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" The  present invention relates to a method and

apparatus for retaining a conductive trace on a unitary

clamp. More particularly to an interconnect system designed

to mount, secure, and protect a conductive trace having a

multi-lead integrated circuit. A clamp, when assembled with

a conductive trace having an integrated circuit permits

safe storage of the device, mounting of the device for

testing of the electronic components, and safe and accurate

mounting of the assembly on a printed circuit board during

production of the latter.

Background Art

The density of integrated circuits continues to

increase and as a result, the number of delicate leads

between the integrated circuit and a printed circuit board

continues to increase. A difficult pfoblem

confronting engineers in the electronics industry

still

is an

efficient and reliable way to secure an integrated circuit

to a board while maintaining electrical connection and

mechanical protection of the leads.

A fabrication process known 1in the electronics

packaging art is tape automated bonding (TAB). A continuous

tape of fragile conductive traces, similatv to, but farv more

fragile than photographic film provides a Dbasis for

mountirig integrated circuits on each frame of the tape.

A metal pattern is formed on' each frame

of the

conductive trace. These metal patterns radiate from the

center of the trace where an integrated circuit is mounted

to the peripheral edges of the frame to form leads.

The

circuit is mounted such that the contacts of the chip are

mated with the corresponding metal pads in the central

portion of the frame. These fragile conductive traces

provide for electrical connection between the integrated

circuit and the circuit board.

The manufacture of electronic components,

sub-assemblies and assemblies r1equires a number of

functionally diffevent manufacturing opetations.
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perform these operations is not only expensive, but there
is also a relatiVely high possibility for defective itéms.

United States Patent 5,099,392, entitled
Tape-Automated Bonding Frame Adapter System issued to the
Hewlett--Packard company on March 24, 1992 and illustrates
an adapter system for_moﬁnting'an integrated circuit and
conductive trace to a circuit board.

The adapter system comprises three separate components

.to mount the frame to a circuit board by building a
sandwich of parts. An adapter ring is positioned on a
circuit board. A plufality of conductive elements are
wrapped around  members  of the adapter ring to provide
electrical connection between the circuit board and
conductive trace. The conductive trace is mounted oﬁer the

- adapter ring. A seal is mounted over the conductive trace
and finally a lid is provicded over the entire assembly to
protect the conductive trace. The entire assembly is
secured in place by a number of fasteﬁerS'such as nuts and
bolts. ) |

United States Patent 4,696,526, entitled Carrier for
Tape Automated Bonded Semiconductor Device issued to the
Intel Corporatién on September 29, 1987 and illustrates a

- device for mounting an integrated circuit and cbnductive
trace to a base for _eléctrical test of the integrated
circuit.

The device comprises two separate and complicated
components to mount a conductive trace by building a
Sandwich of parts. A.base is provided with a socket for
receiVing a conductive trace. The conductive trace is
positioned withih the base by a plurality of lugs. A cover
is placed over thé conductive trace and locked in place
with the base by a number of complimentary locking members.

‘United State Patenf 5,005,070, entitled ESoldering
Interconnect Method and Apparatus For Semiconductor

Packages issued to the Hewlett-Packard company on April 2
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Manufacturing the fragile conponents is one operation
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structure is secured in position either adhesively, or by
thermally deformation of stakes. -
IBM technical Disclosure Bulletin entitled, Method of
. Bonding Tape Automated Bonding Packages Using Conventional
Surface Mount Technologies, Vol. 34 No. 11 of April of 1992
and illustrates a temporary fixture that may be used in the
assembly of a circuit module with a printed circuit board.
A fixture temporarily gribs the module in order to
transport, place the module on a printéd circuit board.
- After a solder process, the fixture releases the module and
is ;embved for recycling lLeaving the unprotected module
behind. The circuit module is relatively thick and durable
compared to the circuit Utrace contemplated herein. '
" The prior art refgtences have a number of significant
deficiencies. Most systems have multiple components which
are costly to manufacture. Aligning a sandwich of
componehts on a circuit board is difficult, costly and fime
consuming. It is also prone to efror.
Retention of a fragile conducti?e trace having an

integrated circuit and retention on a circuit board in a

unitary protective'structure is not disclosed. Conductive
traces having integraled ciirenits are stored and shipped
separately from Lhe mounting devices. Separate storing of
the unprotected conduétivn traces is difficult due to the
fragile nature of the trace: and integrated circuits. This
typically requires additi—nal ptotectlve packaging for
storage and shlppJng of coumponents.

Summary Of The Invention

It is a primary advantage of the invention to provide,
a unitary structure which permits retention of a very thin,
fragile conductive trace having an integrated c1rcu1t and
retention on the circuit boavrd. In another advantage of the
invention, the clamp assembly is useful for safe storage,
placement in a cifcuit Lest . apparatus, and mounting on a-
printed circuit board.

In a broad aspect of the invention, the invention
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each of said piurality of retention means adapted for
fastening- engagement with a plurality of corresponding
apertures in said substrate.

In’ énother broad aspect of the invenfion, the
invention consists of a conductive trace, a clamp, said
clamp having a_base member, said base member having a
plurality of retention means extending downwardly from said
base, each of said plurality of retention means having
retention section adapted for retaining engagement with a
plurality of corrésponding apertures in said conductive
trace and each of said plurality of retention means édapted
fof fastening engagement with a plurality of corresponding
apertures'in said substrate wherein said trace is retained
with said clamp.

In another broad aspect of .the invention, fhe
invention consists of h conductive trace, a substrate, a
clamp, said clamp having a'base menber, said base member
having a plurality of retention means extending downwardly
Erom said base, each of said plurality or retention means
having retention section adapted for retaining engagement
with a plurality of couvresponding apertures in said
conductive trace and each of said plurality of retention
means adapted for fastening engagement with a plurality of
corresponding apertures in said substrate wherein said
trace is retained with =said clamp and said clamp is
fastened to said substrate. '

The invention may include a standoff means to space a
lower surface of the base member a predetermined distance
above a circuit board. '

The invention.may al=o include a locator such as an
indentation trace formed in an upper surface of the base
member to permit centering 6( a material cutter for removal
of the clamp.

In an embodiment of the invention, the base member is

formed by the uppek-surfécé, sidewall and lower surface of
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edge of the base member or alternatively, a rim formed in

the posts.

It is another primary advantagé of the invention to

provide a method to assemble a clamp with a fragile
conductive trace having an integrated circuit wherein the
trace is retained in the clamp.

In another broad aspect of the invention, the
invention consists of a method of assembling a clamp with
a conductive trace having an integrated circuit comprising
the steps of acquiring a clamp from a clamp feeder and
pressing the clamp onto a conductive trace, retaining the
conductive trace and integrated circuit within the .clamp.

In the drawings which'illustrate embodiments of the
invention, '

Figure 1 is a axonometric view of a condu;tive trace
retained in a clamp mounted on a printed circuit'board,
Figure 2 is a top view of the-clamp,

Figure 3 is a side view of the clamp illustrating the poéts
and the standoff, |

Figure 4 is a bottom view of the clamp,

Figure 5 is another side view of the clamp illustrating
the posts and the standoffs,

Figure 6a is an expanded séctional view of the clamp
taken along line CC of Figuré 2 illustrating the profile
of a lower surface of a clamp in an embodiment,

Fighre 6b is an expanded.snﬂ?innal-view of the clamp
taken along line CC of Figure 2 illﬁétrating another
~embodiment of the profile of a lower surface of the
clamp,

Figure 6¢ is an éxpanded sectional view of the clamp
taken along line AA of Figufe 2 illustrating one
embodiment of the posts,

Figure 6d is an expanded sectional view of the clamp
taken along line AA of Figure 2 illusirating another
embodiment of the posts,

Figure 6e is an expanded sectional view of the clamp

|
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Figure 8 is a single conductive trace excised from the
tape, Figure 9 is a top view of a conductive tracé retained
in the clamp, | _
FiQure_lOa is a bottom view of a conductive trace retained
in the clémp, _
Figure 10b is an expanded sectional view of the cleimp
illustrating an embodiment 6f the post cooperating with
the trace, '
Figure 11 is a top ﬁiew_of a printed circuit board
illustrating the apertures which communicate with the
posts of the clamp to permit alignment of the clamp and
the conductive trace wilh the layout on the circuit
board, ._ ' ' '
Figure 12 is a flow'chart of the method to assembly a
clamp with a integrated circuit and a conductive trace,
Figure 13 is a schematic view of a die and plurality of
conductive traces having integrated circuits before
excise of a single trace,' _
Figure 14 is a schematic view of a die with a separated
single trace,
Figure 15 is a schematic view.of acquiring a clamp from a
feeder by a vacuum nozzle for.placement on a single
. trace,
Figure 16 is a schematic view of the clamp pléced on a
single conductive trace for retaining-the tréce,
Figure 17 is a schematic view of removal of the completed
assembly of the clamp and conductive trace,
Figure 18 is a schematic view of the completed assembly
located in a test apparatus, |
Figure 19 is a schematic view of the compléted assembly
located in a shipping tube, -
Figure 20a is a schematic view illustrating piacement of
thé completed assembly onto a printed circuit bdard, and
Figure 20b is a schematié view illustrating the completed

assembly located on a prjnted'cifcujt'board.
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16. The plurality of leads 18 of the conductive trace

communicate with the blurality of pads 20 on the printed
circuit board 16 for mechanical and electrical contact.
In final form, the leads are soldered to the pads.

Those skilled in the art will understand the clamp

is formed of plastic from_an injection molding process.

 The plastic must be suitable for withstanding high'
temperatures during a soldering process and must have
mechanical stability to protect the fragile conductive
trace and integrated circuit 14 from damage when
assembled as shown in Figure .1. '

Referring now to Figure 2, featurés of the upper
surface 30 of the.clamp 12 are shown. An aperture 24 is
formed in the center.of the clamp 12. Location and size
of the aperture 24 may be varied as long as Ehe aperture
24 permits visual inspectiou-of information located on a
upper surface of the integrated circuit.(not shown) .

For example, the information.may be a part number,
or lot number, or some other related technical markings.

During‘the assembly process or diagnostics after
assembly, an integrated circuit must be readily
identifiable. The aperture 24 permits identification
without having to add equivalent information to the top
surface of the clamp.

A plurality of recesses 22 are formed at the
peripheral edges of thé clamp 12. These recesses 22
permit a visual inspection of the leads 18 before
assembly. After assembly, the recesses 22 permit a visual
inspection of the solder joint between the leads 18 of
the conductive trace 80 and the pads 20 of the printed
circuit board 16 (refer to Figure 1.) '

| In the preferred embodiment, the clamp 12 is
substiantially.squafe having a recess 22 at the
peripheral edge of each side to permit_inspection for
each group of leads 18 (four groups not shown).

A bevel 26 is formed on one side of the upper
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provides clamp orientation in a storage tube (not shown).

The bevel 26 also facilitates the use of vibratory
feeders during the assembly process. .

A plurality of indentations 28 are formed in the
upper surface 30 of the clamp. These indentations 28 are
formed directly ovér the downwardly extending posts 40
(not shown, see Figure 3). The diameter and depth of an
indentation is selected to. loosely receive an end of a
post to permit tight stacking of the clamps 12. The '
indentations also provide a visual indication from the
upper surface 30 of the clamp 12 to locate the posts 40
for removal of the clamp 12 from a printed circuit board
16. A drill may be located over the indentation to drill
doﬁn through the upper surface 30 of the clamp 12 and
effectively'remove.the post material or tape component
without damage to the printed circuit board 16. This
permits easy accurate removal of a clamp assembly, for
example upon electrical failure of the integrated circuit
14, once assembled for non-deétrudtive failure analysis.

Referring now to figure 3 and 5 side views of the
clamp 12 are shown. The clamp 12 has a sidewall 46 formed
of a suitable thickness to provide mechanical rigidity of
the structure and protection of the fragile conductive
trace and integrated circuit.

The clamp 12 is formed with an upper surface 36 and
a lower surface 44. A plurality of posts 40 extend
downwardly from the lower surface 44. The posts 40 engage

- apertures in the conductive trace (not shown) for

- retention of the conduc::ve trace within the clamp 12.
The posts 40 also engage apertures'in the printed circuit
board 16 (not shown) tc retain the clamp 12 on the
printed circuit board :5. '

The sidewall 46 has a plurality of standoffs 42
extending downwardly at each corner of the clamp 12. The
staﬁdoffs 42 are of a length to control the height of the
clamp 12 in a predetermined spaced relationship with the
printed circuit board 15.
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printed circuit board and pressed downwardly onto the
board until the standoffs engage the upper surface of the
board providing tﬁe spaced relationshiﬁ. The function of
the spaced relationship will be discussed later with
reference to Figure 20b.

Referring now to figure 4, a bottom view of the
clamp 12 is shown. From the lower surface 44, the
downwardly extending posts 40 and standoffs 42 are shown.
The cooperation between the posts 40 and the standoffs 42
permit retalnment of the clamp assembly with the prlnted
circuit board 16 at a predetermined height above the
board.

While the preferred embodiment illustrates'four
posts and four standoffs, those skilled in the art will
appreciate the number and placemeht of the posts 40 and
standoffs 42 may vary without departihg from the scope
and spirit of the invention. ) ' .

-Referring now to Figure 4 and Figures 6a and 6b
which are a cross sectional view taken along line CC of
Figure 2, a profile of the lower surface 44 is
illustrated. The profilé of the lower surface 44
depresses the leads 18 of the conductive trace (not
shown) downwardly, effectively forcing the leads 18 of
the conductive trace down for engagement with pads 20 on
a printed circuit board 16 (refer to Figure 1.).

