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The present invention relates génerally to
5 carrier tapes of the type used to transport cqmponents
from a coﬁponent.manufacturer to a different manufacturer
that assembles the components into new products.

Background Art

10 The art is replete with carrier tapes that are
used to transport components (e.g. torsion springs, leaf
springs, or electronic or electrical components such.as
resistors, flatpacks, capacitors, or integrated:circuits)
from a component manufacturer to a different manufacturer

15 that assembles the components into néw products,
typically by having automated assembly equipment
sequentially remove components from the carrier tape and
subsequently use them in the assembly of the new
products.

20 One type of carrier tape may comprise a
polymeric strip that has been formed to have wall
portions defining a series of identical pockets at
predetermined uniformly spaced intervals along its
length,' which pockets are shaped to closely receive

: 25 identical components that are adapted to be transported
by the tape. For example, the pockets may comprise
rectangular or generally "I" or "T" shapes in the plane
of the strip, and may have flat or rounded bottoms to
accommodate the shape of the components. _ .

30 The tape strips normally have through openings
uniformly spaced along each side to receive drive
sprockets by which the strip can be driven and to provide
indexing holes that can be used for accurately locating
pockets along thé tape with respect to assembly

35 equipment. The strips also typically have through
apertures along middle portions of each of the pockets to
provide a hole that can be used by the assembly equipment
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sprock- reference) and transported to the supplier of the
components that it is intended to transport. The

component supplier unwinds the carrier tape from the

10 reel, fills the pockets along the carrier tape with
components, adheres a removable cover strip along the
carrier tape over the component filled pockets, winds the
component filled carrier tape with the attached cover
strip onto a reel, and transports it to the user who

15 feeds it from the reel into the assembly equipment which
removes the components.

While such carrier tape can be formed by
continuous injection molding, it is more commonly formed
from an initially flat polymeric heated thermoplastic

20 strip using a tool to form the pockets (e.g., male and
female die sets, or a male or a female die over which the
strip is vacuum formed).

Existing tape carriers encounter problems when
they present their carried articles to automated assembly

25 equipment. Maintaining a precise orientation of the
carried article relative to the carrier tape is an
important element in carrier tape performance. The tape
carriers of the prior art tend to allow a misalignment or |
"shifting® of the orientation of the carried article

30 within the pockets of the.carrier tape. The misalignment
may be described as a displacement in an X-Y plane or may
be described as an angular displacement and may be caused
by a variety of phenomenon such as vibration during

"shipping. Such a m]’.salignment of the orientation of the

35 article within the pocket may cause the automated

assemble equipment (used to construct the new product) to
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|ncorporated by refer- 1n applications which require that a component

be precisely located on a printed circuit board, the
5 automated assembly equipment may include optical scanner

mechanisms which are adapted to determine the orientation

of the components with respect to the rest of the

assembly equipment. Optical scanner mechanisms, however,

are costly and require additional time during the
10 assembly process.

One example of a component that may be carried
by the carrier tape is a flatpack (i.e. gull wing,
J-bend, and flying lead flatpacks) which includes a body
and at least one connector pin or "lead" which affords

15 connection of the component to an electrical circuit in
the new. product to be assembled by the assembly
equipment. For example, a flatpack may comprise a
rectangular shaped body having side walls defining
corners, top and bottom walls and a plurality of leads

20 which are spaced from the corners and which project
generally normally away from the side walls and extend
below the bottom wall.

Existing carrier tape encounters problems in
protecting the carrier components. Generally, the

25 components carried by the carrier tape are extremely
sensitive and fragile and should be protected from
mechanical damage from bending, fracturing, deflecting,
breaking or other distortions in their original shape.
Frictional wear is also a problem with the fragile leads.

30 It is believed that leads may be damaged by even slight
collisions with the structure of the tape, particularly
when the electronic component is removed from the pocket.
The three 1leads which extend the farthest below the
pottom wall (i.e. the bottom three leads) define a lowest

35 plane. In many applications, the remaining leads of the
component should not be spaced more than 0.004 inches
(0.1 mm) from this lowest plane. If a lead is spaced
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disclosed in PCT International Application, International
Publication Number WO 90/04915 assigned to Reel services

10 Limited, GB. That carrier tape comprises a plurality of
spaced walls defining identical pockets having projecting
portions including rectilinearly extending separated
portions and ridges which are aligned with ‘the walls
defining the pocket. The electrical component rests on

15 the projecting portions until it is removed by a vacuum
pick-up. Due to their close proximity relative to the
leads of the electronic component, the projecting
portions and ridges offer potential contact points with
the leads, thereby increasing the potential for damage to

20 the leads resulting from contact with the structure of
the carrier tape. Additionally, when the component is
lifted from the projecting portions,'it sometimes tends
to rotate relative to the bottom wall of the pocket.
Such rotation of the electronic component is believed to

25 expose the leads to damage such as bending due to contact
with the projecting portions. Any rotation of the
componenﬁ with respect to the carrier tape may result in
a misalignment of the component on the new workpiece, an
undesirable result. . .

30 Electrostatic damage (ESD) is another problem
associated with existing‘carrier tapes. Triboelectric
charges may exist on the component prior to its being
placed into the carrier tape, or may build on the
component if its fit within the pocket is overly loose

35 and thus permits the body of the component to rub against
the tape structure and/or the affixed cover tape strip.
At some time during the use of the carrier tape,
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the resultant change in voltage divided by the change in
time (AV/At) across the dielectric layer exceeds the
breakdown voltage of the dielectric material thereby
10 causing its perforation. In some components, this
damaging voltage differential may be as low as 50 volts
or less. Carrier tapes for these types of components
will thus have a surface resistance of greater than 10E04
and less than 10El12 (OHMS/square) and a concomitant
15 volume resistivity of greater than 10E03 and less than
10E11 (OHM-CM).
Disclosure of the Invention
The present invention provides component
carrier tape of the type described above that is
20 particularly suitable to transport components from a
component supplier to a user that assembles the
components into new products (such as but not limited to
a computer), which carrier tape protects the component
from damage from mechanical or electrostatic forces such
25 as the forces encountered during transportation. The
component carrier tape of the present invention is
particularly suitable for protecting an electrical
component comprising a rectangular shaped body having
side walls defining corners, top and bottom walls and a
30 plurality of leads spaced from the corners and which
project generally normaliy away from the side walls and
extend below the bottom wall, since the carrier tape
minimizes the structure of the tape in proximity to the

-

leads.
35 The carrier tape of the present invention

provides a tape strip which maintains the desired
orientation of the component with respect to the tape
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are extrenel yyu$86h hiN¢m32ds potential contact points between the tape
5 structure and the leads of an electronic component to

reduce frictional wear, which protects the leads of an

electronic component from damage due to mechanical

deflection or distortion and electrical static discharge,

which affords orderly removal of the carried component

10 from the tape pocket by automated or robotic assembly
mechanisms which include a vacuum pick-up, and which
deters rotation of the component with respect to the
bottom wall of the pocket during the removal of the
component from the pocket.

15 According to the present invention there is
provided a unitary flexible carrier tape comprising a
strip like portion defining a top surface for the tape,
and wall portions defining a  plurality of
similarly-shaped pockets spaced along the tape and

20 opening through the top surface. The wall portions
include bottom wall portions, side wall portions
extending between the strlp like portion and the bottom
wall portions. The bottom wall portions include distal
parts spaced from the top surface of the tape. The side

25 wall portions include longitudinal parts extending
between the top surface of the tape and the distal parts.
The side wall portions also include castellation parts
having portions inset from the longitudinal parts and
having engagement surfaces adapted to engage surfaces of

30 a carried component to retain that component in a
desired, predetermined orientation.

The bottom wall portions may optionally include
embossed parts projecting above the distal parts and
having abutment surfaces spaced above the distal parts.

35 When the embossed parts are included, the engagement
surfaces of the castellation parts are generally located
above the abutment surfaces. |



fraglle @mgs LQ ge tected from mechani cal dam age from bendi ng,
fracturlng klng or other distortions in their origina
shape. Fri also a problemwith the fragile leads. It is
bel i eved t e damaged by even slight collisions with the

structure of t he tape, partlcularly when % ke el ectronic conponent is
renoved fromthe pocket. The three | eads which extend the farthest bel ow
the bottomwall (i.e. thecbndﬁngltbrenelembeﬁidehtnefachnméer tkaeeofl n

ny applicatj s be
ggagedpﬁDLe t HQ Br%ggnlnc h%%o %%% omes?gé} gHLﬂ%BQEYead is
spaced fart he?h? he@P (ﬁW¢¢m¢i’é§he (ﬁhmm gqfd;m apltepeplanen ahd tbad may
not be connec&sgtémaefoﬁl [ﬁ“aékes OfabifigP'd n&%s@- ectiioh bﬂguc Hd' Etagt new

product circuit on the pri dcircult boar In the neM/g resufting

in a def ecti vR13a% ‘Eﬁ%‘au’cﬁ genemal f ("W'Ss shapes @il kheapptsem gfethadapt ed
to pro- tect 'EW'ECthﬁﬁzls Cﬁ@.&ﬂfn{:ﬁe Ql%ldsllé? SPPEohs BiES S ePobRePET

| nt er nat i onal g% ﬁatlgn t er nati onal I%ngca- tion Number VE)90/04915
assi gned t o Ehe ptment surfaces comprise four irregular hexagonal
shaped surfaces having an axis about which the hexagonal
shaped surface is symmetrical, and the abutment surfaces
10 form "X" shapes in the bottom portions of the tape with
the axes of adjacent abutment surfaces intersecting at
the middle portions.
According to another embodiment: of the
invention each of the pockets have at least one of the
15 castellation parts with a cross-section in the top plane
that has a chamfered portion with the chamfered portion
facing the middle portion of the pocket, and the abutment
surfaces comprise annulus shaped surfaces.
According to yet another embodiment of the
20 invention, the embossed parts are omitted affording
abutment between the bottom wall portion of the tape and
the bottom surface of the body of the component. This
embodiment is particularly suitable for trénsporting a
flip-chip or other component having sensitive, fragile
25 portions projecting up and away from the body of the
component.
Brief Descriptio the ings
The present invention will be further
described with reference to the accompanying drawing
30 wherein like reference numerals refer to like parts in
the several views, and wherein:

FIG. 1 is a fragmentary top view of a first

embodiment of a carrier tape according to the present

35 invention showing the carrier tape carrying an electronic
component;



pe conprises a plurality of spaced wal | s

rectlllnear
with the

leted
defining @Sheﬂ milggern % aC(Exfewlavi ng project- ing portions including

| eads, thereby i ncreaS|n otential for danage to the

from contact N¥helRs tﬁ pnepk of FIG. taken approximate

carrier tape.aﬁdﬂgtlmﬁagly,zwbgnpthe agnponent is lifted

he pocket The el ectrical conponent

eparated portions and ridges which are aligned

rests on the
projecting portions until it is renoved ky & vacuum pick-up. Due to their
close proximty relative to the | eads of the el ectronic conponent,
proj ecting por- tions aﬁic;rl dgsg af keetRehant vakwCof! ek @Qrﬂtiérwthbet he

| eads r

t he

%S&|tlng

10

15

20

25

30

35

FIG. 3 is a fragmentary side view; partially in
section of a reel having the carrier tape of the present

invention helically wound thereon;

FIG. 4 schematically illustrates the removal of
an electrical component from the carrier tape of the
present invention by automated assembly equipment;

FIG. 5 is a fragmentary top view of a second
embodiment of a surface mount carrier tape according to

the present invention;

FIG. 6 is a sectional view of the carrier tape
and electronic component of FIG. 5 taken approximately
along lines 6-6 of FIG. 5;

FIG. 7 is a perspective view illustrating the
placement of an electrical component on a printed circuit
board of a new product after the component has been
removed from the carrier tape of the present invention;

FIG. 8 is a fragmentary top view of a third
embodiment of a surface mount carrier tape according to

the present invention; and

FIG. 9 is a sectional view of the carrier tape
and electronic component-of FIG. 8 taken approximately
along lines 9-9 of FIG. 8.

