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Electrically conductive adhesives are widely used in the electronics

industry. Important applications include die-attach and assembly of printed wiring
' boards (PWBs). An example of a device, 2, with a quad arrangement of leads, 3,
10 surface mounted on a PWB, 4, to a corresponding plurality of conductor pads, 5,
which, in turn, are connected to conductors, 6, on the PWB forming a part of a larger
~ assembly, 1, is shown schematically in FIG. 1. - As device dimensions continue to
shrink, the numbers of leads on devices to be connected to the PWBs continue to
increase and the distance between centers of adjace_ﬁt leads or pads (known as a
15 “ﬁitch") continues to decrease, it becomes more difficult to accurately place
isotropically conductive adhesives without sﬁorting adjacent leads. An alternative
approach is to use anisotropically conductive adhesives which conduct only in the
direction perpendicular to the board (z-direction). _ |
Anisotropically conductive adhesives, hereinafter called AdCons (for
20 Adhesive Connectors), is a class of electrically conductive adhesiv§ materials
formulated on the "bridging" concept. The materials are prepared by dispersing
electrically conductive particles in an insulating polymer matrix forming an adhesive
composite. Typically, the adhesive composite is applied to the surface of a PWB by
stencil printing, screen-printing or laminating a film of the conductive adhesive. A
25 schematic representation of a portion of PWB, 4, with conductor pads 5, a region of
AdCon, 7, on the PWB and a device 2 with leads 3 to be connected to the conductor
pads, is shown in FIG. 2. After the device is placed onto the PWB and a placement
force displaces the AdCon from between the conductor pads on the PWB substrate
and the leads on the device, a layer of AdCon with a thickness of a single particle
30 remains between each lead and conductor péd, as is shown schematically in FIG. 3.
Individual particles span the gap between the device and PWB and form an electrical
interconnection. Similarly, semiconductor chips with conductive pads may be
surface mounted on the PWB. | |
In the past, the formation of AdCon interconnections was typically
35 conducted via serial processes where each package was aligned, plach tigder_-
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isdtropically conductive adhesives without shorting adjacent |eads. An
alternative approach is to use anisotropically conductive adhesives
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without the danger of damaging the chips. Therefore, there is a need for an efficient

manner for overcoming the above-noted problems, including a need for a process of
15 applying a pressure uniformly across a device or devices of differing dimensions and
heights, as well as for an apparatus for implementing the process.

Summ_ary of the Invention
This invention is a process of batch assembly of sundry leaded or

padded devices, encapsulated and non-encapsulated, onto an interconnection

20 substrate, such as a printed wiring board (PWB), which exhibits significant
improvements in both manufacturability and reliability. A pressure frame assembly
apparatus permits an application of uniformly distributed pressures to a variety of
leaded packages and padded semiconductor chips during cure of conductive
adhesives (AdCons), and leads to the reduction of variations in initial

25 interconnection resistance, and thereby to the enhancement of the reliability of
AdCon interconnections. The pressures are applied to the devices by an external
application of a fluid under pressure to a flexible, resiliently stretchable membrane
which conformably envelops outlines of the devices and adjacent areas of the PWB.
Application of vacuum suction to within the cavity, formed by the pressure frame

30 and the membrane, prior to the external application of the fluid pressure to the
membrane, further improving the reliability of surface mounted assembly of
packages on the interconmection board. The external application of pressure
enhances thermal conductivity needed for curing the AdCon, increases the range of
processing parameters usable for this technique and reduces assembly f‘imes. o

35 Assembly yields approaching 100% were observed for a variety of surface mounted



-2°- be seen fromU. S. Patent 4,667,401 issued on May 26, 1987 and
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FIG. 3 is a schematic representation of the arrangement shown in FIG. 2
but with conductive elements (pads) on the PWB in electrical contact with leads of
the device via conductive particles of the AdCon after an application of pressure;
10 FIG. 4 is a frontal schematic exploded view of a cross-section of the
pressure frame apparatus used for the batch assembly of AdCon interconnections;
FIG. 5 is a frontal schematic view of a cross-section of the pressure
frame apparatus of FIG. 4 but shown in a closed, operating position;
FIG. 6 is a schematic perspective exploded view of the apparatus shown
15 inFIG. 4; |
FIG. 7 is a schematic perspective view of the apparatus shown in FIG. 5;
FIG 8 is-a schematic perspective representation of a portion of a PWB
with a quad device surface mounted on the PWB and a cable pigtail connection to
the device; )
20 FIG. 9 is a schematic perspective view of the apparatus shown in FIG. 6
including a cable pigtail connection;
.* FIG. 10 is a frontal schematic exploded view of a cross-section of a
vacuum-pressure frame apparatus and |
FIG. 11 is frontal schematic view of a cross-sectmn of the vacuum-
25 pressure frame apparatus of FIG. 10 shown in a closed operatmg position.