In one embodiment of the invention, a rectangular
ridge 50 is formed on the lower surface 44 of the clamp
12 as shown in figure 6b. This ridge forms a rectangular
shape around the lower surface 44 of the clamp 12 as
shown in Figure 4. In another embodiment of the
invention, the lower surface 44 slopes downwardly and
outwardly from the center of the clamp 12 to depress the
leads of the conductive trace. The ﬁosts 40 retain a
conductive trace 80 in a.pldne beneath the lower surface
of the'clamp 12. This plane is slightly above the lowest
point of the lower surface or ridge in order to create
the downward force on the leads 18.

Sufficient downwar: force on the leads 18 will only
occur if the leads 12 l:e below the plane of the

integrated circuits 1< solderable surface as will be
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relationship with the clamp 12 and retainment of the
clamp 12 with a printed circuit board 16.
_ In one embodiment, §hown in Figure 6c¢, the posts 40
are substantially cylindrical-for engagement with
apertures in the conductive traqe 80 (not shown) and
apertures in the printed circuit board 16 (not shown). A
chamfer 60 located in a distant end of the post 40 aids
engagement of the respective apertures. _

In another embodiment, shown in Figure 6d, the posts
40 are substantially cylindrical, having a slot 62
extending from the distant end of the. post 40 inwardly to
form two flexible post members. Thé slat 62 permits
inward flexation of theée post members to aid with
engagement of the respective apertures and to provide a
tight bress fit with the apertures of the printed circuit
board for retention of the clamp assembly 10.

In anotﬁer embodiment:, shown in Figuré 6e, integral
standoffs are formed in the posts 40. In this embodiment,
the clamp 12 does not require the standoffs 42 to provide
the spaced relationship between the clamp 12 and the
printed éircuit board 16. The post 40 forms an upper
cylindrical surface 41 and a lower cylindrical surface
45. The upper surface 41 communicates with the aperture
76 of the conductive trvac~ 20 as previously described.
The lower surface 45 communicates with the apertures 90
of the printed circuit boaird as previously described. The
apertures 90 and lower surface 45 are of-a different.
diameter, being smaller than the upper surfacé 41. The
smaller diameter again must provide a tight press fit. A
lip 43 is formed at the junction of the upper and lower
surfaces. The lip 43 provides the function of a standoff
by resting on the upper suirface of the printed circuit
board 16. The lip 43 is pcsitioned on the post to provicis
the predetermined spacecd relationship bétween the clamp

12 and the printed circuit board 16.

|
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and a printed circuit board is achieved by a single
conductive trace 80. A plurality of_ieads 18 is shown on
each conductive trace 80. The leads 18 are for electrical
engagement with pads 20 on the printed circuit board 16.
A plurality of contacts 78 secure and eledtrically engage
‘an 1ntegrated 01rcu1t (not shown). A plurality of lands
74 electrlcally connect the leads 18 with the contacts
78. _ .
Formed in each condiictive trace 80 are a plurality
- of apertures 76. The apertures 76 engage the posts 40
(not shown) for retentlou of the conductive trace 80 with
- the clamp 12
'In one embodiment, four circular apertures 76 are
provided to engage'four cylindrical posts 40 on the clamp
12. The diameter of the posts 40 and the diameter of the
apertures 76 are such that a press fit occurs between
them providing.reteﬁtion of tﬁe fragile trace without
damage during the assembly process. Thé apertures formed
in the fragile film of the conductive trace 80 are
surrounded by metal patterns to strengthen the area for
engagement with the posts. The strengthened area resists
tearing of the film when engaged by the posts 40. It is
appreciated by those skilled in the art that minor
changes to the number of, and shape of, posts/apertures
may be made without departing from thé scope and spirit
of the invention. .
Referring now to Figure 8, a single conductive trace
80 has been excised and lead formed from the tape 70. The
leads 18 are formed in the shape of an S, as shown in
Figure 14. The leads could assume other shapes such as a
gull wing. |
Referring.now to Figures 9, and 10a, a clamp
assembly 10 is shown. The conductive trace 80 is retaineri
in the clamp 12'by the engagement: and cooperation between

the plurality of apertuves 76 in the conductive trace 80
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engagenent with a plurality of corresponding apertures in s§gi
wherein saigdaracged-ss, retained with saidyglanp and said cla
to said substrate. The invention may incﬂ'

| ower surfaggdthkh%ﬂQgégip@pbgf

board. The invention may al so 1 nclude a |ocator such as an i ndentation

trace formed®i RN

a nateri al
i nventi on,

pubted fior o amgwealapbatheus! ab. thieidn andesd Mest okthhged
ggeab%¥idﬁé Egiééhit board. An integrated circuit is not
shown in Figures 9 and 10a. |

Referring now to Figure 10b, a sectional view of a
post is shown cooperating with a conductive trace 80. The
apefture formed in the conductive trace 80 includes a .
plastic layer 81 having a diameter slightly larger than
the diameter of thé post, and a copper layer'83 having
diameter slightly smaller that the diameter of the post.
A peripheral edge'of the copper layer 83 deflects .
downward when a post is inserted into the aperture. The
edge provides a biting engaQement with the post retaining
the conductive trace 80 with the post.

Referring now Lo Figure 11, a printed circuit board
16 is shown as configured to receive a clamp assembly 10.
A plurality of pads 20 are arranged to engage the leads
18 of a conductive trace (ﬁot shown). The engagement is
both mechanical, to secure contacit by application.of

solder, and electrical. The pads 20 are electrically

- connected to other parts of the printed circuit board 16

by lands 92 etched on the board.

A plurality of apertures 90 are arranged in a
predetermined spaced relationship on the board 16 for
receiving a plurality of posts 40 of the clamp 12 (not
shown). Those skilled in the art will appreciate that the
arrangement of pads 20 and apertures 90 may be modified
without departing the scope and spirit of the invention.

Referring now to Figure 12, the method to assemble a
clamp with a conductive trace will be described. The
method starts at 110. A singie conductive trace having an
integrated circuit is removed from a tape by application
of a die to excise the trace. The leads are formed by the
complimentary surfaces of the die pressing the leads into
an S shape (111), or other suitable shapes such as a gull
wing shape ' '

This single exXcised and lead formed trace is
presented to é placement machine (112). A clamp is theﬁ
acquired from a clamp feeder, for example by a vacuum
nozzle (113)! |

ude a standoff means to space a

oBE8deieJR nafk di S4APCerAbeVE sdefidiGri t
ookt f B e? oF N RR IR & RS t Lo PRPERY1é&nt eri ng of
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formed by the upper surface, sidewall and |ower surface of MHHMHMM ~
N

structure. cAbeosulptxr ate is a printed cigcuit board. The r
i's a cylindrical post formed in plastic having a dianeter that press fits
with an openi ng Thet tmaaxmdmtﬁay@cedaoato' thee sitayidofdxaktsed asdalead
plurality o Ll LS se peg i dge
of the baseE gnggmiéizﬁter |ve nggbgs T P%%% ($é¥?$g§%osés ﬁ[@grﬁ
anot her pr|ﬁaryeaNWMﬂanﬁhQﬁpQ$ﬁ§|hhegugbntb@ mpﬁntn¥%ﬁw%thod to assenbl e
a clanp wt tr [ Lo € {,
hor o ¢ heP FEERIMBRCIAENG, | [AEENERY Duhd NP JbMEE Ve | 1o
i nvent i on, thecenva@hiisoropranstser n@talnEtﬁb@ @bnﬂ%ﬂﬁﬁﬂ¢r@r%&%luh§hmﬁth a

conductive ¢hace1bay NA R | MR ot Tas(é%'mfl'ys'{@ 1b6.steas ot

placement at (115).
- The completed assembly of a clamp and trace may be

"placed in a storage package for shipping (117), or may be
temporally placed in a test appératus to electrically
test the component (116), or may be mounted on a printed
circuit board (118). :
Referring now to Figures 13 through 17, a SChematic_
cross section of the apparatus and components for the
method to assemble a clamp 12 and conductive trace 80 is
shown. _ >
In Figure 13, & tape of conductive traces 70 having
integrated circuits 14 'is fed'to an extise and lead form
die, generally indicafed at 100..The die has an upper
member 102 and a lower member 104. The upper member 102
is operable to communicate With the lower member 104
where a single conductive trace'may be excised from the
tapé 70 and the leads 18 may be formed during the same
operation. The leads.are formed into a shape by the
contour 106 of the upper member 102 cooperating with the
complimentary contour 108 of the lower member 104

pressing the leads into shape. The result is a single

conductive trace 80 as shown in Figure 14.
A clamp is obtained from a clamp feeder 122 as shown
in Figure 15 by a vacuum n-xnle 120 and transported for

engagement with a conducti~v~ trace logated in the lower
mémber 104 of the die. The =~acuum nozzle 120 has a baffle
over the aperture in the clamp to permit suction to
effectively grip the upper surface 30 of the clampllz.

'~ As shown in Figure 16, the clamp is aligned over the
~conductive trace 80. This alignment operation centers the
posts 40 directly over the apertures 76 of the conductive
trace 70. The'lower'member 104 of the die has a plurality
of openings 124 direcily under the apertures 76 of the
conductive trace 80. The size of the openings must be

large enough to loosely receive the posts 40 of the clamp
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acquiring a clanp froma clanp feeder and pressing the clanp immm“u lllml
conducti veChBa®8-02 ai ni ng the conducti#e trace and integrat

Within the clanp. In the drawings which illustrate enbeodi nents of the

i nventi on, 1Ri gade sindlsl eraxomonker fupppew dfhea ssomdeendiegt asee pét ai ned in
a clanmp ”DHﬂEe@o%lﬁ:ﬂlr\}é“@rdaccérﬁG” tnqbgqra@’erf' Q& dfed {«ioﬂowh@\gr@c the
clanp, Figure 3 is a side view of | ustrating gosts and t he

st andof f, ﬁPﬁﬁPeq$HW$§iQkﬂtRM?V?eﬁpthﬁﬁéQHa%ﬁ? apertures 7

predetermined distance to retain the conductive trace 70

]

in the clamp 12. The posts 40 on the clamp 12 effectively
press fit into apertures 76 on the conductive trace 70_
without.tearing or'damaging the fragile conductive trace
70. _

The lower member 104 of the die is contoured so that
the standoffs 42 of the clamp 12 do not touch or engage
the die surface. ThiS'permits the clamp 12 to be pressed
downward to unrestrictively receive the conductive trace
80 in a predetermined spaced relationship without
interference by the standoffs 42.

A completed assembly of a conductive trace 80 having
an integrated circuit retained in a clamp 12 is removed
from the die as shown in Figure 17. ?his_assembly may be

-plaéed in a test cell, a storage container, or prov1ded
for final assembly on a printed c1rcu1t board.

Referring now to Figure 18, a completed assembly is
shown in a test appératus 130. The test apparatﬁs 130 is
'soldered directly in place to'a.printed circuit board 16
in place_of a -completed clamp assembly 10. The test
apparatus 130 acts as an inlterposer between the clamp
assembly 10 under electrical test and the printed circuit
board 16. ' ' '

The test apparatus 130 is substantially a square box
with an operable 1lid 151. A plastic gate 132 pushes leads
18 onto its the contact pads 134 for eléctrical _
engagement. The upper surface of the integrated circuit
14 is also presséd against a copper slug 136 by a
protruding membeér 150 formod on the lower surface of a
1id 151. A surface of the integrated circuit 14
communicates with a surface of the slug 136 in order to
dissipate heat generated by the integrated circuit 14
under electrical teét._ _ _

Thus the test apparatu: provides both electrical and
thermal contact of the inteqrated.circuit 14 for burn-in
testing of thé integrated circuit 14 as retained'within
the clamp assembly 10. ' '

The 1id 151 is pivotally COI]I]G('th at one end 152 to
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10. The 1id 151 is releasably locked in the closed
position in order to provide a downward-force on the
integrated circuit 14 by the protruding member 150.

A plurality of copper posts 134 are soldered to pads
on the pfinted circuit bhoard 16. The copper posts 134
extend upwardly through the bottom 155 of the test
apparatus 130 to form exposed péds 154. The leads 18 of
the conductive trace 80 contact the exposed pads 154 for
electrical connection during test of the integrated
circuit 14. The height of the copper posts 134 and slug
136 are such that the posts 60 of the clamp 12 do not
engage the apertures 90 of the printed circuit board 16
in order to permit removal of the clamp 12 after the
burn-iﬁ test. The bottom 155 has a plurality of openings
to loosely receive the oosts 60."

The test apparatﬁs 130 and gate 132 are designed so

that the leads 18 of the conductive trace 80 are not

~deformed. This allows the clamp assembly 10 to be removed

from the test.apparatns 130 after burn-in for later use
ih the production of printed circuit boards.

Referring to Figure 19, a completed assembly 10 is
shown in a tube container 140 for storage and shipping.
The overall shape of the clamp 12 cooperates with the
overall shape of the tube container 140 to provide a
single orientation of the ciamp 12 within the container
140. The chamfer 26 of the «lamp 12 communicates with a
chamfer 142 of the container wherein these chamfers must
aline before inserting the clawp 12 -into the tube 140.
The inside dimensions of the tube are such that the clamp
assembly 10 may be slidably received and removed from the
tube 140. A single tube 140 may contain a plurality of
clamp assemblies 10. _ ..

