. The sub-
strate, cushion layer, and cover strip configuration is
-also relatively difficult to assemble, and the use of such
packaging is expensive and considered by some to be
wastefol. Furthermore, the component is not in a sealed
area, and as a result the component is susceptible to dust
and other airborne contaminants. The illustrated carrier
tape may not include any anti-static capability, and an
electrical charge that is applied to the carrier tape may
be conducted directly to the component, which may
damage the component. Finally, the carrier tape shown
in FIG. 5§ does not protect the through-hole compo-
nents mounted thereon from the application of signifi-
cant pressure to the top of the component. For example,
a loaded carrier tape is typically stored and transported
in roll form, and the through-hole components carried
byth:canin1xpedeunﬂnd:boveandlounedhuu1he
core of the roll could be subjected to compressive
forces that would damage the components. Similarly,
the through-hole components at the outer periphery of

Iq' ;:én

ns hgw ng down-




be inserted through the apertures of a printed circuit board. Al though the

term "t hrough-hol e conponent” will be used herein tg-refer

components that are |ater connected to a circuit b@anB
under stood that any articles having projecting | eads
like (e.g. small Iight bulbs, therno- cauples, nal¢g
‘therm stors) are also contenplated. Simlarly, alt

conponents described herein typically include a pl
~that include downwardly projecting term nal ends,

including term - nal ends that project substantial

the roll could be subjected to impact that would dam-
age the componeants.

Another type of carrier tape is shown in FIG. 6, and
is available from Minnesota Mining and Manufacturing
Company of St. Paul, Minn. Carrier tape 105 is a
molded polymeric material that includes a strip portion
50 in which a series of pockets 145 have been formed to
carry through-ticle components §52. Each pocket in-

cludes a bottom wall 54 and four side walls 56, and

bottom wall 54 further includes channel $§8, which is
adapted to surround the pins (not shown) projecting
from the underside of the through-hole component.
Dividers 60 scparate adjacent through-hole compo-
nents, and assist in positioning components 52 within
pockets 145, Strip portion 50 includes two parallel rows
of advancement holes 62 and 64, which are dimensioned
to be engaged by the teeth of sprocket 66 to convey the
carrier tape in direction 70. A cover tape 72, which is
releasably bonded to strip portion 50, aids in protecting
the through-hole components 52 from airborne contam-
inants prior to use.

The carrier tape shown in FIG. 6, while overcoming
some of the deficiencies of the carrier tape referenced
above, also includes some undesirable features. For
example, each through-hole component is free to rattle
within the confines of pocket 145, which could damage
the pins of thie component, or the component itself. The
carrier tape also does not organize the through-hole
components in the most space efficient manner, which
wastes packaging materials.



I ncluded within the scope of the present inventiof. Ref ef'TTNG .epm

specifically to FIG 7, there is shown a unitary 1@}?@@%; =t hpe 100,
which is generally self-supporting, having a stri - 1C eli ping a
t-op surface. Strip portion 102 includes at |east png, ﬁgaﬂﬁﬁqggabl t wo
rows of aligned advancenment hol es 104 and 106 forfred therein, whi ¢h{hpl es
are adapted for engagenment with an advancement nefhani sm (shown with *
respect to the prior art in FIG 6). The advance-{{nent nechanismtypically
conpri ses one sprocket for each row of advancenen oles and the tketh of
each sprocket engage the holes to advance the carrier tape

Most importantly, carrier tapes generally, and the
illustrated carrier tape in particular are not intended to
convey through-hole components of different sizes. For
through-hole components that are larger than those that .
the pocket would usually contain, the pocket would be
too small, which would require a component packager
to stock carrier tapes baving larger pockets than that
packager would normally use. This could require that
the packager maintain an increased inventory and incur

. the concomitant costs thereof. When smaller through-
hole components are conveyed on a carrier tape that
would normally carry larger components, the smaller
components could rattle within the pocket, which could

- damage the pips of the component. Furthermore, if the

. component is small enough, any significant displace-
ment would prevent the robotic placement machine
from locating and grasping the component because the
component would not be presented at the precise loca-
tion that is required for effective operation of the ro-
botic placement machine. For example, the Electronic
Industries Association restricts the maximum allowable
rotation of a component in a carrier tape cavity to no
more than 20° with respect to the carrier tape, and &
relatively slight displacement of a small component
could result in an angular rotation that exceeds the limit
established by the E.LA. The carrier tape described
above, which may tend to permit translational or rota-
tional movement of smaller components, is thus disad-
vantageous because it may not present each component
in the same location as the previous component.

In view of the disadvantages of the carrier tapes of
the prior art, it is therefore desirable to provide a cartier
tape for through-hole components that protects the
components it conveys, is inexpensive and space effi-
cient, and that can be easily adapted to convey different
types and sizes of through-hole components.



toward a predeterm neo point, at which point the ro- botic placenment

machi ne may grasp the individual through-hole conpoj
hol.es and the spaci ng between adjacent hol es may al s

accompdat e different types of advancenent necha- )
the hol es neasure on the order of 1.55 mgn (0.061") i
regul arly spaced at a distance of approximately 4 mj
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SUMMARY OF THE INVENTION

According to the present invention there is provided
8 unitary flexible carrier tape for storage and seriatim
delivery of electronic through-hole components by an
advancement mechanism. Each component has a body
having a plurality of pins projecting from the body and
arranged in two parallel rows. The carrier tape includes
a strip portion defining a top surface, the strip portion
including laterally spaced, parallel rows of aligned
holes formed in the top surface for engagement with the
advancement mechanism, and a plurality of aligned
pockets spaced along the carrier tape and opening
through the top surface. The pockets each include four
side wall portions each at generally right angles with
respect to each adjacent wall portion, the side wall
portions adjoining and extending downwardly from the
top surface of the strip portion, and a bottom wall por-
tion adjoining the side wall portions to form the pocket.
The bottom wall portion has two parallel rows of
aligned apertures formed therein, which are adapted for
receipt of and engagement with each of the pins of the
componeats, the rows having at least as many apertures
as the component has pins, and two spaced rib portions
formed in the bottom wall and projecting away from
the strip portion for a distance greater than the length of
the pins to protect the pins of the component.

In another embodiment, the present invention also
provides for a carrier tape as generally described above,
but having a plurality of arranged apertures formed in
the base wull portion, which are adapted to retain the
pins of a through-hole component having an arranged
plurality of pins. Also provided is a carrier tape having
through-hole components stored in the pockets, as well
as a carrier tape having through-holc compoznents
stored in the pockets and the carrier tape rolled about a
core to form a roll.

Other embodiments of the carrier tape of the present
invention include a carrier tape having pockets adapted
to carry more than one component in each pocket, a
carrier tape having a plurality of rows of pockets, a
carrier tape having a cover strip, and a carrier tape that
is electrically dissipative.



9 Pockets 114 are formed in and spaced along strip portion 102 in
one or-nore aligned rows, as shown in FIGS. 7 and. 9. | 1. enfucfontepe ed
enbodi nents, each ' ' )

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:

FIGS. 1 and 2 are perspective views of conventional

through-hole components;
FIG. 3 is a perspective view of an angled throngh-
bole connector;

FIG. 4 is a schematic representation of a carrier tape
being supplied to & robotic placement machine;

FIG. § is a perspective view of a carrier tape of the
prior art;

FIG. 6 is a perspective view of a carrier tape of the
prior art;

FIG. 7 is a perspective view of one embodiment of a
carrier tape according to the present invention;

F1G. 8 is a sectional view of two stacked layers of the
carrier tape of the present invention; '
FI1G. 9 is a perspective view of a second embodiment

of a carrier tape according to the present invention;
FIG. 10 is a perspective view of a third embodiment

of a carrier tape according to the present invention; and
FIG. 11 is a schematic diagram of a method for pro-

ducing the carrier tape of the present invention.



pocket includes four side wall portions 110 -each at
W th respect to each adjacent wall portion. Side wal
extend downwardly fromthe top surface of the strip
portion 112 to form pocket 114. Each wall
formed wth a slight draft (i.e. a 2* togl2* slant tows

bottom wal |

e

pocket) in order to help prevent stacked |ayers of enpt .

