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METHOD AND APPARATUS FOR RETENTION OF A FRAGILE 

CONDUCTIVE TRACE WITH A PROTECTIVE CLAMP 
•' 

· Th~ 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 cla~p, 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 pri11ted circuit board during 

production of the latter. 

~~.f}~_g_~~~~!19 ... !\~.t. 

The density 0£ 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. l\ difficult problem sti 11 

confronting engineers in the electronics industry is an 

efficient and reliable wa.y to secure an integrated circuit 

to a board while maintainjng electrical connection and 

mechanical protect.i.011 of: the leads. 

A fabrication process known in the electronics 

packaging art is tape n.utomnted bonding (TAB). l\ continuous 

tape of fragile conductjve t:z:acP.r;, r-:;i.milnr to, but far lnore 

fragile than photograph.i.c f.ilm provides a basis for 

mounti rig integrated c]. rcu.i. ts on each frame of the tape. 

A metal pattern is formed on· each frame of the 

conductive trace. These metc:il 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: boRrd. 

The manuf ac t:u re () f 

sub-assemblies ancl nRSP.mb.l1es 

el ect.1:011.i. c: 

1:~qu].res 

functionally d:i (fE~J."ell l: lllilllll f tlC l:ll J.""i llCJ 

component:.. 

number of 

ope1:at.i.onf'. 
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Manufacturing the fragile components is one operation. 

Testing the component is another and final assembly is the 

last of these di ffererit operations. The complex and 

additive nature of these operations makes cost effective 

manufacture difficult. Each operation requires uniqu~ and 

complicated equipment at the manufacturing location. To 

perform these operation~ is not only expensive, but there 

is also a relatively high possibility for defective i~ems. 

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 ~ounting-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 

circuit board. I\ plurality of 

ring is posi tio1ied on a 

conductive elements are 

wrapped around meinbers · 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 monnted over the conductive trace 

and finally a lid 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 Pate11t 4,696,526, entitled Carrier for 
Tape l\u tomated Bonded Sem.i co1Hi11c to1: Dev ice issued to the 
Intel Corporation on Se.pternber: 29, 1987 and illustrates a 

device for mounting an integrr1 tecl circuit and conductive 

trace to a base for electrica 1 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 

posi tion_ed within the base by a plurality of lugs. A cover 

is placed over the conductive trace and locked in place 

with the base by a number of complimentary locking members. 

United St;:ite Pnl:0.nt· •;,005,070,· ent:i.tled So.lderhig 

Interconnect Method nlHl J\ppri1·a t:us E"or Semiconducto1~ 

Packages issued to the Hewlett-Paclrnr<l company on April 2 
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1991 and illustrates a device for attaching the outer leads 
of a semiconductor package to lands on a circtiit 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 r:emoved for recycl.i.ng leaving the unprotected module 
behind. The circuit: modul.P. ii=; re.ln.tively thick and durable 
compared to the circuit l:rctr:e contemplated herein. 

· The prior art references have a number of significant 
deficiencies. Most systems have multiple components which 
are costly to manufacture. J\U.gning a sandwj_ch of 
components on a circuit boF11·d is cUfficult, costly and time 
consumi1ig. It :is al.so prone to error. 

Retention of a fraqi. l P. conductive trace having an 
integrated circuit alld i:etP.ntion on a circuit board in a 
unitary protective·struc:t:11rP. ii=: not disclosed. Conductive 
traces havinq inl:E'!q1·11l:0.d r:i1·C-:11it·s ;u:e sto1·ed n.nci shjpped 
separately from LhP. mo1111t·.i 11c1 rlr.v.i.cnfi. Separc:ite storing of 
the unprotected conductiv0. I 1·;icP.s is difficult due to the 
fragile nature of the t:rar;n~; and integrated circuits. This 

typically requires adcli ti ·q1,1 I protective packaging for 
storage and shipping of crJ1:11 "'lien ts. 

Summar_y_Q!_'.;!:he I ny~J!~J_C?.J~ 

It is a primary advant";:qe of the invention to provide, 
a unitary structure which po. rm its retention of a very thin, 
fragile conductive trace hnvjng an integrated circuit and 
retention .on the circuit bn;i nl. In another advantage of the 
invention, the clamp assembly is useful for safe storage, 
placement in a circ11it: 1.:P.r-;I~ ripprirntus, .::ind mounting on a· 
printed circuit board. 