The clamp 12 protects the fragile conductive trace
80 from damage that may occur from the top or sides of
the clamp 12 by combination of the upper surfacé,
sidewalls, and standoffs of the clamp. The four corners

of the clamp extend beyond the ends of the outer leads of

dsithseesqonal

el®Bt is ah
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along line AA of Figure 2 illustrating another enbodi nent og
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Fi gure 6e i(?AgQgngQQded sectional view f)ff) the clanp taken "uﬂlﬂﬁwmuf

Figure 2 ilTustrating another enbodi ment” of the posts, Figure 7 is a top
view of a t@ape ¥bhBue R alidde Ho COHUNELLYUE £t hRReendd B¥ &ife ?eQd@ ngl e
conductive trace excised fromthe tape, Figure 9 1s a top view of a
conduct i ve 1% aEE°PeharAdd ich 412 49% anp, Figure 10a is a bottom view of a
conductive trace retained in the clanp, Figure 10b is an expanded secti onal

view of the cla illustrating.an enbodi nent of the post cooperating with
t he nPn adgitiou, he f%ur posts 40 proé%ct ther%uter g

I 2

leads 18 from below. These posts 40 partially prevent
damage of the trace 80 from underneath by raising the
trace above a smooth or level contacting surface.

‘When the clamp éssembly is placed in the tube 140,
the trace 80 is completely protected from damage that may
occur from underneath the trace 80. o

Tubes 140 containing these clamp assemblies 10 may
be shipped without damage to the printed circuit board
assembly plant. The.tube 140 may bé used in a
manufacturing process and provides the machinery with the
capability to determine the orientation of clamps fdr
placement on printed.circuit boards.

Referring toIFigure 20a and 20b, a cohpléted clamp
assembly 10 is shown on a printed circuit board 16. A
placement'machine acquires an assembly from a feeder and
locates the-assembly over a printed circuit board 16. The
posts 40 of the clamp 12 are aligned over apertures 90 in
the printed circuit bhoard. The machine pushes the clamp
12 down onto the printed cirvcuit board 16. The clamp 12

" and conductive trace 80 are retained on the board by the
posts 40 press fitting into the apertures 90 on the
board. The clamp 12 is eased down onto the board. The
chamfers 60 on the posts 40 assist with engagement
between the posts 40 and apeirtures 90. The clamp 12 is
then pushed down until the standoffs 42 engage the upper

' surface of the board to engage the outer leads 18 of the
trace 80 into solder paste which have'been previously
screened onto the printed circuit board 16.

The ridge 50 (not shown) depresses the leads 18 of
the conductive trace 80 downwardly, effectively forcing

-the leads 18 of the conductive trace into engagement with
the pads 20 of the printed circuit board 16, prior to a
soldering process. - . o |

The posts 40.engagé the apertures 94 of the printed
circuit board 16 for retention of the clamp 12 on the
printed circuit board iﬁ.'The length and diametef of the

posts 40 and length diameter of the épertures 94 are such

P



trace, Figure 11 is a top view of a printed circuit board |Ilru$msagp|gg—,qlk§BEEN ’
apertures Vhighg§o nicate with the posts of the clamp to pgrmt pEppgACED!
of the clanp and the conductive trace with the | ayout on the

Figure 12 '@h@tféoﬁﬁéh%rbf®%§fFiﬂ“%éEﬁh&Ob@E§S€Q|%h% gfﬁH%é!i*b@-the
integrated circuit and -a conductive trace, Figure 13 is a schematic view of

a die and @whI#9yapE EhsdFidarall ResthavrRErthrey % AFaiattine before
exci se Ofi%éﬁéﬁéﬁ bfa€le clafp 12 from the printed circuit board.

The posts 40 provide retention with the fraglle

conductive trace 80 and retention with the apertures 90
of the printed circuit board 16, once assembled to the
printed circuit-board 16.

The standoffs 42 rest on the upper surfece of the
printed circuit board 16 to provide a predetermined
spaced relationship between the clamp 12 and the upper
surface of the printed circuit board 16. This spaced
relatiqnship must permit forced engagement of the -
contacts 18 with the pads 20 and fetain the printed
circuit 14 at a distance above the printed circuit board
16. ' ‘

' Once a.ciamp assembly 10 is mounted on a printed
circuit board 16, it pfovides mechanical protectioﬁ,to
the delicate structure. -

The prlnted c1rcu1t card assembly is then passed
through a surface mount technology reflow oven to form
the various solder joints. The clamp 12 remains in place
on the printed circuit board 16 to provide mechanical
pretection to the fragile conductive trace 80 and
integrated circuit 14. A surface of the integrated
circuit may be soldered to the printed circuit board 16
to provide for cooling of the circuit. Optionally, an
adhesive-may be applied to Lhe back bond of the |

integrated circuit to provide for cooling.
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vacuum nozzl e for placenent on a s¢€gt§ﬁtratef Fitgufe 16 ﬁsiaag "l"”

view of the clanp placed on a sing ductive trace for retai
trace, Figure 17 is a schematic view of renoval of the conplet ed'assenbly

of the cla d o] 18 i.s. a,scC e tic view.of the
conpl et ed g:glggngr' Ilagg‘;étg{et ga&? fng%éarlg ug)? th ure 19 F%¢ ugéﬁemat iC
vi ew of thepcgppré-we@ramn@llwqeoca:s edlmhmadstajrmodﬁfmm,a@l fokéoRGa is a
schematic view illustrating placenent of the conpleted assenbly onto a

printed circuit board, and
'In a module hav1ng a conductlve trace and a substrate,

a clamp for protectlvely_retalnlng said trace in said clamp
on said substrate, said clamp comprising,
- a base member, '
a plurality of retention méans'extending downwardly
from said base, _ |
each of said retention means having a retention
section adapted for retaining engagement with
corresponding apertures in said conductive trace and
said retention means being adapted for fastening
engagement Wifh at least one corresponding aperture in

said substrate.

2. In a module having a conductive trace and a substrate,
a clamp for protectively retaining said trace in said clamp
on said substrate, said clawp comprising,

a base member, '

"a plurality of retention.means extending downwardly
from said base having a first retention section adapted
for retaining engagement with corresponding apertures in
said conductive trace; and second retention section
adapted for fastening engagement with corresponding

apertures in said substrate.

3. The clamp of claim I or 2 wherein said retention means
are located in a predetermined relationship with salid trace
épertures-and said substrate apertureé to align said trace
in a desired location on said substrate Qhen said clamp is

mounted on said substrate.

4. .The clamp of claim 3 wherein said retention means is
a post member, said post member having a first trace
retaining section and a second substrate fastening
section, said second section extending downwafdly from

said first section.
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generally illustrated at An I nteg rated C|rcu oca on a
conductive tfadFAMinEyi @pprs) 2 FB?&lene%i ilewere synfpce?. Ofl'heaeldar!?)asﬁ is

mount ed on amembatedtCia @Hdddianimli 1éd aiBeankyr abdwe ai faglsndBratet he
conductive trace comruni cate with the plurality of pads 20 on the printed

circuit board 16 for
6. The clamp of claim 5 wherein said standoff means

comprises a plurality of downwardly extending members

from said base member.

7. The clamp of claim 1, 2, 4, S, or 6 wherein said base
member has a plurality of recesses for exposing leads on .

said trace.

8. The clamp of claim 1, 2, 4, 5, or 6 wherein said base
member has an opening disposed over an integrated circuit

mounted on the conductive trace..

9. The clamp of claim 1, 2,.4; 5, or 6 wherein said .
base member has a plurality of indentations formed on an

upper surface of said base member and diréctly over said

means for retaining.
Sheet Has Been Rep laced

a conductive trace,

a clamp, said clamp.having a bhase member,

said base member having a plurality of retention
means extending downwardly from said base,

each of said retention means having a retention
section adapted for retaining engagement with
corresponding apertures in said conductive trace and each
of said retention means acdapted for fastening engagement

with corresponding apertures in said substrate wherein

said trace is retained with said clamp.

11 modute comprising, ~ A A

a conductive trace,

a clamp, said clamp having a base member,

said base member having a plurality of retention
means extending downwardly from said base, having a first
retention section adapted for retaining engagement with =
plurality of correspondinq apertures.in said conductive

trace; and second retention section adapted for fastenin::



mechani cal e cal contact. In final form the |eads a It
t he pads. Tf}eo&si% égl Png in the art wll understand the clanp ﬂ',m l mm IIH”",
I'astic from ' [ |_di process astj.c nmust
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circuit 14 fép@&?&ﬂ&ge when assenbl ed as shown in Figure 1. Referring now
to Figure 2 ures of the upper surface 30 of the clanp 12 are shown.” An
aperture 24 is forned in the center of the clanp 12. Location and size of

the aperture24 meNebeidap 8¢ @34idNd PS4t hﬁ%ﬁ%&&&ﬁ %‘éﬂ&erﬂgée%éfi%?a'

inspection of information |ocated on a upper surface of the integra

circuit (runm%ﬂﬁﬁwﬁre located in a predetermined relationship with
said trace apertures and said substrate apertures to
align said trace in a desired location on said substrate

when said clamp is mounted on said substrate.

13. The clamp of claim 12 wherein said retention means
is a post member, said post member having a first trace
retaining section and a secend substrate fastening

section, said secend section extending downwardly from

said first section.

14. The clamp of claim 13 wherein said base member
includes a standoff means to space a lower surface of
said base member at a predetermined'distance'above said

substrate.

15. The clamp of claim 14 wherein said standoff means
comprises a plurality of downwardly extending members

from said base member.

16. The clamp of claim 10, 11, 13, 14, or 15 wherein said
base member has a plurality of recesses for exposing leads

on said trace.

17. The clamp of claim 10, 11, 13, 14, or 15 wherein
said base member has an opening disposed over an

integrated circuit mounted on the conductive trace.

18. The clamp.of claim 10, 11, 13, 14, or 15 wherein said
base member has a plurality of 1ndentat10ns formed on an
upper surface of said base member and dlrectly over sald

. means for reta1n1ng
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_ a conductive trace, ]
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trace and each of said plurality of retention means
adapted for fastening engagement with a plurality of
corresponding apertures in said substrate wherein said
trace is retained with said clamp and'said clamp is

fastened to said substrate.

20. A module comprising,
' a conductive trace,

a substrate,

a clamp, said clamp having a base member;

said base member having a plurality of tetention
means'extending downwardly from said base having a first
retention seetion'adapted for retaining engagement with a
plurality of corresponding apertures in said conductive
trace; and -

second retention qect:on adapted for fastening
engagement with a plurality of corresponding apertures in
said substrate wherein said trace is retained with said

clamp and said clamp is fastened to said substrate.

21. The clamp of claim 19 or 20 wherein said retention
means are located in a predetermined relationship with
said trace apertures and said substrate apertures to
align said trace in a desiredIIOCation on said substrate

when said clamp is mounted on said substrate.

22. The clamp of claim 21 wherein said retention means is
a post member, said post member having a first trace
retaining section and a second substrate fastening
section, said second section extending downwardly from

sa1d first section.

23. The clamp of claim 22 wherein said base member

includes a standoff means to space a lower surface of
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orientation in a storage tube (not shown). The bevel 26 also facilitates
the use of vibratory feeders during the assenbly process. A plurality of
i ndent ati ons298 dfkefolamp off cHeiwp@d wherein said standoff means

comprlses a plurallty of downwardly extending members

from sa1d base member.

25. The clamp of claim 19, 20, 22, 23, or 24 wherein said
base member has a plurality of recesses for exposing leads

on said trace.

26. The clamp of claim 19, 20, 22, 23, or 24 wherein
said base member has an opening disposed over an

integrated circuit mounted on the conductive trace.

27. The clamp of claim 19, 20, 22, 23, or 24 wherein said
base member has a plurality of indentations formed on an
upper surface éf said base member ,and directly over said

means for retaining.

28. A method of assembling a clamp with conductive trace
having an integrated circuit comprising the steps of;
acquiring a clamp from a clamp feeder, and placing the
clamp onto a conductive trace retaining the conductive

trace and integrated circuit within the clamp.

29. A method as in claim 28 comprising, prior to the
step of acquiring a clamp, presenting a singulated
conductive trace having a integrated circuit to a

placement machine.

30. A method as in claim 29 comprising,
prior to the step of presenting, removing a single
conductive trace haVing an integrated circuit from a tape

by.application of a cutting die.

31. A method as in claim 28, 29, or 30 comprising,
temporary placement of the clamp and retained
conductive trace and integrated circuit in a test cell

for electrically testing the completed assembly.

TTe——l
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surface 30 of the clanp 12 and effectively renove the post material or tape
conponent  w t3hout qf@@F p d,girgyit _bo .This permts
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failure anal ¥$itygrated circuit on a printed circuit board.

34. A method of assembling a clamp with conductive trace
having an integrated circuit comprising the steps of,
acquiring a clamp from a clamp feeder, and loading said
clamp with said conductlve trace to retain the conductlve

trace and integrated circuit within the clamp.

35. For use in a module having a conductive trace and a
substrate, a clamp for protectively retaining said trace
on said substrate, said clamp comprising: |

a base member, |

a plurality of retention meane extending from said
base, ' . . '

said retention means having retention sections
.adapted for retaining engagement with correspondiné
apertures in said conductive ‘trace and said retention
means being adapted for fastening engagement with at

least one corresponding aperture in said substrate.

36. A clamp for protectively retaining a circuit module
on a substrate comprising:

a base member,

a plurality of retention means extending from said
base member, ' '

said retention means being adapted for (a) retaining
engagement with cofresponding apertures in said circuit
module and (b) fastening engagement with at least one

corresponding aperture in said substrate.