Detailed Description
The assembly of electronic circuits with electrically-anisotropic

conductive adhesives (AdCons) versus the solder technology offers numerous
advantages for the manufacture of PWBs as well as for the effect on the

30 environment. Low temperatures required to cure the adhesives minimize damage,
both thermal and physical, to packages and PWBs. Adhesive systems permit the
assembly of fine pitch components without the formation of solder shorts or
insufficients, and lead to a reduced cost assembly processing. Environmentally,
anisotropically conductive adhesives eliminate the need for cleaning flux residues




15 ‘appl ying a pressure uniformy across a device or devices of differing

dLnensions and hei ghts, as well as for an apparatus for inplenenting
t he process. Summary of the Invention Thi s
invention is a process of batch assenbly of sundry | eaded or padded

devi ces, encapsul ated and non-encapsul atgd onto an interconnection 20
substrate such as a printed wiring board (PWB), which exhibits significant

i nprovenments in both manufacturability and reliability. A pressure frane
assenbly m&mmmusnpﬁydiansﬁanhqpipalismh@snchjbrqﬁmbmﬂarhoys (CEEs), bod ed

pressures t ?ecﬁ‘tcé(@fdr?ér}éxﬁgsures to l@ﬁpﬁgm t%ﬂgﬁzﬁ/e?uggi&ogﬂggg g A gctor

chips during cure o uctive esl ves ads to the
reduction of vari at i OASPPFTausifes mact@mg ﬁhﬁﬂre\fe@@ﬂmach@mam@élwpmwtechm

thereby to FHGs RS COBREs S@Bdﬁl@?fgsﬁgdtﬁ@'dxé\ﬁyoﬂﬁe apparfd$8R also shown in

mterconnic%k)én The pressures to the ‘devices by an external
appl i cati ‘*Fldlﬂ despseiayelyy 5%%"&?%9“% of glaritydhe plementsafithe gpﬂaryus and

st 3 et ghabl etms@zi@ea]ge rtlot deki 6 Fo sanrf arhieab é’r?@l@Vﬁlb]@mSnQHTekpmﬁéc% Ofew iti».e de;/lh ces
and adj acen as, o cation of vacyym sucti o within
the cavity, tFirél'r l&dggpelrzﬂg' %@my@"ﬁjﬁﬂé I3gpe ‘¥5jﬁﬁlatbf’h°§a rﬁ)ﬂ’é‘ﬁ%‘ ?Sr? or to the
external ap pieumm@g4lpzind ;hB(fi f15) pgbvﬁﬁea&sxm fn infet} 1'6; for introdudinga euitdblé t her

i nproving t ahi l.ity.of surface nounted ages on
the §nt or cofidk St o mreslseiyindor B5F 1 Bo AGRb RS I inr RRTE
enhanceslQ hegsiligntly streichable imateniv caiehl a$ polysiloxiangnibber; Acwed at the pesiplesy t he

range of  beedRRIAGARUAELE! SidARbERAT, bLSL BohRIdBNGNde AGgUCES

assenbly ti or a
variety of Huie ﬂz.m@stmgmdt\@dume bounded by the membrane and the lid, the membrane

complyably conforms to the outlines of the surfaces of devices, leads and adjacent
surfaces of the PWB on the base 12. Care should be taken that the membrane, prior

15 to the application of the pressure, evenly spans the space above the devices,
preferably in a taut manner, without kinks and wrinkles which could affect the
conformity of the cover with the PWB and devices. Spacer 13 is provided with at
least one exhaust port 18, permitting expulsion of air from beneath cover 14. Spacer
13 is provided as a removable unit, primarily for the purposes of facilitating cleaning

20 of floor, 19, of base 12. Hdwever, spacer 13 may be secured to base 12 either
permanently or removébly. A grid (not shown) may be provided, optionally, on or in
the floor, 19 of base 12. The grid could be in the form of a screen or an array of rods
on the flpdr or a grating formed in or on the floor of the base, and others. The main
purpose of the grid is to reduce the possibility of presence of air pockets between the

25 bottom of the PWB and the floor of the base, and to facilitate removal of the PWBs
from the base after the application of pressure and heat.

Introduction of the fluid under pressure leads to a tendency for
component parts of apparatus, 11, e.g. base 12 and lid 15, to separate each from
another. Therefore, the apparatus should be provided with some means to keep the

30 parts together. The apparatus may be held together by means of clamps or bolts or
some other securing means. However, these may be cumbersome to use and
assemble, and may present a danger of failure. A viable alternative could be the use
of a simple press, such as a bookbinder’s press, operable in a suitable manner, e.g. by
means of a vertical screw or a lever. A more viable alternative would be the use of

35 anindustrial type of a press, such as a laminating press. )



-3 packages indicating that the systemw || be highly reliable.

