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which has been the general trend in recent years.
In high or ultra-high density circuit connections, the size of the
interconnection contact pads and hence the size, especially the height of solder joints
15 on them, is drastically reduced. As a result, the shear strain which is related to the
ratio of the lateral change in substrate dimension (e.g., caused by thermal expansion
mismatch) over the solder joint height and accompanying stress on solder are
significantly increased. In the widely-used eutectic Pb-Sn solder, it is well known
that the solder joint failure by fatigue is caused by the combination of cyclic
20 temperature change and extensive plastic shear strain which in turn causes
~ microstructural coarsening and crack initiation. If the solder joints had high-aspect
ratios and were elastically compliant, their elastic bending could have
accommodated some of the strain and minimized the amount of plastic strain on
solder. However, most present-day solder joints are relatively short (e.g. spherical
25 segment geometry) and, hence, deform plastically with little elastic compliance. In
view of these considerations, there is a need for improved solder joint geometry to
reduce the shear strain and to enhance the joint reliability during the service of
electronic products.
Summary of the Invention
30 Electronic devices having at least two components with mating contact
pads are provided with high-aspect-ratio solder joints between the mating pads.
These joints ar formed by placing a composite solder medium containing solder

wires in an electrically insulating matrix such that at least two solder wires are in

contact with the mating pads, and fusing the wires to the pads. The insulating matrix
35 with remainder of solder wires is then optionally removed from between the said at

least two components. The coniposite solder _medium is formed by preparing an



accgmmodat ed sone of the strain and mnimzed the amobunt of plastic strain
on sol der. However, nost present-day solder joints are relatively short .
{e.g. spherical 25 segnment geonetry) and, hence, deformplastically with
little elastic conpliance. In view of these considerations, there is a need
for inproved solder joint geonetry to r€tluce the shear strain and to
enhance the joint reliability during the service of electronic products.
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10 FIG. 2 is a schematic illustration of a longitudinally drawn compos1te

solder medium containing the solder wires and compliant or dissolvable carrier

matrix, and of a thin slice of the composite cut-off from the elongated composite;
" FIG. 3 is a schematic illustration of a composite solder medium

containing solder particles embedded in an electrically-insulating, plastically-

15 deformable carrier matrix;

FIG. 4 is a schematic illustration of the composite solder medium of
FIG. 3 after the composite solder medium and solder particles are longitudinally
deformed and elongated, and of a thin slice of the composite solder medium cut-off
from the elongated composite;

20 FIG. § is a schematic cross-sectional view of a portion of an electronic
device with a thin slice of the composite solder medium of FIG. 2 or FIG.4
positioned between circuit components of the device for solder interconnection;

FIG. 6 is a schematic cross-sectional view of the electronic device
shown in FIG. S but in which the carrier matrix is dissolved away after soldering

25 operation; '

FIG. 7 is a schematic cross-sectional view of a composite solder
medium containing magnetically aligned solder-coated magnetic particles in an
insulating matrix;

FIG. 8 is schematic cross-sectional view of the composite solder

30 medium shown in FIG. 7 after the solder is fused together;

FIG. 9 is a cross-sectional view of circuit interconnection using the
composite solder medium of FIG. 8; and

FIG. 10 is a cross-sectional view similar to FIG. 9 but in which the
matrix material is dissolved away after the soldering operation.



5 f‘?’fansverse of an insulating matrix and heating sufficiently to fuse the
sol der in each colum into a continuously conducting sol der path. Brief

Description of the Drawings FIG 1 is a schematic illustration of a
conposite sol der nmedi um contai ni ng solder wires coated with conpliant or
di ssolvable carrier matrix; 10 -3- FIG 2 is a schemtic

illustration of a longitudinally drawn conposite sol der nmedi um cont ai ni ng
the sol der yelfifedWéscipiiBhi ant or dissol vable carrier matrix, and of a thin
slice of thé corrposi,bﬁ cut-of f fromtt}e el ongat ed conposite; FIG 3 is a
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Cross-sectl Perllzﬂlve)’}’ I?ﬁ’_i’fo% s%agiggﬂgméeﬁ tl?eogo?daeﬁ' wires, a bunch of wires, 11, is coated