37. The clamp of claim 36 wherein each of said retention

means is adapted for retaining engagement with said :
-

circuit module and fastenlng engagement with said
This Sheet Has Been R. ace
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Referring now to fiqure 3 and 5 side jﬂm“ﬂulu"ﬁmuﬂmg 12 af & Yy~
clanmp 12 has“2%5%Fsi44 46 forned of 1 CI " ss t ;pfggéﬁgiggéD EN
mechani cal rigidity of the_structure and protection of the fie
conduct i ve tPRce AnE 1ARGIST AFRFPEAVELIh qhak NG # sC1 brHBE MOEN 18,
upper surfacen3@ mubsthtavercamptinseng4. ‘A plurality of posts 40 extend

downwardly fromt eﬂa rhéngfgce 44. The posts 40 engage.apertures'!n the
conductive trace. (not s omﬁ? Fof retention of the conductive trace within

the clanp 12. Theapedugri taf sof enghgrtipar meaes igx tdred g nf e6mCsaddi t
board 16 (N0h,3UOWLhpY: 'd Al " & EEnl SPrdEnd" Hai | (4 PO SELSEL bnPOR O

sections adapted for retaining engaéement with

corresponding apertures in said circuit module and (b)
engagement sections adapted for fastening engagement with

at least one corresponding aperture in said substrate.

39. The clamp of claim 38 wherein said retention means

extend downwardly from said base member.

40. The clamp of claim 38 wherein each of said reteﬁtion

means has a retention section and an engagement section.

41. The clamp of claim 38 wherein said clamp is adapted
to protectively retain a circuit module cpmprising a
fragile lamina including a cbnductive frace and wherein
said base member is adapted to shelter said circuit

module.

This Sheet Has Been Reﬂlaced
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10 The sidewall 46 has a plurality of standoffs 42 extendi ngjld ﬁm@
each corner bf3rfd- ngnp 12. The standoffs 42 are of a | engt iy TAIAS BEEN

t he hei ght of the ace tio

printed circuit bgg#ﬁ@é\%ﬁgp%l%q%%%éﬁg?gc{’f I§R1“855‘ ed on a
printed circuit board SONDYCIIYEN TRAQEVA I HPROTEETDVEr dLaMPi | t he
standoffs engage the upper surface of the board providing the spaced

rel ati onship. The function of the spaced relationship will be discussed
| ater with reference to Figure 20b. RESIRACQE) now to figure 4, a bottom
view of the clanp 12 is shown. Fromthe |ower surface 44, the downwardly
ext endi ng

" A module having a conductive trace and a substrate
is dlsclosed wherein a clamp protectively retains the
trace on the substrate. The clamp has a base with a
number of retention means extending downwardly from the
base, each of the retention means has a retention
section adapted for retaining engagement with a
corresponding aperture in the conductive trace. . Each of
the retention means is adapted for fastening engagément

with a.corresponding aperture in the substrate.

This Sheet Has Been Replaced




posts 40 and standoffs 42 are shown. Zhe 1%operatic')n bet ween the posts 40

and t he st aftigfliest Hhi®B I etai nmepft o he cl anp assenblf§
printed circui a predeferm ngd ™Ii ght above t
the preferred | ustratfs, four [pdgtss\qnd four stjandof RE
skilled in the art wll appreciatg ‘the-nu D/ Jphacenment” -
and standoffs 42 may vary w t hoyl «(epd »u ,;, sope and spirit of
the invention. Referring now tq :\A g es 6a aRd 6b which are a
cross sectional view taken alqg .\s NeNe 2, a pro}ilie of the

| ower surface 44 is illustrayed>.Then)y e of oieTower furface 44
depresses the | eads 18 of the C'Ond]lc'.lé N STot™ shoey dom1$1mrdl y, "
effectively forcing the | egds 18 of Ry YRS . %ﬁ -dewn T or
engagenent with SR 20

DRPTESS

16

Figure 4

4
[T

» _

Figure 5



lAQne

pads 20 on a printed circuit board 16 (refer to Figure 1).
enbodi nent of the invention, a rectangular ridge 50 is for
surface 44 of the clanp 12 as shown in Figure 6b. This ridg
rectangul ar shape around th&0| ower surfacé 44 of the claop

Figure 4. |In another enbodjinent of the invention, the Iower

surface 44

, Jhe posts 40 s —a-—conductive trace
80 in a plane beneat_ ace of the c TS plane is

slightly above the

. This Sheet Has Been R laced

fawa  Fgured ||I||||| M

Figure6c -  Figure 6d Figure 6e

70 72 76

Figure7 80



force on the | eads 18. Suf¥d ci eB® downward force on the | eads onl\
CikiiS SHEET HAS BE
Fi QREPLAQED

| owest point of the | ower surface or ridge in order to cr ate t he QOmnmard
QF c[

occur if the leads 12 lie

quOM/the pl ane of the integrate
sol derabl e surface as il

at er described wi

AA of Figure 2 illust =K
surface 44 of the cl arg==
retai nment of the condget

$1P7 evi ousl y descrilged, pgsts—piovi de

Nface in a spaced r¢ ati higewith the clanp
12 and retai nment of EHGARNEER WL, h a printeddcircuit bdard 16. In one
enbodi ment, shown in FOFIMEPM 0l he posts 40 ard syhsian ','Iy cylindrical
for engagenent with apertures I n the .

Figure 8 - Figure9
R 'F'gur.e 9 . This Sheet Has Been Replaced
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conductive trace 80 (not shomn)jand
16 (not shown). A chanfer 60 |ocated i
engagenent of -the respective apertures.
Figure 6d, the posts 40 are|s

extending fromthe distant 4gn 5@89
post nmenbers. The slot 62 pqr

110

UETPREEOSAtG T h

In the printed_cirguit board

a distant end of t ?HP%OQIIEéIIUHRé%%EN

anot her errbodl me

e—formilino fl exi bl e

ATAREBYN of tHese post nenbers to

aid with engagenent of the reAﬁ&J@A’E‘%QﬁA&E and to drovide a tight
press fit with the apertured—afthe printed circuit boardd for retention of

the clanp assenbly 10. I n anot her enbod

standoffs are forned in t
not require the standoff

'PRESENAY SiKiGlSLATED CONDUCTIVE
TRACE TO A PLACEMENT MACHINE.

nt, shown in Figure 6e, integral

 he clanp 12 does
— 112

v

ACQUIRE A CLAMP FROM A CLAMP
FEEDER BY A VACUUM NOZZLE.

'

— 113

PLACE A CLAMP ONTO SINGLE
CONDUCTIVE TRACE, PERMANENTLY
RETAINING THE CONDUCTIVE TRACE

- FORMING A CLAMP ASSEMBLY.

- 114

e

v

ACQUIRE CLAMP ASSEMBLY FOR
PLACEMENT. '

— 115

v

v

TPLACEWITHINA [{PLACE WITHIN A PLACEON A
TEST APPARATUS| | STORAGE PACKAGE] | CIRCUIT BOARD

Y |

116 117

Figure 12

@ @ | J

119
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spaced rel ati onship between the clanp 12 and the printed cir
The post 40 fornms an upper cylindrical surface 41 and a | owe

surface 45. The upper surface 41 connunlcates mnth t he ape

conductive trace 80 as [fEEg - - e S

comuni cates with the apg§s

previously described. Th

di fferent dianeter, beimn

surface 41. The snHifer
108

Figure 13 ¢

104
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press fit. Alip 43 is formed at the junction of the upper
surfaces. The |lip 43 provides the function of a st&ﬁ%off by,
upper surface of the printed circuit board 16. The
the post to provide the predeterm ned spi ki
12 and the printed circuit boarfFrre=Etd
of conductive traces 80 is show
provi ded at the respective,

TS SHEEPMAS BEEN
S ' PORERLATCED On
rel ati gnship be SRt
camncams W gu Y7, atape 70

2 holes 72 are
movenmgpt of the

tape during the manufactur} 5t ween t he
integrated circuit and a p§ by a single
conductive trace 80. A pl & ch conductive

trace 80. The | eads 18.a : S ad 104

80

. 40
Figure 16 This Sheet Has Been Repl
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Figure 17
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20 on the printed circuit board 16. A plurality of contacts 78 secure and
electrically engage an integrated circuit (not shown). A it =2
74 electrically connect the leads 18 with the contacts 78. ﬁ?ﬂHBHEEﬁHé§é¥
conductive trace 80 are a pluraljty of apertures 76. The er t uUrREPLASED
engage the posts 40 (not shown)1 or retention of the con
with the clanp 12. In one enbodijnent, four circular apertures 76 are

provi ded to engage four cylindrijcal Nt he . The dianeter
of the posts 40 and the dia A , hz¢ a press
fit occurs between them pro trace w thout
damage during the assenbly A the fragile
filmof the conductive tracsg er-R3 400

=

80 ' 40

Figure 19

i i

120

60 80

Figure 20b



st;engthen the area for engagene "'3@3 he ,posts. The
FBPS% RYSPH

resists tearing of the filmwhen ‘en R&posts 40. AGEMENT iSMEET

by*those skilled in the art that mnor changes to the nu r of 4 Ml hape
of , posts/apertures may be nmade W t hout departing fromth Qelgp gmﬁﬂél
of the invention. Referring now to Figurel8, a single conducti race 8o

13 has been excised and |ead fornmed fromthe tape 70. The |eads 18 are
formed in the shape of an S, as shown in Figure 14. The | eads coul d assune

ot her shapes such mETHROIUANDMAPPARATUS FOR RETENTION OF A FRAGILE
CONDUCTIVE TRACE WITH A PROTECTIVE CLAMP

Field of The Invention

The present invention relates to a method and apparatus
for retaining a conductive trace on a unitary clamp. More
particularly to an interconnect system designed to mount,
secure, and protect a conductive trace having a multi-lead
integrated circuit. A clamp, when assembled with a conductive
trace havihg an integrated circuit permits safe storage of the
device, mounting of the device for testing of the electronic
components, and safe and accurate mounting of the assembly on
a printed circuit board during production of the latter.

Background Art

The density of integrated circuits continues to increase
and as a result, the number of delicate leads between the
integrated circuit and a printed circuit board continues to
increase. A difficult problem still confronting engineers in
the electronics industry is an efficient and reliable way to
secure an integrated circuit to a board while maintaining
electrical connection and mechanical protection of the leads.

A fabrication process known in the electronics packagingj
art is tape automated bonding (TAB). A continuous tape of
fragile conductive traces, similar to, but far more fragile
than.photographic film provides a basis for mounting integrated
circuits on each frame of the tape.

A metal pattern is formed on each frame of the conductive
trace. These metal patterns radiate from the center of the
trace where an integrated circuit is mounted to the peripheral
edges of the frame to form leads. The circuit is mounted such
that the contacts of the chip are mated with the corresponding
metal pads in the central portion of the frame. These fragile
conductive traces provide for electrical connection between the
integrated circuit and the circuit board.
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stored in a shipping tube, or tenporari Iﬁ_pl aced in a test bt G310
then renoved, or retained by a printed circuit board. An integrated
circuit is not shown in Figures 9 and 10a. Referring now to Figure 10b, a
sectional view oThe pastfastehevwt culogperenn it contporeerdend weih e stemddd 30

The apertur or, b s e]]pé}?gﬂcé'v 551?]‘1% £ N Stqs 81
havi ng a di%nn%t grlg%%r'?og'ﬁ:e{éy ar ger éthgn t eeefgorr_%t gpﬂggi?ﬂgﬁgsﬁff;n at :
copper | ayeramafagtRhgnaiRanatlans gaguiashiyeing ke froblamamponsmtse
post. A perighenalopsge Dént heTéHPREF the component is another and final

assembly is the last of. these different operatibns. The

complex and additive nature of these operations makes cost
effective manufacture difficult. Each operation requires
unique and complicate_d' equipment at the manufacturing location.
To perform these operations is not only expensive, but there
is also a relatively high possibility for defective items.

' United States Patent 5,099,392, entitled Tape-Automated
Bonding Frame Adapter System issued to the'Hewlett—-Packard
company on March 24, 1992 and illustrates an adapter system for
mounting an integrated circuit and conductive trace to a
circuit board.

The adapter system comprises three separate components to
mount the frame to a circuit board by building a sandwich of
parts. An adapter ring is positioned on a circuit board. A
plurality of conductive elements are wrapped around members of
the adapter ring to provide electrical connection between the
circuit board and conductive trace. The conductive trace is
mounted over the adapter ring. A seal is mounted over the
conductive trace and finally a 1lid is provided over the entire
assembly to protect the conductive trace. The entire assembly
is secured in place by a number of fasteners such as nuts and
bolts.

United States Patent 4,696,526, entitled Carrier for Tape
Automated Bonded Semiconductor Device issued to the Intel
Corporation on September 29, 1987 and illustrates a device for
mounting an integrated circuit and conductive trace to a base
for electrical test of the integrated circuit.

The device comprises two separate and complicated
components to mount a conductive trace by building a sandwich
of parts. A base is provided with a socket for receiving a
conductive trace. The conductive trace is positioned within
the base by a plurality of lugs. A cover is placed over the



| ayer 83 deflects downward when a post is inserted into the aperture. The

edge provides a biting engagenent with the post retaining t R or i
trace 80 with the post. Referring nowto Figure 11, a printe%Eggggﬁﬁ%NggﬁF 1
16 is shown as configured to receive a clanp assenbly 10. ﬁafél:}.’t_z.l_

pads 20 are arranged to engage the | eads 38 of a conductiv ﬁ?{..;gég....
shown) . The engagenent 1is both nechanical, to secure contact by
application of solder, and electrical. The pads 20 are electrically

connect ed toon@lhetipartsacé amd Juckeddrcipladet whahr théGbhge | laynds rAfnkedc hed

on the boargjé-I &mﬁggﬁ‘?ﬁ%#o%éﬁ]f%ﬂﬁL“‘?‘ﬁ%éﬁ%go are arranged in a

predet erm néd space ard 16 for receiving a plurality
of posts 40 of tHeitednpStatemot Pakeny). 5. PHGs&70, entitled Soldering

Interconnect Method and Apparatus For Semiconductor Packages
issued to the Hewlett-Packard company on April 2, 1991 and

illustrates a device for attaching the outer leads of a
semiconductor package to lands on a circuit board.