nesting together, which may nake separation of adjacept.-laye

It is also within the range of equival ents of the preden

provi de a pocket having nore or less wall portions thar

DETAILED DESCRIPTION

The present invention relates broadly to a carrier tape
having a plurality of pockets formed therein, each of
which includes an array of apertures formed in the

‘bottom wall thereof to retain the pins of through-hole

components positioned therein. Through-hole compo-

‘nents refer broadly to electronic components having a

body including a plurality of aligned pins having down-
wardly projecting terminal ends which are adapted to
be inserted through the apertures of a printed circuit
board. Although the term “through-hole component”
will be used herein to refer primarily to components
that are later connected to a circuit board, it should be
understood that any articles having projecting leads,
pins, wires, or the like (e.g. small light bulbs, thermo-
coupies, male plug members, and thermistors) are also
contemplated. Similarly, although the through-hole
componeats described herein typically include a plural-
ity of aligned pins that include downwardly projecting
inal ends, componeats having pins including termi-
nal ends that project substantially downwardly are also
included within the scope of the present invention.
Referring specifically to FIG. 7, there is shown a
unitary flexible carrier tape 100, which is generally
self-supporting, having a strip portion 102 defining a top
surface. Strip portion 102 includes at least one, and
preferably two rows of aligned advancement holes 104
and 106 formed therein, which holes are adapted for
engagement with an advancement mechanism (shown
with respent to the prior art in FIG. 6). The advance-
ment 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 ro-
botic placement machine may grasp the individual
through-hole components seriatim. The holes and the
spacing between adjacent holes may also be varied to
accommodate different types of advancement mecha-
nisms. In one embodiment, the holes measure on the
order of 1.55 mm (0.061”) in diameter and are regularly

- spaced at a distance of approximately 4 mm. (0.16”) on

center.

AT L
3.0 vl :\
> ;‘ :._\l'\a\ ll

l_r'e | es
: R 18 and
()



circul.ar pocket having only one wall portion, or
three wall portions). Bottomwall portion 112 is g
parallel to the plane of strip portion 102, and in

conpo- nent, as shown in FIG 8 and descri bed heregnbel ow: -
enmbodi nent, the pocket is designed to conformto the profile—at-=tire
conponent, in order to position the conponent nore precisely within the
pocket . : '

Pockets 114 are formed in and spaced along strip
portion 102 in one or more aligned rows, as shown in
FIGS. 7 and 9. In the illustrated embodiments, each
pocket includes four side wall portions 110 each at
generally right angles with respect to each adjacent
well portion. Side wall portions 110 join and extend
downwardly from the top surface of the strip portion,
and join bottom wall portion 112 to form pocket 114.
Each wall portion may also be formed with a slight
draft (Le. a 2° to 12° slant toward the center of the
pocket) in order to help prevent stacked layers of empty
carrier tape from nesting together, which may make
separation of adjacent Iayers difficult. It is also within
the range of equivalents of the present invention to
provide s pocket having more or less wall portions than
the four that are shown with reference to the preferred
embodiment (e.g. a circular pocket having only one
wall portion, or a triangular pocket having three wall
portions). Bottom wall portion 112 is generally pianar,
and parallel to the plane of strip portion 102, and in-
cludes one or more rib portions extending from the
bottom of pocket 114 to protect the pins of the compo-
nent, as shown in FIG. 8 and described hereinbelow. In
the preferred embodiment, the pocket is designed to
conform to the profile of the componeat, in order to
position the compoment more precisely within the
pocket.

As shown generally in FIG. 9, pockets 114 may be
formed in more than one row that extends longitudi-
nally of carrier tape 100'. Although FIG. 9 illustrates
each pocket oriented parallel to the longitudinal axis of

. the tape, pockets 114 could also be oriented transverse
to the longitudinal axis of the tape, as shown generally
in FIG. 10. Additionally, FIG. 10 illustrates a single
row of pockets extending along the length of the tape,
but it is within the scope of the present invention to
provide more than one row of pockets along the length
of the tape. It is believed that a carrier tape including
pockets having a longitudinal axis that extends trans-
verse to the longitudinal axis of the tape may be more
eﬁ'ecﬁ\fely rolled about a core to form 2 roll for storage
and shipment, without bending of or damage to the
pockets.



row t hat extends |ongitudi- naI ly of carrier tag
illustrates each pocket oriented parallel tot

tépe, pockets 114 could also be oriented transvelsg

but it is within the scope of the present |nvent|'
one row of pockets along the length of the tape.

carrier tape i ncl udi nT1ERoaKe Saib akkuighahdle nDiipelicRt) areX

tras-

tained in position within pockets 114 by insertion of
each pin through an aperture, which apertures 108 are
formed in bottom wall portion 112. Although apertures
of many different sizes and patterns may be formed,
they are shown in the illustrated embodiment as two
parallel rows of aligned apertures. It should be under-
stood, however, that the apertures could instead be
organized in any other pattern, or may comprise just
one aperture, depending on the through-hole compo-
neat to be carried by the carrier tape. Additionally,

*some components include one or more post

shown at 1 in FIG. 1, that extend downwardly from the
component body, and are adspted to be retained within
2 hole of a circuit board after the circuit board is assem-
bled. Apertures 108 of the precent invention may also be
sized and positioned to receive post member 1 in the
aperture,tofurtherasszstmremmngthecomponcnt
within the pocket.

The number of apertures in each pocket is preferably
equal to or greater than the number of pins of the Iargest

through-hole component that is to be conveyed. As

shown in FIG. 7, apertures 108 are preferably arranged

in two parallel aligned rows, for retaining the pins of
one or more through-hole components having two par-

allel rows of pins. By providing a number of

that is equal to or greater than the number of pins of the

largest component to be carried, two advantageous

features of the present invention are provided. First,

components having an array of fewer pins, which pins

are sized and spaced similar to those of the larger com-
pouents for which the carrier tape was designed, may be

carried witain the pocket. Each component may be

centered within the pocket, or each may be offset

toward one side of carrier tape 100, as shown at 122,

This allows a single size of carrier tape to be stocked

and used by electronic component packagers for a vari-

ety of sizes of through-hole components, mexeby reduc-

ing the need for stocking a different size carrier tape for

each size of component.

A second advantageous feature is that multiple com-
ponents may be conveyed within a single pocket, so
long as each component has pins that are sized and
spaced to match the size and pattern of the apertures.
For example, two or more of through-hole components
may be conveyed in adjscent relationship, as shown at
120 in FIG. 7. If carrier tape 100 includes more than one
row of aligned pockets, as shown in FIG. 9, each pocket

- —,‘-—_—-_“ ll
pel i eved that a
ardXingir-hat ext ends



verse to the longitudinal axis of the tape may :"'J rqll ed
about .a core to forma roll for storage and shi piekyet titng--of or

damage to the pockets. 1]5005(: 1997 |
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may carry tWo or more components as well, depending
on the dimensions of the carrier tape and of the compo-
nents. :

In the preferred embodiment, means are provided for
mechanically engaging pins 130 when they are dispased
within apertures 108, in order to prevent accidental
removal of the pins from the apertures. Engaging means
preferably comprises slightly undersizing apertures 108
to induce mechanical engagement between the pin and
the wall of the aperture. In this embodiment, the aper-
tures should not be undersized to the point where pins
may be bent during insertion into the apertures, but a
pin measuring 0.76 mm (0.030") in diameter has been
retained by an aperture measuring 0.75 mm (0.0295")
without significant difficulty during insertion. The en-
gaging means could also comprise forming apertures
108 so as to leave a burr attached to the aperture, which
burr would tend to mechanically engage the pins of the
through-hole component, as well as other means known
in the art. S

In the preferred embodiment, the rows of pockets and
the rows of apertures within each pocket are oriented
generally perpendicularly to the longitudinal direction
of the tape, as shown in FIG. 7. This orientation permits
space-efficient placement of a plurality of through-hole
components within a single pocket, and may also facili-
tate coiling the loaded carrier tape about z core to form
a roll. In another embodiment, the rows of pockets and
the rows of aligned apertures within each pocket are
oriented gernerally paraliel to the longitudinal direction
of the carrier tape, as shown in FIG. 9.



