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(57) L mmvention concerne un procede et un appareil
d’interconnexion ¢lectrique et meécanique d’ensembles
de circuits ¢lectroniques ou de modules ¢€lectroniques.
Un circuit integre (300) comprend plusieurs sorties (302)
s’etendant a partir d'une surface (305), chaque sortie
(302) comportant une partie d’appu1 (403) et une partie
de pied (402). Une carte a circuit imprime (400)
comprend plusieurs trous de passage metallises (401)
correspondant aux multiples sorties (302) s’¢tendant a
partir du circuit mtegre (300). Les phases du procede
consistent a disposer la carte a circuit impnime (400) de
sorte qu une surface inferieure (404) de la carte a circuit
imprime (400) repose sur la partie d’appur (403) des
sorties du circuit intégre (300) et de sorte que la partie de
pied (402) de chaque sortie soit disposce a 1'mtérieur du
trou de passage metallise (401) correspondant dans la
carte a circuit imprime (400). Un adhésit €poxyde
conducteur (602) est alors introduit dans les trous (401)
contenant les sorties (302) et soumis a un durcissement
pour former une connexion solide, ¢lectnique et
mecanique entre la carte a circuit imprime (400) et le
circuit integre (300).

I*I Industrie Canada  Industry Canada

(57) A method and apparatus 1s provided for electrically
and mechanically interconnecting electronic circuit
assemblies or electronic modules. An 1ntegrated
circuit (300) includes a plurality of leads (302) extending
from a surface (305), each of the leads (302) having a
seating portion (403) and a stem portion (402). A printed
circuit board (400) includes a plurality of plated through
holes (401) therein corresponding to the plurality of
leads (302) extending from the integrated circuit (300).
The steps of the method include positioning the printed
circuit board (400) so that a lower surface (404) of the
printed circuit board (400) rest on the seating portion
(403) of the leads (302) of the integrated circuit (300),
and so that the stem portion (302) of each of the leads are
positioned within the corresponding plated through
holes (401) i the printed circuit board (400). An
electrically conductive epoxy adhesive (602) 1s then
dispensed into the holes (401) having the leads (302)
therein, and cured to form a solid, electrical, and
mechanical connection between the printed circuit

board (400) and integrated circuit (300).
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(57) Abstract

A method and apparatus is provided for electrically and mechanically interconnecting electronic circuit assemblies or electronic
modules. An integrated circuit (300) includes a plurality of leads (302) extending from a surface (303), each of the leads (302) having
a seating portion (403) and a stem portion (402). A printed circuit board (400) includes a plurality of plated through holes (401) therein
corresponding to the plurality of leads (302) extending from the integrated circuit (300). The steps of the method include positioning the
printed circuit board (400) so that a lower surface (404) of the printed circuit board (400) rest on the seating portion (403) of the leads
(302) of the integrated circuit (300), and so that the stem portion (302) of each of the leads are positioned within the corresponding plated
through holes (401) in the printed circuit board (400). An electrically conductive epoxy adhesive (602) is then dispensed into the holes
(401) having the leads (302) therein, and cured to form a solid, electrical, and mechanical connection between the printed circuit board

(400) and integrated circuit (300).
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PATENT APPLICATION

INTEGRATED CIRCUIT CONNECTION USING
AN ELECTRICALLY CONDUCTIVE ADHESIVE

Technical Field of the Invention:

The present invention relates to the field of electronic circuit Interconnection, and
more specifically, to a new apparatus and method for electrically connecting integrated circuits

to other electrical circuits, such as printed circuit boards or flexible circuits.
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Background of the Invention

Integrated circuits typically are packaged within hermetically sealed packages from
which a multiplicity of pins extend. These pins are typically electrically connected to the signal,
power, and ground lines of the integrated circuit, and provide a means by which the integrated
circuit can be electrically connected to other electrical circuits. For example, integrated circuits
can be electrically connected to one another to form larger circuits by soldering the pins of the
Integrated circuits to “plated through holes” (PTH) in a printed circuit board. Plated through holes
are physical holes through the printed circuit board. The exterior of the plated through holes is
comprised of an electrically conductive material. Each of these plated through holes may be
electrically coupled to other electronic devices on the printed circuit board by interconnect lines
in the printed circuit board. The soldering process forms the electrical and mechanical connection
necessary to interconnect the integrated circuits and the printed circuit board. Similarly, in the
case of multilayer printed circuit boards, plated through holes provide for the electrical connection
between the electrical layers of the printed circuit board.