The device comprises a frame structure that urges the
edges of a semiconductor package to the board. The frame
structure is secured in position either adhesively, or by
thermally deformation of stakes.

IBM technical Disclosure Bulletin entitled, Method of
Bonding Tape Automated Bonding Packages Using Conventional
Surface Mount Technologies, Vol. 34 No. 11 of April of 1992 and
"illustrates a temporary fixture that may be used in the
assembly of a circuit module with a printed circuit board.

A fixture temporarily grips the module in order to
transport, place the module on a printed circuit board. After
a solder process, the fixture releases the module and is
removed for recycling leaving the unprotected module behind.
The circuit module is relatively thick and durable compared to
the circuit trace contemplated herein.

The prior art references have a number of significant
deficiencies. Most systems have multiple components which are
costly to manufacture. Aligning a sandwich of components on
a circuit board is difficult, costly and time consuming. It
is also prone to error. _

Retention of a fragile conductive trace having an
integrated circuit and retention on a circuit board in a
unitary protective structure is not disclosed. Conductive
traces having 'integrated circuits are stored and shipped
separately from the mounting devices. Separate storing of the
unprotected conductive traces is difficult due to the fragile
nature of the traces and intggrated circuits. This typically
requires additional protective packaging for storage and
shipping of components.



ski'lled in the art will appreciate that the arrangenent of pads 20 and
~apertures 90 may be nodified w thout departing the scope FFFEFFSPrrrt—or—th
i gention. Referring nowto Figure 12, the nethod to asseroREPEACEMENT SHEEY
with a conductive trace will be described. The nethod stanfs at !20’0(;1\19

g fefo € RS ..gge {

singl e conductive trace having an integratded circuit is r
by application of a die to excise the trace. The | eads are€
conplimentary surfaces of the die pressing the leads into an S shape (111),

or ot her suiguninzers G erhes UMveast iorgul | W ng shape.

It is a primary advantage of the invention to provide, a
unitary structure which permits retention of a very thin,
fragile conductive trace having an integrated circuit and
retention on the circuit board. In another advantage of the
invention, the clamp assembly is useful for safe storage,
placement in a circuit test apparatus, and mounting on a
printed circuit board.

In a broad aspect of the invention, the invention consists
of a clamp having a base member for providing rigid support to
a conductive trace, a plurality of retention means extending
downwardly from said base, each of said plurality of retention
means having a retention section adapted for retaining
engagement with a plurality of corresponding apertures in said
conductive trace and each of said plurality of retention means
adapted for fastening engagement with a plurality of
éorrespon&ing apertures in said substrate.

In another broad aspect of the invention, the invention
consists of a conductive trace, a clamp, said clamp having a
base member, said base member having a plurality of retention
means extending downwardly from said base, each of said
plurality of retention means having retention section adapted
for retaining engagement with a plurality of corresponding
apertures in said conductive trace and each of said plurality
of retention means adapted for fastening engagement with a
plurality of corresponding apertures in said substrate wherein
said trace is retained with said clamp. '

In another'broad aspect of the invention, the invention
consists of a conductive trace, a substrate, a clamp, said
clamp having a base member, said base member having a plurality
of retention means extending downwardly from said base, each
of said plurality or retention means having retention section
adapted for retaining engagement with a plurality of
corresponding apertures in said conductive trace and each of
said plurality of retention means adapted for fastening '



Thi's single
machi ne (11

excised and | ead fornmed trace is presented to =

—--~....~,~
e e

2). Aclanp is then acquired froma clanp fee eﬁﬂpiﬁwgﬁéﬁ ~E$ET I

by<a vacuum nozzle (113). The clanp is placed onto the siifgle eﬁfkoﬁ

| ead formed
noves the p
damage to t
trace with
pl acenent a
placed in a
in atest a
nount ed on
t hrough 17,

trace where the posts engage apertures. A dgwoaer

osts through the apertures a pbedeterm ned dis
he conductive trace. Thi s operation retains the conductive
eRgageaept vith amplurahitvtafl cosvempopdingaepeirtuttetoin said
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St, ackage for shipping (117), or may be tenpora % aced
Eﬁégafg§m@ l@l%@?FF@&%i éégdtﬁé bstxBbRent (116), or nmay be
a pri mhed imwemt torboasiyl &ﬁﬂ:&ihdeRef eStdrdb O Wné@n&i ol &fpake a
l@w%?hgﬂgkégecéf)qﬁme base member a predetermined distance above
a circuit board.

The invention may also include a locator such as an
indentation trace formed in an upper surface of the base member
to permit centering of a matérial cutter for removal of the
clamp. .

In an embodiment of the invention, the base number is
formed by the upper surface, sidewall and lower surface of the
clamp structure. The substrate is a printed circuit board.
The reténtion means is a cylindrical post formed in plastic
having a diameter that press fits with an opening of the
conductive trace. The standoff means is a plurality of
downwardly extending members disposed at the peripheral edge
of the base member or alternatively, a rim formed in the posts.

It is another primary advantage of the invention to
provide a method to assemble a clamp with a fragile conductive
trace having an integrated circuit wherein the trace is
retained in the clamp.

In another broad aspect of the invention, the invention
consists of a method of assembling a clamp with a conductive
trace having an integrated circuit comprising the steps of
acquiring a clamp from a clamp feeder and pressing the clamp
onto a conductive trace, retaining the conductive trace and
integrated circuit within the clamp.

In the drawings which illustrate embodiments of the
invention,

Figure 1 is a axonometric view of a conductive trace retained
in a clamp mounted on a printed circuit board,

Figure 2 is a top view of the clamp,

Figure 3 is a side view of the clamp illustrating the posts and
the standoff,

Figure 4 is a bottom view of the clamp,

—_‘_‘
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séftion of the apparatus and conponents for the method tp=sssess 3 SR
12 and conductive trace 80 is shown. In Figure 13, a tapg REPLAGEMENT SHEET
t'k-aces 70 having integrated circuits 14 is fed to an exc!se an?g%qgﬁ-%&km
die, generally indicated at 100. The die_has an upper ngrRgle ..L02 dfrd . RKeo...
| ower menber 104. The upper nenber 102 iséoperable to cofffomrcate—w z
| ower menbey, 104 er.e a single conductive trace be .exci sed fromthe

t ape 70 andﬁiﬂgr?e dgsS1 8 T T el ot P gtgﬁeggéWP(ﬁi;%ﬂﬁqﬁflnﬁmFb%ads
are formed posbsaantiapkebgtahdofbai our 106 of the upper nenmber 102
cooper at i Ngx t | o] fs « the Lo r 4
pressing t hg%{égasl_glgntcl ?E#égg% Qfﬁéﬁg %teegﬁllto }lg’ﬁs Q;a:" ésv? n?g# e\é@%ngﬁ% ?’ve Fate
80 as shownailengi ine €4 ofi Eiawpei2 bblustratinerthe drohilecfra owers

shown in  gyrface of a clamp in an embodiment,

Figure 6b is an expanded sectional view of the clamp taken
along line CC of Figure 2 illustrating another embodiment of
the profile of a lower surface of the clamp,
Figure 6c is an expanded sectional view of the clamp taken
along line AA of Figure 2 illustrating one embodiment of the
posts, )
Figure 6d is an expanded sectional view of the clamp taken
along line AA of Figure 2 illustrating anothef embodiment of
the posts,
Figure 6e is an expanded sectional view of the clamp taken
along line AA of Figure 2 illustrating another embodiment of
the posts, o
Figure 7 is a top view of a tape with a plurality of conductive
traces,
Figure 8 is a single conductive trace excised from the tape,

- Figure 9 is a top view of a conductive trace retained in the
clamp,
Figure 10a is a bottom view of a conductive trace retained in
the clamp,
Figure 10b 1is an expanded sectional view of the clamp
illustrating an embodiment of the post cooperating with the
trace, '
Figure 11 is a top view of a printed circuit board illustrating
the apertures which communicate with the posts of the clamp to
permit alignment of the clamp and the conductive trace with the
~layout on the circuit board,
Figure 12 is a flow chart of the method to assembly a clamp
with a integrated circuit and a conductive trace,
Figure 13 is a schematic view of a die and plurality of
conductive traces having integrated circuits before excise of
a single trace, '



Fiéure 15 by a vacuum nozzle 120 and transported for enga '_ ===
conductive trace located in the |ower menber 104 of the BEPUACEMENE SHEET
vacuum nozzl e 120 has a baffle over the aperture in the cl

np to r
suction to effectively grip the upper surface 30 of the cl EﬁwfﬁlggéggL&W§u
in Figure 16, the clanp is aligned over tde conductive trace 80. —THrs
al i gnment operation,centers the posts, 40 direct.ly Qver the apertuyres 76 of
t he conduct%&gufﬁhgg 78.2 sq%%m§§ rv 3 &eowlFﬁead?%Pﬁ atgdpsinglety

of openi ngstta4edirectly under the apertures 76 of the conductive
Figure 15 is a schematic view of acquiring a clamp from a
feeder by a vacuum nozzle for placement on a single trace, -
Figure 16 is a schematic view of the clamp placed on a single
conductive trace for retaining the trace,
Figure 17 is a schematic view of removal of the completed
assembly of the clamp and conductive trace,
Figure 18 is a schematic view of the completed assembly located
in a test apparatus,
Figure 19 is a schematic view of the completed assembly located
in a shipping tube, '
Figure 20a is a schematic view illustrating placement of the
completed assembly onto a printed circuit board, and
Figure 20b is a schematic view illustrating the completed
assembly located on a printed circuit board.



trace 80. The size of the openings nmust be |arge enough tor—~n~4 ——————— =
the posts 40 of the clanp 12 and snall enough to support tIERERuAOEMENTEHEET
area of the conductive trace 70 as placed in the die. A iommma ﬂcgeELs
drives the posts 40 through the apertures 76 a predeterntn-dmdesLanae 0),
retain the conductive trace 70 in the claﬂp 12. The posts KoF—tHc—CtarE
12 effectively press fit into apertures 76 on the conductive trace 70

wi t hout tearlng or danaglng the fraglle conductlve trace 70. The | ower
menber 104 Détah < v off & B3 A Bmbofiimedf of the clanp 12
do not touch or engage the d|e surface. This permts the clanp 12 to be
pressed downward_to unrestrictively receive the conductive trace 80 in a

predet er mi ned spBeé@rréngt ithsHAigukrt Houtai slamperapeemply+ B6 generally
illustrated at 10. An integrated circuit 14 located on a

peepheds
v

conductive trace (not visible) is retained in the clamp 12.
The clamp 12 is mounted on a printed circuit board 16. The
‘plurality of leads 18 of the conductive trace communicate with
the plurality of pads 20 on the printed circuit board 16 for
mechanical and electrical contact. In final form, the leads
are soldered to the pads.

Those skilled in the art will understand the clamp is
formed of plastic from an injection molding process. The
plastic must be suitable for withstanding high temperatures
during a soldering process and must have mechanical stability
to protect the fragile conductive trace and integrated circuit
14 from damage when assembled as shown in Figure 1.

Referring now to Figure 2, features of the upper surface
30 of the clamp 12 are shown. An aperture 24 is formed in the
.center of the clamp 12. Location and size of the aperture 24
may be varied as long as the aperture 24 permits visual
inspection of information located on a upper surface of the
integrated circuit (not shown).

For example, the information may be a part number, or lot
number, or some other related technical markings.

During the assembly process or diagnostics after assembly,
an integrated circuit must be readily identifiable. The
aperture 24 permits identification without having to add
equivalent information to the top surface of the clamp.

A plurality of recesses 22 are formed at the peripheral
edges of the clamp 12. These recesses 22 permit a visual
inspection of the leads 18 before assembly. After assembly,
the recesses 22 permit a visual inspection of the solder joint
between the leads 18 of the conductive trace 80 and the pads
20 of the printed circuit board 16 (refer to Figure 1.)

In the preferred embodiment, the clamp 12 is substantially
square having a recess 22 at the peripheral edge of each side




standoffs 42. A conpl eted assenbly of a conductive trace 8p-having an

cont ai ner,

integrated circuit retained in a clanmp 12 is removed from fhger]ia@ 25, oL
i *<Figure 17. This assenmbly may be placed in a test cell, storag"ﬁk‘arn H“Fr]
or provided for final assembly on a printed ci gl bba ocr gﬁﬁ

Referring now to Figure 18, a conpleted adsenbly is shown

apparatus 130. The test apparatus 130 is soldered directly in place to a
printed circuit board 16 in place of a conpleted clanp assenbly 10. The
t est appar atdes pb&&lmtmsﬁpemdmtﬁm@ﬁh betavge ot Neeg&danPs as60B! ¥rdlips

under electr|
130 i s substan |z§]ﬂy a

132 pushes | eads 21 Peyeilo26 is formed on one side of the upper surface 30.

The bevel 26 permits orientation of the clamp assembly for
correct positional placement of the assembly on a printed
circuit board 16 as the assembly must be electrically aligned
with the board. The bevel 26 also provides clamp orientation
in a storage tube (not shown). The bevel 26 also facilitates
the use of vibratory feeders during the assembly process.