In a broad nspect: of the invention, the invention 
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consists of a clamp· having a base member 

rigid support to a conductive trace, a 

for providing 

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 ape·rtures in said conductive trace 

each of said plurality of retention means adapted 

and. 

for 

fastening engagement with a plurality of corresponding 

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 ex tending 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 i·f.!ten.tion means adapted 

for fastening engagement with a pl~rality of cdrresponding 

apertures in said substrate wherein said trace is retained 

with said clamp. 

In another broad aspect of .the invention, the 

invention consists of a c:onc11.1t:": ti ve trace, a substrate, a 

clamp, said clamp havir\q a ba.Re me_nber, said base member 

having a plurality of retenti.on means extending downwardly 

Erom said base, each of s;:d d p.l urali ty or retention means 

having retention sect.ton Clrlrl.pted .for retaj_ning engagement 

with a plura..li ty of c01Tnspond:i ng apertures in said 

conductive trace and ea.c:h of ~ai.d plurality of retention 

means adapted for fastenj 1ic1 ~n9ngement with a plurality of 

corresponding apertures i 11 said substrate wherein said 

trace is retained with :.riid clamp and said clamp is 

fastened to said sub~t~at~. 

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 ~;;1 include a locator such as an 

indentation trace formed i 11 ;i.11 upper surface of the basP. 

member to permit centerinq of a materJ.al cutter for removal 

of the clamp. 

In an embodiment: of t:hl"'? i nvenl:ion, the base member .i.s 

formed by the uppe1· surfClr.~, sidewnll mid l.ower s111:fnce of 
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the clamp structure. The substrate is a printed circuit 
board. The retention means is a cyli-ndrical 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 inventiori, the 
invention consists of a method of assembling a clamp·with 
a conductive trace havjng an integrated circuit comprising 
the steps of acquiring a clamp from a clamp feeder and 
pressing the clamp onto R conductive trace, retaining the 
conductive trace and integn:ited circuit within the.clamp. 

In the drawings wh~ ch .illustrate embodiments of the 
invention, 

Figure I is a axonometrl.c view of a conductive trace 
retained in a clamp mountf~d on a printed circuit ·board, 
Figure 2 is a top vi~w of Llle clamp, 

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

Figure 4 is a bottom vtew of t:h~ c]amp, 
Figure 5 is another side v.i.0w of tile clamp illustrating 
the posts and the standoff~. 
Figure 6a is an expanded Sf~,.:t:in11ril. view of the clamp· 
taken along line CC of Fiq111·0 7. i.11 ustrating the, profile 
of a lower sur.face of a c 1 ;11:1p in an ernbodimen t, 
Figure 6b is an expanded spr·t ional view of the clamp 
taken along line CC of Fig11n"! .?. illustrating another 
embodiment of the profile of ~ lower surface of the 
clamp, 

Figure 6c is an expanded sec:tional view of the clamp 
taken along line AA of Figun'"! 2 illustrating one 
embodiment of the posts, 

Figure 6d .is an expanded sectional view of the clamp 
taken along line Al\ of r.~iqurP. ?. i .11 usi:rating another 
embod.iment of the post:~, 

Figure 6e is an expnnded r;ect:i.on<l.1 vi.ew of the clamp 
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taken along line AA of Figure 2 illustrating 
embodiment of the posts, 

111111mir111i·ir J 
another 

Figure 7 is a top view of a tape with a plurality of 
conductive traces, 

Figure 8 is a singl~ conductive trace excised from the 
tape, Figure 9 is a top view of a conductive trace retained 
in the clamp, 

Figure lOa is a bottom view of a conductive trace retained 
in the clamp, 

Figure lOb is an expanded sectional view of the cleimp 
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 w:i.Lh the l;:iyout 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 i11tegrated circuits before 
excise of a single trace, 

Figur~ 14 is a schematic v:i.ew of n die with a separated 
single trace, 

Figure 15 is a schematic view of a.cquiring a clamp from a 
feeder by a vacuum nozzle for placement on a sit_lgle 
trace, 