The above-described methods of interconnecting individually packaged integrated
circuits using printed circuit boards imposes limits on the packaging density that can be achieved,
since both the individual packaging of the Integrated circuits and soldering methods used to form
connections have inherent inefficiencies associated with them. The inability to provide a higher
packaging density requiyes unnecessarily long interconnect lines in the printed circuit board, which
adversely affects the inter-circuit signal speed and quality.

One means by which packaging density has been improved 1s through a method
in which unpackaged integrated circuits are placed directly onto printed circuit boards by using

soft “flying” gold lead wires attached to the bonding pads, or bond pads, of the integrated circuit

g
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to form the electrical and mechanical connection between the integrated circuit and the printed
circuit board. This interconnection is achieved by inserting the flying gold leads into the plated
through holes in the printed circuit board, and compressing the flying gold leads within the holes
so that they buckle and contact the electrically conductive walls of the plated through holes,
thereby forming the mechanical and electrical connections between the integrated circuit and the
printed circuit board, or between multiple layers of a multilayer printed circuit board. This
“pressing” method is fully described in U.S. Patent No. 5,054,192 to Cray et al., which is
iIncorporated herein by reference.

According to the pressing method described by U.S. Pat. No. 5,054,192 (“the 192

patent”), the flying gold leads are first secured to the Integrated circuit board by thermosonically

bonding them to the bonding pads of the integrated circuit so that they extend substantially
perpendicularly from the integrated circuit. The integrated circuit is then positioned relative to
the printed circuit board (which is secured to a lower caul plate) so that the flying gold leads each
extend through a corresponding plated through hole in the printed circuit board, as shown in Fig.
1. Pressure is then applied to the upper surface of the integrated circuit through an upper plate,
so that the flying gold leads are forced to buckle within the plated through holes in the printed
circuit board, as shown in Fig. 2. Once the flying gold leads buckle, they contact the electrically
conductive inner surface of the plated through holes, and electrically and mechanically connect
the integrated circuit to the printed circuit board.

Although the invention of the ‘192 patent enables higher packaging densities to
be achieved, there are several disadvantages associated with the fact that mechanical pressure
must be applied to the integrated circuit and printed circuit board to force the flying gold leads

to buckle within the plated through holes in the printed circuit board. First, the application of
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pressure to the integrated circuit results in compression of the flying gold leads directly onto the
bond pads. Typically, the bond pads are not designed to withstand these types of mechanical
forces. The bond pads themselves are often mechanically fragile, and mechanical loading on the
surface of the bond pads can cause cratering, pad lift defects, where the pad lifts at least partially
away from the surface of the integrated circuit, or both. Bond pad cratering may result in further
mechanical and electrical fragility in the bond pad, making the bond pad more susceptible to future
failure. Pad lift defects may resuit in electrical shorts.

Another problem associated with the pressing method described in the ‘192 patent
1s that it is essential that each of the flying gold leads be precisely perpendicular to the integrated
circutt and printed circuit board, and be of a precise and uniform length. Any deviation may result
In Inconsistencies in the electrical connections among the flying gold leads, and adversely affect
performance.

Another significant disadvantage of the invention of the ¢19? patent 1s that it makes
removal and replacement of integrated circuits often difficult. To remove an integrated circuit,
cach and every gold lead must be dislodged from the corresponding plated through hole in the
printed circuit board. This is accomplished by stamping or pressing out each gold lead, which is
the reverse of the process used to buckle the gold lead. This forceful removal will result in
damage to the flying gold leads, and will likely also result in damage to the bonding pads, the

integrated circuit, and/or the plated through holes in the printed circuit board.