A plurality of indentations 28 are formed in the upper
surface 30 of the clamp. These indentations 28 are formed
directly over the downwardly extending posts 40 (not shown, see
Figure 3). The diameter and depth of an indentation is
selected to loosely receive an end of a post to permit tight
stacking of the clamps 12. The indentations also provide a
visual indication from the upper surface 30 of the clamp 12 to
locate the posts 40 for removal of the clamp 12 from a printed
circuit board 16. A drill may be located over the indentation
to drill down through the upper surface 30 of the clamp 12 and
effectively remove the post material or tape component without
damage to the printed circuit board 16. This permits easy
accurate removal of a clamp assembly, for example upon
electrical failure of the integrated circuit 14, once assembled
for non-destructive failure analysis.

Referring now to figure 3 and 5 side views of the clamp
12 are shown. The clamp 12 has a sidewall 46 formed of a
suitable thickness to provide mechanical rigidity of the
structure and protection of the fragile conductive trace and
integrated circuit. _

The clamp 12 is formed with an upper surface 30 and a
lower surface 44. A plurality of posts 40 extend downwardly
from the lower surface 44. The posts 40 engage apertures in
the conductive trace (not shown) for retention of the
conductive trace within the clamp 12. The posts 40 also engage
apertures in the printed circuit board 16 (not shown) to retain
the clamp 12 on the printed circuit board 16.

and the printed circuit board 16. The test apparatus
square box with an operable |id 151. A plastic gate



it's the contact pads 134 for electrical engagenent. The uppet s FeEe—oT— |
the integrated circuit 14 is also pressed agai nst a copper SREBLAGEMENT SHEET
przot rudi ng menber 150 formed on the | ower surface of a lid 151 A12u0§90595
of the integrated circuit 14 comuni cates with a surface of

order to dissipate heat generated by thelDntegrated circuit
electrical test. Thus the test apparatus provides both electrical and
thermal contact of the integrated circuit 14 for burn-in testing of the

integrated circuphe Ighi dswd Bl @ ¥daVhl Plarsler ¢l M @SRRERY 4 extending

downwardly at each corner of the clamp 12. The standoffs 42

are of a length to control the height of the clamp 12 in a
predetermined spaced retatienship' with the-printed circuit board
16. |

The clamp assembly is effectively located on a printed
circuit board and pressed downwardly onto the board until the
standoffs engage the upper surface of the board providing the
spaced relationship. The function of the spaced relationship
will be discussed later with reference to Figure 20b.

Referring now to figure 4, a bottom view of the clamp 12
is shown. From the lower surface 44, the downwardly extending
posts 40 and standoffs 42 are shown. The cooperation between
the posts 40 and the standoffs 42 permit retainment of the
clamp assembly with the printed circuit board 16 at a
predetermined height above the board.

While the preferred embodiment illustrates four posts and
four standoffs, those skilled 1n the art will appreciate the
number and placement of the posts 40 and standoffs 42 may vary
without departing from the scope and spirit of the invention.

Referring now to Figure 4 and Figures 6a and 6b which are
a cross sectional view taken along line CC of Figure 2, a
profile of the lower surface 44 is illustrated. The profile
of the lower surface 44 depresses the leads 18 of the
conductive trace (not shown) downwardly, effectively forcing
the leads 18 of the conductive trace down for engagement with
pads 20 on a printed circuit board 16 (refer to Figure 1).

In one embodiment of the invention, a rectangular ridge
50 is formed on the lower surface 44 of the clamp 12 as shown
in Figure 6b. This ridge forms a rectangular shape around the
lower surface 44 of the clamp 12 as shown in Figure 4. 1In
another embodiment of the invention, the lower surface 44
slopes downwardly and outwardly from the center of the clamp
12 to depress the leads of the conductive trace. The posts 40
retain a conductive trace 80 in a plane beneath the lower
surface of the clamp 12. This plane is slightly above the



The lid 151 is pivotally connected at one end 152 to the side of the test
apparatus and rel easably connected at another end 153. Thes
pernmit the lid 151 to operate froma closed position for tgp
position for insertion and renoval of a c]anp assenbly 10.

rel easably | ocked in the closed position 14 order to provi @
force on the integrated circuit 14 by the protrudi ng nenber
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150.

plurality of copper posts 134 are soldered to pads on the printed circuit
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board 16. Thewesipperintosfs thel lemeandunfamedioy triidgegiint bedbet toncibatef
the test appg{sa &(;Jﬂg SHR9Req 1%04. The leads 18 of the
conductive trace cont act t e expose pads 154 for electrical connection

during test of tf?él fcdgnh devavard £orge gnethekgadsfla will only occur

if the leads 12 lie below the plane of the integrated circuits
14 solderable surface as will be later described with reference-
to Figure 20b.

Referring now to Figure 6c, 6d, and 6e, a sectional view
taken along line AA of Figure 2 illustrates the posts 40
extending downwardly from the lower surface 44 of the clamp 12.
As previously described, the posts provide retainment of the
conductive trace in a spaced relationship with the clamp 12 and
retainment of the clamp 12 with a printed circuit board 16.

In one embodiment, shown in Figure 6c, the posts 40 are
substantially cylindrical for engagement with apertures in the
conductive trace 80 (not shown) and apertures in the printed
circuit board 16 (not shown). A chamfer 60 located in a
distant end of the post 40 aids engagement of the respective
apertures.

In another embodiment, shown in Figure 6d, the posts 40
are substantially cylindrical, having a slot 62 extending from
the distant end of the post 40 inwardly to form two flexible
post members. The slot 62 permits inward flexation of these
post members to aid with engagement of the respective apertures
and to provide a tight press fit with the apertures of the
printed circuit board for retention of the clamp assembly 10.

In another embodiment, shown in Figure 6e, integral
standoffs are formed in the posts 40. In this embodiment, the
clamp 12 does not require the standoffs 42 to provide the
spaced relationship between the clamp 12 and the printed

circuit board 16. The post 40 forms an upper cylindrical"

surface 41 and a lower cylindrical surface 45. The upper
surface 41 communicates with the aperture 76 of the conductive
trace 80 as previously described. The lower surface 45
communicates with the apertures 90 of the printed circuit board
as previously described. The apertures 90 and lower surface
45 are of a different diameter, being smaller than the upper



copper posts 134 and slug 136 are such that the posts 60 offTre—etump=ti=de
net engage the apertures 90 of the printed circuit board 1§ ﬁEPMQEMEN‘bSHEET
pernit renoval of the clanp 12 after the burn-in test. The bottovqpﬁ?;h
plurality of openings to |oosely receive the posts 60. Thelltleai®e: app &
130 and gate 132 are designed so that thé | eads 18 of the <
80 are not deforned. This allows the clanp assenbly 10 to be rennved from
the test apparatus 130 after burn-in for |ater use in the production of
printed cirsurfabeatls. Ei'h’eesmhﬂgehrodEiaglelterlagaanc@imltetp&d)vaiﬁe®|m%ﬁ:
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of the cla cooper at és*w he "over a
ower surfaces. The lip 43 provides the function of a standoff

by resting on the upper surface of the printed circuit board
16. The lip 43 is positioned on the post to provide the
predetermined spaced relationship between the clamp 12 and the
printed circuit board 16.

Referring now to Figure 7, a tape 70 of conductive traces
80 is shown. A plurality of sprocket holes 72 are provided at
the respective edges of the tape 70 to control movement of the
tape during the manufacturing process.

Electrical connection between the integrated circuit and
a printed circuit board is achieved by a single conductive
trace 80. A plurality of leads 18 is shown on each conductive
trace 80. The leads 18 are for electrical engagement with pads
20 on the printed circuit board 16. A plurality of contacts
78 secure and electrically engage an integrated circuit (not
shown) . A:plurality'of lands 74 electrically connect the leads
18 with the contacts 78.

Formed in each conductive trace 80 are a plurality of
apertures 76. The apertures 76 engage the posts 40 (not shown)
for retention of the conductive trace 80 with the clamp 12.

In one eﬁbodiment, four circular apertures 76 are provided
to engage four cylindrical posts 40 on the clamp 12. The
diameter of the posts 40 and the diameter of the apertures 76
are such that a éress fit occurs between them providing
retention of the fragile trace without damage during the
assembly process. The apertures formed in the fragile film of
the conductive trace 80 are surrounded by metal patterns to
strengthen the area for engagement with the posts. The
strengthened area resists tearing of the film when engaged by
the posts 40. It is appreciated by those skilled in the art
that minor changes to the number of, and shape of,
posts/apertures may be made w1thout departing from the scope
and spirit of the invention.

Referring now to Figure 8, a single conductive trace 80
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17 tube container 140 to provide a single orientation of the clanp 12
'mﬁthln the container 140. The chanfer 26 of the clanp 12 c¢mm A =
a-chanfer 142 of the container wherein these chanfers nust
inserting the clanp 12 into the tube 140. The inside dIﬂEnt g@g
are such that the clanp assenbly 10 may B8 slidably receive e
fromthe tube 140. A single tube 140 may contain a plura i
assenblies 10. The clanp 12 protects the fragile conductive trace 80 from
damage t hat hamybeenuextisedt Ardt bpadr foitled Piomhehs! wape 120 by Tl siadd on
of the uppeissgggafg%mgacgngﬂe sh%%% g%and9§f§a§ﬁshown in Figure 14. The '
leads could assume other shapes such as a gull wing.
Referring now to Figures 9, and 10a, a clamp assembly 10
is shown. The conductive trace 80 is retained in the clamp 12
by the engagement and cooperation between the plurality of
apertures 76 in the conductive trace 80 and the plurality of
posts 40 of the clamp. This assembly 10 may be stored in a
shipping tube, or temporarily placed in a test apparatus and
then removed, or retained by a printed circuit board. An
integrated circuit is not shown in Figures 9 and 10a.
Referring now to Figure 10b, a sectional view of a post
is shown cooperating with a conductive trace 80. The aperture
formed in the conductive trace 80 includes a plastic layer 81
having a diameter slightly larger than the diameter of the
post, and a copper layer 83 having diameter slightly smaller
that the diameter of the post. A peripheral edge of the copper
layer 83 deflects downward when a post is inserted into the
aperture. The edge provides a biting engagement with the post
retaining the conductive trace 80 with the post.
Referring now to Figure 11, a printed circuit board 16 is
shown as configured to receive a clamp assembly 10. A
plurality of pads 20 are arranged to engage the leads 18 of a
conductive trace (not shown). The engagement is both
mechanical, to secure contact by application of solder, and
electrical. The pads 20 are electrically connected to other
parts of the printed circuit board 16 by lands 92 etched on the
board. '
A plurality of apertures' 90 are arranged in. a
predetermined spaced relationship on the board 16 for receiving
a plurality of posts 40'of the clamp 12 (not shown). Those
skilled in the art will appreciate that the arrangement of pads
.20 and apertures 90 may be modified without departing the scope
and spirit of the invention.

Referring now to Figure 12, the method to assemble a clamp

Ao o iy s sl



t he clanp. The four corners of the clanp extend beyond ther
outer |eads of the conductive trace 80 to protect the ends
fﬁon1hand|ing darmage. In addition, the four posts 40 prote
| eads 18 from bel ow. These posts 40 partially prevent da
80 from underneath by raising the trace ghhve a snooth or
surface. When the clanp assenbly is placed in the tube 140,
conpl etely protected from damage that nay occur fromunderneath the trace
80. Tubes 1adtdom siomdugttilves ¢ralcenwidiskeblessriBedny PReSkbpREd ¥ihLbeyt

damage to t pnt i | rd.ass nt. The tube 14Q nmay be
usedgi n a n%%u? %gfu??r?q I{gl o@ctgggagﬁglggogggiéé lg%‘glé%@lﬂ ﬁggf?gﬂa%'ﬁgt fercult
capability a6 FeamevigchExam a tape by application of a die to excise the

trace. The leads are formed by the complimentary surfaces of
the die pressing the leads into an S shape (111), or other-
suitable shapes éuch as a gull wing shape.

This single excised and lead formed trace is presented to
a placement machine (112). A clamp is then acquired from a
clamp feeder, for example by a vacuum nozzle (113).

The clamp is placed onto the single excised and lead
formed trace where the posts engage apertures. A downward
force moves the posts through the apertures a predetermined
distance, without damage to the conductive trace. . This
operation retains the conductive trace with the clamp (114).
The completed assembly is acquired for placement at (115).

The completed assembly of a clamp and trace may be placed
in a storage package for shipping (117), or may be temporally
placed in a test apparatus to electrically test the component
(116), or may be mounted on a printed circuit board (118).

Referring now to Figures 13 through 17, a schematic cross
section of the apparatué and components for the method to
assemble a clamp 12 and conductive trace 80 is shown.

‘In Figure 13, a tape of conductive traces 70 having
integrated circuits 14 is fed to an excise and lead form die,
generally indicated at 100. The die has an upper member 102
and a lower member 104. The upper member 102 is operable to
communicate with the lower member 104 where a single conductive
trace may be excised from the tape 70 and the leads 18 may be
formed during the same operation. The leads are formed into
a shape by the contour 106 of the upper member 102 cooperating
with the complimentary contour 108 of the lower member 104
pressing the leads into shape. The result is a single
conductive trace 80 as shown in Figure 14.