Detailed Description
Referring now FIGS. 1 through 4 of the drawing,
there is shown a first embodiment of carrier tape
according to the present invention generally designated
by the reference numeral 10. The carrier tape 10 is used
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This is the resmppnent 2 carried by the carrier tape 10, but it is
contemplated that the carrier tape 10 of the present
invention may transport a variety of articles, including
10 but not limited to torsion springs, leaf springs, lamps,
light emitting diodes (LED's), optical articles such as
optical fibers, dental products such as orthodontic
brackets, electronic or electrical components such as
resistors, flatpacks, capacitors, or integrated circuits

15 etc.

The carrier tape 10 is particularly suitable

for protecting and transporting an electronic component

2 such as a flatpack (i.e. gull wing, i-bend, small

outline devices (SOIC's), thin small outline devices

20 (TSOIé's), flip-chip components, or flying 1lead

flatpacks) which may include a body 3 and at least one

connector pin, solder bump or "lead" 4 which affords

connection of the component 2 to an electrical circuit 43

on a printed circuit board 42 in the new product to be

25 assembled by the assembly equipment 40 (FIGS. 4 and 7).

The flatpack comprises a rectangular shaped body 3 having

side walls 6 defining corners 7, top 8 and bottom 9 walls

and a plurality of leads 4 which are spaced from the

corners 7 that are free of leads 4. The leads 4 project

30 generally normally away from the side walls 6 and extend
below the bottom wall 9. ‘ '

Alternatively, the electrical component may

comprise a flip-chip (mot shown) which comprises a

relatively thin bod§'portion.with top and bottom surfaces

35 having a series of solder bumps attached to the surface

bearing the active circuitry. The solder bumps are very

small and are particularly susceptible to wear such as
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polyester, polycarbonate, olypropylene, styrene,
polyvinylchloride, aqrylonltrl1e—butad1ene-styrene
copolymers (ABS plastic), copolymers etc.) such that the
10 carrier tape is flexible and may be helically wound about
the hub of a reel 11 (FIG. 3). The carrier tape 10
comprises a strip like portion 12 defining a top surface
13 for the tape 10, and wall portions défining a
plurality of similarly-shaped pockets 14 spaced along the
15 carrier tape 10 and opening through the top surface 13.
The wall portions comprise bottom wall portions
16, and side wall portions 18 extending between the strip
like portion 12 and the bottom wall portions 16. The
bottom wall portions 16 include distal parts 21 spaced
20 from the top surface 13 of the tape 10 and embossed parts
23 projecting above the distal parts 21 and having
abutment surfaces 25 spaced above the distal parts 21.
The abutment surfaces 25 are adapted to abut the bottom
walls 9 of the electronic components 2 to afford
25 elevation of the electronic components 2 relative to the
distal parts 21. The abutment surfaces 25 also afford
spacing between the bottom portions of the leads 4 and
the distal parts 21 (FIG; 2).
The side wall portions 18 include longitudinal
30 parts 20 extending between the top surface 13 of the
carrier tape 10 and the distal parts 21. The side wall
portions 18 also include castellation parts 22 having
portions located above the embossed parts 23 and inset
from the longitudinal parts 20. The castellation parts
35 22 have engagement surfaces 24 adapted to engage the
corners 7 of the electronic components 2 which are free
of leads 4 to retain the electronic components 2
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to the carrier ta The castellation
parts 22 are also adapted to prevent rotation of the
electronic components 2 relative to the bottom wall
portions 16 during removal of the electronic cdmponents
2 from the pockets 14.

Referring now to FIGS. 1 and 2, the carrier
tape 10 includes pockets 14 that have middle portions 15,
the top surface 13 of the strip 12 defines a top plane,
and the castellation parts 22 have a cross-section in the
top plane that is generally "W" shaped with the bottom of
the "W" shapes facing the middle portions 15 of the
pockets 14.

Alternatively, the shape of the castellation
parts 22 and engagement surfaces 24 may comprise any
suitable 40 shape which is adapted to closely receive
generally identically shaped components 2 within the
pockets 14 and which is adapted to engage portions (e.qg.
the corners 7) of the components 2 which are free of
leads 4. The engagement surfaces 24 engage the corners
7 of the component 2 and thereby maintain the desired
orientation of the component 2 with respect to the tape
10 prior to its removal and resists X-Y-Z plane and
angular displacement of the component 2 relative to the
tape 10.

The orientation of the component relative to
the tape 10 is particularly important when automated
assembly equipment 40 (FIGS. 4 and 7) is used. FIG. 4
schematically illustrates the removal of an electrical
component 2 from the carrier tape 10 by automated
assembly equipment 40. The automated assembly equipment
40 includes a drive sprocket 5 for sequentially advancing
the pockets 14 -filled ~with components 2 while
simultaneously unwinding the carrier tape 10 from the
reel. The equipment 40 typically includes a metal strip
41 and a take up reel 1 which peels an adhered, removable
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10 by any suitable means such as a pressure sen51t1ve

tape located only along the edges of the tape 10 or by a
hot melt adhesive along the edges of the tape 10.

10 If automated equipment 40 is used to remove a
component 2 which is originally misaligned relative to
the pocket 14, the automated assembly equipment 40 may
transmit the misalignment of the component 2 rélative to
the tape 10 to a misalignment of the component 2 relative

15 to the circuit board 42 (FIG. 7) which may result in a
defective new product. One solution to this problem is
to use a costly scanner for verifying the orientation of
the component 2 on the vacuum pick-up 45. However, the
engagement surfaces 24 of the present invention engage to

20 corners 7 of the component 2 to preserve the orientation
of the component 2 relative to the tape 10. Thus, the
castellation parts 22 afford precise presentation of the
component to automated equipment 40 and thereby assists
the automated equipment 40 in mounting the components 2

25 in a precise location on the circuit board 42 on the’
resultant new product. '

' It should be noted that while the carrier tape
10 is particularly suitable for use with automated
equipment, manual assembly is also eontemplated. For

30 example, the pockets 14 of the present invention may be
adapted to transport articles such as orthodontic
articles which are manually removed from the pockets 14
by the user.

It is also believed that the castellation parts

35 22 and engagement surfaces 24 protect an electronic
component from damage due to electrostatic discharge from
the component to the tape. Since the engagement'surfaces



'surface of the tape and the distal parts. The side wall

include castellation parts having portions inset fromt he

parts and havi ng engagenent surfaces adaptzd to engage surfaces of a
carried conponent to retain that conponent in a desired, predeterm ned
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Additionally, the castellation parts 22 and
engagement surfaces 24 afford orderly removal of the
carried component 2 from the tape pocket 10 by automated
or robotic assembly mechanisms 40 which include a suction

10 or vacuum pick-up 45. The engagement surfaces 24 act as
a barrier to deter any rotation of the compbnent 2
relative to the tape 10 during the removal of the
component 10 from the pocket 14. Prevehting the
component 2 from rotating as it is removed from the

15 pocket 14 minimizes the potential for damage to the
component from contact with the structure (i.e. the
embossed parts 23) of the tape 10.

The abutment surfaces 25 comprise four
irregular hexagonal shaped surfaces having an axis about

20 which the hexagonal shaped surface is symmetrical, and
the abutment surfaces 25 generally form "X" shapes (FIG.
1) in the bottom portions 16 of the tape 10 with the axes
of adjacent abutment surfaces 25 intersecting at the
middle portions 15.

25 Alternatively the shape of the embossed parts
23 and abutment surfaces 25 may be any flat polygonal
surface formed by straight portions or arcuate portions
or combinations of straight and arcuate portions provided
5 the overall affect is to position the leads 4 of the

30 electronic component 2 above the distal parts 21 and to
minimize potential contact points between the embossed
parts 23 and the leads 4. For example, the embossed
parts may comprise two parallel rectangular portions
which are perpendicular to the longitudinal axis of the

35 tape and spaced from the leads 4 of a component.

Locating the embossed parts 23 such that they
are remote from the leads 4 of a carried electronic
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tape 10. In some embodiments the embossed parts 23 may
be completely omitted.

The carrier tape 10 also has a conventional
series of equally spaced and sized through openings 27
along each edge of the strip like portion 12 which will
receive the tooth of the drive sprocket 5 (FIG. 4) or
sprockets by which the carrier tape may be driven through
automated equipment (e.g. 40) which loads compohents into
the pockets 14 or removes components from them. While
the drawings illustrate through openings 27 along both
edges of the strip like portion 12, it should be noted
that the through openings may be present only along one
edge of the strip like .portion. Also, the carrier tape
10 has one through opening 29 generally centered in the
bottom portion 16 of each of the pockets 14 as is
required by an industry standard to allow the presence or
absence of a component in a pocket 14 to be sensed, or to
allow access for a probe‘that facilitates removal of a
component from pocket 14.

Referring now to FIGS. 5 and 6 of the drawing,
there is shown a second alternative embodiment of carrier
tape acdording to the present invention, generally
designated by the reference numeral 50 which has many
parts that are essentially the same as the parts of the
tape 10 and which have been identified by the same
reference number to which the suffix "A" has been added.
Generally, like the carrier tape 10, the carrier tape 50
is unitary and is also made of a thin polymeric material
so that it is flexible. The carrier tape 50 comprises a
strip like portion 12A defining a top surface 13A for the
tape 50, and wall portions defining a plurality of
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ep
are omtted affordi ng abut nent between the bottomwall p ape
and the bottom surface of the body of the conponent. This [
particularly suitable for transporting a flip-chip or ot

havi ng sensitive, fragile portions proj<eads rg up and away fromthe body of
t he conponent. BRI EF DESCRI PTI ON OF THE DRAWNGS  The present invention
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a carrier tape accordi nFheowadd pprtiansi eomprise dhottrmiwall merddonser
tape carrying 1%ﬁ,e|£x§&r951:88 QRIPONSSEtions! $8a2 é:?téh&ﬁﬁ | Bagledhewnd the
carrier tape and el ectronic conponent of FIG 1 taken _approxi,mately along
lines 2-2 of Ft&ipilikepportians 124 amghides PPtsome waldwPoFAAoma L3
section The bottom wall portions 16A include distal parts 51
spaced from the top surface 13A of the tape 50 and
embossed parts 53 projecting above the distal parts 51
and having abutment surfaces 55 spaced above the distal
10 parts 51. The abutments surfaces 55 are adapted to abut
the bottom walls 9A of the electronic components 2A to
afford elevation of the electronic components 2A relative
to the distal parts 51. The abutment surfaces 55 also
afford spacing between the bottom portions of the leads
15 4A and the distal parts 51.

The side wall portions 18A include longitudinal
parts 60 extending between the top surface 13A of the
carrier tape 50 and the distal parts 51. The side wall
portions 18A also include castellation parts 62 having

20 portions located above the embossed parts 53 and inset
from the longitudinal parts 60. Three of the four
castellation parts 62 per pocket 14A are "W" shaped like
the carrier tape 10 and have engagement surfaces 66
adapted to engage the corners 7A of the electronic

25 components 2A which are free of leads 4A to retain the
electronic components 2A stationary with respect to the
carrier tape 50 and to retain the orientation of the
electronic component 2A relative to the carrier tape 50.
The castellation parts 62 are also adapted to prevent

30 rotation of the electronic components 2A relative to the
bottom wall portions 16A during removal of the electronic
components 2A from the pockets 14A.

Unlike the carrier tape 10, one castellation
part 67 of each pocket 14A of the carrier tape 50

35 includes a chamfered engagement surface 68 which is
adapted to 5 engage a similarly chamfered edge 70 of a
component 2A. The existence of the chamfered engagement



of a reel havi ng the carrier tape of the present invention helically wound

thereon; FIG 4 schematically illustrates the renpvdfhigphesth Replgced
conponent fromthe carrier tape of the pres- ent inventi H
I

assenbly equi pnent; 7 !
fragnentary top view of a second enbodi— ygrt of a surface nount carrier
tape according tc the present invention; FIG 6 is a sectional view of

the carrier tmmrfawk é8canhdohhe chapfiered edgé|7® fartden eaappnes rakiad y
along lines G%QEPQAﬂéawfil present the component 2A to the automated
assembly equipment 40 in the desired orientation relative
to the tape 50 prior to its removal since the cémponent
5 will only "fit" in the pockét 14A in one manner (i.e.
with the chamfered edge 70 adjacent the eﬁgagement
surface 68). Thus, the castellation parts 62 and 67
further afford precise presentation of the orientation of
the component 2A relative to the tape 50 to the automated
10 assembly equipment 40. Such precise presentation
contributes to locating the components 2A on the circuit
board 42 of the resultant new product in a specific
position.