Accordingly, a need currently exists for an improved apparatus and method for
Interconnecting electronic circuit assemblies such as integrated circuits, printed circuit boards,

including multilayer printed circuit boards, and flexible circuits.




10

15

CA 02322468 2000-09-01

WO 99/46965 PCT/US99/05167

ummary of the Invention

The present invention provides such an improved method and apparatus. One such
method is for electrically and mechanically connecting a first and second electronic circuit
assembly. The first electronic circuit assembly includes a first surface having a plurality of leads
extending therefrom and a second opposite surface. The plurality of leads each have a seating
portion that is in communication with the first surface, and a stem portion extending from the
seating portion. The second electronic circuit assembly includes a plurality of plated through
holes therein corresponding to the plurality of leads of the first electronic circuit assembly. The
steps of the method include positioning the second electronic assembly so that a lower surface of
the second electronic assembly rests on the seating portion of the leads of the first electronic
assembly, and so that the stem portion of each of the leads are positioned within the
corresponding plated through holes in the second electronic assembly. An electrically conductive
epoxy adhesive is then dispensed into each of the plated through holes having the stem portion

of the leads therein, and cured to form a solid electrical and mechanical connection between the

first and second electronic circuit assemblies.
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Brief Description of the Drawings

Figure 3 illustrates an integrated circuit with flying gold leads positioned on a

positioning plate;

Figure 4 illustrates an integrated circuit positioned relative to 2 printed circuit

board prior to electrical interconnection;

10 Figure Sa illustrates a pattern of bonding pads on an integrated circuit;
Figure 5b illustrates a pattern of plated through holes in a printed circuit board;
and
Figure 6 1s a side view illustrating an integrated circuit and printed circuit board
after an electrically conductive epoxy adhesive has been applied.
15
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Detailed Description

As indicated above, the apparatus and method of the present invention involves
the direct interconnection of various electronic circuit assemblies, and can be applied to
interconnecting unpackaged integrated circuits and printed circuit boards. The present invention
uses an electrically conductive epoxy adhesive rather than solder to form the electrical and
mechanical connections between the electronic circuit assemblies. Althou gh the present invention
will be described below in relation to interconnection of integrated circuits and printed circuit
boards, or interconnection of multiple printed circuit boards, it is to be understood that the
invention is not so limited. For example, integrated circuits, or other electronic devices, may also
be mterconnected to other types of devices. such as flexible circutts.  Further, although the
integrated circuits are described below as including flying gold leads through which an electrical
connection is made, any suitable leads may also be used without departing from the scope of the
Invention.

Reterning now to Fig. 3, the integrated circuit 300 includes a first surface 305 and
a second opposite surface 306. Imbedded within the first surface is a plurality of bonding pads
303, to each of which a flying gold lead 302 is bonded, and, in one embodiment, extends
substantially perpendicularly from the first surface 305 Although bond pads 303 are embedded
In the surface of first surface 305 and a dotted line of the outline of bond pads 303 is shown in
Figure 3. The flying g}old leads 302 may be bonded to the bonding pads 303 of the Integrated
circuit in the manner described in the <192 patent, which has been incorporated- herein by
reference. Once the flying gold leads 302 are attached to the bonding pads 303, the integrated
circuit 300 can be positioned against a positioning plate 301 as shown in Fig. 3. The integrated

circuit 1s positioned so that the flying gold leads 302 extend vertically upwards from the Integrated
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circuit, and the second surface 306 of the integrated circuit rests against the positioning plate 301
and remains stationary. This may be accomplished by using a vacuum fixture for a positioning
plate, such as a stainless steel vacuum caul plate. Once the integrated circuit 300 with flying gold
leads 302 is nested into the positioning plate 301, a vacuum is applied to prevent any movement
of the integrated circuit during the interconnection procedure.