with an electrically insulating medium, 12, e.g., by dip coating or continuously

pulling through a bath of an insulating medium in a liquid form, and curing,
semicuring or drying the medium forming a coated bunch, 10, as schematically
15 shown in FIG. 1. Thereafter coated bunch 10 is drawn out into an elongated form,
20, to reduce the diameter of the wires to a desired solder wire diameter.
Alternatively, a number of individual coated wires or coated bunches 10 are bundled
together with additional matrix liquid, and cured or dryed to obtain a large cross-
section composite medium. This large composite medium is then drawn out into
20 elongated form 20 having wires, 21, with a desired solder wire diameter within a
matrix material, 22. This procedure may be repeated until the diameter of wires 21
is reduced to a size of 50 um or less, preferably less than 10 pm.
The drawn-out composite 20 is then sliced, e.g. by razor-sharp blade or
knife, or any other cutting instruments, into thin wafers or sheets, 23, as shown in
25 FIG. 2. Solder wires are fypically mechanically soft and are easily cut by razor
blade. The cutting can be optionally carried out at a slightly elevated temperature
(e.g. 50-150°C) to utilize the extreme softness of solders at these temperatures.
The insulating medium in the composite is desirably mechanically much
more softer elastically and plastically than the solder so that the presence of the
30 medium does not exert any excessive stresses on solder during device service, e.g.,
by thermal expansion mismatch. Exemplary compliant media include elastomers
and plastics, such as polyurethanes. Alternatively, instead of the compliant medium,
a dissolvable medium can be used, for example, gelatine-,glucose-,fructose-, or
honey-based materials, or polyvinyl alcohol, polyacrylamide, polyvinyl
35 pyrrolidinone type organic polymers that are water soluble, or buthylvinyl alcohol,
polyvinyl acetate type materials that are soluble in solvent such as toluene or



medi*um cont ai ni ng magnetical ly aligned sol der-coated magnetic particles in
ah insulating matrix; FIG 8 is schematic cross-sectional view of the
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i nterconnection. | nARbHRE wa ofeRaENEthR high-aspect-ratio solder-containing
composite medium is to use solder particles, 31, dispersed in a plastically

10 deformable matrix, 32, e.g. thermoplastic polymer, plasticized rubber, clay type
material with appropriate mechanical strength forming a composite structure, 33.
Heat-softenable glass, salt or ceramic material may also be used, but these rigid
materials are less preferable unless they are easily dissolvable. Composite structure,
33, shown schematically in FIG. 3 is then extruded (or rolled), into an elongated

15 structure, 43, so that the embedded solder particles become elongated into "wires"”
(or ribbons), 41, as shown in FIG. 4. It is desirable that the mechanical strengths of
the solder and the matrix medium are properly matched by choice of materials and/or
the choice of processing temperatures, for example, so that the matrix is
mechanically comparable to or slightly strbnger than the embedded solder in order to

20 achieve the elongation effect during extrusion. The mechanical softness of the
solder can be significantly increased if necessary by carrying out the deformation at a
higher temperature, e.g., close to or even above the solder melting temperature which
is typically in the range of 100-250°C depending on the solder alloys. The extruded
composite with the elongated solder is then sliced to a thin slice or sheet

25 configuration, 44, for interconnection use.

The final diameter and density of the elongated solder wires in the
composite depend on the initial size and volume fraction of the particles in the
precursor composite of FIG. 3 as well as the amount of deformation by extrusion or
rod drawing. The use of the particle-shaped solder in the precursor is more '

30 advantageous than the use of wire-shaped solder since fine solder particles of 20-40
um diameter are commercially available more easily than the wire-shaped solder of
similar diameter, and can also be present in a random distribution manner without
the need for wire alignment, thus, allowing the production of small diameter wire
structure by deformation with less complicated processing. If a 20 inch square