Figure 16 is a schemat].c: view of the clamp placed on a 
single conductive trace for retaining-the trace, 
Figure 17 is a schematic view of remov~l of the completed 
assembly of the cl~mp 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 compl~ted a~sembly onto a printed ~ircuit board, and 
Figure 20b is a schematic vl.ew illustrating the completed 
assembly located on a p1·:inl:E'!d ci1·c11.i t. board. 
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Referring to Figure 1, a clamp assembly is generally 
illustrated at 10. An integrated circuit 14 located on a 
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 .l. 

Referring now to Flgure 2, features of the upper 
surface 30 of the clamp 12 a.re shown. An aperture 24 is 
formed in the center.of the clamp 12. Location and size 
of the aperture 24 may be varied a·s 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 dia9nostics after 
assembly, an integrated c j n:ui t must be readily 
identifiable. The nperture ?.4 permits identification 
without having to add equivalent information to the top 
surface of the clamp. 

A plurality of recesse8 22 are formed at the 
peripheral edges of the clamp l?.. These recesses 22 
permit a visual inspectio11 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 square having n recess 22 at the 
peripheral edge of ·each :;:;jdP. t:o pP.rmit.inspection for 
each group of leads 18 ( fo111: 91:oups not shown). 

A bevel 26 is formed on one s.ide of the upper 
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surface 30. The bevel 26 permits orientation of tile 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 

po.st to permit tight stacking of the ·c1·amps 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 tjlrough 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 elec"t:rical 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 sho-wn. 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 pl~rality of posts 40 extend 

downwardly from the loi.:~r surface 44. The posts 40 engage 

apertures in the conduc'.:.!ve trace (not shown) for 

retention of the condu:::'.:. ~ ·:e trace within the clamp 12. 

The posts 40 also enga~~ a~ertures in the printed circuit 

board 16 {not shown) "t::-- :·~tain the clar:ip 12 on the 

printed circuit board ~- fi. 

The sidewall 46 has a plurality of standoffs 42 

extending downwardly at each corner of the clamp 12. The 

standoffs 42 are of a le::gt.h to control the height of the 

clamp 12 in a predeter~i~ed spaced relationship with the 

printed circuit board 16. 
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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 in 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 pr:ofile of the lower surface 44 is 

illustrated. The profile of the lower surface 44 

depresses the leads 18 of ~he 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 conducti ·:~ 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 lowest 

point of the lower su:-f ace or ridge in order to create 

the downward force on :.:~~ leads 18. 

Sufficient down;.;u :·:·: force on the leads 18 will only 

occur if the leads 12 :~~ below the plane of the 

integrated circuits l~ solderable surface as will be 

... 
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later descriped with refer.ence to Figure 20b. 

Referring now t:o 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 ~ngagement 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 n.pertures. 

In another embodiment, shown in Figure 6d, the posts 
40 are substan ti a 11 y cy U.nch:i cal., having a slot 62 
extending from the distant end of the.post 40 inw?rdly to · 
form two flexible post ~embers. Tile slat 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 Ctpert:u1:es of the p.rinted ·circuit 
board for retention of the c:l.Ftmp assembly 10. 

In another embodiment:, shown in Fig~tre 6e, integral 
standoffs are formed in the posts 40. In this embodiment, 
the clamp 12 does not: J:eq11i t·0 the standoffs 42 to provide 
the spaced relationship bet.ween the cl.amp 12 and the 
printed circuit board 16. Tli0. post 40 forms an upper 
cylipdrical surfnce 41 and ;i l 0wer cyU.ndricn..l surface 
45. The upper surface 41. r:rH11m1111 i ca t:es with the aperture 
76 of the co"nduc tive t t"<t<>' nn <1 ::> previously described. 
The lower surface 45 commt111 i r:;i tes with the apertures 90 
of the printed circuit bon 1·<1 as previously described. The 
apertures 90 and lower surf;ice 45 are of a different 
diameter, being smaller th;111 the upper surface 41. The 
smaller diameter again musL provide a tight press fit. A 
lip 43 is formed at the j1111ction of the upper and lower 
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 pcr.it:ioned on the post to provid•· 
the predetermined spaced J:P.lnt:ionRhi.p between the cl.amp 
12 and the printed.circuJ.tbocn:d 16. 
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Referring now to Figure 7, a tape 70 of conductive 

traces 80 is shown. I\ pllu:n.lit:y of sprocket holes 72 are 
provided at the respective ~dges of the tape 70 to 
control movement of the tnpe during the manufacturing 

process. 