A clamp is obtained from a clamp feeder 122 as shown in
Figure 15 by a vacuum nozzle 120 and transported for engagement
with a conductive trace located in the lower member 104 of the




orientation of clanps for placenent on printed circuit boargs==Referring.tQq.._.
Figure 20a and 20b, a conpleted clanp assenbly 10 is shown (ra@:dehog syesy |
ciorcuit board 16. A pl acenment nmachi ne acquires an assenbly fro fraed t
and | ocates the assenbly over a printed circuit board 16. hmﬁ@glgéqggugég '
the clanp 12 are aligned over apertures dFin the printed crreuit—boass -ﬁzﬂ
The machi ne pushes the clanp 12 down onto the printed circuit board 16. The
clanp 12 and@ieond¥&ei YacuumcBogaglar @ 2Pchapnadbafiflinecovenr theyapertpoet sn40
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down onto the goard. Th% ;g%nfgrs 68 on the posts 40 assist w th engagenent
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As shown in Figure 16, the clamp is aligned over the

conductive trace 80. This alignment operation centers the
posts 40 directly over the apertures 76 of the conductive trace
70. The lower member 104 of the die has a plurality of
openings 124 directly under the apertures 76 of the conductive
trace 80. The size of the openings must be large enough to
loosely receive the posts 40 of the clamp 12 and small enough
to support the surrounding area of the conductive trace 70 as
placed in the die. A downward force drives the posts 40
through the apertures 76 a predetermined distance to retain the
conductive trace 70 in the clamp 12. The posts 40 on the clamp
12 effectively press fit into apertures 76 on the conductive
trace 70 without tearing or damaging the fragile conductive
trace 70. . _

The lower member 104 of the die is contoured so that the
standoffs 42 of the clamp 12 do not touch or engage the die
surface. This permits the clamp 12 to be pressed downward to
unrestrictively receive the conductive trace 80 in a
predetermined spaced relationship without interference by the
standoffs 42.

_ A completed assembly of a conductive trace 80 having an
integrated circuit retained in a clamp 12 is removed from the
die as shown in Figure 17. This assembly may be placed in a
test cell, a storage container, or pfovided for final assembly
on a printed circuit board.

Referring now to Figure 18, a completed assembly is shown
in a test apparatus 130. The test apparatus 130 is soldered
directly in place to a printed circuit board 16 in place of a
completed clamp assembly 10. The test apparatus 130 acts as
an interposer between the clamp assembly 10 under electrical
test and the printed circuit board 16.

The test apparatus 130 is substantially a square box with
an operable 1lid 151. A plastic gate 132 pushes leads 18 onto
its the contact pads 134 for electrical engagement. The upper



18 The clanmp 12 is then pushed down until the standoffs 42 F“?“““ ---------
surface of the board to engage the outer |eads 18 of the trj ]
sol der paste which have been previously screened onto the p

board 16. The ridge 50 (not shown) depngsses the | eads 18 o
trace 80 downwardly, effectively forcing the | eads 18 of the conductrve
trace |nt@ufﬂgﬁgeﬁfnthWIhhtbbeanadScanuﬁtthﬂ Ard Rilesd Predida thdé,
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dissipate heat generated by the integrated circuit 14 under

electrical test.

Thus the test apparatus provides both electrical and
thermal contact of the integrated circuit 14 for burn-in
testing of the integrated circuit 14 as retained within the
clamp assembly 10.

The 1id 151 is pivotally connected at one end 152 to the
side of the test apparatus and releasably connected at another
end 153. These connections permit the 1lid 151 to operate from
a closed position for testing to an open position for insertion
and removal of a clamp assembly 10. The 1lid 151 is releasably
locked in the closed position in order to provide a downward
force on the integrated circuit 14 by the protruding member
150. .

A plurality of copper posts 134 are soldered to pads on
the printed circuit board 16. The copper posts 134 extend
upwardly throﬁgh the bottom 155 of the test apparatus 130 to
form exposed pads 154. The leads 18 of the conductive trace
80 contact the exposed pads 154 for electrical connection
during test of the integrated circuit 14. The height of the
copper posts 134 and slug 136 are such that the posts 60 of the
clamp 12 do not engage the apertures 90 of the printed circuit
board 16 in order to permit removal of the clamp 12 after the
burn-in test. The bottom 155 has a plurality of openings to
loosely receive the posts 60.

The test apparatus 130 and gate 132 are designed so that
the leads 18 of the conductive trace 80 are not deformed. This
allows the clamp assembly 10 to be removed from the test
apparatus 130 after burn-in for later use in the production of
printed circuit boards. | .

Referring to Figure 19, a completed assembly 10 is shown
in a tube container 140 for storage and shipping. The overall
shape of the clamp 12 cooperates with the overall shape of the



fit occurs between the sidewall of the post 40 and the sidewall _of the

aperture 94 preventing renoval of the clanp 12 fromthe pri tﬁgpgAggngTSHEETl

board. The posts 40 provide retention with the fragile condictive
and retention with the apertures 90 of the printed circuit

assenmbled to the printed circuit board 16L7 The standoffs 42
upper surface of-th%agrinted circuit board 16 to provide a predeterm ned
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chamfers must aline before inserting the clamp 12 into the tube
140. The inside dimensions of the tube are such that the clamp
assembly 10 may be slidably received and removed from the tube
140. A single tube 140 may contain a plurality of clamp
assemblies 10.

The clamp 12 protects the fragile conductive trace 80 from
damage that may occur from the top or sides of the clamp 12 by
combination of the upper surface, sidewalls, and standoffs of
the clamp. The four corners of the clamp extend beyond the
ends of the outer leads of the conductive trace 80 to protect
the ends of the leads 18 from handling damage.

In addition, the four posts 40 protect the outer leads 18
from below. These posts 40 partially prevent damage of the
trace 80 from underneath by raising the trace above a smooth
or level contacting surface.

When!the clamp assembly is placed in the tube 140, the
trace 80 is completeiy prbtected from damage that may occur
from underneath the trace 80.

Tubes 140 containing these clamp assemblies 10 may be
shipped without damage to the printed circuit board assembly
plant. The tube 140 may be used in a manufacturing process and
provides the machinery with the capability to determine the
orientation of clamps for placement on printed circuit boards.

Referring to Figure 20a and 20b, a completed clamp
assembly 10 is shown on a printed circuit board 16. A
placement machine acquires an assembly from a feeder and
locates the assembly over a printed circuit board 16. The
posts 40 of the clamp 12 are .aligned over apertures 90 in the
printed circuit board. The machine pushes the clamp 12 down
onto the printed circuit board 16. The clamp 12 and conductive
trace 80 are retained on the board by the posts 40 press
fitting into the apertures 90 on the board. The clamp 12 is
eased down onto the board. The chamfers 60 on the posts 40
assist with engagement between the posts 40 and apertures 90.
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Once a clanp assenbly 10 is nounted on a printed circuit b
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provi des nechani cal protection to the delicate structure. hégg¢¥%§@§NTSHEET

ci-rcuit card assenbly is then passed through a surface nou tbgtgqﬂnzll-@@yggc
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reflow oven to formthe various solder joints. The clanp
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place on the printed circuit board 16 tolfrovi de mechanical protection to

the fragile conductive trace 80..and integrated circuit 14.
the integrated circuit nmay be soldered to the printed circuit

A surface of
board 16 to

provi de forTheotlanwp dif2 tiee thienc pushed dd®@n until the standoffs 42 engage

the upper surface of the board to engage the outer leads 18 of
the trace 80 into solder paste which have been previously
screened onto the printed circuit board 16. _

The ridge 50 (not shown) depresses the leads 18 of the
conductive trace 80 downwardly, effectively forcing the leads
18 of the conductive trace into engagement with the pads 20 of
the printed circuit board 16, prior to a soldering process.

The posts 40 engage the apertures 94 of the printed
circuit board 16 for retention of the clamp 12 on the printed
circuit board 16. The length and diameter of the posts 40 and
length diameter of the apertures 94 are such that a tight press
fit occurs between the sidewall of the post 40 and the sidewall

of the aperture 94 preventing removal of the clamp 12 from the

printed circuit board.

The posts 40 provide retention with the fragile conductive
trace 80 and retention with the apertures 90 of the printed
circuit board 16, once assembled to the printed circuit board
16. |

The standoffs 42 rest on the upper surface of the printed
circuit board 16 to provide a predetermined spaced relationship
between the clamp 12 and the upper surface of the printed
circuit board 16. This spaced relationship must permit forced
engagement of the contacts 18 with the pads 20 and retain the
printed circuit 14 at a distance above the printed circuit
board 16.

Once a clamp assembly 10 is mounted on a printed circuit
board 16, it provides mechanical protection to the delicate
structure. '

The printed circuit card assembly is then passed through
a surface mount technology reflow oven to form the various
solder joints. The clamp 12 remains in place on the printed
circuit board 16 to provide mechanical protection to the-
fragile conductive trace 80 and integrated circuit 14. A
surface of the integrated circuit may be soldered to the
printed circuit board 16 to provide for cooling of the circuit.



Optionally, an adhesive may be applied to the back bond of the integrated
circuit to provide for cooling. REPLACEMENT SHEET REPLA( o
CLAIMS 1. An integrated circuit assenbly conprising a clanj RERLAENENBSHEST
and a plurality of projections extending away from one sur e of]thggz
a conductive trace mounted on the clanp By each of the pro} 18 bis-p 355
t hrough a respective aperture in the trace, the prolectlon§“§ﬁ§agrﬂg‘Fﬁ€==“~~
edges of the apertures to retain the trace

Optionally, an adhesive may be applied to the back bond of the

integrated circuit to provide for cooling.
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on the clanp, and an integrated circu trace, the ends of
the projections renote fromthe base H“Iﬂg“&&“ﬂ“lll IW eng ; .
cor respondi ng apertures in a substrater assenbty as {f IREPLAGEMENT SHEET
1, wherein the base include standoff neans to space the o surfn%egef[ ﬁ@s
Datese ..y...a.s.

base at a predet f 4 B8 HasHesd RpREdabove thé0substrate. 3. AphDawsenbly..asly....

claimed in clai-m -the base has a plurality 5ES
its edges for exp & l”L the trace. 4. An asse
claiml, 2 or 3, e has aprLapmesei ng di sp EHISJSHEE'EHASB EN

integrated circuit exposing a part of the latter to vi bw. 5 RERLAGED:nD
claimed in any preceding claim wherein the base has rar Tty of
i ndent at i onsTHep eméxdbddmesnt supfeths virfven itdre diaovhilch et lexadweriviehproperty

pr oj ect i ons J,or ﬁ‘%FPIE&E’aié nh d i6ed T8 S AIG as follows:

1. In a module hav1ng a conductive trace and a substrate, a
clamp for protectiVely retaining said trace in said clamp on
said substrate, said'clamp comprising, -
a base member,

a plurality of retention means extending downwardly from
said base, .

each of said retention means having a retention section
adapted for retaining engagement with corresponding apertures
in said conductive trace and said retention means being adapted
for fastening engagement with at least one corresponding
apérture in said substrate.

2. In a module having a conductive trace and a substrate, a
clamp for protectively retaining said trace in said clamp on
said substrate, said clamp comprising,

a base member,

a plurality of retention means extending downwardly from
said base having a first retention section adapted for
retaining engagement with corresponding apertures 1in said
conductive trace; and second retention section adapted for
fastening engagement with corresponding apertures in said
substrate.

3. The clamp of claim I or 2 wherein said retention means are
located in a predetermined relationship with said trace
apertures and said substrate apertures to align said trace in
a desired location on said substrate when said clamp is mounted
on said substrate.



the projections of another clanp e arr
21 4. The clanp of claim3 mheriﬂll“lﬂ"ﬁl“umnmln mea
sai d post nenber having a first tracectretaithi g gection
substrate fastening section, said second section extendi
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said first section. 5. The clanp of cla&In 4 wherein sdke—base—rerbermm]
I ncludes a standoff neans to space a | ower surface of said base nenber at a

predet ermi ned di stance above said substrate. 6. The cl

anp of claimb5

wherein sai d st andef fcIBRNL08P4iHES wherein said retention means is a

post member, said post member having a first trace retaining
section and a second substrate fastening section, said second
section extending downwardly from said first section.

5. The clamp of claim 4 wherein said base member includes a
standoff means to space a lower surface of said base member at
a predetermined distance above said substrate.

6. The clamp of claim 5 wherein said standoff means comprises
a plurality of downwardly extepding members from said base
member.

7. The clamp of claim 1, 2, 4, 5, or 6 wherein said base
member has a plurality of recesses for exposing leads on said
trace.

8. The élamp of claim 1, 2, 4, 5, or 6 wherein said base
member has an opening disposed over an integrated circuit
mounted on the conductive trace.

9. The clamp of claim 1, 2, 4, 5 or 6 wherein said base
member has a plurality of indentations formed on an upper
surface of said base member and directly over said means for
retaining.

10. A module comprising,

a conductive trace,

a clamp, said clamp having a base member,

- said base member having a plurality of retention means

extending downwardly from said base,

each of said retention means having a retention section
adapted for retaining engagement with corresponding apertures
in said conductive trace and each of said retention means
adapted for fastening engagement with corresponding apertures
in said substrate wherein said trace is retained with said



a pIurallty of downwardly extend| i d ba Baer .../ lhe
clamp of claiml1, 2, 4, 5, or IWBMzﬁ Imﬂyﬂﬁemer hﬂﬁp&ﬁ”éﬁbﬁ!ﬁf
recesses for exposing | eads on sal cla ﬂl

5, or 6 wherein said base nenber’ has an openlng di sposed ogggug ______________________ gd
circuit nounted on the conductive trace. 2 The cl anp

or 6 wherein said base nenber has a plurality of indentations forned on an
upper surface of said base nenber and directly over said neans for
retai ni ng. @éDamp. nodul e conpri sing, a conductive trace,

11. A module comprising,

a conductive trace,

a clamp, said clamp having a base member,

said base member having a plurality of retention means
extending downwardly from said base, having a first retention
section adapted for retaining engagement with a plurality of
corresponding apertures in said conductive trace; and second
retention section adapted for fastening engagement with a
plurality of corresponding apertures in said substrate wherein
said trace is retained with said clamp.