Also unlike the carrier tape 10, the abutment

15 surfaces 55 of the embossed parts 53 comprises an annulus
shaped surface 56. Again, it should be pointed out that
the shape of the abutment surfaces may comprise any shape
formed from straight and arcuate portions or combinations
of straight and arcuate portions including but not

20 limited to circular, polygonal, rectangular, triangular,
hexagonal, or a complex combination thereof provided the
overall effect is to position the leads 4A of the
electronic component 2A above the distal parts 51 and to
minimize potential contact points between the embossed

25 parts 53 and the leads 4A.

The carrier tape 50 also has a conventional
series of equally spaced and sized through openings 27A
along each edge of the strip like portion 12A which will
receive the tooth of the drive sprocket or sprockets by

30 which the carrier tape 50 may be driven through automated
equipment which loads components into the pockets 14A or
removes components from them. Also, the carrier tape 50
has one through opening 29A generally centered in the
bottom portion 16X of each of the pockets 14A as is

35 required by an industry standard to allow the presence or
absence of a component in a pocket 14A to be sensed, or
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FIG 7 is a perspective viewillustrating the place- _nent of an el ectrical

conponent on a printed circuit board of a new productThE§ t een acsat
‘has been renoved fromthe carrier tape of the present i r G 8
is a fragnentary top view of a third enbodi- nent of a

carrier tape according to the present iLnygntion; and FIG 91s a
sectional view of the carrier tape and el ectronic conponent of FIG 8 taken
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parts that are essentially the same as the parts of the

tape 10 and which have been identified by the same

reference number to which the suffix "B" has been added.

10 The carrier tape 100 is an example of an embodiment of
the present invention where the embossed parts are
omitted. A carrier tape 100 is particularly suitable to
transport a flip-chip (not shown but whith is an
electronic component with a relatively thin body portion

15 with top and bottom surfaces having a series of solder
bumps attached to the surface bearing the active
circuitry, such as the top surface).

Generally, 1like the carrier tape 10, the
carrier tape 100 is unitary and is also made of a thin

20 polymeric material so that it is flexible. The carrier
tape 100 comprises a strip like portion 12B defining a
top surface 13B for the tape 100, and wall portions
defining a plurality of similarly-shaped pockets 14B
spaced along the carrier tape 100 and opening through the

25 top surface 13B.

The wall portions comprise bottom wall portioné
116, and side wall portions 18B extending between the
strip like portion 12B and the bottom wall portions 116.
The bottom wall portions 116 include distal parts 118

30 spaced from the top surface 13B of the tape 100. The
bottom walls 9B of the el'ectronic' components 2B about the
distal part 118 of the bottom wall portions 116 while the
leads or solder bumps 4B project "upward" toward the
opening of the pocket 14B.

35 The side wall portions 18B include longitudinal
parts 20B extending between the top surface 13B of the
carrier tape 100 and the distal parts 118. The side wall



Pt is contenplated that the carrier tape 10 of the pr
transport a variety of articles, including but not
springs, |eaf springs, |anps, Ilght emtting diodes (
articles such as optical fibers, dental. gigoductssuch as orthodontlc
br acket s, electronlc or electrical conpo- nents such as resistors,
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respect to the carrier tape 100 and to retain the

orientation of the electronic component 2B relative to
the carrier tape 100. The castellation parts 22B are

10 also adapted to prevent rotation of the electronic
components 2B relative to the bottom wall portions 116
during removal of the electronic components 2B from the
pockets 14B. ' ‘

The carrier tape 100 also has a conventional

15 series of equally spaced and sized through openings 27B
along each edge of the strip like portion 12B which will
receive the tooth of the drive sprocket 5 (FIG. 4) or
sprockets by which the carrier tape may be driven through
automated equipment (e.g. 40) which loads components into

20 the pockets 14B or removes components from them. Also,
the carrier tape 100 has one through opening 29B
generally centered in the bottom portion 116 of each of
the pockets 14B as is required by an industry standard to
allow the presence or absence of a component in a pocket

25 14B to be sensed, or to allow access for a probe that
facilitates removal of a component from pocket 14B.

The present invention has now been described
with reference to three embodiments thereof. It will be
apparent to those skilled in the art that many changes

30 can be made in the embodiment described without departing
from the scope of the présent invention. Thus the scope
of the present invention should not be limited to the
structure described in this applicatioﬂ, but only by
structures described by the language of the claims and

35 the equivalents of those structures.

2 |4Iustrate an el ectronic conponent 2 carried by t?ﬁsgﬁétksnggﬁ mﬁﬁbUt
y




8 conprlses a rectangul ar shaped body 3 having side wa Is 6 def|n|n

corners 7, top 8 and bottom9 walls and a plurality of amd
spaced fromthe corners 7 that are free of |eads 4. The

generally normally away fromthe side walls 6 and extend

wal | 9. Alternatively, the electrical- ggmponent may com prise a

flip-chip (not shown) which conprises a rela- tively thin body portion with

top and bott omhatr fiscedaimedigisss series of sol der bunps attached to the
surface bearing the active circuitry. The sol der bunps are very snmall -and
are particularly susceptible to wear such as the wear resulting from any
frictional engagemdnt wi& hupdtairyr fleeible carrier tape adapted to

transport an electronic component having a body including
5 side walls defining corners, top and bottom walls, and at
least one lead projecting from said side walls with the
corners being free of the leads,
said carrier tape comprising a strip like portion
defining a top surface for said tape, and wall portions
10 defining a plurality of similarly-shaped pockets spaced’
along said tape and opening through said top surface,
said wall portions comprising:
bottom walls portions,
side wall portions extending between said strip like
15-portion and said bottom wall portions,
said bottom wall portions including distal parts
spaced from said top surface of said tape and embossed
parts projecting above said distal parts and having
abutment surfaces spaced above said distal parts, said
20 abutments surfaces being adapted to abut the bottom walls
of the electronic components to afford elevation of the
electronic components relative to said distal parts, and
said side wall portions including longitudinal parts
extending between said top surface of said tape and said
25 distal parts and castellation parts having portions
located above said embossed parts and inset from sald
longitudinal parts,
said castellation parts having engagement surfaces
adapted to engage the portions of the side walls of the
30 electronic components which are free of leads to retain
the electronic components stationary with respect to said
tape and to retain the orientation of the electronic
component relative to said carrier tape, and
said castellation parts being adapted to prevent
35 rotation of the electronic components with respect to
said bottom wall portions during removal of the
electronic components from said pockets.

A I



General ly, the Calﬂéﬁe 8¢ 10 is unitary, and may be constructed from any
sui t abl &his t terial (e.g any thernoplastic crystalline or
non-crysta‘ m such as, but not limted to, polyester, polycar-
bonate, po V188t yr ene, pol yvinyl chl ori de,
acrylonitrile-butadi ene-styrene copol yrer20 (-ABS plas- tic), copolyners
etc.) such that the carrier tape is flexi- ble and may be helically wound
ia_b(lzut the hub of aZeel Hlunft&ry3fleRibleargamriempbape acepridddy Letrip
i ke portion 1 i p f f he s ld a4
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extendi ng between the strip |1 ke portion 12 and the bpttom wal | or';‘jrﬁns

16. The bot PorRneas-sestiathsine sadd JerP gpdppe Hats 38 ggRezdlddom¥Whe top
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parts 21 and having abutnment surfacges 25 spaced above the distal parts 21.
The abut ment dE G PIELANS &%ﬁ%ﬁt@?ﬁ%ﬁst he bot -

3. A unitary flexible carrier tape according to

10 claim 2 wherein each of said pockets have at least one of

said castellation parts defining a cross-section in said

top plane that has a chamfered pbrtion with the chamfered
portion facing the middle poi‘tion of said pocket.

15 4, A unitary flexible carrier tape according to
claim 1 wherein said pockets have middle portions,
said abutment surfaces in each of said pockets
comprise four irregular hexagonal shaped surfaces each
having an axis about which the hexagonal shaped surface
20 is symmetrical, and
said abutment surfaces forming generally X-shapes in
the bottom portions of said tape with the axes of
adjacent abutment surfaces intersecting generally at said
middle portions.
25
5. A unitary flexible carrier tape according to
claim 1 wherein said abutment surfaces comprise annulus

shaped surfaces.

30 6. In combination an electronic component having
a body including side walls defining corners, top and
bottom walls, and at least one lead projecting from said
side walls with the corners being free of the leads,

and a unitary flexible carrier tape comprising a

35 strip like portion defining a top surface for said tape,

and wall portions defining a plurality of similarly-

Iy



t om wal'fg eleReplédfeam c conponents 2 to afford el evation of the

el ectroni relative to the distal parts 21. The abutnent
surfaces spaci ng between the bottom portions of the | eads 4
and the di stal parts (FIG 2). The side wall portions 18 include

| ongi t udi nal parts 20 extendi ng betweerrt3k top surface 13 of the carrier
tape 10 and the distal parts 21. The side wall portions 18 al so include

castel | ati on paraRed Pagkatsy spaasdadong saidebanscded (opering tduoyah t s 23
and inset fromdie ﬂd{ﬂ%dt@aé@l P d swaf1 %@ti&ﬁé%é&fﬂ@lﬂé‘ts 22 have
Sngagerrent surface%0 ad%?all porte{lgnsqe t he gorners
side wall portions extending between said strip like
5 portion and said bottom wall portions,
said bottom wall portions including distal parts
spaced from said top surface of said tape and embossed
parts projecting above said distal parts and having
abutment surfaces spaced above said distal parts, said
10 abutments surfaces being adapted to abut the bottom walls
of the electronic components to afford elevation of the
electronic components relative to said distal parts, and
said side wall portiéns including longitudinal parts
extending between said top surface of said tape and said
15 distal parts and castellation parts having portions
"located above said embossed parts and inset from said
longitudinal parts,
said castellation parts hav1ng engagement surfaces
adapted to engage the portions of the side walls of the
20 electronic components stationary with respect to said
tape and to retain the orientation of the electronic
component relative to said carrier tape, and
said castellation parts being adapted to prevent
rotation of the electronic components with respect to
25 said bottom wall portions during removal of the
electronic components from said pockets.

7. A unitary flexible carrier tape according to
claim 6 wherein said pockets have middle portions, said
30 top surface of said strip defines a top plane, and '
at least one of said castellation parts having a
cross-section in said top plane that is generally "w"
shaped with the bottom of the "W" shapes facing the
middle portions of -said pockets.
35 '
8. A unitary flexible carrier tape according to
claim 7 wherein each of said pockets have at least one of

T
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of the el ectThis8hee ts 2 which are free of leads 4 to retain the
el ectronic co 'F?ﬁdary wWth respect to the carrier tape 10 and
to retain the ,’Wﬁ [ Iof the el ectronic conponent 2 relative to the
carrier tape 10. ation parts 22 are al so adapted to prevent

rotation. of the electronic conponents 2 @l ative to the bottom wal |
portions 16 during renoval of the electronic conponents 2 fromthe pockets
14, Ref erri sgidowatstelll@tioh padts defdnimg maecrbspesegtilon udesaddcket s

14 that have gidd ryiQns ot B%i" %5 { SEA fines
a top pl ane, ?ﬁg #ﬁgp’gag]%?l %%Iéoan par’@g réave a‘t’jrgrwgfs?sh ?ggt Fglhﬁllf#%te%g top
pl ane t hat i spgrhdoal Ifacing diwepadddilieh pont: oo ofmsaid meockat shapes faci ng
the m ddl e portions 15 of the pockets 14. Al ternatively, the shape of the

castel |l ation parts 22 and engagenent surfaces 24 may conprise any suitable
shape whictPis adafited Bo Wideary flesiblegeaxriery tarsmtaeaergidgated

conponents 2 whhhinh 6t GBeRRGCEa il ptitketd Haves Gl Hdr idHEAge portions
(e.g. the cor- said abutment surfaces in each of said pockets,
comprise four irregular hexagonal shaped surfaces each
‘having an axis about which the hexagonal shaped surface
10 is symmetrical, and
said abutment surfaces forming X-shapes in the
bottom portions of said tape with the axes of adjacent
abutment surfaces intersecting at said middle portions.