Electrical connection between the integrated circuit 

and a printed cirGuit 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 conducti.ve trace 80 are a plurality 
of apertures 76. The npert:u r:es 76 engage the posts 40 
(not shown) for retention of the conductive tr.ace 80 with 
the clamp 12. 

In one embodiment, four circular apertures 76 are 
provided to engage four cyU.ndrica.l 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. retention of: l:hP. fragile trace without 
damage during the a.ssembl y pt·ocess. The apertures formed 
in the fragile film of the conducl::i.ve trace 80 are 

surrounded by metal pattern~ to strengthen the area for 
engagement with the posts. The strei1gthened 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 numbe1: of, nnd shape of, posts/apertures 
may be made without depnrt.ing from the 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 Fi.gures 9, and lOa, a clamp 

assembly 10 i. s shown. The r:ond11c U. ve · trace 80 is re taineri 
in the clamp 12 by the f'~nqnqement m1cl cooperation bel:w~e1i 
the plurality of npei:tt11:er-; 76 .ill t:lrn conducUve trace 80 
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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 the11 removed, or retained 

by a printed circuit board. An integrated circuit is nbt 

shown in Figures 9 and lOa. 

Referring now to Figure lOb, a sectional view of a 

post is shown cooperating with a conductive trace 80. The 

aperture formed in the conductive trace 80 i~cludes 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 Lo F.i.qurf! 1.1., ;i printed circu]. t board 

16 is shown as configured to receive a clamp assembly 10. 

A plurality of pads 20 are arranged to engag·e the leads 

18 of a conductive trace (not shown). The engagement is 

both mechanical, to secure contact by appU.ca ti on of 

solder, and electrical. TI1e pRds 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 relationshlp on the board 16 for 

receiving a plurality o.f posts 40 of the clamp 12 (not 

shown). Those skilled in the Art will appreciate that the 

arrangement of pads 20 and npertures 90 may be modified 

without departing the :=;cope nnd spl.rl.t of the invention. 

Referr).ng now to Figu rP. 12, the method to assemble a 

clamp with a conductive ti·ace w.i.11 be described. The 

method starts at 110. A single conductive trace having an 

integrated circuit is re~oved 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 sh,ape (111), or other suitable shapes such as a gull 

wing shape 

This single excised and lend formed trace is 

presented to a placement mflc:hi.110 ( U/.). l\. clamp is then 

acquired from R. clr.imp fP.edP.1·, for excimp.le by a vacuum 

nozzle ( 113). 
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excised and lead The clamp is placed onto' the single 

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. 'l;'his 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 apparn.tns 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 mP.mber 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 mRy be formed during the same 

operation. The leads are formed into a shape by the 

contour 106 of the uppet· member 102 cooperating w.i th the 

complimentary contour 108. of the lower member 104 

pressing the leads into sli;ipP.. The result is a single 

conductive trace 80 as shri•,.m in F.igure 14. 

A clamp is obtained ft nm a cl.a.mp feeder 122 as shown 

in Figure 15 by a vacuum 11·,:::: IP. 120 and transported for 

engagement with a conduct i ·_.-n t: race located in the lower 

member 104 of the die. 'l'hn ·ntc1mm nozzle 120 has a baffle 

over the aperture in the clnmp to permit suction to 

effectively grip the upper sut·face 30 of the clamp 12. 