35 composite, e.g., 33, containing 30% by volume of 25 um diameter solder particles is
extruded into a final shape of 2 inches square in cross-section, the average elongated



relatitvely uniform spacing between the solder wires, a bunch of wires, 11,
i$ coated with an electrically insulating nedium 12, e.g., by dip coating
or continuously pulling through a bath of an insulating nediumin a liquid
form and curing, semcuring or drying the nediumform ng a coated bunch,
10, as schematically 15 show in FIG 1-5dhereafter. coated bunch 10 is
drawn out into an elongated form 20, to reduce the diameter of the wires
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Al ternatively
preferably less than 50 um and most preferably less than 10 um. This is

15 accomplished by repeated elongation deformation of the composite containing solder
particles or wires and bundling the resultant wires or rods followed by additional
deformation. This process may continue until the final composite form includes
wires only a few nanometers thick. The processing or handling of fine wires with
diameter less than about 100 nanometers has to be conducted very carefully,

20 desirably in an oxygen-free atmosphere, as they could be pyrophoric.

The slices of the composite medium are then placed between the mating
pad surfaces of devices to be interconnected, and soldered, as shown in FIGs. 5 and
6. As is shown in FIG. 5, a slice, 51, of the composite solder medium, such as slice
23 or 44 shown in FIGS. 2 and 4, respectively, is placed between contact pads, 52, of

25 circuit component, 53, and contact pads, 54, of another circuit component or mother
board, 55. Solder slice 51, includes solder wires, 56, embedded in the compliant
medium or matrix, 57. Appropriate flux may be used to improve the solder wetting.

The as-sliced composite solder of FIG. 2 or FIG. 4 has its matrix surface
flush with the cut ends of solder wires, rods, or ribbons. This configuration is not

30 always amenable to easy soldering operation. Therefore, it is desirable to make the
ends of the solder wires to protrude, e.g., by slight dissolution of the surface of the
matrix if it is made up of dissolvable material, or by addition of solder material onto
the exposed ends of the solder wires in the sliced sheet, e.g. by electroplating,
electroless plating of solder, or dip-coating in a molten solder bath similarly as in

35 wave soldering, so that the ends of wires, 56, protrude above the surface of the
compliant medium or matrix. During the interconnection soldering of the mating



a di ssol vabl e nedi um can be used, for exanple,

gel ati ne-, gl ucose-, fructose-, or honey-based materials, or polyvinyl

al cohol, pol yacryl am de, polyvinyl 35 pyrrolidinone type organic polyners
that are water soluble, or buthylvinyl alcohol, polyvinyl acetate type
materials that are soluble in solvent suwh as tol uene or -4 - acetone.
Optional additional materials and fillers nay be added for various purposes
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el ongat ed
g by the solder material. The fact that there are multiple paths for electrical

conduction is an added advantage in that the chance of catastrophic failure (no

electrical conduction) by the mechanical fracture of the solder joint is minimized.

This is especially important for area-array solder interconnection of mating devices
15 where the inspection or repair of solder joints is rather difficult.

Yet another way of creating the high-aspect-ratio solder-containing
medium is by using magnetic field alignment in combination with solder-particle
fusion. As reported by S. Jin et al in J. Appl. Physics, Vol. 64, p. 6008 (1988), the
use of vertical magnetic field creates a laterally-separated, vertical chain-of-sphere

20 arrangemént of magnetic particles in a viscous matrix. By coating magnetic
particles, 71, see FIG. 7 with solder, mixing solder-coated magnetic particles, 72,
with either compliant or dissolvable liquid matrix material, 73, exposing the mixture
to a magnetic field and solidifying, curing or semicuring the matrix liquid, a
structure, 74, (schematically illustrated in FIG. 7) is obtained. This structure

25 provides an anisotropic, z-direction-only electrical conductivity with in-plane
isolation. In order to minimize lateral shorting, the volume fraction of the particles
in the matrix is kept preferably less than 40% and even more preferably less than
25%. The solder coating is applied to magnetic particles, such as iron, nickel, cobalt,
iron-nickel zilloys, or conductor-coated soft ferrite particles, such as to produce a

30 solder-to-iron volume ratio sufficient upon fusion to form a self-supporting solder
column. For example, 5 pm thick electroless coating of solder on 7 m diameter
iron particles gives a solder-to-iron volume ratio of about 4:1.