15 10. A unitary flexible carrier tape comprising a
strip like portion defining a top surface for said tape,
and wall portions defining a plurality of similarly-
shaped pockets spaced along said tape and opening through
said top surface, said wall portions comprising:

20 bottom wall portions,

side wall portions extending between said strip like
portion and said bottom wall portions,

said bottom wall portions including distal parts
spaced from said top surface of said tape and embossed

25 parts projecting above said distal parts and having
abutment surfaces spaced above said distal parts, and

said side wall portions including longitudinal parts
extending between said top surface of said tape and said
distal parts and castellation parts having portions

30 located above said embossed parts and inset from said
longitudinal parts.

11. A unitary flexible carrier tape according to
claim 10 wherein sid pockets having middle portions, said

35 top surface of said strip defines a top plane, and
at least one of said castellation parts having a
cross-section in said top plane that is generally "w"
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ners Tf)lseﬁedthgsgggm;g gt 2 which are free of leads 4. The engagenent
5urface rners 7 of the conponent 2 and thereby nmaintain

t he de5| mﬂﬁmy |on of the component 2 with respect to the tape 10
prior to nd resists X-Y-Z plane and angul ar di spl acenent ofthe

corrponent 2 relative to the tape 10. Jdhes ok entation of the conponent
relative to the tape 10 is particularly inportant when automated assenbly

equi prent 40 (ﬁtaﬁd 4wdrth 74he s botdbm FOf theschwhatshapes | fabﬁ.hgs'lt)t}aees

t he renoval of | C pent 2 fromthe carrier tape 10 by

aut omat ed asse %l%ﬁl%%tgﬁpo&ﬁep%% ﬁﬁt ed assenbly equi prent 40 in-
cludes a drive sprocket 5 for sequentially advancing the pockets 14 filled

with conmponents 2 wyle Iioﬂw‘;ﬁrgn%ﬂﬁé )ﬁllénv%m{n% Fggtgar réc%rfdt&%%eaé a][(reom

the reel. The equi pnent udes a rp
up reel 1 wAi mmlblavhmeneqachenﬁvagud pocketst hayei@att rkgpastheonape 10

to expose the &p@&mneagtemst%a%f&fsorw&ﬁfmn asc&la 3 -SRHS! laces%aﬁy fed

to a vacuum pi ck-up 45 which rem)ves t he conponents emin an
electrical cirtd#d ESPorPlé“}ﬁlFﬂB% has a chamfered portlon with the

chamfered portion facing the middle portion of said
pocket.
10
13. A unitary flexible carrier tape according to
claim 10 wherein said pockets have middle portions,
said abutment surfaces in each of said pockets
comprise four irregular hexagonal shaped surfaces having
15 an axis about which the hexagonal shaped surface is
symmetrical, and
said abutment surfaces forming X-shapes in the
bottom portions of said tape with the axes of adjacent
abutment surfaces intersecting at said middle portions.
20
14. A unitary flexible carrier tape according to
claim 10 wherein said abutment surfaces comprise annulus

shaped surfaces.

25 i5. A unitary flexible carrier tape for
transporting an component having a body including side
walls defining corners and a plurality of leads, said
tape comprising a strip 1like portion defining a top
surface for said tape, and wall portions defining a

30 plurality of similarly-shaped pockets spaced along said
tape -and opening through said top surface, said pockets
having a middle portion, said wall portions comprising:

bottom wall portions,
side wall portions extending between said strip like
35 portion and said bottom wall portions,
said bottom wall portions including distal parts
spaced from said top surface of said tape, and

* c L M s *



cireui tThlro(ﬁueelH%TEmBe pldged 10 The cover strip 46

may be ad ape 10 by any suitable
nmeans suc

e sensitive tape | ocat ed
only along t edges of the tape 10 or by a hot

nelt adhe5|ve al ong the edges of the tapeg,lQ

| f automated equipment 40 is used to renbve a com

ponent 2 which is ofd{d Raldey wﬁ‘liabbﬂﬁﬁgnéeiﬁéld&lﬁ‘? id®yitudinal parts
pocket 14, the autonmated assenbly equi pnent 40 may

transmit the MEaN %rﬁeiﬁ‘fe%rhes%‘&wﬁﬂ%rﬁ“@% a?tﬁ \®aid tape and said
to the tape 1Qista1 Patd anELBhsee118€i6ATPARESIhdving portions inset

relative to the circuyj eﬁpard 4 % i ch
Lesultin a adesh Gt helPy rigine bupatte EpRrho ald middle portion
5 of said pocket and having surfaces defining engagement
surfaces adapted to engage a corner of the body of the

element.

16. A unitary flexible carrier tape comprising a

10 strip like portion defining a top surface for said tape,
and wall portions defining a plurality of
similarly-shaped pockets spaced along said tape and
opening through said top surface, said wall portions
comprising: -

15 bottom wall portions,

side wall portions extending between said strip like
portion and said bottom wall portions,

said bottom wall portions including distal parts
spaced from said top surface of said tape,

20 wherein said bottom wall portions include embossed
parts which project above said distal parts and have[ing])
abutment surfaces spaced above said distal parts;

said side wall portions including longitudinal parts
extending between said top surface of said tape and said

25 distal parts and |

castellation parts having portions inset from said
longitudinal parts and -having surfaces defining
engagement surfaces, and
said engagement surfaces of said castellation parts
30 are located above said embossed parts.

17. A unitary flexible carrier tape according to
claim 15 wherein said pockets have middle portions, said
top surface of said strip defines a top plane, and

35 at least one of said castellation parts having a
cross-section in said top plane that is generally "w"

T



pr'oblﬁ[péhgelt%smnﬂe ias&dd y scanner for verifying the

orientafj onent 2 on the vacuum pick-up
45, HOWH'HU g %l enent surfaces 24 of the present
i nventi s t orners 7 of the conponent 2 to

preserve the orientation of the conponent2g +elative to
the tape 10. Thus, the castellation parts 22 afford precise
present ati on chdpesi centhnethe t dbotitomud£d thaui PWEnishapes facing the

40 and t her eby, 8§ St t | t 40 in
mounting the %%lmon%rﬁ%égf?%laggféeagfds%%lga ig'on on the
circuit board 42 on the resultant new product.

I't should be noted ]}d‘.at W“Uﬁﬁvﬂiﬁh(ﬁéiﬂlé aPSrifet Sttape according. to

particularly suitable for use aut omat ed equi grren ,
manual assebblGAain A% Jvheretapeackdof Feaidxpagketst have at least one

pockets 14 of .dﬂﬁesﬁ&séaétémlﬁﬁibﬁntdﬁ*éjedé’fjﬁpﬁ%,iocross—section in
transport articles such as orthodon{ic articles ich are

manual |y renov@d S r bRt RdagsckERat 1 hagy 3 nghgufpred portion with the
It is al so beldhewebrdtat polrt ionst eatfhgortpar idd eAngortion of said
engagement surfaces 24 protect an el ectronic conpo-
nent from dam?ge JUE to eletrostatic di scharge from
the conpontdt to the tape. Since the engagenent sur-

faces 24 firmy retgyn tReyh9eakyOt1¥niie AP tépe according to
claim 16 wherein said pockets have middle portions,
said abutment surfaces in each of said pockets
comprise four irregular hexagonal shaped surfaces having
15 an axis about which the hexagonal shaped surface is
symmetrical, and
said abutment surfaces forming X-shapes in the
bottom portions of said tape with the axes of adjacent
abutment surfaces intersecting at said middle portions.
20 '
20. A unitary flexible carrier tape according to
claim 16 wherein said abutment surfaces comprise annulus

shaped surfaces.

25 21. A unitary flexible carrier tape adapted to
transport an electronic component having a body including
side walls defining corners, top and bottom walls, and at
least one lead projecting from said side walls with the
corners being free of the leads,

30 said carrier tape comprising a strip like portion
defining a top surface for said tape, and wall portions
defining a plurality of similarly-shaped pockets spaced
along said tape and opening through said top surface,
said wall portions “comprising:

35 bottom wall portions including distal parts spaced
from said top surface of said tape,
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which to rostati c charges which may

damage th Addi tionally, the
castel |l ation parts 22 and engage- - 26 - ment surfaces
24 afford orderly renoval of the carried

conmponent 2 from t kg deaRRAINOPRE i bRsb¥xBEhQTRGBeieen said strip like
roboti ¢ assenbl rreans 40 vvh,| ch incl ude alsuc
drtde ik R AR RATLARS o ANd

tion or vacuuh
act as a barrier t@adm oo f aéaldob@bﬂ@t@fiﬁmmowmbssed means for
2re|at|vetot1[ tape 10 duri therem)¥4éiof he comt 4istal o
ponent 10 frofit & pdtkdta %, c@ QRFRT et R n%B sald distal paris,
nent 2 fron5r<atrmt|ng as it is renoved fromthe pocket 14

m nimzes the pot efgﬁ{c{ﬂ ber QQ{@g$gtc9;eH%e 88?@& er%%agement means

fromcontact with the structure osse
23) of the taE@SPG'- from said s:.de wall portlons, for engaging the

rel atl\fﬁ ts &m@s d deters relative notion there-
bet ween, ﬁ frictional novenent with
t

component to retain the orientation -of the component
relative to said pocket until the component is removed
10 from said pocket.
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11 ..« . The abutnent surfaces 25 conprise four irregular
hexagonal shaped surfaces having an axis -about which

t he hexagonal shaped surface is synnetrical and the

abut ment surfaces 25 generally form"X" shapes (FIG 1)
in the bottomportions 16 of the tape 10 with the axes

of adj acent abutnent surfaces 25 |ntersee//ng at the
ternatl y the shape of the

mddl e portion : /2

enbossed parts 23 ®nd 22 gbut 25 ma be any
flat pol ygonal .surfface 4% 7 { 3 % // ?or 3or
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per pléndi cular to the |longitudinal axis of the tape and

.spacéd fromthe | eads 4 of a conponent. Locating the
enbossed parts 23 such that they are renote fromthe

| eads 4 of a carried electronic conpo- nent 2 protects
the 'feads 4 from danage due to mechani c defl ection

|_
or distortion due to contact wth theﬁé&pe ' _%tructurg
arild at least partially insulates the |dads 4 from Z7A 2A 6
damage due to electrical static dischaﬁge (eqq, triboZ@ec- 4 &7
tric charging) fromthe conponent 2 to twe \tﬁ%’g 1QLKIn} //3 /7;4 / /"f
sone enbodi nents_ the enbossed pargs=23—Hay-—HBe—£oH 1
pletely om'tte< poﬁ?.?@iurq}%ﬂ)glgo%gq/oOOOO ©

conventional semres of é I;qual |y IR FARER AR AACK
openi ngs 27 al ong each edge of /7§ TP 10 Ke
12 which will receive . the togfh the drfve

(FIG 4) or sprockets by whi gh carrier ta g
driven through auto- - mat ed [ nt (e. 9/ thi
| oads conponents into t he e 14 or ré;mv
conponents fromthem Wi he awings illu

t hrough openi ngs 27 al on t?h es of the st
portion 12, it shkould be

openi ngs may be present only
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al ong an f the strip like portion. Also, the carrier
't ape 10W ﬁa"?&%@gthrough openi ng 29 generally nt er ed PCT/US92/00615
in the bottom portion 16 of each of the pocllf‘g;/e 14 as is
required by an industry standard to allowt _Zgresence
or absence of a conponent in a pocket 14 _to be sensed,
or to allow access for a prabe that fad U atng;ennval of _
Referring nowto FIGS. 5
is showmn a second

tape according to the
12
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10 and whi ch have been identified by the same refer- ence nunbeﬂhF@“MﬁFch
the suffix "A" has been added. GEnéraIIy | i-ke the carrier tape 10, the
carrier tape 50 is wunitary and is also nmade of a thin polynmeric materi al
so that it is flexible. The carrier tape 50 conprises a strip |like
portion 12A defining a top surface 13A for the tape 50, and wall portions
defining a plurality of simlarly- shaped pockets 14A spaced al ong the
carrier tape 50 and opening through the top surface 13A The wal |
portions comprise.hottomwall portions 16A and side wall portions 18A
ext endi ng GﬂMEéNLEhﬁuéSEiip | i ke portapn 12A and the bottom wall portions
16A. The b tton1mgqmbp§rt|on 16A include distal parts 51 spaced fromthe
top surface 0 and enbossed parts S3 projecting above the
distal parts 51 and havi ng abutnent surfaces 55 spaced above the distal
parts 51. The abutnents surfaces 55 are adapted to abut the bottomwalls
9A of the electronic conponents 2A tgpatkReed el evation of the electronic
conponent 2A relative to the distal parts 51. The abutnment surfaces 55

al so af f or d PACEAGENG, SFARFa t he bottom portions of the

According to the present invention there is provided

a unitary flexible carrier tape comprising a stfip like

5 portion defining a plurality of similarly-shaped pockets

spaced along the tape and opening through ‘the top

surface. The wall portions include bottom wall portions,

side wall portions extending between the strip 1like

portion and the bottom wall portions. The bottom wall

10 portions include distal parts spaced from the top surface

of the tape and embossed parts projecting above the

distal parts and having abutment surfaces spaced above

the distal parts. The side wall portions include

longitudinal parts extending between the top surface of

15 the tape and the distal parts. The side wall portions
also include castellation parts having portions located

above the embossed parts and inset from the longitudinal

parts.