The el ectroni c through-hol e conponents are main- tained ip
wi t hin. pockets 114 by insertion of each pin through aflape
apertures 108 are forned in bottomwall portion 112. 'E& '
many different sizes and patterns may be forned, the ‘ ar oo g .\ ¢

i ap qhollid

Il lustrated enbodi nent as two parallel 1»aws of aligne
be under- stood, however, that the apertures could ing
any other pattern, or may conprise just one aperture,
t hr ough- hol e conpo-

Bottom wall portion 112 also includes two spaced rib
portions 132 and 134 formed therein and projecting
downwardly, as shown in FIG. 8. The desired height of
rib portions 132 and 134 depends upon the length of the
through-hole componert pins, and should generally be
of a height greater than the length of the pins to protect
the pins from damage dbring shipping and storage. The
carrier tape may be provided in roll form, which pres-

" ents successive layers in stacked relationship as shown
in FIG. 8. Rib portions 132 and 134 distance pins 130
from the carrier tape layer below, and thereby reduce
or prevent the risk of damage due to contact with adja-
cent layers. The rib portions could be combined into
one rib portion, or could include several spaced rib
portions that act as legs to maintain a space between the
pins and any generally planar surface below the pins,
such as another layer of the carrier tape. Another possi-
ble configuration is shown in FIG. 10, which includes
two half-disk shaped rib portions 132z that protect the
pins of through-hole component 120, which may also
facilitate coiling the loaded carrier tape about a core to
form a roll.

- In general, the carrier tape of the present invention is
made by thermoforming pockets in a sheet of polymeric
material, forming advancement holes and apertures in
the carrier tape by punching, and winding the carrier
tape onto a core to form s roll, as shown schematically
in FIG. 11 and described further hereinafter. A poly-
meric sheet 200 is provided, which polymeric sheet may
be made from many different materials including, but
not limited to polyester, polycarbonate, polypropylene,
styrene, PVC (polyvinylchloride), ABS (acrylonitrile-
butadiene-styrene copolymers) copolymers, and the
like. In the preferred embodiment, polymeric sheet 200
is electrically dissipative, and incindes an electrically
conductive material, such as carbon black, which is
either interspersed within the material comprising the



nent to be carried by the carrier tape. Additionally
I ncl ude one or nore post nenbers, shown at 1 in FIG
downwardly fromthe conponent body, and are adapted
hole of a circuit board after the circuit board is ap
108 of the preent invention may al so bessized and pofpikt

post nmenber 1 in the aperture, to further assist in ¢

wi thin the pocket. The nunber of apertures in eac
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equal to or greater than the nunber of pins ofthe Iargest t hr ough-hoT e

conponent that is to be conveyed. As

polymenc sheet, or is coated on the carrier tape after
the tape is formed. The electrically conductive material
- allows an applied electric charge to dissipate through-
out the carrier tape and preferably to the ground. This
feature may prevent damage to the components con-
tained within the carrier tape due to an applied static

electric charge.

Polymeric sheet 200 is provided, either in roll form,
sheet form, by continucus injection molding, or by
extrusion, and conveyed to heating means 202, where
polymeric sheet 200 is heated sufficiently to permit
thermoforming. The temperature to which the poly-
meric sheet must be heated varies over a broad range
(Le. 200°--370° F.) depending on the gauge and type of

material that is being thermoformed.

Following heating, the sheet member is thermo-
formed by a die or dies 204 that shape the pocket to
conform to the maximum size of the through-hole com-
ponent to be carried therein. The die may be opposed
male and female dies 204 that stamp the sheet material
to mold the pockets. The carrier tape pockets could also
be formed by vacuum forming the heated sheet material
over a male die or into a female die, or by other molding
means known in the art. The carrier tape is typically
cooled after thermoforming, whick can be accom-
plished by air cooling until the polymeric material solid-

ifies.

As further shown at 206 in FIG. 11, advancement
holes and apertures are punched into the pockets, and
any excess material, known as weed, is cut from the
edges of the carrier tape to conform the carrier tape to

"industry standards. The finished carrier tape is wound
onto a core 208 to form a supply roll for storage until
. the carrier tape is loaded with components. Alterna-
tively the pockets of the carrier tape may be loaded
with through-hole components immediately after the
tape is formed, and the loaded tape rolled for immediate
use during a circuit assembly operation. In the preferred
embodiment, a cover strip (shown with respect to the
prior art at 72 in FIG. 6) is placed over the top surface
of the carrier tape and releasably bonded thereto to
prevent contaminants from reaching the components.
The cover strip must therefore be peeled away from the
carrier tape in the manner earlier described before the

contents may be removed.




shown in FIG 7, apertures 108 are preferably arranged
retaining the pins of one or -
conponents having two par- allel rows of pins.

aligned rows, for

apertures that is equal to or greater than the nurnpk:

| argest conponent to be carried, two advantageous
I nvention are provided. First,

which pins are sized and spaced simlar to those of

pocket. Each conponent may be centered within the e

of f set

The process described above may be practiced in a
variety of ways, for example by using a modified ver-
sion of & machine such as an ETM 320 or an ETF 278B
embossing and taping mechanism available from AR-

‘COTRONICS MECCANICA of Italy, or from Mecha-

nization of Active and Passive Components (M.A.P.C.)
of Occidental, Calif. Modifications of the described
process are also possible, and incorporate manufactur-
ing techniques are generally known in the art.

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 example,
certain other articles having at least one pin member,
such as lamps, light emitting diodes, male plug members
or other products could be carried by the tape of the
present invention. Thus, the scope of the present inven-
tion should not be limited by the structures described
herein, but only by structures described by the language
of the claims and the equivalents of those structures.




toward one side of carrier tape 100, as shown at 122.
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ponents may be conveyed within a single pocket, so
has pins that are sized and. saced to match the sizg

apertures. For exanple, two or nore of through- hole

advant agegus feature

conveyed in adjacent relationship, as shown at
1 claim:

1. A unitary flexible carrier tape for storage and seria-
tim delivery of electronic through-hole components by
an advancement mechanism, each component having a
body having a plurality of pins projecting from the
body and arranged in two paraliel rows, the carrier tape

comprising:

(a) a strip portion defining a top surface, said strip por-
tion including laterally spaced, parallel rows of
aligned holes formed in said top surface for engage-

ment with the advancement mechanism;

() a plurality of aligned pockets spaced along the
carrier tape and opening through said top surface,

said pockets each including

() four side wall portions each at generally right
angles with respect to each adjacent wall por-
tion, said side wall portions adjoining and ex-
tending downwardly from said top surface of

said strip portion, and

(i) a bottom wall portion adjoining said side wall
portions to form the pocket, said bottom wall

portion having

(A) two parallel rows of aligned apertures
formed therein and adapted for receipt of and
engagement with each of the pins one of the
components, said rows having at least as many
apertures as the component has pins, and

(B) two spaced rib portions formed in said bot-
tom wall and projecting away from said strip
portion for a distance greater than the leagth
of the pins to protect the pins of the compo-

nent.

2. The carrier tape of claim 1, wherein each pocket is
adapted to carry more than one component therein.

3. The carrier tape of claim 1, wherein said plurality
of pockets includes more than one aligned row of pock-

ets opening through said top surface.

4. The carrier tape of claim 3, wherein said rows of
pockets extend generally parallel to the longitudinal

direction of the carrier tape.

5. The carrier tape of claim 1, wherein said apertures
are adapted to receive post members projecting from

the component.
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6. The carrier tape of claim 1, and further including a
cover strip relezsably bonded to said top surface.

7. The carrier tape of claim 1, wherein said carrier
tape is electrically dissipative.

8. The carrier tape of claim 1, and further including
means for mechanically engeging the pins of the elec-
tronic components when the pins are disposed within
“id .