Brief Description of the Draw ngs FIG 1 is a schematic
perspective representation of a portion of a PWB and of a quad device
surface-nounted on the PWB; 5 FIG 2 is a schematic
representation of a section of a PAB with a thin | ayer of AdCon thereon
and a | eaded conductive elenent prior td the assenbly; FI G
3 is a schematic representation of the arrangenent shown in FIG 2 but
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expl oded viSéWBf- Thepressiresexdiibigad b thetpsess by the press transversely of the
apparatus should be sufficient to keep parts of the apparatus together and to prevent
5 leakage of the fluid between the membrane and the lid, but ndt so great as to damage
portions of membrane 14 located between adjacent portions of the spacer and the lid.
Base 12, spacer 13 and the flexible membrane 14 are removable from the press for
the purposes of placing on the base articles to be processed and removing the
processed articles. Lid 15 may be also removable from the press along with the rest
10 of the apparatus. Alternatively, lid 15 may be secured to and shall be movable
vertically with upper platen 20 of the press. Also, base 12 may be secured to lower
platen 21. In the preferred embodiment, spacer 13 is removable from base 12;
however, spacer 13 may be secured on the base. Alternatively, spacer 13 may be
attached to upper platen 20 and may be moved vertically with the lid. In the latter
15 instance, arrangements should be made for securing membrane 14 between the
| spacer and the lid or for being capable of replacing the membrane as needed. This
could necessitate attachment of spacer 13 removably to the lid.
The size of apparatus 11 may be sufficient to accommodate only one
PWB. Alternatively, it may be of a size capable of accommodating several PWBs or
20 PWB sheets which are each a multiple of several standard PWB’s in size, and may
be limited only by the size of the laminating press.
In operation, an assembly of a PWB, AdCon on the contact pads of the
PWB, and at least one device (or semiconductor chip) with leads (or pads) in contact
with the AdCon is placed onto floor 19 of base 12, spacer 13 is placed onto the
25 peripheral section of base 12, membrane 14 is placed onto the spacer 13 enclosing a
cavity formed by the base and the spacer, and lid 15 is placed over the membrane 14
securing the peripheral area of the membrane between the spacer and the lid.
Thereafter apparatus 1 is placed onto lower platen 21, and the press is activated to
bring platen 20 in contact with the lid. A suitable fiuid, such as air, under pressure is
30 introduced on top of membrane 14 via inlet 16, forcing cover 14 in conforming
contact with the device or devices and with exposed upper surface of the PWB and
of base 12. The pressure is preselected to force the devices toward the PWB so as to
displace an excess of the adhesive from between contacting surfaces of the leads or
_ pads 3 on the devices and pads S on the PWB leaving a thin adhesive lafyer ina
35 thickness of a single particle, with particles in the adhesive layer forming an
electrical connection between the contacting surfaces. However, the pressure should
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syst ens 1Pperprovididgepressure required for the bonding purpose, would be useful as the source
of air pressure. A fluid pressure within a range of from 5 to 500 psi could be applied
to.the membrane. The actual pressure acting on the devices via the membrane is
somewhat greater than the applied pressure being a combination of the pressure due
to the applied pressure and due to forces exhibited by stretching of the membrane.
15 Typically fluid pressures ranging from 5 and 25 psi, preferably 15 psi, are sufficient
for most of IC package applications. An exception could be extremely small
packages, such as non-encapsulated semiconductor chips, e.g. 1/8th an inch square
or smaller, which may require application of higher pressures e.g. of the order of
200-300 psi.
20 In an exemplary embodiment, the polymer matrix for the AdCon used
for these experiments was prepared from diglycidyl ether of bisphenol F (Dainippon
Ink and Chemical Co., Epiclon 830® ). A fumed silica thixotrope (Cabot, TS-720)
was dispetsed in the epoxy resin with a Waring® blender at a concentration of 5
parts per hundred resin (phr). Thixotrope concentrations ranging from 1 to 10 parts
25 per hundred resin may be useful. To aliquots of this mixture, 10 phr of a 2-ethyl,4-
methylimidazole curing agent (Pacific Anchor Chemical, EMI-24) was added along
with conductive particles. For the successful implementation of AdCon, the
concentration of metal particles must be controlled such that a sufficient number of
particles is present in the adhesive composite to assure reliable electrical
30 conductivity between the PWB and the leads or pads of the device (z-direction),
while electrical isolation is maintained between adjacent conductor pads and leads
(x-y direction). Actually, one should strive for such required volume concentration
of metallic particles in the adhesive composite which will provide a maximum
amount of conductive particles without causing any shorts between adjacent leads 3
35 or adjacent conductor pads 5. In addition, adequate adhesive performance is
necessary to maintain a mechanically robust interconnection. The formulations were

Y



aséenbly of fine pitch conponents without the formation of sol der shorts or
I nsufficients, and lead to a reduced cost assenbly processing.
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" multistep process. The AdCon was mixed, degassed and stenciled onto a PWB in a
thickness of about 2 mils using a doctor blade and shims or in a thickness of about 5
mils by means of a manually operated stencil printer (Henry Mann AP-810). Some

10 of the packages were placed onto the stenciled PWBs manually and some using an
appropriate tool (e.g. Manix or a Single Site Solder Machine or [SSSM]). Assembled
boards were placed into apparatus 11 which was then placed between platens 20 and
21 where the adhesive interconnection was cured under heat and pressure as
illustrated in FIG. 5.

15 The PWB is heated primarily from the bottom of base 12 ata
temperature ranging from 100 to 350 °C, preferably 125 °C. Higher temperatures
may be useful depending on the components, adhesive matrix formulations, and cure
speed requirements. Heat may be supplied in a variety of ways, such as a) hot plates
positioned between base 12 and lower platen, 21; b) heating coils embedded in the

20 base; or c) suitable heating means provided in the lower platen, e.g. heating coils,
electrical, hot water or steam heating to provide heat within the desired range.
Additional heating may be provided from the top of the apparatus in the manner
similar to that for heating the bottom portion of the apparatus. However, the
overhead heating need to be only a fraction of that needed for the bottom heating and

25 is primarily to avoid cooling of base 12 and lower platen 21 by parts of the
apparatus, e.g. lid 15 and upper platen 20, so as to avoid increase in the curing time.
The overhead heating temperature may range from 30 to 350 degreesC, and is
preferably 55 °C. Alternatively, the heating arrangement may be reversed, with the
higher preferred temperatures being applied from above and the lower from below

30 apparatus 11.