FIGURE 1
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_ o376 zros
? ) The side wall portions 18A incl ude
bet

| eads 4A and =t thékg

| ongi t udi nal E‘Ff 5k ween the top sgrfag@p;.géEg{Bmheﬁgaﬁgl ersg
tape 50 and tHe wistal parts 1)The side wall portijogsreJBAiahSpaddac]us e,,; aad s,
castel'l ation r sg %2 Egv\Q oritions | ocated abovey he oss ar,,ts C ed |
and inset fro ongltudl al{ parts'60. Three of; __‘ e,, }gy ?ag d' ay;to o %.
\ : @ a,« RN
parts 62 per p c haped 1#ke the carrtjer, (e ”j - -
engagenent sur aces 66 ag_a t engage t he corners TR ()f"“ he" 8?%6(‘11‘0 -

conponents 2A ree of leads 4A to retai n:the el ectronic com
ponents 2A stationary with respect toGAﬂ}RERrTAPElape 50 S REFERS AN T he-..

orientation of the electronic conpo- nent 2A relative to the carrier tape:

50. The castellation part';hggsgr&nﬁhﬁgngg@p%u@n@ﬁqqgmg,mggqvon of the
el ectroni c conmponent's 2§; |2¢;e1§93t Q hb@WHRLH isPPESA@RRatidiA duri ng

renoval of the electron Unl i ke
the carrier tape 10, é?c‘% ﬁ@%ﬁc{ﬁ . f%egéﬁﬁgoz%%&gA of the
carrier tape 50inc|ude @éﬁ E% tchis
adapt ed to engage 07/654 '. 1 abandOHCd -

TECHNICAL FIELD .

 The present invention relates generally to carrier
tapes of the type used to transport compoaents from a
ccmponent manufacturer to 2 different manufacturer
that assembles the components into new products.

BACKGROUND ART

The art is replete with carrier tapes that are used to
transport components (e.g. torsion springs, leaf springs,
or electronic or electrical components such as resistors,
flatpacks, capacitors, or integrated circuits) from a com-
ponent manufacturer to a different manufacturer that
assembles the components into new products, typically
by having automated assembly equipment sequentially
remove components from the carrier tape and subse-
quently use them in the assembly of the new praducts.

One type of carrier tape may comprise a polymeric
strip that has beén formed to have wall portions defin-
ing a series of identical pockets at predetermined uni-
formly spaced intervals along its length, which pockets
are shaped to closély receive identical components that
are adapted to be transported by the tape. For example,
thepocketsmay comprise rectangular or generally “T”
or “I™ shapes in the plane of the strip, and may have fiat
or rounded bottoms to accommodate the shape of the

The tape strips normally have through openings uni-
formly spaced along each side to receive drive sprock-
ets by which the strip ‘can be driven and to provide
indexing holes that can be used for accurately locating
the pockets along the tape with respect to assembly
equipment. The strips also typically have through aper-
tures along middle portions of each of the pockets to
provide a hole that can be used by the assembly equip-
ment to determine whether a component is present
within the pocket (e.g. by using an optical scanner).
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-er-ed "8UgETYO0} of a conponent 2A. The

8 and the chanfered edge 70 further ensures

e conponent 2A to the automated assenbly

red orientation relative to the tape 50 prior
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of which are herem expressly meorporaxed by refcr-
ence) and transported to the supplier of the components
that it is intended t6 transport. The component supplier
unwinds the carrier tape from the reel, fills the pockets
along the carrier tape with components, adheres 2 re-
movable cover strip along the carrier tape over the
component.filled pockets, winds the component filled
carrier tape with the attached cover strip onto a reel,
and transports it to the user who feeds it from the reel
into the assembly equipment which removes the com-
ponents.
Whﬂesuchcamertapecanbeformedbyconunnous
injection molding, it is more commonly formed from an

O

initially flat polymeric heated thermoplastic strip using -

a tool to form the pockets (e.g., male and female die sets,
or a male or a female die over which the strip is vacuum
formed).

Existing tape carriers encounter problems when they
present their carried articles to automated assembly
equipment. Maintaining a precise orientation of the
carried article relative to the carrier tape isan important
element in carrier tape performance. The tape carriers
of the prior art tend to allow a misalignment or “shift-
ing” of the orientation of the carried article within the
pockets of the carrier tape. The misalignment may be
described as a displacement in an X-Y plane or may be
described as an angular displacement and may be
caused by a variety of phenomenon such as vibration
during shipping. Such a misalignment of the orientation
of the article within the pocket may cause the auto-
mated assembly equipment (used to comstruct the new
product) to position the article in an improper position
on a printed circuit board in the new product.

In applications which require that a component be
precisely located on a printed circuit board, the auto-
mated assembly equipment may include optical scanmer
mechanisms which are adapted to determine the orien-
tation of the components with respect to the rest of the
assembly equipment. Optical scanner mechanisms,
however, are costly and require additional time during
the assembly process.

exi stence of the

i se
the tape 50
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B the circuit board 42 of the resultant new
pr oduct i_n specrfit

Also unlike the carrier tape 10, tEe 4
abut ment ‘suff ac e e ossed parts 53 conprises an annul us shape
surface 56. {Ag afﬁSﬁﬁ:}@ﬁ%g& e point gd out that rTPhe shape of the abut nent
surfaces nma ape formed frpm straight and arcuate portions
or conbi natijons of strai ght apd arcuate portions including but not limted
to circular, iy — mfacom?&a?gtuﬂxatmmb;b@:;?idb% ha I(:orrgl ezA
conbi nati on t her eof & et tapeds o/ fidtpaclt (i gullswing, @ndt he | eads
of the electronic coIo leadfigipacks) which inthideB a'bcdyodndacieast M ni m ze
potential contact pom biifof ™ad® SWhitH hffords édithdcfidn! €ads 4A.
The carrier tape 50 algForHgagosm Eﬁ?%'ﬁ‘@iec&%ﬂeéu Shit 3l e ewpaced and
si zed t hrough openin : rtiron
which wll - ?e- gF,‘I veg raaﬁctalnf %go &éﬁlgpe%to g‘c g‘t S by which
the carrier tape 50 é)% !ﬁina g é&{ﬁ;ﬁ@ &daé@‘rﬁ’?m V\/r'g\: ch | oads
components into the Poottom and a plurality of leads which are spaced >0

from the corners and which project generaily normally
away from the side walls and extend below the bottom
wall.

Existing carrier tape encounters problems in protect-
ing the carrier componeats. Generally, the components
- carried by the carrier tape are extremely sensitive and
fragile and should be protected from mechanical dam-
age from bending, fracturing, deflecting, breaking or
other distortions in their original shape. Frictional wear
is aiso a problem with the fragile leads. It is believed
that leads may be damaged by even slight collisions
with the structure of the tape, particularly when the
electronic component is removed from the pocket. The
three leads which extend the farthest below the bottom
wall (i.e. the bottom three leads) define a lowest plane.
In many applications, the remaining leads of the compo-
nent should not be spaced more than 0.004 inches (0.1
mm) from this lowest plane. If a lead is spaced farther
than 0.004 inches from this lowest plane, then the lead
mzynotbeconnectedtothecircnitontheprinted cir-
cuit board in the new product circuit on the printed
circuit board in the new product resulting in a defective

new product. -

The art is replete with carrier tapes adapted to pro-
tect electrical components. One such tape is disclosed in
PCT International Application, International Publica-
tion Number WO 90/04915 assigned to Reel Services
Limited, GB. That carrier tape comprises a plurahty of
spaced walls defining identical pockets having project-
ing portions including rectilinearly extending separated

. portions and ridges which are aligned with the walls
defining the pocket. The electrical component rests on
the projecting portions until it is removed by a vacuum
pick-up. Due to their close proximity relative to the
leads of the electronic component, the projecting por-
tions and ridges offer potential contact points with the
leads, thereby increasing the potential for damage to the
Jeads resuiting from contact with the structure of the
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pose the leads to <damage such as bending due to contact

with the projecting portions. Any rotation of the com-
ponent with respect to the carrier tape may result in a
misalignment of the component on the new workpiece,
an undesirable resuit.

Electrostatic damage (ESD) is another problem asso-
ciated with existing carrier tapes. Triboelectric charges

cording to
unmeral 100
of the tape
to which

e of an

may exist on the component prior to its being placed

into the carrier tape, or may build on the component if
its fit within the pocket is overly loose and thus permits
the body of the component to rub against the tape struc-
ture and/or the affixed cover tape strip. At some time
during the use of the carrier tape, particularly when the
electrical component is removed from the tape pocket,
such electrostatic charges may be discharged from the
component to the carrier tape. Such a discharge may

. damage the component by, for example, damaging a

dielectric layer within the component. This is the result
of an excsswely rapid discharge in which the resultant
change in voltage divided by the change in time
(AV/At) across the dielectric layer exceeds the break-

down voltage of the dielectric material thereby causing
its perforation. In some components, this damaging
voltage differential may be as low as 50 volts or less.

Carrier tapes for these types of components will thus -

have a surface resistance of greater than 10E04 and less
than 10E12 (OHMS/square) and a concomitant volnme

resistivity of greater than 10E03 and less than 10E11

(OHM-CM).
DISCLOSURE OF THE INVENTION

The present invention provides component carrier
tape of the type described above that is particularly
suitable to transport cdmponents from a componment
supplier to a user that assembles the components into
new products (such as but not limited to a computer),
which carrier tape protects the component from dam-
age from mechanical or electrostatic forces such as the
forces encountered during transportatlon. The compo-
nent carrier tape of the present invention is particularly
suitable for protecting an electrical component com-
prising a rectangular shaped body having side walls
defining corners, top and bottom walls and a plurality of
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wWHich is an elec- tronic conponent wt
idqn with top and bottom surfaces havin
tq the surface bearing the active cir-
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Generally, $ike the carrier tape 10, the
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c mate- rial
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S conprise

bottom wal | portions 11TFhe garrier taperaf thepreseotinvieEoaxpravidesjabet ween t he
strip like portion 12tperstripiwhichirhaintzins thedesired oridrtation of the

component with respect to the tape prior to removal

and resists movement of the component relative to the .

tape, which minimizes the danger of electrostatic dis-
charge from the component to the tape, which mini-
mizes potential contact points between the tape struc-
ture and the leads of an electronic component to reduce

frictional wear, which protects the leads of an elec- -

tronic component from damage due to mechanical de-
flection or distortion and electrical static discharge,
which affords orderly removal of the carried compo-
nent from the tape pocket by antomated or robotic

assembly mechanisms which include 2 vacuum pick-up, -

and which deters rotation of the component with re-

spect to the bottom wall of the pocket during the re-

moval of the component from the pocket.