12. The clamp of claim 10 or 11 wherein said retention means
are located in a predetermined relationship with said trace
apertures and said substrate apertures to align said trace in
a desired location on said substrate when said clamp is mounted
on said substrate.

13. The clamp of claim 12 wherein said retention means is a
post member, said post member having a first trace retaining
section and a second substrate fastening section, said second
section extending downwardly from said first section.

14. The clamp of claim 13 wherein said base member includes
a standoff means to space a lower surface of said base member
at a predetermined distance above said substrate.

15. The clamp of claim 14 wherein said standoff means
comprises a plurality of downwardly extending members from said
base member.

16. The clamp of claim 10, 11, 13, 14 or 15 wherein said base
member has a plurality of recesses for exposing leads on said
trace.



a clanp, said clanp having a base nenb

' ' : er having a
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apertures in said substrate wherein said trace is retained with said
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....................... clanp. 11. A nodul e conpri si ng,

17. The clamp of claim 10, 11, 13, 14 or 15 wherein said base
member has an opening disposed over an integrated circuit
mounted on the conductive trace.

18. The clamp of claim 10, 11, 13, 14 or 15 wherein said base
member has a plurality of indentations formed on an upper
surface of said base member and directly over said means for

retaining.

19. A module comprising,

a conductive trace,

a substrate,

a clamp, said clamp having a base member,

said base member having a plurality of retention means
extending downwardly from said base, -

each of said plurality of retention means having retention
section adapted for retaining engagement with a plurality of
correspon&ing apertures in said conductive trace and each of
said plurality of retention means adapted for fastening
engagement with a plurality of corresponding apertures in said
substrate wherein said trace is retained with said clamp and
said clamp is fastened to said substrate.

20. A module comprising,

a conductive trace,

a substrate,

a clamp, said clamp havihg a base member,

said base member having a plurality of retention means
extending downwardly from said base having a first retention
section adapted for retaining engagement with a plurality of
corresponding apertures in said conductive trace; and

second retention section adapted for fastening engagement
with a plurality of corresponding apertures in said substrate
wherein said trace is retained with said clamp and said clamp
is fastened to said substrate. '

22



a conductive trace, a clanp, said I se nmenher, _said base .
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with a plurality of corresponding apertures in said condugt gtf%cgﬁlraw
second retention section adapted for fast?hing engagenment H ‘
of correspondi ng apertures in said substrate wherein said trace is retained
with said clanp. 12. The clanp of claim 10 or 11 wherein said retention
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apertures and said substrate apertures to align said trace in

a desired location on said substrate when said clamp is mounted
on said substrate. '

22. The clamp of c¢laim 21 wherein said retention means is a
post member, said post member having a first trace retaining
section and a second substrate fastening section, said second
section extending downwardly from said first section.

23. The clamp of claim 22 wherein said base member includes
a standoff means to space a lower surface of said base member
at a predetermined distance above said substrate.

24. The clamp of claim 23 wherein said standoff means
comprises a plurality of downwardly extending members from said

base member.

25. The clamp of claim 19, 20, 22, 23, or 24 wherein said base
member has a plurality of recesses for exposing leads on said

trace.

26. The clamp of claim 19, 20, 22, 23, or 24 wherein said base
member has an opening disposed over an integrated circuit
mounted on the conductive trace.

27. The clamp of claim 19, 20, 22, 23, or 24 wherein said base
member has a plurality of indentations formed on an upper
surface of said base member and directly over said means for

retaining.

28. A method of assembling a clamp with conductive trace
having an integrated circuit comprising the steps of, acquiring
a clamp from a clamp feeder, and placing the clamp onto a
conductive trace retaining the conductive trace and integrated



13. The clanp of claim 12 wherein Sﬂ'ﬂ”ﬁmm ,l s is nember ,
sai d post nenber having a first traclel B ugmﬂron an

substrate fastening section, said second séct fon® ext endi n
said first section. .14. The clanp of claim 13 wherein sai qas

i ncl udes a standoff neans to space a | ow®? surface of sai dkbase WEH [srata |
predeterm ned di stance above said substrate. 15. The clanp of claim 14
wherein said standoff neans conprises a plurality of downwardly extending
menbers fromhmaiit beshirertier clBp.The clanp of claim 10, 11, 13, 14 or 15
wherein said base nenber has a plurality of recesses for exposing |eads on

said trace. . . o .
29. A method as in claim 28 comprising, prior to the step of

acquiring a clamp, presenting a singulated conductive trace
having a integrated circuit to a placement machine.

30. A method as in claim 29 comprising,

prior to the step of presenting, removing a single
conductive trace having an integrated circuit from a tape by
application of a cutting die. |

31. A method as in claim 28, 29, or 30 comprising,

temporary placement of the clamp and retained conductive
trace and integrated circuit in a test cell for electrically
testing the completed assembly.

32. A method as in claim 28, 29, or 30 comprising, temporary
placement‘ of the clamp and retained conductive trace and
integrated circuit in a storage package.

33. A method as in claim 28, 29, or 30 comprising, placement
of the clamp and retained conductive treace and integrated
circuit on a printed circuit board.

34. A method of assembling a clamp with conductive trace
having an integrated circuit comprising the steps of, acquiring
a clamp from a clamp feeder, and loading said clamp with said
conductive trace to retain the conductive trace and intégrated
circuit within the clamp. |

35. For use in a module having a conductive trace and a
substrate, a clamp for protectively retaining said trace on
said substrate, said clamp comprising:

a base member, '

a plurality of retention means extending from said base,
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trace. 18. The clanmp of claim 10, 11, rein spid ba

has a plurality of indentations forned on an upper surface g i?&&
menber and directly over said nmeans for rgéaining. 19. A nodtFe—tom Si=s
a conductive trace, a substrate, a clanp, said clanp having a base nenber

said retention means having retention sections adapted for
retaining engagement with corresponding apertures in said
conductive trace and said retention means being adapted for
fastening engagement with at least one corresponding aperture
in said substrate.

36. A clamp for protectively retaining a circuit module on
a substrate comprising:

a base member,

a plurality of retention means extending from said base
member,

said retention means being adapted for (a) retaining
engagement with corresponding apertures in said circuit module
and (b) fastening engagement with at least one corresponding
aperture in said substrate. |

37. The clamp of claim 36 wherein each of said retention means
is adapted for retaining engagement with said circuit module
"and fastening engagement with said substrate.

38. A clamp for protéctively retaining a circuit module on a
substrate comprising:

a base member,

a plurality of retention means extending from said base
member said retention means having (a) retention sections
adapted for retaining engagement with corresponding apertures
in said circuit module and (b) engagement sections adapted for
fastening engagement with at least one corresponding aperture
in said substrate.

39. The clamp of claim 38 wherein said retention means extend _
downwardly from said base member.

40. The clamp of claim 38 wherein each of said retention means
has a retention section and an engagement section.
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séction adapted for retaining engagementiwith = pluralityfof c ?e@eg
apertures in said conductive trace and each of said plur
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nmeans adapted for fastening engagenent with a plurality

apertures in said substrate wherein said trace is retai ned vmth said cl arrp
and said clanp is fastened to said substrate. 20. A nodule conprising, a
conducti ve t4lace The stlamp a0f, chathadp, wheiréiol anidhadianp aidazdapbedeko

sai d base nmepher Rawdig, arBEHEAl id Ve@bchft eMdR1d™®88Rprising a fragile
lamina including a conductive trace and wherein said base
member is adapted to shelter said circuit module.
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a desired location on said substrate when said clanp is nounted on said
substrate. 22. The clanp of claim2l1 wherein said retentioi i, 2
nember, said post nenber having a first trace retaining seflt REFFAGRMENT
second substrate fastening section, said second section exflendi n@ 9 art
downwardly fromsaid first section. 23. The clanp of cl ai 22t hH %&FLM
base nmenber includes a standoff neans to space a l.ower surtface Of sald Dase
menber at a predeterm ned di stance abovq£§aid substrate. 24. The clanp

of claim 23 wherein said standoff means conprises a plurality of :
downwar dl y extendi ng nenbers from said base nenber. 25. The clanp of claim
19, 20, 22, 23, or 24 wherein said base nenber has a plurality of recesses
for exposing | eads on said

30 30

T
44 50 44

Figure 6a Figure 6b

28 _ 28 28

Figure 6¢c - Figure 6d Figure 6e

Figure7 L



trace. 26. The clanmp of claim19, 20, 22, 23, or 24 wherein said base

menber has an openi ng di sposed over an |ntegrated circuit B éh% e
conductive trace. 27. The clanp of claim19, 20, 22, 23, or §%¥2§§§ﬁ5
base nenber has a plurality of indentations formed on an uppge sur
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of assenbling a clanp wt condlctive tface having an |nt-grated clrcurt-
conprising the steps of, aqu|r|ng a clanp froma clanp feeder, and placing
the clanp onto a condus 1s race and

I nt egr at ed i

Figure 8 - Figure 9

12

28

~ 16

L [+ e |
=3 I
= 5=
g

H o

Figure 11




25 circuit within the clanp. 29. A nmethod as in claim 28 conprising, prior
to the step of acquiring a clanp, presenting a singulated c gﬁ [
héivi ng a int egrated circuit to a placement machine. 30. A EMﬁNTsHEET

claim?29 conprising, prior to the step of presenting, renpvj NSt ,srjr@

conductive trace having an integrated circuit froma tape b "1“'at1 oﬁ-
a cutting die. 31. Anethod as in claim28, 29, or 30 conpri sing, eerOI'dly
pl acenent of the clanp and retained condagstive trace and integrated circuit

in atest cell for electrically testing the conpleted assenbly.
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32. A nmethod as in claim28, 29, or 30 conprising, tenporary placenent of
the clanp and retained conductive trace and integrated circyj : :
package. 33. A nethod as in claim28, 29, or 30 conpr|5|ng,r”;§E§”—“**
the clanp and retai ned conductive treace and integrated cirgul nhz
printed circuit board. 34. A nethod of assenbling a clanp tﬂh& __________ g?ﬁ&unmu,
trace having an integrated circuit conprbsing the steps of, g 1
clamp froma clanp feeder, and loading $aid clanp with said conductlve

trace to retain the conductive trace and integrated circuit within the

clanp. 35. For use in a nodul e having a conductive trace and a substrate, a
clanp for protectively retaining said trace on said substrate, $aP® clanp
conpri si ng: ///
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a base menber, a plurality of retention nmeans extending from said base,

26 said retention nmeans having retention sections adapted _retail ai n| nq

elgagenent with corresponding apertures in said conductiv

retention neans being adapted for fastening engagenent wt

correspondi ng aperture in said substrate. 36. Aclam f

retaining a circuit nodule on a substrate6 conprising: ab
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a plurality of retention neans extending from said base nenber, said
rgtention means being adapted for (a) retaining engagenent :
corresponding apertures in said circuit nodule and (b) fad} BEPRACEMENT SHEET
with at | east one correspondi ng aperture in said substrat 37. Tﬁbﬂﬁﬂagﬂﬁ
of claim36 wherein each of said.-retention nmeans is adapt g PBigr-+-et-ai-fri-fgr--
engagenment with said circuit nodul e and fasteni ng engage
substrate. 38. A clanp for protectively-etaining a circuit nodule on a
substrate conprising: a base nmenber, a plurality of retention nmeans
extending from said base nenber sald retention nmeans Tj}ﬂngjga) retention

sections
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adapted for retaining engagement wth corresponding apertures in said
circuit nodule and (b) engagenent sections adapted for fg ﬂgﬁg@ﬂ@%ﬂa

wi'th at |east one corresponding aperture in said substrat Rgﬁgarﬁmewéﬁﬁﬁﬁ*

of claim38 wherein said retention nmeans extend downwar dl fromf '.?gqa e
menber. 40. The clanp of claim38 wherein each of said r ' ?e .5-1%'43
a retention section and an engagenent section. - 27 RS
41. The clanp of claim 38 wherein said clanp is adapted to protectively
retain a circuit nodule conprising a fragile

METHOD AND APPARATUS FOR RETENTION OF A FRAGILE
CONDUCTIVE TRACE WITH A PROTECTIVE CLAMP

ABSTRACT

A module having a conductive trace and a substrate is
disclosed wherein a clamp protectively retains the trace on the
substrate. - The clamp has a base with a number of retention
means extending downwardly from the base, each of the retention
means has a retention section adapted for retaining engagement
with a corresponding aperture in the conductive trace. Each
of the retention means is adapted for fastening engagement with
a corresponding aperture in the substrate.
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CLAIMS

1. An integrated circuit assembly comprising a clamp having a base
and a plurality of projections extending away from one surface of
the base, a conductive trace mounted on the clamp by each of the
projections passing through a respective aperture in the trace, the
projections engaging the edges of the apertures to retain the trace
~on the clamp, and an integrated circuit mounted on the trace, the
ends of the projections remote from the base being adapted for

engagement with corresponding apertures in a substrate.

2. An assembly as claimed in claim 1, wherein the base include
standoff means to space the one surface of the base at a

predetermined distance above the substrate.

3. An assembly as claimed in claim 1 or 2, wherein the base has a

plurality of recesses in its edges for exposing leads on the trace.

4. An a_ssembly as claimed in ciaim 1, 2 or 3, wherein the base has
an opening disposed over the integrated circuit exposing a part of
the latter to view.

5. An assembly as claimed in any preceding claim, wherein the base
has a plurality of indentations formed on an upper surface thereof

| directly over the projections for accommodating the free ends of
the projections of another clamp when the clamp are arranged in a
stack.