Pressure is applied to the assembly on the base by means of flexible
stretchable membrane 14 positioned over the cavity formed by base 12 and spacer
13. The pressure exerted by the fluid onto membrane 14 stretches the membrane and
forces it into a conformable contact with the packages. The membrane should be

35 sufficiently stretchable to conform under pressure about the individual package | °

dimensions, thus insuring uniform pressure application in the direction normal to the
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15 above, were tested for shorts and interconnections. Assembly yields of 100% of
viable interconnections were observed for all packages. A viable interconnection was
defined as one having a resistance value of < 100 m< for two-leaded resistors and
14-leaded SOICs and < 1 Q (including resistance contributions from the PWB and
the internal package daisy chain) per each 16 leads for the 132-leaded PQFPs. No

20 shorts were observed between any of the adjacent leads and pads.

The invention may be used for connection of a flexible flat cable (or
cable pigtail) to conductors on a PWB. For example, as shown in FIGs. 8 and 9, an
end portjon of a flat cable, 17, provided with contacts (not shown) may be connected
to conductors 6 on a PWB by means of AdCon deposited on the PWB. In FIG. 8 is

25 shown such a connection to a single device, while in FIG. 9 the cable is connected to
at least two devices. When the cable is of such length as to extend beyond the
perimeter of apparatus 11, spacer 13 would be provided with an elongated aperture
22, in place of or in addition to exhaust ports 18, permitting the cable to extend
through aperture 22 beyond apparatus 11.

30 In the above-described embodiment, device or devices are held in place
by means of the resiliently deformable membrane conformably held against the
devices by a fluid pressure applied on top of the membrane. However, with
miniaturization, the devices are being reduced in size so that upon application of
pressure to the membrane the devices may be dislodged by the membrane being

35 forced against the device and the surface of the interconnection board. The danger of
displacement would also arise if the devices would be of disproportionate variation



of "a sinple press, such as a bookbinder's press, operable in a suitable
manner, e.g. by nmeans of a vertical screw or a lever. A nore viable
alternative would be the use of 35 an industrial type of a press, such as
a lam nating press.

- 5- In the preferred enbodi ment, apparatus 11 is

posi ti onabl e bet ween an upper andga' | ower platens 20 and 21,

respectively, of a typical lam nating press (not shown). The pressure
exhi bi t ed insiteundpre sksély pobiciopedes theriatesooansaion bokrd. he appar at us

5 Veakage of the f1itPIERREERY e BeokidyBRkHg s} P[RS 1ERE RS HTCIEN
as to damageuum porh@3t ansheemsivahefitbe ankausupar bshawmistFiee §- ddiease®f porti ons
of the Spa@aﬁ:ﬁuﬁ{\goﬁlhﬁeﬁsgrt?te the u.ﬁ%‘??hé‘%nd Q@%&Erlﬂé}d ?d?ﬁet h‘ﬂlsf | exi bl e

menbrane 14 are renpva E‘gf J) aci ng
on the Bas#rangemenkis showpén BI@% é@s?@d 1dndn pe%v% gntﬁwennectmzm

articles. }didsive ai@¥etites), SO plaBEPYRI £giid, 2% WitBindd EA6tyFbANE] BY bhise! me rest

spacer 13, membrane 14 and lid 15. After the cavity is enclosed with resilent
membrane 14 and 15, a vacuum suction is applied via vacuum port 23 so as to bring
membrane 14 in conformable contact with the device(s) without causing any

10 displacement thereof. The vacuum suction is applied such that the air pressure
within the cavity ranges from -1 to -14.7 psi. Thereafter, fluid pressure is applied on
top of the membrane sufficiently to effect electrically conductive junction between
contacts on the electronic device and contacts on the interconnection board.

Alternatively, the membrane may be composed of two webs of the

15 resilient material. One, inner membrane facing the devices could by a thinner, more
easily deformable membrane used for the purpose of conformably shaping about the
devices with a minimum of applied suction, and the other upper membrane.
overlaying the inner membrane being deformable upon application of fluid under

pressure.



10" of The apparatus. Atternatively, lid 15 may be secured to and shall be
novabl e th upper platen 20 of the press. Al so, base 12 may
be secur, H,I Hm[""y"'wl aten 21. In the preferred enbodi nent, spacer 13
IS renova LOMn however, spacer 13 may be secured on the
base. Alternatively, spacer 13 may be attached to upper platen 20 and
may be noved vertically with the Iid.'Ilﬂ'the | atter 15 i nstance,

arrangenents should be nade for securing nenbrane 14 between the spacer
and the |iQlaimst or bei ng capabl e of replacing the nenbrane as needed. This

could necessitat eaftéa ”g;g%or%o sg% le;lls?l JnETRREaBhE cfeQxcE ri'l‘?wxln?‘iie:ctrlcal