According to the present invention there is provided
a unitary flexible carrier tape comprising 2 strip like
portion defining 2 top surface for the tape, and wall
portions defining a plurality of similarly-shaped pockets
spaced along the tape and opening through the top

surface. The wall .portions include bottom wall por- -

tions, side wall portions extending between the strip like
portion and the bottom wall portions. The bottom wall
portions include distal parts spaced from the top surface
of the tape. The side wall portions include longitudinal
parts extending between the top surface of the tape and
the distal parts. The side wall portions also inclnde
castellation parts having portions inset from the longitu-
dinal parts and having engagement surfaces adapted to
engage surfaces of a carried component to retain that
component in a desired, predetermined orientation.

The bottom wall portions may optionally include
embossed parts projecting above the distal parts and
having abutment surfaces spaced above the distal parts.
When the embossed parts are included, the engagement
surfaces of the castellation parts are generally located
above the abutment surfaces. :



i ncl ude distal parts 118 spaced fromthe top

~apq 100. The bottomwalls 9B of the electronic

ilstal part 118 of the bottomwall portions 116
bunps 4B project "upward" toward the open- ing of
wal | portions 18B include |ongitudinal parts 20B
extendm surface 13B of The car- ner tape 100 and the

di stal . : e wal | portions 18B al so include castel | ation
part's 22B havi ng portlonQOcomgltomnetémbbdngentmfmhepaznsoQﬂﬁ The

castel |l ation parts 22Bpisest mveationehé pockbadeyciiddie poitishs) theengage t he
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[ gg?' “C conpo-
nent's 2B relative to t TBRSS 1. of the
el ectroni c conponents %‘Fﬂt 3033 ng an axis about which the .
hexagonal shaped surface is symmetncal, and the abut-
ment surfaces form “X shapes in the bottom portions
of the tape with the axes of adjacent abutment surfaces
intersecting at the middle portions.
According to another embodiment of the invention
each of the pockets have at least one of the castellation
partswithactoss-secﬁoninthctopplanethathasa
chamfered portion with the chamfered portion facing
"the middle portion of the pocket, and the abutment
surfaces comprise annulus shaped surfaces.
According to yet another embodiment of the inven-
tion, the embossed parts are omitted affording abutment
between the bottom wall portion of the tape and the
bottom surface of the body of the component.. This
-embodiment is particularly suitable for transporting a
flip-chip or other component having sensitive, fragile
portions projecting up and away from the body of the
- component.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further described with
reference to the accompanying drawing wherein like
reference numerais refer to like parts in the several
views, anc wherein:

FIG.1isa fragmentary top view of a first embodi-
ment of a carrier tape according to the present inven-
tion showing the carrier tape carrying an electronic -
component;

FIG. 2 is a sectional view of the carrier tape and
electronic component of FIG. 1 taken approximately
along lines 2—2 of FIG. 1;

FIG.3isa fragmentary side view; partially in section
of a reel having the carrier tape of the present inveation
“helically wound thereon; :
FIG. 4 schematically illustrates the removal of an
electrical component from the carrier tape of the pres-

ent invention by automated assembly equipment;
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FIG. 6isa secnonal view of the carrier tape and
electronic component of FIG. 5 taken appronmately
along lines 6—6 of FIG. §;

FIG. 7 is a perspective view illustrating the place-
ment of an electrical component on a printed circuit
board of 2 new product after the component has been
removed from the carrier tape of the present invention;

' FIG. 8 is a fragmentary top view of a third embodi-

ment of a surface mount carrier tape according to the

present mvenuon, and

FIG. 9 is a sectional view of the carrier tape and _
electronic component of FIG. 8 taken approximately
along lines 9—9 of FIG. 8. :

DETAILED DESCRIPTION

Referring now FIGS. 1 through 4 of the drawing,
there is shown a first embodiment of carrier tape ac-
cording to the present invention generally designated
by the reference numeral 10. The carrier tape 10 is used
to transport components from a component manufac-
turer to a different manufacturer that assembies the
components into new products, typically by having
automated assembly equipment. sequentially remove
components from the carrier tape and subsequently use
them in the assembly of the new products. FIGS. 1and
2 illustrate an electronic component 2 carried by the
carrier tape 10, bat it is contemplated that the carrier
tape 10 of the present invention may transport a variety
of articles, including but not limited to torsion spnngs,
leaf springs, lamps, light emitting diodes (LED’s), opti-
cal articles such as optical fibers, dental products such
as orthodontic brackets, electronic or electrical compo-
nents such as resistors, flatpacks, capacitors, or inte-
grated circuits etc.

The carrier tape 10 is particularly suitable for protect-
ing and transporting an electronic component 2 such as
a flatpack (ie. gull wing, J-bend, small outline devices
(SOIC’s), thin small outline devices (TSOIC’s), flip-
chip components, or flying lead flatpacks) which may
include a body 3 and at least one connector pin, solder
bump or “lead” 4 which affords connection of the com-
ponent 2 to an electrical circuit 43 on 2 printed circuit
board 42 in the new product to be assembled by the
assembly equipment 40 (FIGS. 4 and 7). The flatpack
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7 that are free of leads 4. The leads 4 project generally

normally away from the side walls 6 and extend below

the bottom wall 9.

Altcmanvely, the electrical component may com-
prise a flipchip (not shown) which comprises a rela-
tively thin body portion with top and bottom surfaces
having a seties of solder bumps attached to the surface
bearing the active circuitry. The solder bumps are very
small and are particularly susceptible to wear such as
the wear resulting from any frictional engagement with -
carrier tape.

Generally, the carrier apelﬂlsumtary and may be
constructed from any suitable thin polymeric material
(e.2. any thermoplastic crystalline or non-crystalline
material such as, but not limited to, polyester, polycar-
bonate, polypropylene, styrene, polyvinyichloride,
acrylonitrile-butadiene-styrene copolymers (ABS plas-
tic), copolymers etc.) such that the carrier tape is flexi-
ble and may be helically wound about the hub of a reel
11 (FIG. 3). The carrier tape 10 comprises a strip like
portion 12 defining a top surface 13 for the tape 10, and
wall portions defining a plurality of similarly-shaped
pockets 14 spaced along the carrier tape 10 and opening
through the top surface 13.

The wall portions comprise bottom wall portions 16,
and side wall portions 18 extending between the strip
like portion 12 and the bottom wall portions 16. The
bottom wall portions 16 include distal parts 21 spaced
from the top surface 13 of the tape 10 and embossed
parts 23 projecting above the distal parts 21 and having
abutment surfaces 25 spaced above the distal parts 21
The abutment surfaces 25 are adapted to abut the bot-
tom walls 9 of the electronic componeats 2 to afford
elevation of the electronic components 2 relative to the
distal parts 21. The abutment surfaces 25 also afford
spacing between the bottom portions of the leads 4 and
the distal parts 21 (FIG. 2). '

The side wall portions 18 include longitudinal parts
20 extending between the top surface 13 of the carrier
tape 10 and the distal parts 21. The side wall portions 18
also include castellation parts 22 having portions lo-
cated above the embossed parts 23 and inset from the
longitudinal parts 20. The castellation parts 22 have
engagement surfaces 24 adapted to engage the corners 7
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eads, said carrier tg@pe conprising a strip like
orten—defia——= }{ing a top surface for said tape, and wall portions
defining a pluralil | & J - shaped cket s. spaced. al.ong said tape
et upc.gn ngpt‘nroughys%li.aﬁé mf’? fﬁu&@%ﬁyﬁﬁﬁhaﬁgg? ngeﬂgﬁrrgri si ng: P
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like = portion and 5ePECHER thercarier taper1®ard to retain theoriemtanai | portions
i ncl udi ng di stal part §ion of the glestranic companent 2 relativede the cargied t ape and
em bossed parts tapsj 28t The cdstellation parts 22 hrealsosadapted to havi ng
abut ment suf aces spacpseventrotatiomofiileieléctronic components 2 relative
to the bottom wall portions 16 during removal of the
electronic components 2 from the pockets 14.
Referring now to FIGS. 1 and 2, the carrier tape 10
includes pockets 14 that have middle portions 15, the
top surface 13 of the strip 12 defines a top plane, and the
castellation parts 22 have a cross-section in the top
plane that is generally “W™ shaped with the bottom of
the “W” shapes facing the middle portions 15 of the
pockets 14. '
Alternatively, the shape of the castellation parts 22
and engagement surfaces 24 may comprise any suitable
shape which is adapted to closely receive generally
identically shaped components 2 within the pockets 14
and which is adapted to engage portions (e.g. the cor-
ners 7) of the components 2 which are free of leads 4.
The engagement surfaces 24 engage the corners 7 of the
component 2 and thereby maintain the desired orienta-
‘tion of the component 2 with respect to the tape 10
prior to its removal and resists X-Y-Z plane and angular
displacement of the component 2 relative to the tape 10.
The orientation of the component relative to the tape
10 is particularly important when automated assembly
equipment 40 (FIGS. 4 and 7) is vsed. FIG. 4 schemati-
cally illustrates the removal of an electrical component
2 from the carrier tape 10 by antomated assembly equip-
ment 40. The automated assembly equipment 40 in-
cludes a drive sprocket 5 for sequentially advancing the
pockets 14 filled with components 2 while simulta-
neously unwinding the carrier tape 10 from the reel.
The equipment 40 typically includes a metal strip 41 and
a take up reel 1 which peels an adhered, removable
cover strip 46 from the tape 10 to expose the component
2. The exposed component 2 is then sequentially fed to
a vacuum pick-up 45 which removes the components 2
and places them in an electrical circuit 43 on a printed
. circuit board 42 (FIG. 7).




TP ICUIEERt nent surfaces being adapted to abut the bottomwal |l s of
"@Aﬁwﬂ’lﬂ‘ liconmponents to a]gfordpel evation of the electronic
nLs, r &l g- tive to said distal parts, and said side wall
l &gﬁéﬁé@ncl udi ng | ongi tudi nal parts . extendi ng between said top
lsurface of sdi g tape and said di 'st parts and castellation parts
Ehavrng: “por="" } tions | ocated above sai doenbossed parts and i nset

from saidJt-engf udi nal pmcsovcrsmm%mwbbmm¢mﬁmt&pmlﬂgbpngagement
Surfaces adapt ed tanyryitgble-meapnsrsochnas of préssure densitive tapé the
el ectroni c conponents kjvatddl onfy dloag tﬁé dd%ﬁ%ftne thpe 18RIty 4 Regel ectronic
conmponents stationary m:‘lﬁadhemwi@ﬂﬁﬁ E %ﬁtﬁ@% (iOt o retain the

orientation of the ejrech i %ﬁ “arrler
tape, and said caste ven ta-

tion of the electroni cb&% % ?ﬁ%? 4 Peﬁ% Y?q%éﬁ?om wal |
portions during renova Xai d
pocket s. 2. A uni tar éhﬁmm%tt%f atiyen 1

o the tape 10 to a m:sahgnment of the component 2
relative to the circuit board 42 (FIG. 7) which may
result in a defective new product. One solution to this
problem is to use a costly scanner for verifying the
orientation of the component 2 on the vacuum pick-up
45. However, the engagement surfaces 24 of the present
invention engage the corners 7 of the component 2 to
preserve the orientation of the component 2 relative to
the tape 10. Thus, the castellation parts 22 afford precise
presentation of the component to automated equipment
40 and thercby assists the automated equipment 40 in
mounting the components 2 in a precise location on the
circuit board 42 on the resultant new product.

It should be noted that while the carrier tape 10 is
particularly suitable for use with automated equipment,

- mannal assembly is also contemplated. For example, the
pockets 14 of the present invention may be adapted to
transport articles such as orthodontic articles which are
manually removéd from the pockets 14 by the user.

It is also believed that the castellation parts 22 and
‘engagement surfaces 24 protect an electronic compo- -
nent from damage due to electrostatic discharge from
the component to the tape. Since the engagement sur-
faces 24 firmly retain the location of the component 2
relative to the tape 10 and deters relative motion there-
between, there is reduced frictional movement with
which to build the electrostatic charges which may
damage the component 2.

Additionally, the castellation parts 22 and engage-

- ment surfaces 24 afford orderly removal of the carried
component 2 from the tape pocket 10 by automated or
robotic assembly mechanisms 40 which include a suc-
tion or vacuum pick-up 45. The engagement surfaces 24
act as a barrier to deter any rotation of the component
2 relative to the tape 10 during the removal of the com-
ponent 10 from the pockct 14. Preventing the compo-
‘nent 2 from rotating as it is removed from the pocket 14
minimizes the potential for damage to the component
from contact with the structure (i.c. the embossed parts
23) of the tape 10.
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according to claim1 abutment surfacs 25 generally form “X” shapes (FIG.
I) in the bottom portions 16 of the tape 10 with the axes
of adjacent abutment surfaces 25 intersecting at the
middle portions 15.