As shown in Figure 16, the clamp is aligned over the 

conductive trace 80. This nlignment operation centers the 

posts 40 directly over thr-> npertures.76 of the conductive 

trace 70. The lower member 104 of the die has a plurality 

of openings 124 di 1~ect l y undP.r the riper tu res 76 of the 

conductive trace 80. The sizf:'! of the opErn1ngs must be 

large enough to loosely receive thP. posts 40 of the clamp 
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12 and small enough to support· the surrounding area of 

the conductive tr.ace 70 <'\R pln.ced .i.n the die. A downwnrd 

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. Tl1is 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 n~tained in a clamp 12 is removed 

fr.om the die as shown in E'i9ure 17. This assembly may be 

placed in a test cell, a storage container, or provided 

for final assembly on a printed ~ircuit 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 nn inL-.erposer between the. clamp 

assembly 10 under elec:tr.i.crtl. test n.nd the printed circuit 

board 16. 

The test apparatus 1.30 ii=; substflntially a square box: 

with an operable lid 151. A plRstic gate 132 pushes leads 

18 onto its the contact pa<ls 134 for electrical 

engagement. The upper surfcir:~ of the integrated circuit 

14 is also pressed against: .il copper slug 136 by a 

protruding member 150 fortnPd on the lower surf ace of a 

lid 151. A surface of the integrated cir9uit 14 

communicates with a surface of the slug 136 in order to 

dissipate heat gene~atect' by t.he integrated circuit 14 

under electrical test. 

Thus the test appara t11 :; provides both electrical and 

thermal contact of the integrated circuit 14 for burn-in 

testing of the integrated c i. t·cui t 14 as retained within 

the clamp assembly 10. 

The lid 151 .is pivot;:i.1.1.y comrnct:ed at one end 152 to 
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the side of the test apparatus and releasably connecte.d 

at another end 153. Thes~ connections pennit the lid 151 

to operate from a clo~ed position for testing to an open 

position for insertion and removal of a clamp assembly 

10. The lid 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 through the bottom 155 of the test 

apparatus 130 to form exposed pads 154. The l~ads 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 tll~ prlntecl circuit board 16 

in order to permit rP.movi'll of t:he clamp 12 after the 

burn-in test. The bottom 15~ has a plurali·ty 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 nllows t.he c:l.;::imp assembly 10 to be removed 

from the test apparatus 130 aft:er burri-in for later use 

in the production of printed circuit boards. 

Referring to Fi.gu1:e 19, o completed assembly 10 is 

shown in a tube container 140 for Rtorage arid shipping. 

The overall shape of the <::I 11111p I?. coopen=ttes with the 

overa.11 shape of t:he t11bP. cn11t.:r1ine1: 140 to provide a 

single orientation of the clamp 12 within the container 

140. The chamfer 26 of the r: i ;imp 12 communicates with a 

chamfer l42 of the containc1· wherein these chamfers must 

aline before inserting the rlamp 12·into ~he tube 140. 

The inside dimensions of th~ tube are such that the clamp 

assembly 10 may be slidabl y n~cei ved 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 occ:nr from the top or sides of 

the clamp 12 by comb:i.1rnl:i.011 of the upper surfnce, 

sidewalls, and standoffs of the clnmp. The four corners 

of the clamp extend beyond the ends of the outer leads of 
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the conductive trace 80 to protect the ends of the leads · 

18 from handling dRmag~. 

In addition, th~ 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 completely protected 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 

manufacturin9 process and provides the machinery with the 

capability to determine th~ orientatibn of clamps for 

placement on printed ci~cuit 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 asse~bly over a printed circuit board 16. The 

posts 40 of the clamp 12 are aligned over apertures 90 .in 

the printed circuit boi:ffd. The machine pushes the clamp 

12 down onto the pr.i.nted circuit bo<'lrci 16. The clamp 12 

and conductive trace 80 Rre retained on the board by the 

posts 40 press fitting tnto the apertures 90 on the 

board, The clamp l?. .i.s eased down onto the board. The 

chamfers 60 on the posts 40 ri.ss.ist with engagement 

between the posts 40 and apertuL·es 90. The clamp 12 is 

then pushed clown until t:he standoffs 42 engage the upper 

surface of the board to enga9e the outer leads 18 of the 

trace 80 into solder paste which have been previously 

screened onto the printed circuit board 16. 

The ridge .SO (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 1.6.'The length nnd diameter of the 

posts 40 and length di rime te 1· of: the Aper tu res 94 are such 
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that a tight press £.it 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 cir6uit 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 delicat~ structur~. 