The size of appar i‘clent to acconmpdate onFy one
Al t er nat i vedngacts ontosmp mterqohn@ct&nzsebﬁmb*‘QHE)ﬁlea%’@élrﬁ?éda‘itpﬁgf%"é\?‘ér al PWBs or

20 Pve Shegstt%ol}g/ﬁ aﬁhl, e J?cg?ﬁﬁé}cam{@é ibh Bbveeh sﬁavcehﬁtts%ha@ﬁawnmrg in size,

and may by the size of the |am nating press.
I n operétlwhlchmnms§e$1bl y of a PWB, AdCon on the contact pads of the

PWB, and at | east Hﬁﬁ\@‘éh(h@se(rﬁlfly%ﬁﬁllﬁ(ﬂﬂliﬁﬁtdﬁé d@hica)anm;zﬁ@ldtemdﬁnémbnpadS)
i n contact with the AdCon 1 s placed gnto flqor 19 of acer 13

i s placed sihsaehy applyingan athesie QVBER FegoHen H%%@tei"?“n‘?‘f:é‘r‘?ﬂrsﬁﬁ%raﬁ SPE pl aced

onto the Sﬁ%ﬁﬁf inéRdaPdondidtersdo be ele@idally comevesd tbycohtaetsofissidantbashe
spacer, and 1id.15 is placed over the nenbrane 14 securing the

peri pher al O%ﬁ‘é“d”?ﬂ" t he menbrane between the spacer and the |id.

Ther eaffioer appar at yslacidg s#id pi leatdne devict onthe qnteatcceme@lqn substrathgugly ess i s

activated Lo bri plat lgg fluid,
such as ai ,at Hﬁ(fgp{agf%sfgaﬁ (%Qw%:?ﬁé ﬂl| %gﬁh‘%ﬁ%e %&ﬁu&'foi% i ﬁﬁgﬁ’?&ﬁw a
inlet 16, thersobstepte,over 14 in conform ng cont act with the device or

devi ces and wi th exnoped NRDECANIY Bfind cdl§ FWIANGih a mafbriage 12. The

pressure is preselec evl ces SO as to
positioned above the assembly, sa1d membranc being resiliently stretchable so that,

15 upon application of a vacuum within the cavity or a fluid pressure to the membrane,
portions of the membrane engage said at least one device forcing the contacts of the
device toward the conductors of the substrate,

applying vacuum suction to a space within the cavity so as to draw the
membrane toward and into an engaging contact with said at least one device, and

20 applying heat and pressure to said at least one device such that said
adhesive forms an electrical and mechanical interconnection between the contacts of
the device and conductors of the substrate.

*

*

2. The method of claim 1 in which the said cavity is formed by a base, a

spacer positioned on a peripheral portion of the base, a resiliently stretchable

25 membrane positioned on the spacer and enclosing the cavity, said membrane is
suspended above the level of said at least one electronic device and is free of
wrinkles and sags, said base being provided with an outlet for providing vacuum
suction from within the space defined by the cavity enclosed by the membrane, a
solid lid overlying the membrane and securing peripherally the membrane between

30 the spacer and the peripheral region of the lid, said lid being provided with an inlet
for introducing a fluid under pressure between the lid and the membrane so as to
stretch the membrane into a conformable contact with the said at least one device,
and said vacuum outlet is used for reducing pressure within the cavity to cause the
membrane to collapse against the said at least one device prior to the application of

35 said fluid pressure to the membrane.



di spl ace an excess of the adhesive from between contacting surfaces of the
| eads or devices and pads 5 on the PWB | eaving a thin
adhe5| ve Imum l" lgﬂ,l mlckness of a single particle, with particles in

he adhesiveé | &yer frorm ng an el ectrical connection between the
contactlng surfaces. However, the press re shoul d
-6 - not be so excessive as to cause any damage to the device, e.g. to
flatten, bend or even break off the | eads. The fluid

i s applied onto neBbMheenctdod/ofclhintsel orlB, in whiecdagtimembeane comprs¢sabl e sour ce
(not shown) oysﬂgfcf%su” zed fluid, e.g. air, forcing the nenbrane 5 toward
the PWB an evices thereon. The pressure exerted by the nenbrane onto

t he devi ces shoul d onIy be sufficient to bring the | eads (or pads) in

contact with the BPSE UGS b2 bES, Y 38 v 3&%1;;@9%' sh

cont i nuous conductlve pat e device
and t he neta@pliedbeforsribe pressure irapplisd brbaendbrirmgrane and the i

5 5. The method of claims I or 2 or 3 or 4, in which the vacuum suction
within the cavity ranges from -1 to -14.7 psi.

6. The method of any one of the preceding claims I - 5, in which said
pressure is applied to the electronic device by introducing a fluid pressure above the
membrane and forcing portions of said membrane toward the device.

10 7. The method of claim 6, in which said fluid pressure ranges from 5 to
500 psi, preferably from 5 to 25 psi.

8. The method of any one of preceding claims 1 - 7, in which said curing
of the adhesive is expedited by heating the assembly.

9. The method of claim 8, in which said heating is conducted by heating
15 the assembly from the bottom at a temperature ranging from 100 to 350°C,
preferably at about 125°C.
10. The method of claim 8, in which said heating is conducted by
additionally heating the assembly from above at a temperature ranging from 30 to
350°C, preferably at about 55°C.