9. A unitary flexible carrier tape for storage and seria-
tim delivery of electronic through-hole components by

' an advancement mechanism, each component having a2
body including a plurality of arranged pins pro_;ectmg
substanually downwardly from the body, the carrier
tape comprising:

(a) a stnp portion defining a top surface, said strip
portion including opposed, parallel rows of aligned
holes formed therein for engagement with the ad-
vancement mechanism;

(b) a plurality of aligned pockets spaced along the
carrier tape and opening through said top surface,
said pockets each including
(@) at Ieast one wall portion adjoining and extending

downwardly from said top surface of said strip
portion, and

(ii) 2 bottom wall portion adjoining said side wall
portion to form the pocket, said bottom wall
portion kaving
(A) a plurality of arranged aperturs formed

therein and adapted for receipt of each of the
pins of the components, said bottom wall por-
tion having at least as many apertures as the
component has pins. and
(B) at Ieast one rib portion formed in said bottom
'wall and projecting away from said strip por-
tion for a distance greater than the length of
the pms to protect the pins of the component.
10. The carrier tape of claim 9, wherein each pocket
is adapted to carry more than one component therein.
11. The carrier tape of claim 9, wherein said plurality
of pockets includes more than one aligned row of pock-
ets opening through said top surface.
12. The carrier tape of claim 9, wherein the pins of
the component are arranged in two parallel rows.
13. The carrier tape of claim 9, whercin said apertures
are adapted to receive post.members projecting from
the component.




may carry two or nore conponents as well,
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14. The carrier tape of claim 9, and further including.

a cover strip releasably bonded to said top surface.

15. The carrier tape of claim 9, wherein said carrier

tape is electrically dissipative.

16. The carrier tape of claim 9, and farther including

means for mechanically engaging the pins of the elec-
tronic components when the pins are disposed within
said

17. A unitary flexible carrier tape adapted for ad-

vancement by & mechanism, the carrier tape compris-
ing: -

(a)stnpport:ondeﬁmngatop surface, said strip por-
tion including opposed, parallel rows of aligned
holes formed therein for engagement with the ad-
vancement mechanism;

(b) a plurality of aligned pockets spaced along the
carrier tape and opening throvgh said top surface,
said pockets each mcludmg
(1) four side wall portions each at generally right

angls with respect to each adjacent side wall

portion, said side wall portions adjoining and

extendmg downwa.rdly from said top surface of

said strip portion, and

~ (ii) a bottom wall portion adjoining said side wall

portions to form the pocket, said bottom wall

portion having

(A) a plurality of arranged apertures formed
therein and adapted for receipt of and engage-

_ ment with each of the pins of the components,
said bottom wall portion having st least as
mariy apertures as the component has pins, and

(B) two spaced rib portions formed in said bot-
tom wall and projecting away from said strip
portion for a distance greater than the length
of the pins to protect the pins of the compo-
nent, and

(c) a plurality of electronic throngh-hole components
dlsposedw:thmsudpockets,ewhoomponemhav-
ing a body including a plurality of arranged pins
projecting from the body, each of the pins having a
downwardly extending terminal end, said compo-
nents adapted for carriage within said pockets with
said pins disposed within said apertures to form a
loaded carrier tape and to enable delivery of said
components by said loaded carrier tape as said
loaded carrier tape is advanced by the mechanism.
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18. The carrier tape of claim 17, wherein each pocket
contains more than one through-hole component.

19. The carrier tape of claim 17, wherein said plural-
ity of pockets includes more than one aligned row of
pockets opening through said top surface.

20. The carrier tape of claim 17, wherein the pins of
the component are arranged in two paraliel rows.

21. The carrier tape of claim 17, wherein said aper-
tures are adapted to receive post members projecting
from the component. ~

22. The carrier tape of claim 17, and further including
a cover strip releasably bonded to said top surface.

23. The carrier tape of claim 17, wherein said carrier
tape is electrically dissipative.

24. The carrier tape of claim 17, and further including

means for mechanically engaging the pins of the elec-
tronic components when the pins are disposed within
said apertures. -

25. A unitary flexible carrier tape adapted for ad-
vancement by a mechanism, the carrier tape compris-
ing:
() a strip portion defining a top surface, said strip

portion including opposed, parallel rows of aligned

holes formed therein for engagement with the ad-
vancement mechanism;
®)a plurahty of ahgned pockets spaced along the
carrier tape and opening through said top surface,
said pockets each mcludmg
(@) four side wall portions each at generally right
angles with respect to each adjacent side wall
portion, said side wall portions adjoining and
extending downwardly from said top sarface of
said strip portion, an@ -
{ii) a bottom wall portion adjoining said side wall
portions to form the pocket, said bottom wall
portion having

on §



In the preferred enbodi nent, the rows of pockets O‘.’u’
withim each pocket are oriented generally perpendi duke®
| angi tudi nal direction of the tape, as shown in Fl G} 7]
pernits spacei II llltm"wﬂ Im‘ent of a plurality of{fth
within a sing yalsofatglll-tateculn
carrier tape about a core’to’forma roll. In anothe 'no ,
of pockets ‘and the rows of aligned apertures withinjéach pocket are

oriented generally parallel to the |ongitudinal dirgclloR—oF=t
tape, as shown in FIG 9.

(A) a plurality of arranged apertures formed
therein and adapted for receipt of and engage-
ment with each of the pins of the components,
said bottom wall portion having at least as

many apertures as the component has pins, and

(B) two spaced rib pornons formed in said bot-
tom wall and projecting away from said strip
portion for a distance greater than the length
of the pins to protect the pins of the compo-
nent,

(c) a plurality of electronic through-hole compo-
nents disposed within said pockets, each com-
ponent havmg a body including a plurality of
arranged pins projecting from the body, each
of the pins having a downwardly extending
terminal end, said components sdapted for
carriage within said pockets with said pins
disposed within said apertures to form a

~ loaded carrier tape and to enable dehvery of
said components by said loaded carrier tape as
said loaded carrier tape is advanced by the
mechanism; and

(d) 2 core around which said loaded carrier tape is

wound to form a supply roll.

26. The carrier tape of claim 25, wheraneachpocket
contains more than one through-hole component.

Z7. The carrier tape of claim 25, wherein said plural-
ity of pockets includes more than one aligned row of
pockets opening through said top surface.

28. The carrier tape of claim 2§, wherein said aper-
tures are adapted to receive post members projecting
from the component.

29. The carrier tape of claim 25, and further including
a cover strip relmably bonded to said top surface,

30. The carrier tape of claim 25, wherein said-carrier
tape is electrically dzss:pauve.
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‘Bottomwal | portion 112 al so includes two spaced rib
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CARRIER TAPE FOR ELECTRONIC THROUGH-HOLE COMPONENTS

ABSTRACT

The present invention relates to a carrier tape for sup-
plying electronic through-hole components seriatim to
a machine. In one embodiment, the tape includes a plu-
rality of aligned pockets each including two paraliel
rows of aligned spertures formed in the bottom wall
portion of each pocket and adapted to grip the pins of
the electronic components inserted therein to retain the
components within the pockets.

FIGURE 7 1 15 DEC w9




portions 132 and 134 forned thereln and prOJectlng downwardly, as shown in-
FIG 8.» The desired-height of rib portions 132 and 134 depends upon the
| ength of the through-hol e conponent pins, and shoul d generally be of a

hei ght greater ettHaeBdeengﬂabedof the pins to prot Qi d TE=E f rom damage
during shi pping he carrier tape may S ' ' form
whi ch pres- .ent yers I n stacked rel at in FIG
8. Rib portions 132 an stance pin

bel ow, and t hereby reduce
adj a- cent layers. The




one rib portion, or could include several spa ' ortions that act as
|l egs to nmaintain a space between the pins and HiB SHREf ar surface

bel ow t he pins;—such as anot her |ayer of the karri EPE : fftfher possi -
S hal f 4di sk shaped

bl'e configurationgi s fHbgwAREPcEd G 10, which in
rib portions:-1 t he pins .of through-hole co nt 120,
whi ch may al so%ﬂﬂlﬂ‘“ﬂlﬂi ng the Ipaded carrier tape about a core to
forma roll. I n carrier tape of the presegginvention is

made by thernoform ng pockets in a sheet_of polyneric }me ial, formng
advancenent hol es and apertures in Sl 5 _
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the carrier tape by—EﬁﬁEﬁTﬁﬁf_Eﬁa“ﬁrnding the carrier tape onto a core to
forma roll, as showsSikelRgBlehRhideyy iN FIG 11 and described further

herei nafter. A poly- 00 is providedy/~uwhi ch polyneric sheet may
be made from many dﬂﬂﬂ&mﬂﬂmal s i ncl uding, lﬂf&g . imted to

pol yester, polycarb . yl ene, styreng, PV Myl chloride),
ABS (acrylonitrile- butadi ene-styrene qppolynerS' S-Q N

In the preferred enbodi ment, polynmeric Sheet 200 is el €

di ssipative, and includes an electrically conductive material; ch as
carbon bl ack, which isergr SPeT S¢ hin the material conpri-sing

% e




13 pol ymeric sheet, or 'is coated on the carder tape after
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t he tape is formed. The electrically conductive material allows an applied
electric charge to dissipate through- out the carder tape and _preferably to

the ground. This feature may prevent danage gﬁ@%ﬁ con- tained
within the carrier tape due to an applied stjaREPLAS i arjge.