Once the integrated circuit is securely positioned, the printed circuit board 400 is
next positioned relative to the integrated circuit 300 so that the flying gold leads 302 extend into
the plated through holes 401 in the printed circuit board, as shown in Fig. 4. The printed circuit
board 400 is configured so that the pattern of plated through holes 401 matches the pattern of
bonding pads 303 on the integrated circuit. These corresponding patterns can be seen in Figs. 5a
and 5b, wherein Fig. 5a illustrates a integrated circuit 300 having a plurality of bonding pads 303,
and Fig. 5b illustrates a printed circuit board 400 having a matching pattern of plated through
holes 401. Thus, when flying gold leads 302 are bonded to each of the bonding pads 303 of the
tegrated circuit so that they extend perpendicularly from the itegrated circuit (see Fig. 3), it is
apparent that the pattern of the flying gold leads 302 will also match the pattern of the plated

through holes 401 in the printed circuit board.

An alternative method for placing the flying gold leads into the plated through
holes involves the use of known tlip-chip assembly, such as an automated tlip chip bonder. The
bonder could, with a bigh degree of accuracy and repeatability, retrieve and place integrated
circuits with flying gold leads into the plated through holes of a printed circuit board. Using an
automated flip chip bonder may alleviates some errors caused by the manual positioning plate
process described above. Any suitable method for physically and accurately placing the flying

gold leads into the plated through holes is within the scope of the present invention.

_8-
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In order for the flying gold leads 302 to each extend into 2 corresponding plated
through hole 401 in the printed circuit board, as illustrated in F 1g. 4, the diameter D of the plated
through holes 401 must be greater than the diameter d, of the stem portion 402 of the flying gold
leads 302. The flying gold leads also include a seating portion 403 that has a diameter d, that is
greater than the diameter D of the plated through hole 401 Thus, when the printed circuit board
1s positioned so that the stem portion of the flying gold leads extend into the plated through holes,
the lower surface 404 of the printed circuit board rests on the seating portion 403 of the flying
gold leads. The stem of the gold lead is of a length L that is less than the width W of the printed
circurt board so that the end 405 of the gold lead does not protrude beyond the top surface 406
of the printed circuit board. The end of flying gold lead 302 opposite seating portion 403 may
be canted, in one embodiment of the Invention, at an approximately 11° angle. In one
embodiment of the invention, the diamet-er D of plated through holes 401 is 0.005 inches and

diameter d, of the stem portion of the flying gold lead 302 is .003 inches.

the thickness d, of all but the topmost layer of printed circuit board 400 is 0.015 inches. The
thickness d; of integrated circuit 300 is 0.008 inches, and the distance between integrated circuit
300 and the lower surface 404 of printed circuit board 400, d, 1s 0.0035 inches.

Once the printed circuit board is positioned relative to the Integrated circuit, as
described above, an electrically conductive epoxy adhesive 602 is then dispensed so as to

substantially fill in any existing space between the stem 402 of the flying gold leads 302 and the

inner surface 407 of the through holes 401 that surround them, as shown in Fig. 6
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Any suitable electrically conductive epoxy adhesive may be used, such as epoxy
adhestves made by such concerns as Epoxy Technology, Inc. of Billerica, Massachusetts: Ablestik
Laboratories of Rancho Dominguez, California; Armeco Products, Inc. of Ossining, New York:
and Loctite Corporation of Rocky Hill, Connecticut. Further, any suitable curing method, such
as heat curing, ultraviolet light curing, or air curing may also be used.

As indicated, the epoxy adhesive is dispensed in liquid form into the “barrel” 600

defined by the inner surface 407 of the through hole 401 of the printed circuit board 400 and the
seating portion 403 of the gold lead 302. The seating portion 403 prevents the epoxy adhesive
from running out of the barrel and onto the active surface of integrated circuit 300. The epOXy
adhesive may be dispensed using any of the well-known epoxy adhesive dispensing devices 601
including the use of an electronic fluid dispensing (EFD) station having a manual syringe or
needle-type dispenser, or automated dispensing equipment. Suitable dispensing equipment is
available from concerns such as Astro Dispense Systems of Franklin, Massachusetts; Asymtek of
Carlsbad, California; Camelot Systems, Inc. of Haverhill, Massachusetts; and Palomar Products,
Inc. of Carlsbad, California.