20 11. The method of any one of preceding claims 1 - 10, in which the
adhesive is selected from an anisotropically conductive adhesive material, an
isotropically conductive adhesive material, and a nonconductive adhesive material,
and further from thermosetting, thermoplastic and pressure sensitive adhesives.

12. The method of any one of preceding claim 1 - 11, in which the
25 interconnection substrate is-a printed wiring board.



any damage to the assembly. Conmercially available air conpressor capable
of 10 providing pressure required for the bonding purpose, would be useful

as the source of air pressure. A fluid pressure within a range of from
5 to 500 psi could be applied to the menbrane. The actual pressure
acting on the devices via the nenbrane j,s sonewhat greater than the
applied pressure being a conbination of " "the pressure due to the applied

pressure and due to forces exhibited by stretching of the nenbrane. 15 '

Typically fluid pr SRFACEMQUNT ASTEMBLY OBPEEICESUSINGabl y 15 psi, are
sufficient for nost of A&J}?‘H{‘"PERC@QNE‘@HGN?- An exception could be
at

extrenely smal | packages, such as non-encapsu ed sem conduct or chi ps,

e.g. 1/8thAbstracth square or smaller, which may require application of

hi gher pressures e.@n a@barhfiRR f6F SR a frocess of BEh AR mib¥Y of #ddry leaded or f I'n
S or

an exenplary enbodinment, the polynmer matrix for the 'AdCqn .Use
t hese ex%ernaﬁ@m deviges, gicapaaterd aornaFRpRpRIlded. aBihe Pnfstrgg BYiEpReAdd F
( Eai ni ppon (PWB), bumchhaéadlS g iz%ﬁﬂﬂgﬁi(ﬁaam%paqveﬁieﬁisqg bﬁﬁﬂﬂ]ﬁntﬁa&fttjﬁbditﬁ ahd ca .
t hi xot r ope ot , - was, di spersed in the epoxy resin with a
Vir g bl eRHEDILY: A REEE g pSHIRlY Spoaras peails o apOTRHUR &f SPRQAY ohr)
Thi xot r ope distribwad padssurestor avayiengof leadedlpackagkd apd phddedSempmndbetordr ed resin
may be useful . | j.quqt hi i - 4-
met nyt i s SoBaeh Sidnflohdaipdththfcets, BR teils 8 ai AUIMORGr L qged
al ong 10 vafiatiorsdndnitial mtergranectidnassistanee, ahd theoehyao sie¢nhangdmeens of she on of
AdCon, the .jiahil rati I such
that a suf f?‘é%bé%‘?Q’E&%_e@e‘%ﬁe"@%‘mﬁa b Ingielshfesai Bitlea 19 tEAMAR bi2o
conposi te eateara appliatipn abp dluid ender pressurg o 2 Bexiblec rasiliently ssetgbebie t he PVB
and the | e%ﬁ’&nlﬁﬁn&@ﬂ&h%nfd?ﬁlagﬁrvén%lobéoﬁUlih@sCM 8 Hevices andMdjdcBnearesd & cal
isolation is g&}Bnt ai ned between adj acent conductor pads ar&c{) I %ads

the . Application of vacuum suction to within the cav1%, ormed by the

15 pressure frame and the membrane, prior to the external application of the fluid

pressure to the membrane, further improving the reliability of surface mounted

assembly of packages on the interconnection board. Assembly yields approaching

100% were observed for a variety of surface mounted packages indicating that the

system will be highly reliable.
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(x-y direction). Actually, one should strive for such required vol une

concentration of netallic particles in the adhesive conposite which
will provide a nmaxi num anount of conqpstive particles w thout causing
any shorts between adjacent |leads 3 35 or adjacent conductor pads 5. In
addi ti on, adequate adhesive performance is necessary to maintain a
mechani cal | y robust interconnection. g romul gti ons were

-7 - m xed by hand and degassed Under vacudm (15 nicronfters of Hg)
for 30 m nutes before use. In the exenplary enbodi ment, 1he particles
were silver plated gl ass spheres_14 ==0 [egrImin size with an
average dianeter of 14 [err]m(g 9 potters | ndustries).
They were added in an anp 5 32w
%, preferably 12.5 ages on
test PWBs was achi Con was
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t hi ckness of about 2 mils using a doctor blade and shims or in a thickness
of about 5 mls by means of a manual |y operated stencil printer (Henry
Mann AP-810). Sone 10 of the packages werd/®l aced onto the stenciled PWBs
manual | y and sonme usi ng an appropriate tool (e.g. Manix or a Single
Site Sol der Machine or [SSSM ). Assenbl ed boards were placed into
apparatus 11 which was then pl aced bma pl at gns 20 and 21 where the
adhesi ve i nterconnection Wa]% cured u Feat pressure as
illustrated in FIG 5. 15 —= The PWB is heated primarily fromthe
bottom of base 12 at a tenperature ranging from 100 to 3@0[err]C
preferably 125[err] C. Hi gher tenpe y be useful “gependi ng on
t he conponents, apk (i ' 5 4P e S

. : ; Mﬂlm} ( R LA, 5 1 Rl ea
orates  posi it i Guusupp! ied in a variavyiifigidin such as i