The composite structure of FIG. 7 does not provide continuous high-
aspect-ratio solder conduits since the vertically arranged solder particles are only in

35 physical contact. Therefore, the composite structure is heated to either melt or
diffusionally sinter the solder particles so that they are fused into a high-aspect-ratio



15 structure, 43, so that the enbedded sol der particles beconme el ongated
into "wires" (or ribbons), 41, as shown in FIG 4. It is desirable that the
frechani cal strengths of the solder and the matrix medi um are properly

mat ched by choice of materials and/or the choice of processing
tenperatures, for exanple, so that the-#atrix is mechanically conparable to
or slightly stronger than the enbedded solder in order to 20 achieve the
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and 10, using a fluxif desired Yo promote surface wetting. The matrix material can
15 be left on if compliant (such as elastomer), or can be removed if it is dissolvable

(such as gelatine), leaving a high-aspect-ratio solder structure shown in FIG. 10.
Additional advantages and modifications will readily occur to those

skilled in the art. Therefore, the invention is not limited, in its broader aspects, to
the specific details, representative devices, and illustrated examples shown and

20 described. Accordingly, various modifications may be made without departing from
the spirit and scope of the general inventive concept as defined by the appended
claims and their equivalents. An example of such modification is the use of the
high-aspect-ratio interconnection, such as shown in FIG. 6 or 10 of the drawings, as
a regular solder interconnection. In such a case, the solder wires or fused structures

25 are further fused or collapsed after the matrix is removed to form the
interconnection. For such use, the aspect ratio of the wire does not need to be as
high as in the multiple wire path interconnection. Also, the high-aspect ratio
interconnections may be used for construction of multilayer or multi-step
interconnected structures utilizing various heights of the inventive medium. For

30 example, chips may be attached in a mother board with a 20 mil solder joint height
and then the mother board may be interconnected to another board by a higher, e.g.
100 mil high, solder joints.
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of paral Isel ccﬁﬂﬁtsﬂlpﬁds OReRA bachi of shidesofek s 4 High-dbpecktatl PBliAdager cont act

pad and pref erabl .The t el ongat ed sol der
wires is pr%‘ﬁ%?rdg p.écélgefﬂmrlglgg epﬁ?r]arg'n‘%rsf'fgé‘f’ dgﬁé?@?%l @S‘P"ég’s % 10
[err]. Thi smagng 8ontart padysaishatib betweepthetlastie bbenghtwiccardatsatiameteon of t he
conposi te Cgaﬁghﬂe dpl der particles or wires and bundling the resultant

W res or by additional deformation. This process nay continue
until the final conposite formincludes wires only a few nanoneters thick.

The processi ”9 or mantid dgicelofkiaig I‘A”lt{@ﬁlcﬁ"shﬂﬂl@ﬁ%%ﬁ!&?%&f@&lﬁ?pm 100
nanorreters {1 to be conducted very carefully

3. The device of claim I, in which said ratio is = 30:1, preferably =
100:1.

4. The device of claim 1, in which the length of each wire is within a
range of from 1 to 500 mils, preferably from 5 to 100 mils.

15 5. The device of claim 1, in which the diameter of each wire is < 50um,
preferably < 10pm.

6. The device of claim 5, in which the diameter of each wire is > one
nanometer. '

7. The device of claim 1, in which said solder paths number is at least 2
20 per contact pad, preferably at least 4 per contact pad.

8. The device of claim 7, in which said solder paths number is 2 30 per
contact pad.

9. A method of fabricating an electronic device including interconnecting
one component of said electronic device to another component of said device, said
25 components having aligned mating contact pads, which comprises
placing a thin electrically insulating body between the surfaces of said
mating pads, said body having a plurality of solder wires embedded in an insulating
matrix such that opposite ends of at least some wires contact the surfaces of the



20 “desirably in an oxygen-free atnosphere, as they:cou € pyT

The slices of the conposite nediumare then placed b péd
surfaces of devices to be interconnected, and sol derjmgnm GS 5

and 6. As is shown in FIG 5, a slice, 51, of the conpbsitetso es nﬁedru
such as slice 23 or 44 shown in FIGS. 2%nd 4, respectively, is placed
bet ween contact pads, 52, of 25 <circuit conponent, 53,. and contact pads,