Pol ynmeric sheet 200 is provided, either in rjpl sheet {foy m by
continuous injection nolding, or by extrusioh, and¥qgﬂYQU§h t ol heat i ng
means 202, where polyneric sheet 200 is heatpd|sufficiently }olpernit

t hernof orm ng. The tenperature to which the
heat ed 'vari es over a broagd 3




(ie. 200[err] 370[err] F.) depending on the uge—antd et eri al that
- is being thernoforned. Fol | owi'ng heati ng, IREPMGEMEﬁgﬁgﬁi 5t her no-

formed by a die or dies 204 that shape the ppclet—tT™TONTOornite the maxi num
si ze of the through-hole com ponent to be céar ieﬂqt{mﬁe‘ggg he die may be

opposed mal e and femal e dies 204 that étarrp hg sheet materigl {to nold the

pockets. The carrier tape pockets coulTd alsolb y vacuym form ng

t he heated sheet material over a male die or finto a femal e di & by ot her

nol di ng means known in the art. The carrier B,%typi cal I%(cool ed after
t her nof or m ng, which can be accom
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ptished by air cooling until the polyneric material solid- ifies. As

- further shown at 206 in FIG" 11," advancenent hol es and apertures are

punched into the pockets, and any excess materil, kn
fromthe edges of the carrier tape to conformt he carlr REPLAGEMENTo SHBBLSt r y
standards. The finished carrier tape is ywaund onto a |co
supply roll for storage until the carrier tape is |lo
Alterna- tively the pockets of the carrier tape may

| oaded tape rolled for inmpediate
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use during a circuit assembly operation. In the preferred enbodi ment, a
cover strip (shown with respect to the prior art at 72_in ELG B).is—ptgced
over the top surface of the carrier tape and rel easabl yﬂpp[mmngTesaEﬁTto
prevent contami nants fromreaching the conponents. The \EL S tfbprth
therefore be peeled away fromthe carrzéer tape in the mann? %‘{r_] |1 |
descri bed before the contents may be~reérpved. © § RUS 18R
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IECHNICAL FIELD :

This invention relates to a carrier tape for REPLACEMENT SHEI
storing electronic components and for supplying those
components seriatim to a machine. | 13 MAg 2997 |

|

BACKGROUN, F E 0]
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, one group of which is known as through-

- hole components. Thréugh—hole components include a body

having a plurality of pins projecting therefrom, which are
adapted to be inserted through a matching number of
apertures on a printed circuit board and soldered on the
reverse side of the circuit board to electrically connect
and secure the component to the circuit board. The pins of
the through-hole component, which are geperally'formed in
at least two aligned rows,; project either downwardly from
the bottom portion of the body, as shown by the component
in Figure 1 and the angled connector in Figure 3, or
outwardly from the side portions of the body for a first
distance and then downwardly for a second distance, as
illustrated by the component shown in Figure 2. Examples
of through-hole components include memory chips,
resistors, connectors, dual in-line processors (DIPS), and
gate arrays. Common to each type of through-hole component
are the downwardly projecting terminal ends of the pins,
which are adapted to be inserted through the aligned
apertures of a printed circuit board. ’

Rather than manually installing and soldering
each individual through-hole component to a circuit board,
the electronics industry makes extensive use of robotic
placement machines, which grasp a component at a specific
location (the supply) and place it at another specific
location (the ci;cuit board) with the pins of the
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ni zati on of Akt?@ﬂ“! Conmponents (M A P.C.) of Qcidental. Calif.
Modi fi cati ons: of escribed process—are al so possible, and incorporat
manuf actur- ing techniques are generally known in the
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of the invBAf ERURH ihe inserts the pins
component through the apertures in the printed circuit

board, where the pins are soldered to the board. To ensure

S
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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.

- One way to provide a continuous supply of
electronic components to a desired location is to attach a
series of such componepts at constant intervals'to a
length of carrier tape. The loaded carrier tape, which is
usually provided inh 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. For example, conventional
carrier tape 10 is shown in combination with robotic
placement machine 24 in Figure 4. Supply roll 12 provides
carrier tape 10 having an aligned plurality of regularly
spaced pockets 14, each of which is loaded with a
component (not shown). As shown in Figures 5 and 6,

conventional carrier tapes generally comprise a lower
portion that carries the component, and a flexible cover
strip. The cover strip aids in preventing foreign matter
from deleteriously affecting the component, and may engage
the lower portion periodically, as shown in Figure 5, or
be releasably bonded to the lower portion, (e.g.
thermally, ultrasonically or adhésively), as shown in
Figure 6. The cover strip is peeled away from the lower
portion just before the robotic placement machine removes
the component from the carrier tape.



- | REFLALENIEIC] OREET | _
certaip opther artlclethaving at | east one pi %dlanps, l'i ght

emttipg|di{BigdAR 1987 pl! pg nenbers or ot her eproi Erkias BUE Riplac carried by
the tabelof the presenf |nvention. Thus, the sc Emﬁm;ﬂ Tﬂlsent I nven-
tion should not be lTmthd by the stre@tures de . but only by
structlures descrjbed by }he | anguage of thelclains'and t he equi val ents of
those structures. Referring again to Figure 4, stripper ass mﬁiy
16 peels cover strip 18 from the carrier tape around )
stripper block 20, which block assists in preventing
stripper assembly 16 from pulling carrier tape 10 away
from its designated path. Carrier tape 10 is advanced by
sprocket 22, which engages advancement holes along at
least one outer edge of carrier tape 10 to advance carrier
tape toward robotic placement machine 24. 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
.with the piﬂs of the component inserted through apertures
in the circuit board. i

An example of a conventional carrier tape for
through-hole components is shown in Figure 5, and is
generally similar in design to the carrier tapes shown in
U.S. Patent Nos. 4,583,641 (Gelzer) and 4,757,895
(Gelzer). Carrier tape 10a includes substrate 30 including
a plurality of holes into which the pins of through-hole
component 32 are inserted, usually manually. The pins

project beyond substrate 30, and it is therefore desirable
to protect the pins from damage. The pins are pressed into
and protected by a foam cushion layer 34, which is
generally the same width and length as substrate 30, and
is thicker than the length of the pins. Cover strip 36 is
periodically attached to substrate 30, and assists in
protecting through-hole components 32 prior to use. An
aligned row of advancement holes formed in substrate 30 is
adapted to receive drive sprockets of an advancement
mechanism for advancing the carrier tape toward a desired
location. )

While having its own utility, the carrier tape
shown in Figure 5 may be undesirable because it is
typically assembled by hand, which is slow and expensive
because it usually requires an extensive commitment of
human resources.for large scale operations. The substrate,
cushion layer, and cover strip configuration is also
relatively difficult to assemble, and the use of such
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packaging is expensive and considered by some to be
wasteful. Furthermore, the component'is not in a sealed
'area, and as a result the component is susceptible to dust
and other airborne contaminants. The illustrated carrier
tape may not include any anti-static capability, and an
electrical charge that is applied to the carrier tape may
be conducted directly to the component, which may damage
the component. Finally, the carrier tape shown in Figure 5
does not protect the through—hole-components mounted
thereon from the application of significant pressure'to
the top of the component. For example, a loaded carrier
tape is typically stored and transported in roll form, and
the through~hole components carried by the carrier tape
described above and located near the core of the roll
could be subjected to compressive forces that would damage
the components. Similarly, the through-hole components at
the outer periphery of the roll could be subjected to
impact that would damage the components.