Z d [ VX ? 7 SOR AV CTVRZ )/ YV X7 z )7 wavararea sy

the | ower pl aten, @4 /%////M LI ool —Har ot o iy —<Hiea
heating to pfovi de & AN a sk N ittt 1 05 AP g
may be provifed fromthe to us in th

that for heafing the DOLTOM POTITON O TIE appararos o Ter e

over head heati ng neg peonty afractTomof—that-—reeded—For—ike

heating and 135 is Hilitk | v to avoid cooling of base 12 and TVE\ 18n

21 by parts of the -l 50 as

to avoid incfease inthec% {aure
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Préssure is applied to the assenbly on the base by means of flexible

stret chabl e nenbrane 14 positioned over the cavity fornmed by base 12 and
Spacer 13. The pressure exerted by 3%5 fluid onto nmenbrane 14
stretches the menbrane and forces it into a conformable contact with

t he packages. The nenbrane should be 35 sufficiently stretchable to conform
under pressure about the individual pﬂfﬁ@gﬁ Sﬁdinensions, t hus insuring
uni form pressure application in the di NM¥on normal to the

-8 - PWB. The nenber should be of such resilient material as to
permt the nenber to return to its _orjginal unstretched position upon

each assenbly cyE T I= tTe

renmoval of forces applied by the fl ud" A-Wi re screeny used as a grid
separating the PW\B fromthe heated base, prevents menbr ane from

seal ing off access aSlzmport 18 in-spacer. 13, Cure mes of 5 from
30 seconds to 60 NS =2 to 4 m nutE@SE8Thg average, were used for

14
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The versatility of the above apparatus was tested using devices with a
variety of |eads or connections. These included 100 two-| eaded discrete
fesistors, 12 14-1 eaded Small Qutling/Sntegrated Circuits (SOCs) with
50 m| pitch solder plated 10 gull-wing | eads, and 45 132-1|eaded

dai sy-chai ned Plastic Quad Fl at Packages (PQFPs) with 25 m| pitch

sol der plated gull-w ng | eads (aﬁtﬁté of 148 I nt erconnecti ons).
PWBs used were fire resistant gr FR- boards nade of gl ass
fiber reinforced epoxy, clad with copper foil and coated wi th sol der.

The resistors, SO Cs and PQFPs, assenbl ed and cured as described 15 above,
were tested for shorts and inter Assenbly yields of 100% of

vi abl e i nterconnections = oo Rog~>afT™\packages. A viable ,
i nt erconnecti on was Jefl &S --J?:-,‘; et ance val ue of < 100
merr] for two-I -'ﬁ@."{:}#“ andzmgg,m-le d <1[err]

(i ncluding resi SESERSSONt ri but i ons f Ol hes. PVB and %< '
package dai sy cHe& each 16 | eads fOr=tae 132-

shorts were obserecsH iR
The invention )

pe~—{Toes :1)1'] R Q ‘«*’"4‘:’:} TR 3
cable pigtail) -«aW% R il S TS RS ::!:\ & Gs. 8 and
9, an end i d’( et b % TR 3 .
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shown) may be connect ed
deposited on the PWB. In FI ’ e
device, while in FIG 9 the cabl £_opffiee . R
devi ces. Wen the cable is of sugh ko] JENA ST s

perimeter of apparatus 11, spacer 13 woul d be providedhﬁf“" o

aperture 22, in place of or in addition to exhaust ports 18,
permtting the cable to extend t hrough aperture 22 beyond appar at us
11.
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3d In the above-descri bed enbodi nent, device or devices are

hel d in pl ace by nmeans of the resiliently deformabl e nenbrane
‘conformably hel d agai nst the devicesﬁﬂ% a fluid pressure applied on top
- of the nmenbrane. However, with m ni at'uri zation, the devices are being

reduced in size so that upon appli | of ~pressure to the nenbrane
t he devices may be di sl odged by tﬁgﬁigggﬁane]bgnng 35 forced agai nst the

device and the surface of the interconnection board. The danger of

di spl acenent woul d al so allse if the devices woul d be of di sproportionate
vari ation -9- I n
size and are closely po

sitioned on the int
ATy~ o+ O

Jhis probl em CoinRiee gL -
vacuum port, 23 JifilllIIMoVal of the expatl : | Hl‘]>

use of vacu A REE055-ah-a e o e o o A
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adhesive and devices 2, is placed upon a grid, 24, within a cavity forned
by base 12, spacer 13, nenbrane 14 and lid 15.. After the cavity is
‘encl osed with resilent - menbrane 14 and 15, a vacuum suction is applied
via vacuum port 23 so as to bring __pﬁgbrane 14 “i-n conformabl e cont act
with the device(s) w thout causing any 10 displacenent thereof. The vacuum
suction is applied_such that the air p hin the .cavity ranges

ressure wi t
from-1 to -14.7 pSURFA(E MOUNT ASSEMBLY-OF PEVICESHSING on  top of

the nenbrane sufficiently Agcgﬁflgmmtgmggﬂbwgconduct ive j.unction
bet ween contacts on the electronic device and contacts on the

i nt er conneAbSEACHoar d. Al ternatively, the nmenbrane may be

CO”POSGd of t wo wehgn pai'él@is ﬂo'?and@%i‘dde@d"éfﬁﬂélﬁés%&hbly@?@undr?'l&ﬁeﬂ%ﬂbrane
facing the devices, cou inner, no easi |y defornmabl e menbrane