Alternatively the shape of the embossed parts 23 and
abutment surfaces 25 may be any flat polygonal surface
formed by straight portions or arcuate portions or com-
binations of straight and arcuate portions provided the
overall affect is to position the leads 4 of the electronic
component 2 above the distal parts 21 and to minimize
potential contact points between the embossed parts 23
and the leads 4. For example, the embossed parts may
comprise two parallel rectangular portions which are
perpendicular to the longitudinal axis of the tape and
spaced from the leads 4 of a component.

Locating the embossed parts 23 such that they are
remote from the leads 4 of a carried electronic compo- -
nent 2 protects the leads 4 from damage due to mechani-
cal deflection or distortion due to contact with the tape
structure and at least partially insulates the leads 4 from
damage due to electrical static discharge (e.g. triboelec-
tric charging) from the component 2 to the tape 10. In
some embodimeats the embossed. parts 23 may be com-
phﬂehronuned.

The carrier tape 10 also has a conventxonal series of
equally spaced and sized through openings 27 along
each edge of the strip like portion 12 which will receive
the tooth of the drive sprocket 5 (FIG. 4) or sprockets
by which the carrier tape may be driven through auto-
mated equipment (e.g. 40) which loads components into
the pockets 14 or removes components from them.
While the drawings illustrate through openings 27
dongboﬂ1emg5cﬁﬂhsﬁnphkcpxmhaanJtdnnﬂdbe
noted that the through Opemngs may be present only
along one edge of the strip like portion. Also, the carrier
uqxzIOIrn;onethnough<uxnung:E?genenﬂhrcenumed
in the bottom portion 16 of each of the pockets 14 as is
required by an industry standard to allow the presence
or absence of a component in a pocket 14 to be sensed,
or to allow access for a probe that facilitates removal of
a component from pocket 14.

Referring now to FIGS 5 and 6 of the drawing, there
is shown a second alternative embodiment of carrier
tape according to the present invention, generally des-
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50, and wall portions defining a plurality of sxmﬂarly-
shaped pockets 14A. spaced along the carrier tape 50
and opening through the top surface 13A.

The wall portions compnse ‘bottom wall portions

arrier tape
sai d tape,
aped pockets
said wal |

16A, and side wall portions 18A extending between the

strip like portion 12A and the bottom wall portions
16A. The bottom wall portions 16A. include distal parts
SISpacedﬁ'omthetoPsurface 13A of the tape 50 and
embossed parts 53 projecting above the distal parts 51
and having abutment surfaces 55 spaced above the distal
parts 51. The abutments surfaces 55 are adapted to abut

- the bottom walls 9A of the electronic components 2A

to afford elevation of the electronic components 2A.

relative to the distal parts 51. The abutment surfaces 55
also afford spacing between the bottom portions of the
leads 4A and the distal parts 51.

The side wall portions 18A include Iongitudinal parts

| 60 extending between the top surface 13A. of the carrier

tapeSOandthedlstalpartSSLTheszdewallpomons
18A also include castellation parts 62 having portions
located above the embossed parts 53 and inset from the
longitudinal parts 60. Three of the four castellation
parts 62 per pocket 14A are “W” shaped like the carrier
tape 10 and have engagement surfaces 66 adapted to
eagage the corners 7A of the electronic components 2A.
which are free of leads 4A to retain the electronic com-
ponents 2A stationary with respect to the carrier tape
58 and to retain the orientation of the electronic compo-
nent 2ZA relative to the carrier tape 50. The castellation
parts 62 are also adapted to prevent rotation of the
electronic components 2A relative to the bottom wall
portions 16A during removal of the electronic compo-
nents 2A from the pockets 14A.

Unlike the carrier tape 10, one castellation part 67 of
each pocket 14A of the carrier tape 50 includes a cham-
fered engagement surface 68 which is adapted to engage
a similarly chamfered edge 70 of a component 2A. The

existence of the chamfered engagement surface 68 and

the chamfered edge 70 further ensures that the tape will
present the component 2A to the automated assembly
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68). Thus, theggstellation parts 62 and 67 further afford
precise presentation of the orientation of the component
2A relative to the tape 50 to the automated assembly
equipment 40. Such precise presentation contributes to
locating the components 2A on the circuit board 42 of

the resultant new product in a specific position.

Also unlike the carrier tape 10, the abutment surfaces
55 of the embossed parts 53 comprises an annulus
shaped surface 56. Again, it should be pointed out that
the shape of the abutment surfaces may comprise any
shape formed from straight and arcuate portions or
combinations of straight and arcuate portions including
but not limited to circular, polygonal, rectangular, tri-
angular, hexagonal, or a complex combination thereof
provided the overall effect is to position the leads 4A of
the electronic component 2A above the distal parts 51
and to minimize potential contact points between the
embossed parts 53 and the leads 4A.

The carrier tape 50 also has a conventional series of

equally spaced and sized through openings 27A along
each edge of the strip like portion 12A which will re-
ceive the tooth of the drive sprocket or sprockets by
which the carrier tape 50 may be driven through auto-
mated equipment which loads components into the
pockets 14A or removes components from them. Also,
the carrier tape 50 has one through opening 29A gener-
ally centered in the bottom portion 16A of each of the
pockets 14A as is required by an industry standard to
allow the presence or absence of a2 component in a
pocket 14A to be sensed, or to allow access for a probe
that facilitates removal of a component from pocket

14A.

Referring now to FIGS. 8 and 9 of the drawing, there
is shown a third alternative embodiment of carrier tape

‘according to the present invention, generally desig-

nated by the reference numeral 100 which has many
parts that are essentially the same as the parts of the tape
10 and which have been identified by the same refer-
ence number to which the suffix “B” has been added.
The carrier tape 100 is an example of an embodiment of
the present invention where the embossed parts are
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rial so that it is flexible. The carrier tape 100 comprises
a strip like portion 12B defining a top surface 13B for
the tape 100, and wall portions defining a plurality of
similarly-shaped pockets 14B spaced along the carrier
tape 100 and opening through the top surface 13B.

The wall portions comprise bottom wall portions 116,

and side wall portions 18B extending between the strip
like portion 12B and the bottom wall portions 116. The

bottom wall portions 116 include distal parts 118 spaced
from the top surface 13B of the tape 100. The bottom
walls 9B of the electronic components 2B abut the distal
part 118 of the bottom wall portions 116 while the leads
or solder bumps 4B project “upward” toward the open-
ing of the pocket 14B. -

The side wall portions 18B include longitudinal parts
20B extending betwesn the top surface 13B of the car-
rier tape 100 and the distal parts 118. The side wall
portions 18B also include castellation parts 22B having
portions insct from the longitudinal parts 20B. The
castellation parts 22B have engagement surfaces 24B
adapted to engage the corners 7B of the electronic com-
ponents 2B which are free of leads or solder bumps 4B
to retain the electronic components 2B stationary with

- respect to the carrier tape 100 and to retain the orienta-
tion of the clectronic component 2B relative to the
carrier tape 100. The castellation parts 22B are also
adapted to prevent rotation of the electronic compo-
nents 2B rejative to the bottom wall portions 116 during
removal of the electronic components 2B from the
pockets 14B.

The carrier tape 100 also has a conventional series of
equally spaced and sized through openings 27B along
each edge of the strip like portion 12B which will re-
ceive the tooth of 'the drive sprocket 5 (FIG. 4) or
sprockets by which the carrier tape may be driven
through automated equipment (e.g. 40) which Ioads
components into the pockets 14B or removes compo-
nents from them. Also, the carrier tape 100 has one
through opening 29B generally centered in the bottom
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scope of the present invention should not be limited to
the structure described in this application, but only by
structures described by the language of the claims and
the equivalents of those structures.
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corners, top and bottom walls, and at least one lead
projecting from said side walls with the corners being
free of the leads,

said carrier tape comprising a strip like portion defin-

ing a top surface for said tape, and wall portions
defining a plurality of similarly-shaped pockets
spaced along said tape and opening through said
top surface, said wall portions compnsmg

bottom wall portions,

sxdewallpomonsextendingbetweensatdstnphke

portion and said bottom wall portions,

said bottom wall portions imcluding distal parts

spaced from said top surface of said tape and em-
bossed parts projecting above said distal parts and
having abutment surfaces spaced above said distal
parts, said abutment surfaces being adapted to abut
the bottom walls of the electronic components to
afford elevation of the electronic components rela-
tive to said distal parts, and

said side wall portions including longitudinal parts

extending between said top surface of said tape and
said distal parts and castellation parts having por-
tions located above said embossed parts and inset
from said longitudinal parts,

said castellation parts having engagement surfaces

.adapted to engage the portions of the side walls of
the electronic components which are free of leads
to retain the electronic components stationary with
respect to said tape and to retain the orientation of
the electronic components relative to said carrier
tape, and

said castellation parts being adapted to prevent rota-

tion of the electronic components with respect to
said bottom wall portions during removal of the
electronic componeats from said pockets.

2. A unitary flexible carrier tape according to claim 1
‘wherein said pockets have middle portions, said top
surface of said stripe defines a top plane, and

at least one of said castellation parts have a cross-sec-

tion in said top plane that is generally ‘“W” shaped
with the bottom of the “W* shape facing the mid-
dle portion of a respective pocket.
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prise four xrregular hexagonal shaped surfaces each
having an axis about which the hexagonal shaped
surface is symmetrical, and
said abutment surfaces forming generally X-shapes in
the bottom portions of said tape with the axes of
adjacent abutment surfaces intersecting gemerally
at said middle portions.
5. A unitary flexible carrier tape accordmg to claim 1
wherein said abutment surfaces comprise annulus
shaped surfaces.
6. In combination an electronic component havmg a
body including side walls defining comers, top and
bottom walls, and at least one lead projecting from said
side walls with the corners bemg free of the leads,
and a unitary flexible carrier tape comprising a strip
like portion defining a top surface for said tape, and
wall portions defining a plurality of sxmzlarly-
shaped pockets spaced along said tape and opening
through said top surface, said wall portions com-
prising:
bottom wall portions,
side wall portions extending between said strip like
portion and said bottom wall portions,
said bottom wall portions including distal parts
spaced from said top surface of said tape and
embossed parts projecting above said distal parts
and having abutment surfaces spaced above said
distal parts, said abutment surfaces being adapted
to abut the bottom wall of the electronic compo-
nent to afford elevation of the electronic compo-
nent relative to said distal parts, and
said side wall portions including longitudinal parts
extending between said top surface of said tape and
said distal parts and castellation parts having por-
tions located above said embossed parts and inset
from said Iongitudinal parts,




sai d [REH] ME £ forming X-shapes in the bof tom portions of
sai dlt
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accondiing to claim 1ljwherein said abut mant surfaces conpli st annul us
shapgd =164 A unitary flexi carrier tape for transportl ng a

pl urcllty of com:)onen $, each copmponent a a__bod cluding sid

wal | ST=COMET S, and a pl atae eRsteiatoR R gﬁY'g &%ﬂ?ﬂq (a) a
strip portion defining a taﬂa‘%@iﬁ@@&gégeﬁ%l?f’ °fth° 51% Q ) a
plurality of similarly- shaqhecﬁlwmws:dmponmwhmharefrecnfgt‘adsdocorrponent s,

sai d pockets being spaced retain tled @ebertrémict egrapenentosatioagry hwithgh sai d top

sur - face, each of ssfedtaoisid tipy and té retalititie GQéntation of sai d
pockets eah conpri sing: the elebiroass icofpiitlent Reldtivanfo shidCladidrd di stal
parts spaced from &P surface of said carrier tape, (i)

abut rrent surfaces spaced cagteiﬁjn ﬁf&?heﬁ racfapted to restrict rota-

~ tion of the electronic component with respect to
said bottom wall portions during removal of the
electronic component from a pocket.