Another type of carrier tape is shown in Figure
6, and is available from Minnesota Mining and
Manufacturing Company of St. Paul, Minnesota. Carrier tape
10b is a molded polymeric material that includes a strip
portion 50 in which a series of pockets 14b have been
formed to carry through-hole components 52. Each pocket
includes a bottom wall 54 and four side walls 56, and
bottom wall 54 further includes channel 58, which is
~adapted to surround the pins (not shown) projecting from
the underside of the through-hole component. Dividers 60
separate adjacent through-hole components, and assist in
positioning components 52 within pockets 14b. Strip
portion 50 includes two paraIlel rows of advancement holes
62 and 64, which are dimensioned to be engaged by the
teeth of sprocket 66 to convey the carrier tape in
direction 70. A cover tape 72, which is releasably bonded
to strip portion 50, aids in protecting the through-hole
components 52 from airborne contaminants prior to use.

The carrier tape shown in Figure 6, while
overcoming some of the deficiencies of the carrier tape



an advance

of pins
‘carrier

said strip;
al i gned holigs forne
advancens@f '

ForCé&ahﬁietaescﬁnéneaﬁayngoiereuggoﬁarﬁ &Qp;§uéfeserﬁttg Jen

t he
pocket s
right

REPLACEMENT SHEET |
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within the conflnes of pocket 14b, which could damage the

pins of the component, or the component itself. The
carrier tape also does not organize the through-hole
components in the most space efficient manner, which
wastes packaging materials. |

Most importantiy, carrier tapes generally, and
the illustrated carrier tape in particular are not
intended to convey through-hole components of different

sizes. For through-hole components that are 1a:ger than

those that the pocket would usually contain, the pocket
would be too small, which would require a component
packager to stock carrier tapes having larger pockets than
that packager would normally use. This could require that
the packager maintain an increased inventory and incur the
concomitant costs thereof. When smaller through-hole
components are conveyed on a carrier tape that would
normally carry larger components, the smaller components
could rattle within the pocket, which could damage the

' pins of the component. Furthermore, if the component is

small enough, any significant displacement would prevent
the robotic placement machine from locating and grasping’
the component because the component would not be presented
at the precise location that is required for effective

- operation of the robotic placement machine. For example,

the Electronic Industries Association restricts the
maximum allowable rotation of a component in a carrier
tape cavity to no more than 20° with respect to the
carrier tape, and a relatively slight displacement of a
small component could result in an angular rotation that
exceeds the limit established by the E.I.A. The carrier
tape described above, which may tend to permit
translational or rotational movement of smaller
components, is thus disadvantageous because it may not
present each component in the same location as the
previous component.

sai d
erally
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angrovide a carrier tape for through-hole components that
protects the components it conveys, is inexpensive and
space efficient, and that can be_easily.adapted to convey
‘aifferent types and sizes of through-hole components.

SUMMARY OF THE ON

According to the present invention
provided a unitary flexible carrier tape for
seriatim delivery of electronic through-hole
an advancement mechanism. Each component has
a plurality of pins projecting from the body

there is
storage and
components by
a body having
and arranged

séld S|de

in two parallel rows. The carrier tape includes a strip
portion defining a top surface, the strip portion
including laterally spaced, parallel rows of aligned holes
formed in the top surface for engagement with the
advancement mechanism, and a plurality of aligned pockets
spaced along the carrier tape and opening through the top
surface. The pockets each include four side wall portions
each at generally right angles with respect to each
adjacent wall portion, the side wall portions adjoining
and extending downwardly from the top surface of the strip
portion, and a bottom wall portion adjoining the side wall
portions to form the pocket. The bottom wall portion has
two parallel rows of aligned apertures formed therein,
which are adapted for receipt of and engagement with each
of the pins of the components, the rows having at least as
many apertures as the component has pins, and two spaced
rib portions formed in the bottom wall and projecting away’
from the strip portion for a distance greater than the
length of the pins to protect the pins of the component.
In another embodiment, the present invention

also provides for a carrier tape as generally described

) above, but having a plurality of arranged apertures formed
in the base wall portion, which are adapted to retain the

* pins of a through-hole component having an arranged

plurality of pins. Also provided is a carrier tape having
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Other embodiments of the carrier tape of the
present invention include a carrier tape having pockets
adapted to carry more than one component in each pocket, a
carrier tape having a plurality of rows of pockets, a
carrier tape having a cover strip, and a carrier tape that
is electrically dissipative.

BRIEF DESCRIPTION OF G

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:

Figures 1 and 2 are perspective views of
conventional through-hole components;

Figure 3 is a perspective view of an angled
through-hole connector;

Figure 4 is a schematic represehtation.of a
carrier tape being supplied to a robotic placement
machine;

Figure 5 is a perspective view of a carrier tape
of the prior art;

Figure 6 is a perspective view of a carrier tape
of the prior art;

Figure 7 is a perspective view of one embodiment
of a carrier tape according to the present invention;

Figure 8 is a sectional view of two stacked
layers of the carrier tape of the present invention;

Figure 9 is a perspective view of a second
embodiment of a carrier tape according to the present
invention; )

| Figure 10 is a perspective view of a third
embodiment of a carrier tape according to the present
inventiqn; and
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Figure 11 is a schematic diagram of a method for
producing the carrier tape of the present invention.

DETAILED SCR ON . .

The present invention relates broadly to a
carrier tape having a plurality of pockets formed therein,
each of which includes an array of apertures formed in the
bottom wall thereof to retain the pins of through-hole
components positioned therein. Through-hole components
refer broadly to electronic components having a body
including a plurality of aligned pins having downwardly
projecting terminal ends which are adapted to be inserted
through the apertures of a printed circuit board. Although
the term "through-hole component" will be used herein to
refer primarily to cohponents that are later connected to
a circuit board, it should be understood that any articles
having projecting leads, pins, wires, or the like (e.dq.
small light bulbs, thermocouples, male plug members, and
thermistors) are also contemplated. Similarly, although
the through-hole components described herein typically

include a plurality of aligned pins that include
downwardly projecting terminal ends, components hav1ng
pins including terminal ends that project substantially
downwardly are also included within the scope of the
present invention. '

Referring specifically to Figure 7, there is
shown a unitary flexible carrier tape 100, which is
generally self-supporting, having a strip portion 102
defining a top surface. Strip portion 102 includes at
least one, and preferably two rows of aligned advancement
holes 104 and 106 formed therein, which holes are adapted
for engagement with an advancement mechanism (shown with
respect to the prior art in Figure 6). 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 through-hole cﬂmﬂﬂpﬁﬂﬁﬂﬁaﬂ'SHEET
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may also be varied to accommodate different types of
advancement mechanisms. In one embodiment, the holes
measure on the order of 1.55 mm. (.061") in diameter and
are regularly spaced at a distance of approximately 4 wmm.
(-16") on center.

Pockets 114 are formed in and spaced along strip
portion 102 in one or more aligned rows, as shown in
Figures 7 and 9. In the illustrated embodiments, each
pocket includes four side wall portions 110 each at
generally right angles with respect to each adjacent wall
portion. Side wall portions 110 join and extend downwardly
from the top surface of the strip portion, and join bottom
wall portion 112 to form pocket 114. Each wall portion may
also be formed with a slight draft (i.e. a 2° to 12° slant
toward the center of the pocket) in order to help prevent
stacked layers of empty carrier tape from nestiﬁg
together, which may make separation of adjacent layers
difficult. It is also within the range of-equivalente of
the present invention to provide a pocket having more or
less wall portions than the four that are shown with
reference to the preferred embodiment (e.g. a circular
pocket having only one wall portion, or a triangular
pocket having three wall portions). Bottom wall portion
112 is generally planar, and parallel to the plane of
strip portion 102, and includes one or more rib portions
extending from the bottom of pocket 114 to protect the
pins of the component, as shown in Figure 8 and described
hereinbelow. In the preferred embodiment, the pocket is
designed to conform to the profile of the component, in
order .to position the component more precisely within the
pocket. o _
‘As shown generally in Figure 9, pockets 114 may
be formed in more than one row that extends longitudinally
of carrier tape 100’. Although Figure 9 illustrates each
pocket oriented parallel to the longitudinal axis of ‘the. .
tape, pockets 114 could also be oriented transverse to the
longitudinal axis of the tape, as shown generally in
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it is within the scope of the present 1nvention to provzde
more than one row of pockets along the length of the tape.
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.