54, of anot heatiny gaay) dt | SRR G ai W ireidNicting amh ,palrof sdidlitingPatis,and 1,

Ao ooe T at o PPtk A pasity (G RRE MRS phf eof?*we GEP R R%gquHé‘a%l?grr"%ts“srlcgg

conposi t e saodactedfbyRhéwis.or FIG 4 has its matrix surface flush with the
cut ends of solder wires, rods, or ribbons. This configuration is not 30

al ways anenable to eas§‘ soI derl ng operation. Therefore, it is desirable to
make the ends of t hd0sdhemethadafslaim bimwhichdhe rtig betwsgnshe lghgth@fsadht ut i on

of the susf agige Md irtsh&aﬂﬁieﬂﬁat'léastﬂ 1l ?ref@ﬂﬁ y et 49 ssol vabl e material, or
by addition of solder material onto the exposed ends of the solder wires in

the sliced sheet, e.g. by electroplating, electroless plating of solder, or
di p-coating in a nolilleThs aleteyd dfaldim, i WhichsaidTatio isHe leage8ie. sol dering, so
that the ends of wires, 56, protrude above the surface of the conpliant

medi umor matrix. During the interconnection soldering of the mating - 6-
devi ces, the protrud2nghe olethad oficldimrs fin whicl seidtrhtio iscad tqake3®1,yprefetablishe

mat i ng at least 100:1.

13. The method of claim 9, in which the diameter of each wire is <
10 50um, preferably < 10 pm. '

14. The method of claim 13 in which the diameter of each wire is > one

nanometer.

15. The method of claim 9, in which the length of each wire is within a
range of from 1 to 500 mils, preferably within a range of from 5 to 100 mils.

15 16. The method of claim 9, in which said wires are formed by
magnetically aligning solder-coated magnetic particles within a sheet of compliant or
dissolvable matrix into a plurality of columns arranged transversely to the major
surfaces of the sheet, and fusing the solder of individual particles forming
continuously electrically conductive wires extending' traversely of the sheet.

20 17. The method of claim 9, in which prior to said placing of the solder
wires-containing body, the insulating matrix is removed from around the ends of the

wires.

' 18. The method of claim 9, in which prior to said placing of the solder
wires-containing body, the ends of the wires are built-up to project above the major
25 surfaces of said thin body.

19. The method of claim 9, in which said matrix material is dissolved



surfaces of contact pads, 52 and 54, if the nolten SOT‘d‘éI‘—\vf\E—t—L_LD_g_ngtl
angle is low (e.g. 37Pb-63Sn eutectic solder on Cu surf r. 87Sn-8Zn-51n
sol der on Au-finish surface) or only partially wet the!]amwmwm” e
pads if the contact angle is high 5 (e.g., Sn-Zn-In sgk it uce).
The degree of desired wetting is adjustbble by proper choice of sol’def, pad
surface, flux and other paraneters. The subdivided nature of the sol der
material on ' LS (oY eature. The thin

el ongat ed Sgf?g%?mgglg%gédr%&gﬁﬁgﬁg@ggg?%wégﬁfgﬁgg%g..s%%. t han thi cker sol der
joint, and induces a stress state close to plain-stress 10 condition than
a plain-strain condg,i @Rofer ﬁx@éﬁhnﬁfo@ﬂﬁém&ﬁ&%hﬁExaﬁ@fﬂgatm%‘f%irbéit exhi bi ted by
the solder material. The fact that there are nultip paths for electrical
conduct i on FYMBANCRL & lcz’cﬁng'R“ﬁﬁ% in that the chance of catastrophic failure
(no electrical (r:]ondta:stm' art)fahyxlﬁllﬂt&in@'&ﬁ;hﬁﬂinmiriaﬂ afd h phugalty ofgtﬁd%ol der joint
is mnimgzed, This is e i i.ppor t.ant f.or_area-aryay sal der.