d by ath re -
used for tR¥ldsddssises, Gf'“@éﬁ)'/#ﬁﬁﬁﬁir%&ﬁp?ﬂ@ﬁ%&ﬂsw@t%eﬂ@ apruited wirgig with a

m ni mum of (FANBY, wEich exhibRRigndfitAnt MEproveilénts! RPBSth FRHAfRARability anaver | ayi ng
the inner relia {liat)QeA gxgelsgﬂe ?r%%l%ragnsie?rllbeiy %BSJ}ac%E %lexl'rﬁ% énogpp?i]::atgolnuclafd unli%(ggxiy
pressure.
distributed pressures to a variety of leaded packages and padded semiconductor
chips during cure of conductive adhesives (AdCons), and leads to the reduction of
variations in initial interconnection resistance, and thereby to the enhancement of the
reliability of AdCon interconnections. The pressures are applied to the devices by an
external application of a fluid under pressure to a flexible, resiliently stretchable
membrane which conformably envelops outlines of the devices and adjacent areas of
the PWB. Application of vacuum suction to within the cavity, formed by the
pressure frame and the membrane, prior to the external application of the fluid
pressure to the membrane, further improving the reliability of surface mounted
assembly of packages on the interconnection board. Assembly yields approaching
100% were observed for a variety of surface mounted packages indicating that the

system will be highly reliable.

(Figure 1)
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- 10-* . dains: + .4, A.process for nounting at |east one
el ectronic device-having electrical -~ .contacts onto an interconnection
substrate having electrical conductors so as to establish an el ectrical
i nt erconnecti on between said contacts and said conductors, 5 which

conpri ses: : form ng an assenbly of said at | east one device
and sai d. i nterconnection substrat Eliygppl yifg an adhesi ve over a
region on the interconnection substrate, ied regi on including
conductors to be electrically connected to contacts of said gt |east

one device, 10 pl aci ng sai d at_| east ope device on the

I nt erconnecti on substrate such o= act s¥of said device are i-n
alignnment with the conduct orsd he- substrat e,

encl osi ng the assenbl Nata 5

posi ti oned above thg<esserBl IS rs 2} 35 et chabl e
so that, 15 wupon ap S g RURE T o o, d
pressure to the nerf = | ==
one device forcifg 3 T
the substrate, = , et W , 1?1;%*\\ S .t hin
the cavity so as | g o i1 Ty, g
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the device and conductors of the substrate ' ' - 2. The nethod .
of clai-m 1 in which the said cavity is formed by a base, a ‘'spacer
positioned on a peripheral portion of the base, a resiliently stretchable

25 nenbrane positioned on the spacer and enclosing the cavity, said
menbrane is suspended above the level of said at | east one electronic
device and is free of wri nkl es and sags, said base being provided with
an outlet for providing vacuum suction fromw thin the space defi ned

by the cavity enclosed by the nenbrane, a? solid lid overlying the
menbrane and securing peripherally the nmenbrane between 30 the spacer and

the peripheral region of the lid, Eimid bg’ang provi ded with an inlet

for introducing a fluid upder pres et we the lid and the nmenbrane so
as to stretch the nefbrane into a confornable contact with the said at
| east one devi ce, and sai d vacuumoutlet is used forygreducing pressure

within the cavity to cause the
at | east one de ﬂ di Te
t he menbr ane. -(Mth L.

g

nenbr;”e to coIIapse
Alg L[
1 l‘ r

sgalnst the said

I Tl
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11 - - 3. The method of claims | or 2, in which said

menbrane conpri ses pol ysi | oxane. - 4. The met hod of
clai'ms | .or 2 or 3, in which the vacuum suction is appl i.ed before the
pressure is applied between the nmenbrane and the |id. 5 5.
The method of clainms | or 2 or 3 or 4, in which the vacuum suction

within the cavity ranges from-1 to -14.7 psi. _ . 6. The

nmet hod of any one of the preceding clagﬁﬁ - 5 n which said pressure
is applied to the electronic device by ifNfroducing a fluid pressure above

t he menbrane and forcing portions of said nenbrane toward the devi ce.
10 7. The nmethod of claim 6. ~~awhich said fluid pressure

ranges fromb5 to 500 psi, prefs+ably from 0 25 psi. 13

14

13
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14
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8. The*net hod of any'one of preceding clains 1 - 7, in which said curing
of .the afhesive is expedited by heating the assenbly. = - S ‘9
The nmethod of claim8, in which said heating is conducted by heating 15 the
assenbly fromthe bottomat a tenperature ranging from 100 to 350[err]C,
preferably at about 125[err]C. 10. The met hod of claim 8,

I n which said heating is conducted by additionally heating the assenbly
from above at a tenperature ranging from30 to 350[err]C, preferably at
about 55[err]C - 20 11. The gethod of any one of preceding

claims 1- 10, in which the dhesive is selected froman

ani sotropi cally conductive adhei%ﬁéﬁ#&terf}l, an I sotropically

conducti ve adhesive material, and a nonconductive adhesive material,
and further fromthernosetting, thernoplastic and pressure sensitive
adhesi ves. ' N

- 11, in which the
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25 interconnection substrate is a printed wiring board. -
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