" The electronic through-hole components are
maintained in position within pockets 114 by insertion of
each pin through an aperture, which apertures 108 are
formed in bottom wall portion 112. Although apertures of
many different sizes and patterns may be formed, they are
shown in the illustrated embodiment as two parallel rows
of aligned apertures. It should be understood, however,
that the apertures could instead be organized in any other
pattern, or may comprise just one aperturé, depending on
the through-hole component to be carried by the carrier

' tape. Additionally, some components include one or more
post members, shown at 1 in Figure 1, that extend
downwardly from the component body, and are adapted to be
retained within a hole of a circuit board after the
circuit board is assembled. Apertures 108 of the present
invention may also be sized and positioned to receive post
member 1 in the aperture, to further assist in retaining
the component within the pocket. _

The number of apertures in each pocket is
preferably equal to or greater than the number of pins of
the largest through-hole coﬁpénent'that is to be conveyed.
As shown in Figure 7, aperturés 108 are preferably
arranged in two parallel aligned rows, for retaining the
pins of one or more through-hole components héving two
parallel rows of pins. By providing a number of apertures
that is equal to or greater than the number of pins of the
largest component to be carried, two advantageous features
of the present invention are provided. First, components
having an array of fewer pins, which pins are sized and
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or each may be offset toward one side of carrier tape 100,

as shown at 122. This allows a single size of carrier tape

to be stocked and used by electronic component packagers

for a variety of sizes of through-hole components, thereby

reducing the need for stbcking a different size carrier

tape for each size of component.

A second advantageous feature is that multiple
components may be conveyed within a single pocket, so long

as each component has pins that are sized and spaced to

match the size and pattern of the apertures. For example,
two or more of through-hole components may be conveyed in
adjacent relationship, as shown at 120 in Figure 7. If
carrier tape 100 includes more than one row of aligned
pockets, as shown in Figgre 9, each pocket may carry two
or more components as well, depending on the dimensions of
the carrier tape and of the components.

In the preferred embodiment, means are provided
for mechanically engaging pins 130 when they are disposed
within apertures 108, in order to prevent accidental
removal of the pins from the apertures. Engaging means
preferably comprises slightly undersizing apertures 108 to
induce mechanical engagement between the pin and the wall
of the aperture. In this embodiment, the apertures should
not be undersized to the point where pins may be bent
during insertion into the apertures, but.a pin measuring
0.76 mm (0.030") in diameter has been retained by an
aperture measuring 0.75 mm (0.0295") without significant
difficulty during insertion. The engaging means could also
comprise forming apertures 108 so as to leave a burr
attached to the aperture, which burr would tend to
mechanically engage the pins of the thréugh-hole
component, as well as other means known in the ért.

"~ In the preferred embodiment, the roﬁs of pockets
and the rows of apertures within each pocket are oriented
generally perpendicularly to the longitudinal direction of
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coiling the loaded carrier tape about a core to form a
roll. In another embodiment, the rows of pockets and the
rows of aligned apertures within each pocket are oriented
generally parallel to the longitudinal direction of the
carrier tape, as shown in Figure 9.

Bottom wall portion 112 also includes two spaced

rib portions 132 and 134 formed therein and projecting
downwardly, as shown in Figure 8. The desired height of
rib portions 132 and 134 depends upon the length of the
through-hole component pins, and should generally be of a
height greater than the length of the pins to protect the
pins from damage during shipping and storage. The carrier
tape may be provided in roll form, which presents
successive layers in stacked relationship as shown in
Figure 8. Rib portions 132 and 134 distance pins 130 from
the carrier tape layer below, and thereby reduce or
prevent the risk of damage due to contact with adjacent
layers. The rib portions could be combined into one rib
portion, or could include several spaced rib portions that
act as legs to maintain a space between the pins and any
generally planar surface below the pins, such as another
layer of the carrier tape. Another possible configuration
is shown in Figure 10, which includes two half-disk shaped
rib portions 132a that protect the pins of through-hole
component 120, which may also facilitate coiling the
loaded carrier tape about a core to form a roll.

In general, the carrier tape of the present
invention is made by thermoforhing pockets in a sheet of
polymeric material, forming advancement holes and
apertures in the carrier tape by punching, and winding the
carrier tape onto a core to form a roli; as shown '
schematically in Figure 11 and described further
hereinafter. A polymeric sheet 200 is provided, which
polymeric sheet may be made from many different materials
including, but not limited to polyester, polycarbonate,
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polypropyliene, styrene, PVC (polyvinylchlofide), ABS
(acrylonitrile-butadiene-styrene copolymers) copolymers,
"and the like. In the preferred embodiment, polymeric sheet
200 is electrically dissipative, and includes an
electrically conductive material, such as carbon black,
which is either interspersed within the material
"comprising the polymeric sheet, or is coated on the
carrier'tape after the tape is formed. The electrically
conductive material allows an applied electric charge to
dissipaté 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
applied static electric charge. |

Polymeric sheet 200 is provided, either in roll
form, sheet form, by continuous injection molding, or by
extrusion, and conveyed to heating means 202, where
polymeric sheet 200 is hégted sufficiently to permit
thermoforming. The temperature to which the polymeric
sheet must be heated varies over a broad range (i.e. 200~
370°F) depending on the gauge and type of material that is
being thermoformed. '

Following heating, the sheet member is
thermoformed by a die or dies 204 that shape the pocket to
conform to the maximum size of the through-hole component
to be carried therein. The die may be opposed male and
female dies 204 that stamp the sheet material to mold the
pockets. The carrier tape pockets could also be formed by
vacuum forming the heated sheet material over a male die
or into a female die, or by other molding means known in
the art. The carrier tape is typically cooled after
thermoforming, which can be accomplished by air cooling
~until the polymeric material solidifies.

As further shown at 206 in Figure 11,
advancement holes and apertures are punched into the
pockets, and any excess material, known as weed, is cut
from the edges of the carrier tape to conform the carrier
tape to'industry standards. The finished carrier tape is
wound onto a core 208 to form a supply roll for storage

LT
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Alternatively the pockets of the carrier tape may be —

loaded with through-~hole components immediately after the ?Essg

tape is formed, and the loaded tape rolled for immediate — 5

use during a circuit assembly operation. In the preferred !E!!g'

embodiment, a cover strip (shown with respect to the prior
art at 72 in Figure 6) is placed over the top surface of
the carrier tape and releasably bonded thereto to prevent
contaminants from reaching the components. The cover strip
must therefore be peeled away from the carrier tape in the
manner earlier described before the contents may be
removed.
The process described above may be practiced in
a variety of ways, for example by using a modified version
of a machine such as an ETM 320 or an ETF 278B embossing
and taping mechanism available from ARCOTRONICS MECCANICA
of Italy, or from Mechanization of Active and Passive
Components (M.A.P.C.) of Occidental, California.
Modifications of the described process are also possible,
. and incorporate manufacturing techniques are generally

known in the art.

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 example, certain
other articles having at least one pin member, such as
lamps, light emitting diodes, male plug members or other
products could be carried by the tape of the present
invention. Thus, the scope of the present invention should
not be limited by the structures described herein, but
only by structures described by the language of the claims
and the equivalents of those structures.

#
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1. A ﬁnitary flexible carrier tape (100) for storage and
seriatim delivery of electronic through-hole
components (120) by an advancement mechanism (22),
each component having a body having a plurality of
pins projecting from the body and arranged in two
parallel rows, the carrier tape comprising: _
(a) a strip portion (102) defining a top surface,

said strip portion including at least one row
(104) of aligned holes formed in said top surface
for engagement with the advancement mechanism;
(b) a plurality of aligned pockets (114) spaced along
the carrier tape and opening through said top
surface, said pockets each including
(i) four side wall portions (110) each at gener-
ally right angles with respect to each
adjacent wall portioﬁ, said side wall por-
tions adjoining and extending downwardly
from said top surface of said strip portion,
and
(ii) a bottom wall portion (112) adjoining said
side wall portions to form the pocket, said
bottom wall portion having
(A) two parallel rows of aligned apertures
(108) formed therein and adapted for
receipt of and engagement with each of
" the pins one of the components, said
rows having at least as many apertures
as the component has pins, and
(B) two spaced rib portions.(132,134) formed
in said bottom wall and projecting away
from said strip portion for a distance
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2. The carrier tape of claim 1, characterized in that
each pocket (114) is adapted to carry more than one
component (120) therein.

greater than the length of the pins to
protect the pins of the component.