i ntercon ec??!g"ﬁm&g it %Stﬁgg@fié%rg h§ Ut SRR AN VEESS c{oi %WOSLG PRISLi r of

sol der | oi nswfdces obthhesheedi dath ofisaid wites having h dighwaspeatfof tangtit-tondjameter

hi gh- aspect ;3@ti o sol der-containing nmediumis by using magnetic field
alignnment in conbination with solder-particle fusion. As reported by S. Jin
et al in J. Appl. Physics, Vol. 64, p. 6008 (1988), the use of vertical
magnetic field creafesTie dohiep hithdhim 6L8AINRLEdn WHEEH daidtatiofhiestt 25Dhere 20
arr angenent o% r@ neil C#?I’tl cles in a viscous nmatrix. By coating nagnetic
particles, BECraRXagieast4ilyitn sol der, nixing sol der-coated nmagnetic
particles, 72, with either conpliant or dissolvable liquid matrix material,

73, ex pqﬁ)i ng the milﬁi.( ufh% stoi)dgf21 n{éﬁﬁﬂﬁgf Elaifnil Eé,qn %v%?chsﬁlxd paiti]:)% Meast 'érll ng or

sem curing the matr I qui

23. The solder medium of claim 20 in which said ratio is = 30:1,
preferable ~100:1. '

24. The solder medium of claim 20, in which the length of each wire
falls within a range of from 1 to 500 mils, preferably within a range of from 5 to 100
15 mils.

25. The solder medium of claim 20, in which the diameter of each wire is
2 50 pm, preferably > 10 pum.

26. The solder medium of claim 25, in which said diameter is < one
nanometer.

20 27. The solder medium of claim 20, in which the wires are distributed in
a density allowing at least 2 solder connections per contact pad, preferably at least 4
solder connections per contact pad.

28. The solder medium of claim 27, in which said density of solder
connections is = 30 per contact pad.

25 29. A method of preparing a solder medium for use in circuit
interconnections wherein contact pads on one component of a circuit are connected



sttucture, 74, (schematically illustrated in FIG 7)—i ined. This
structure 25 provides an anisotropic, z-direction-only electrical
-conductivity with in-plane isolation. In order to m mlfﬂm”lm"ml '!
shorting, the volune fraction of the particles in the P VIR ﬂ,)‘”m
preferably | ess than 40% and even nore lgr-eferably | éss than 5% TFhe*sol der
coating is applied to magnetic particles, such as iron, nickel, cobalt,

i ron-ni ckeloghdtRgSHad®bn ﬁﬂdlﬂéﬁoﬁ(ﬁoﬁ%t&ﬁxéaf&étf @Hch%%m%ﬁgési fPl’rﬁﬁxg Auch as to
cient ap

produce a 3Q solder-to-jron vol.une ratio suffici on fusi6n to forma
sel f - supporeﬁ‘i"h'?&t ¥ haxpe RRluraity ofclongated solder wires suppPrrd Bithin 2 ol ess

coiati ng of mmh?te;fgn ﬁnsﬁlz{tﬁgrrﬂlatﬂﬁﬂr@i@ﬁrirbi SlemBiig idﬁhﬁﬁdifﬁél tBe BOdy@Hd t 0- i ron
volume rati,Q.of t, 4; . _The .composi,te structure of. FL.G 7 does not
provi de conqq'%soeﬁgr%geldﬁ-c b érggme@[o_tl}eéw S2id maja. %’grﬂf ings ﬂ%‘égafq‘?g"{aé(rt ically
ar r anged>5 s draneverpaiotitsdbrgitusiital axis yntosliGs of predeterminedderigtin,tsaidllamgthf ore, the
conposi te et AChdi&iinih at.ed: | ; 3 | ionally sinter the
sol der par tq%ec‘tégs SO 'lt??al{;set %@%lﬂ?&g@%@?@ﬁtﬁ%nggé% é:ﬁuijéol%bect -ratio 7
configuration, 81, as illustrated in FIG 8. This process of fusion can be