7. A combination according to claim 6 wherein said
pockets have middle portions, said top surface of said
strip defines a top plane, and
- atleast one of said castellation parts have a Cross-sec-

tion in said top plane that is generally “W” shaped
with the bottom of the “W shape facing the mid-
dle portion of a respective pocket. :

8. A combination according to claim 7 wherein each
of said pockets have at least one of said castellation
parts defining a cross-section in said top plane that has
a chamfered portion with the chamfered portion famng
the middle portion of said pocket.

9. A combination according to claim 6 wherem said
pockets have middle portions,

saidabutmtsnrfacsineachofsaidpocketscom-

prise four uregnlar hexagonal shaped surfaces each
having an axis about which the hexagonal shaped
surface is symmetrical, and

said abutment surfaces forming X-shapes in the bot-

tom portions of said tape with the axes of adjacent
abutment surfaces intersecting at said middle por-
tions.

10. A combination according to claim 6 wherein said
abutment surfaces comprise annulus shaped surfaces.

11 A unitary flexible carrier tape comprising a strip like
portion defining a top surface for said tape, and wall
portions defining a plurality of similarly-shaped pockets
spaced along said tape and openmg through said top
surface, said wall portions comprising:

bottom wall portions,

side wall portions extending between said stnp h‘ke
- portion and said bottom wall portions,

said bottom wall portions including distal parts

spaced from said top surface of said tape and em-
bossed parts projecting above said distal parts and
having abutment surfaces spaced above said distal
parts, and
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portion of said pocket said distal @asteliation parts ha ving por-

tions located above sa:d embossed parts and inset
from said longitudinal parts.

12. A unitary flexible carrier tape according to claim
11 wherein said pockets have middle portions, said top
surface of said strip defines a top plane, and

at least one of said castellation parts having a cross-

section in said top plane that is generally “W
shaped with the bottom of the “W” shapes facing
" the middle portions of said pockets.

13. A unitary flexible cartier tape according to claim
12 wherein each of said pockets have at least one of said
castellation parts defining a cross-section in said top

plane that has a chamfered portion with the chamfered

portion facing the middle portion of said pocket.
14. A uritary flexible carrier tape according to claim
11 wherein said pockets have middle portions,
said abutment surfaces in each of said pockets com-
prise four irregular hexagonal shaped surfaces hav-
ing an axis about which the hexagonal shaped sur-
face is symmetrical, and
~ said abutment surfaces forming X-shapes in the bot-
tom portions of said tape with the axes of adjacent

* abutment surfaces intersecting at said middle por-

tions.

15. A unitary flexible carrier tape according bo claim
11 wherein said abutment sarfaces comprise annulus
shaped surfaces.

16. A unitary flexible carrier tape for transportmg a
plurality of components, each component having a
body including side walls, corners, and a planar bottom
wall, said tape comprising:

(a) a strip portion defining a top surface of the tape,

and

(b) a plurality of similarly-shaped pockets for receiv-

ing the components, said pockets being spaced
along the tape and opening through said top sur-
face, each of said pockets havmg a middle portion,
said pockets each compnsmg'
@) bottom wall portions, including distal parts
spaced from said top surface of said carrier tape,
(ii) abutment surfaces spaced above said distal parts
and below said top surface of the tape, said abut-
ment surfaces adapted to abut the bottom wall of
the component to afford elevation of tlie compo-
nent relative to said distal parts, and

d mddle



sur f ﬁ&zﬁbﬁﬁgf‘»@ﬁﬁ&aﬁﬁﬂﬁ'[ he corners of the body of a component in

the ocket to " Teta he conmponent i nmpos ﬂl t he
.carrijer ?E 97ni afy flexible carrier tape accumnmm HHIWHIHG

wher ¢i n said top surfage of said strip defines a top i arte, "anél *at | east
one ¢f ‘sat-dt—cast I bn parts have a crgas sec- tion in said top plane
that |is generally "W $haped wiith the bottom of . the "W, shape facing
the mad- — —dare portron (ﬁﬁ)ﬁlﬁiém Pstwmmﬁf | exi bl e
carrier tape according to clmmm@ndmthW@ portiensy €have at

| east one of said castell at mdlpamensjm’dudmg.a crossection in said top
pl ane that has a chanfered {a)longitudinal paints extending betweer said tépici ng t he

m ddl e portion of said pocketsurfa&ofw% ng‘aidawqﬁmar t ape

according to claiml16, wher ofd ket HAdnEN annul ar
surf ace. 20. A wunitary fl gﬁ&b | BEH niddia P | ke
portion defining a top surfac Qr &ald

g engagement
surfacs for engagmg the corners of the body

of a component in the pocket, to retain the
, component in‘position relative to the carrier
tape.

17. A umtary ﬂenble carrier tape according to claim
16wheremsaxdtopsurfaceofsa1dsmpdeﬁnaatop
plans, and |

at least one of said castellation parts have a cross-sec-

tion in said top plane that is generally “W™ shaped
with the bottom of the “W*’ shape facing the mid-
dle portion of a respecuve pocket.

18. A unitary flexible carrier tape according to claim
16 wherein cach of said pockets have at least one of said
castellation parts defining a cross-section in said top
plane that has a chamfered portion with the chamfered
portion facing the middle portion of said pocket. -

19. The unitary flexible carrier tape according to
claim 16, wherein said abutment surfaces comprise an
annular surface.

20. A unitary flexible carrier tape comprising a strip
Iike portion defining a top surface for said tape, and wall
portions defining a plurality of similarly-shaped pockets
spaced along said tape and opening through said top
surface, said wall portions comprising: bottom wall
portions, -

side wall portions extending between said strip like

portion and said bottom wall portions,
said ‘bottom wall portions including distal parts
spaced from said top surface of said tape,

wherein said bottom wall portions include embossed
parts which project above said distal parts and
have abutment surfaces spaced above said distal
parts;

said side wall portions including longitudinal parts

extending between said top surface of said tape and
said distal parts and

castellation parts having portions inset from said lon-

gitudinal parts and having surfaces defining en-
gagement surfaces, and .



urality of -sinilarl y- shaped pocket—spaced along said

igh said top surface, said wall | I ng:
side wall portions extendi nﬂlﬁl%“ﬁmﬁgm i ke

bm wal | portions. sai d botton ¢ mons 1 kcl udi ng

bd fromsaid top surface of said tape, wherein said .

-emwet—pertiens= ncl ude embossed  2lparts which project above said
di stal parts and have abut ment surfaces spaced above said distal
parts; said side wal FRiSsmEgemnenssurfacespfisaidysastellation parkyare ext endi ng

bet ween sai d top surfacelasetedipbiove paideembossed partd. di stal parts and
castel | ati on parts havi2igApanitamynflexibketartiep tapepactdrding to clapmt udi nal parts
and having surfaces ®@¥fwhergn®bch of saRPSSIRA have b 3siddlc podion, -
said abutment surfaces in each of said pockets com-
prise four irregular hexagonal shaped surfaccs hav-
ing an axis about which the hexagonal shaped sur-
face is symmetrical, and
said abutment surfaces forming X-shapes in the bot-
tom portions of said tape with the axes of adjacent
abutment surfaces intersecting at said middle por-
tion of a respective pocket.

22. A unitary flexible carrier tape according to claim

20 wherein said abutment surfaces comprise annulus
‘shaped surfaces. , .

23. A unitary fléxible carrier tape adapted to trans-
port an electronic component having a body including
side walls defining corners, top and bottom walls, and at
least one lead projecting from said side walls with the
corners being free of the leads, |

said carrier tape comprising a strip like portion defin-

ing a top surface for said tape, and wall portions
defining 2 plurality of similarly-shaped pockets
spaced along said tape and opening through said
- top surface, said wall portions comprising:
bottom wall portions including distal parts spaced
from said top surface of said tape,
side wall portions extending between said strip like
portion and said bottom wall portions, and __
each of said pockets including embossed moans for
elevating said component relative to said distal
parts, and ' '
each of said pockets including engagement means
inset from said side wall portions, for erigaging the
component to retain the orientation of the compo-
nent relative to said pocket until the component 18
removed from said pocket. ]

24. A unitary flexible carrier tape according to claim
23 wherein said embossed means comprises abutment
surfaces spaced above said distal parts and below the
top surface .of said tape. - )

25. A unitary flexible carrier tape according to claim

24 wherein said abutment surfaces comprise annulus
shaped surfaces.
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22. A unitary flexibl from the side: wplls, dbcdnﬂm@emg insetirelative to an

wherei n sai d abut ment outerfperipheryrofithechosdyndéfired by a line connect-
surf aces. ing each of the corners of thc body, the carricr tape
comprising:
() a strip portion defining a top surface of the tape;
and

(b) a plurality of similarly-shaped pockets spaced
along the tape and opening through said top sur-
face, said pockets each comprising:

() bottom wall portions spaced from said top sur-
face of the tape, and

(i) side wall portions extendmg between said strip
portion and said bottom wall portions,

(iif) embossed parts situated between said bottom
wall portions and said top surface, said embossed
parts having abutment surfaces adapted to abut
the bottom wall of the component to space the

leads of the component from said bottom wall
portions, and

(iv) engagement surfaces located above the em-

bossed parts and inset from said side walls
‘toward the middle of the pocket, said engage-
ment surfaces adapted to engage the corners of
the components to retain the components in posi-

tion relative to the carrier tape.
. ¥ 2 % ¥ % )
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carrier tape adapted to trans- - port

23.

an e e“tronlc conmpon havi ng a bedy .i ncl udi‘ng side walls
defi hi hg G®DECWI1op knd bottom wal s, and at | east one

| ead}-ptojecting fron| shid side walls W|th t he corners being
free said carrier tape conprising a strip

i ke por.tlon defln- | igg a top surface for said tape,
and v portions. : def] a plurality of
simlarly-shaped pockets CARRIER ke r1‘%paced al ong said tape and

"~ openi ng through said - top surface, said wall portions
conpri si ng: bottoW&t lons including distal parts
spaced _ - from sai | ace of said tape, .
side wall portions ex ifg 16 thePresent inveaitidn ek & provided a

portion and said bot.mq xithe" ta;ﬁtngompnsm each of said
, . g a strip like ;
pockets including e oo%sa m)anj face for the ta d P%V&tl ng said

conponent relative t X=and

each of said pocket 3985 gmgm g:gfﬁgaﬂsﬂyt-;}a s pt::tot; i nset
fromsaid side wallspaF f ma g:nqmg ou

conmponent to retai nsunface p$ dnclude bottom wall por- nent

relative to said podioms, ndel\irallbermmulﬂmgbetweenthcsmphke
portion and the bottom wall portions. The bottom wall
portions include distal parts spaced from the top surface
of the tape and embossed parts projecting above the
distal parts and having abutment surfaces spaced above
the distal parts. The side wall portions include longitu-
dinal parts extending between the top surface of the
tape and the distal parts. The side wall portions also
include castellation parts having portions located above
the embossed parts and inset from the longitudinal
parts.

Figure 1
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24. A unltary flexible carrier

i Mt 23 wherei n sai d enbossed neans
surfaces spaced above said distal parts
top surface of said tape. 25.
I er tape according to claim : - 24
_gqurfaces conprise apnul us : shaped

22 26. A flexible carrier tape
adapt ed to transport a plu- rality of electronic conponents, each of the

conpo- nets h ng a ‘body including side malls corners a planar bottom
wal |, and a pl rt\l‘lty of Ie%f prmectlng
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the | eads being inset relative to an outer periphery
by a line connect-. ing each of the corners of the body,
chpnpri si ng: (a) a strip portion defining a top surface
e and (b) a plurality of sinilarly-shaped pockets spaced
andtopeni ng through said top sur- .face, said pockets

conﬁflsfng (i) bottomwall port2ons spaced fromsaid top sur-
face of the tape, &md (ii) side-wall portions ext endi ng between said
Costrip portioniand said bottom u p (||_9 enbossed parts
si tuat ed between sékd bﬁ%ton1 B p ons az sai g topégyrface said
enbossed part s Mhav 6aw nt w4 c 74a d&d aﬁ;lt : t he
bottom wal | ~ofgtg g eoRn8reRs—4 "uv, , -£-~- ent from
Qottomwa _muul ot Ucat e
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of the pocket, said engage- nment surfaces adapted to
er $ of the conponents to retain the conponents in posi-
he carrier tape. -
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