3. The carrier tape of claim 1 or 2, characterized in
that said plurality of pockets (114) includes more
than one aligned row of pockets.opening through said
top surface. '

4. The carrier tape of claim 3, characterized in that
said rows of pockets extend generally parallel to the
longitudinal direction of the carrier tape.

5. The carrier tape of any one of claims 1 to 4, charac-
terized in that said apertures (108) are adapted to
receive post members (1) projecting from the com-
ponent.

6. The carrier tape of any one of claims 1 to 5, charac-

terized by a cover strip (72) releasably bonded to
said top surface.

7. The carrier tape of any one of claims 1 to 6, charac-
terized in that said carrier tape is electrically
dissipative.

8. The carrier tape of any one of claims 1 to 7, charac-
terized by means for mechanically engaging the pins of
the electronic components when the pins are disposed
within said apertures.
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Savanoed By ﬁ%ﬁ%ﬁt%@ﬁ@eﬁfﬁé%ai@?@ra&ﬁé' f100) £dPanesL e dRE tape is
: seriatim delivery of electronic through-hcle com-
ponents (120) by an advancement mechanism, each
component having a body including a 'plurality of
arranged pins projecting substantially downwardly from
the body, the carrier tape comprising:

(a) a strip portion (102) defining a top surface,
said strip portion including at least one row of
aligned holes formed therein for engagement with
the advancement mechanism;

(b) a piurality of aligned pockets (114) spaced along
the carrier tape and opening through said top
surface,.said pockets each including
(i) at least one wall portion (110) adjoining

and extending downwardly from said top

surface of 'said strip portion, and

(ii) a bottom wall portion (112) adjoining said

side wall portions to form the pocket, said

bottom wall portion having

(A) a plurality of arranged apertures (108)
formed therein and adapted for receipt
of each of the pins of the componenté,
said bottom wall portion having at least
as many apertures as the component has
pins, and

(B) at least one rib portion (132) formed in
said bottom wall and projecting away
from said strip portion for a distance
greater than the length of the pins to
protect the pins of the component.
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The carrier tape of claim 9, characterized in that
each pocket (114) is adapted to carry more than one
component (120) therein.

The carrier tape of claim 9 or 10, characterized in
that said plurality of pockets (114) includes more

than one aligned row of pockets opening through said
top surface.

The carrier tape of any one of claims 9 to 11,
characterized in that the pins of the component are
arranged in two parallel rows.

The carrier tape of any one of claims 9 to 12,
characterized in that said apertures are adapted to
receive post members (1) projecting from the com-
ponent.

The carrier tape of any one of claims 9 to 13,
characterized by a cover strip (72) releasably bonded
to said top surface.

The carrier tape of any one of claims 9 to 14,
characterized in that said carrier tape is electri-
cally dissipative.

The carrier tape of any one of claims 9 to 15,
characterized by means for mechanically engaging the
pins of the electronic components when the pins are
disposed within said apertures.
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advancement by a mechanism (22), the carrier tape
comprising:
'(a) a strip portion (102) deflnlng a top surface,
said strip portion including at least one row
(104) of aligned holes formed therein for engage~
ment. with the advancement mechanism;
a plurality of aligned pockets (114) spaced along
the carrier tape and opening through said top
surface, said pockets each including
four side wall portions (110) each at gener~
ally right angles with respect to each
adjacent side wall portion, said side wall
portions adjoining and extending downwardly
from said top surface of said strip portiop,

(b)

(1)

(ii)

and

a bottom wall portion (112) adjoining sais
side wall portions to form the pocket, saig
bottom wall portion having

(R)

(B)

a plurality of arranged apertures (10¢g,
formed therein and adapted for receips
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greater than the length of the pins <.
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(c) a plurality of electronic through-hole componenz:
disposed within said pockets, each cosn-
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a cover _strip rel easably bonded to said top surfacé““?ST-Ihe_caLLLELQtape
of cl ai,p 17, wherei-a—sai-d carrier tape is electrlcalljylls 'SS|pat|ve

‘The ca E'Imumgmum im17, and further including n Bmckhﬂf&@al |y
engag| ﬁ”ﬂe elec- troni c conponents when | sposed
within said aper"t ufes* ., A um Rary flexible carri ’Ed for
ad- vancenent by a nechanlsn1 the carrier tape conpris- |ng (a) strip
portion defining a top surface, said strip portion including opposed,

paral l el rows of al i gned
arranged pins projecting from the body, each of

the pins having a downwardly extending terminal
end, said components adapted for carriage within
said pockets with said pins disposed within said
apertures to form a loaded carrier tape and to
enable delivery'df said components by said loaded
carrier tape as said loaded carrier tape is
advanced by the mechanism.

18. The carrier tape of claim 17, characterized in that
each pocket (114) contains more than one through-hole
component (120).

19. The carrier tape of claim 17 or 18, characterized in
that said plurality of pockets (114) includes more
than one aligned row of pockets openlng through said
top surface.

20. The carrier tape of any one of claims 17 to 19,
characterized in that the pins of the component (120)
are arranged in two parallel rows.

21. The carrier tape of any one of c¢laims 17 to 20,
characterized in that said apertures are adapted to
receive post members (1) projecting from the com-
ponent.

22. The carrier tape of any one of claims 17 to 21,
characterized by a cover strip (72) releasably bonded
to said top surface.
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characterized in that said carrier tape is electri-
cally dissipative.

24. The carrier tape of any one of claims 17 to 23,
characterized by means for mechanically engaging the
pins of the electronic components when the pins are
"disposed within said apertures.

25. A unitary flexible carrier tape (100) adapted for
advancement by a mechanism (22), the carrier tape
comprising:

(a) a strip portion (102) defining a top surface,
said strip portion including at least one row
(1045 of aligned holes formed therein for engage-
ment with the advancemet mechanism;

(b) a plurality of aligned pockets (114) spaced along
the carrier tape and opening through said top
surface, said pockets each including
(i) four side wall portions (110) each at gener-

ally right angles with respect to each
adjacent side wall portion, said side wall
portions adjoining and extending downwardly
from said top surface of said strip portion,
and
(ii) a bottom wall portion (112) adjoining said
side wall portions to form the pocket, said
bottom wall portion having
() a plurality of arranged apertures (108)
formed therein and adapted for receipt
of and engagement with each of the pins
of the components, said bottom wall
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27.

28.
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portion having at least as many aper-
tures as the component has pins, and
(B) two spaced rib portions (132,134) formed
in said bottom wall and projecting away
from said strip portion for a distance
greater than the length of the pins to
protect the pins of the component,

(c) a plurality of electronic through-hole components
(120) disposed within said pockets, each com-
ponent having a body including a plurality of
arranged pins projecting from the body, each of
the pins having a downwardly extending terminal
end, said components adapted for carriage within
said pockets with said pins disposed within said
apertures to form a loaded carrier tape and to
enable delivery of said components by said loaded
carrier tape as said loaded carrier tape is
advanced by the mechanism; and

(d) a core (12) around which said loaded carrier tape
is wound to form a supply roll.

The carrier tape of claim 25, characterized in that
each pocket (114) contains more than one through-hole
component (120).

The carrier tape of claim 25 or 26, characterized in
that said plurality of pockets (114) includes more
than one aligned row of pockets opening through said
top surface.

The carrier tape of any one of claims 25 to 27,
characterized in that said apertures are adapted to
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(A) a plurality of arranged apertures forned t herein and adapted

for recei pt of and engage- ment with each of the pins-of-the
conponents, m wal | portion having at |east _as laced
many aperture uﬂm \!Eﬂ!@ﬁm t has pins, and (B) two en Replace
portions for tomwal | and projecting: ‘ “;Eu“\
strip portion for a dlstan greater than the |ength

pins to protect the pins of the co%%

receive post members (1) projecting from the com-
ponent.

29. The carrier tape of any one of claims 25 to 28,
characterized by a cover strip (72) releasably bonded
to said top surface.

- 30. The carrier tape of any one of claims 25 to 29,
characterized in that said carrier tape is electri-
cally dissipative.
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a cover.strip releasably bonded to said top surface. 30. The carrier tape
of cl ai migss chrrier tape is electrlm
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