The amount of epoxy adhesive to be dispensed into each barrel is pre-determined
and will depend on the size of the barrel and the length of the stem 402 of the flying gold lead
302. Likewise, the curing time and conditions will also be pre-determined and will depend on the
epoxy adhesive selectgd as well as on the other factors mentioned above. Once the epoxXy
adhesive has been dispensed within the barrels and cured, the integrated circuit is electrically and
mechanically coupled to the printed circuit board via the electrically conductive epoxy.

It 1s readily apparent that the above-described apparatus and method is superior

over prior art soldering, stamping, and pressing methods and devices. First, no physical pressure

-10-
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need be applied to effect the electrical and mechanical interconnections. Thus, the bonding pads
on the integrated circuit, and the devices themselves, will not be adversely affected. Further, the
above-described method does not require the same degree of precision as does the prior art
“pressing” method. Any deviations in the length of the stems of the tlying gold leads, or any
leaning or bending of the stems is not critical as is true in the prior art method. So long as the
flying gold leads each extend into the corresponding plated through hole, the electrically
conductive epoxy adhesive will fill any voids and ensure a firm electrical and mechanical
connection with the leads. Further, the disclosed invention is particularly effective in the case of
multilayer printed circuit boards requiring electrical connections between the conductive layers
of the board. Finally, an integrated circuit that has been interconnected to a printed circuit board
according to the above-described method may readily be removed without causing damage to
either device. By simply causing the epoxy adhesive to reflow, such as by the application of heat
or ultraviolet light, the integrated circuit can readily be pulled away from the printed circuit board.

Accordingly, the above-described method and apparatus provide an improved way
in which to interconnect electronic circuit assemblies or electronic modules. Other modifications
of the invention described above will be obvious to those skilled in the art, and 1t 1s intended that

the scope of the invention be limited only as set forth in the appended claims.

-11-
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What is claimed is:

1. A method for electrically and mechanically connecting a first and second
electronic circuit assembly, said first electronic circuit assembly having a first surface, said surface
having a plurality of leads extending therefrom, said plurality of leads each having a seating
portion in communication with said surface of said first electronic circuit assembly, and a stem
portion extending from said seating portion, said second circuit assembly having a plurality of

plated through holes therein corresponding to said plurality of leads of said first electronic circuit

assembly, said method comprising the steps of

(a) positioning said second electronic circuit assembly so that a lower surface of
said second electronic circuit assembly rests on said seating portion of each of said plurality of
leads, and so that said stem portion of each of said plurality of leads is positioned within said
corresponding plated through hole in said second electronic circuit assembly;

(b) dispensing an electrically conductive epoxy adhesive into each of said plurality
of plated through holes having said stem portion of said plurality of leads therein; and

(c) curing said electrically conductive epoxy adhesive to form a solid, electrical

and mechanical connection between said first and second electronic circuit assemblies

2. The method according to claim 1, wherein said first electronic circuit assembly

IS an integrated circuit.

3. The method according to claim 2, wherein said second electronic circuit

assembly is a circuit board.
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4. The method according to claim 3, wherein said second electronic circuit

assembly is a multilayer circuit board.

5. The method according to claim 4, wherein said second electronic circuit

assembly is a flexible circuit.

substantially perpendicularly from said first surface of said first electrical circuit assembly .

/7. The method according to claim 6, wherein said leads are gold leads.

(b) removing said first electronic circuit assembly from said second electronic

circuit assembly.

-13-
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9. A circuit assembly comprising:
(a) a circuit board having a plurality of holes therein;

(b) an integrated circuit having a plurality of leads extending therefrom, each of

said plurality of leads corresponding to a different one of sajd plurality of holes in said circuit

5 board, said circuit board being positibned relative to said integrated circuit so that each of said
leads of integrated circuit extends into said corresponding hole in said circuit board: and
(c) electrically conductive epoxy adhesive located within said plurality of holes
having said plurality of leads therein. said electrically conductive epoxy adhesive forming an
electrical and mechanical connection between said circuit board and said integrated circuit
10

12, The circuit assembly according to claim 9, wherein said circuit board is a

flexible circuit

I3. The circuit assembly according to claim 9, wherein said plurality of leads

15

extends substantially perpendicularly from a first surface of said integrated circuit.

20

multilayer circuit board
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