The prihted circuit card assembly is then passed 

through a surf ace mount technology ref low oven to form 

the various solder joints. Tile clamp 12 remains in place 

on the printed circuit board 16 to provide mechanical 

protection to the fragil~ 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 cool.i.ng of the circuit. Optionally, an 

adhesive may be nppl.i.ed l:o l:hP. b;u::k bond of the 

integrated circuit to provlde for cooling. 

1111n1r11inr 
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The embodiments of the invention in which an exclusive 

property or privilege is claimed are defineq as follows: 

1. 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, 

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 aperture in 

said substrate. 

2. In a module having a conducti~e 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 retent.i.011 means extending downwardly 

fr6m said base having a first retention section adapted 

for retaining engagement w:i. th corresponding apertures in 

said conductive trace; and second retention section 

adapted for fastening engagement with corresponding 

apertures in said substrat:P.. 

3. The clamp of claim I 01· 7. wherein said retention means 

are located in a predetermi11r>d relationship with said trace 

apertures·and said sub~trat0 apertures to align said trace 

in a desired location on s<lid substrate when 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 ~nd a second substrate fastening 

section, said second sectl.on extendi1~g downwardly from 

said first section. 



CA9-93-022 THIS SHEET HAS BEEN 
REPLACED 

5. The clamp of claim 4 wher~in 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 extending members 
from said base member. 

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

8. The clamp of claim l, 2, 4, 5, or 6 wherein said base 
member has an opening disposed over an integrated c~rcuit 
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 retent.ion means having a retention 

section adapted .for retaini !HJ engagement with 
corresponding apertures .i 11 !'":'lid conductive trace and each 
of said retention meai1s ;qrJ;1pl ~cl for fastening engagement 
with corresponding aper tu n~f; in said substrate wherein 
said trace is retained with said clamp. 

11. A module comprising, 

a conductive trace, 

11111111111111 11111 1111111 1111 
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a clamp, said clamp h11ving a base member,. 
said base member hav.i nq n plurality of retention 

means extending downwardly from said base, having a first. 
retention section adapted for retaining engagement with 'l 

plurality of cor.respond.i.nq ripei:t·.urP.s in said conductive 
trace; and second retention section adapted for fastenin·.: 
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engagement with a plurnli ty of corresponding apertureess111'nr·-======:.;.. 
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. 'rhe clamp of claim 10, 11, 13, 14, or 15 wherein said 
base member has n. phn·rt l i ty of i:ece:::;ses 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 indentations formed on an 
upper surface of said base member and directly over said 
means for retaining; 

19. A module comprising, 

a conductive trace, 
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a clamp, said clnmp lrnving 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 
corres~onding 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 retention 

means ext~nding 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. 

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 desired location 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 

said first section. 

23. The clnmp o.f clnim 22 wherei.n said base member 
includes a standoff means to space a lower surface of 
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said base member at a predetermined distance 
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 mo~nted on the conductive trace. 

27. The clamp of claim 19, 20, 22, 23, or 24 wherein said 

base member has a plurality of indentations fdrmed on an 

upper surface of said base memb~r ,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 withit'l the clamp. 

29. A method as in claim 7.8 comprising, prior to the 
step of acquiring a clamp, presenting a singulated 
conductive trace having a int:eqrated circuit to a 
placement machine. 

30. A method as in claim :~~l comprising, 

prior to the step of presenting, removing a single 

conductive trace having an .integrated circuit from a tape 

by application of a cuttinq die. 

31. A method as in claim 7.8, 29, or 30 comprising, 

temporary placement of the clamp and retained 

conduc.ti ve trace and j_utegra ted circuit in a test eel 1 

for electric.ally testinq the completed assembly. 
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32. A method as in claim 28,. 29, or 30 comprisin;g~,======::::;;;;;====:dJ 
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 anq 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 means extending from said 
base, 

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 ~omprising: 

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 3fi -..;herein each of said retention 

means is adapted for retaining engagement with said 
~~~~~~~~~~ 

circuit module and fastening engagement with said 
substrate. 
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38. 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 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. 

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