ﬁpcﬁ' erat ed by opt BeNThé et oficREMCYIRY RAR VIR AInSEY bf e (B1d8r wités #ei ght) or
igh verti

cal tmgnetic, field that, wll fr bring the core nmagnetic
particles éﬁ%géﬁc.qs pyahdhat, whey H@isi}ﬁe ﬁrﬁ?&’é’é’é‘?‘i g?fYVFB‘h |CPmMpOpentsthers argyat 1 j x
mat eri al ey ldast whioswines/iacontaatywith the matifg contdetipaid. st ructure, 82, or
alternatively nore solder may be added to the ends of each

10 31. The method of claim 29, in which said elongated body is formed by
embedding a plurality of solder wires in an electrically insulating
plastically deformable matrix forming an embedded body
deforming the embedded body longitudinally so as to elongate the
embedded body and to reduce the diameter of the solder wires. -

15 32. The method of claim 31, in which said deformation step is repeated
at least once. '

33. The method of claim 31, in which prior to said deforming step, said
embedded body is combined with at least one more embedded body and embedded
in a further volume of said plastically deformable matrix forming a larger embedded

20  body.

34. The method of claim 33, in Which the deformation of said larger
embedded body is repeated at least once.

35. The method of claim 31, in which said longitudinally deformed body
is combined with at least one more deformed body and embedded in a further
25 amount of said plastically deformable matrix forming a combined embedded body,
and
deforming longitudinally the combined embedded body further.

36. The method of claim 35, in which said deformation of the combined
embedded body is repeated at least once.



vettircal colum to nake them protrude beyond the nmatri W
sol dering onto the devices, as discussed earlier. Electroplating

~di p-coating in a nolten solder bath (such as used in vvag 'mw ' be
utilized for this purpose. The density of individual nmagH "mgm@ﬂﬂd
sol der paths is selected simlarly to-10- that in the case bf solers es.
Nanely, there should be at | east two sol der paths per pad. Fused structure

82 is then placed Qetwee ) ] d. 92.. of .nating. device 93 a 94,
respectively, and §‘2‘| E\E? Hﬁe%?)grdggga%“é?{géﬁ‘ é@cﬁﬁ“@? aapﬂﬁﬁ%@m@ nd 10,
using a fl tie ¢dmbined embedded podyristrepeated atdeastwsicei ng. The matrix material can

15 be left onif conpliant (such as elastoner), or can be renoved if it is

di ssol vabl e (such as gel atine), |eaving a high-aspect-ratio sol der
structure shown i n3%| Ehe methodpficlam2Q) inawhish thegatio helwenm therlergth obns wi | |

readi |y oceu¢h wirelah@ e dfthdtéras!ai 18as: hel, preferabiyer:f ore, the invention is not
“limted, in its broader aspects, to the specific details, representative

devices, and illustrated exanples shown and 20 described. Accordingly,
vari ous Hodi fi cat i IhsThanethodrd diaimi38hmuwhidk paid rativgisfat leastt@ak spirit and
scope of the general inventive concept as defined by the appended cl ai ns
and their equivalents. An exanple of such nodification is the use of the
hi gh- aspect -rati o #ht Ehewathedof slimS38cin whick haidmationis = 39: 1.referably of t he
draw ngs, agg@yregul ar solder interconnection. In such a case, the sol der
wires or fused structures 25 are further fused or collapsed after the
matrix is renoved to formthe interconnection. For such use, the aspect

rati o of the wire 4heFhdmiethodd clain!38, mswiiich theadiamétet bfeadh Wlifedk € 50i re path
I nt erconnegtion, Aleo b e high-aspect ratio
flm, préferably < 10 pm.

10 42. The method of claim 41, in which the diameter of each wire is > one
nanometer. '

43. The method of claim 29, in which the thickness of each slice ranges
from 1 to 500 mils, preferably from 5 to 100 mils.

44. The method of claim 29, in which said elongated body is formed by
15 embedding a plurality of solder particlés in a matrix of an electrically insulating
material forming a composite structure, and deforming the composite structure into
an elongated structure in which said particles are deformed into elongated wires or
ribbons.

45. The method of claim 44, in which said elongated structure is
20 combined with at least one more elongated structure and embedded in a further
volume of said plastically deformable matrix forming an embedded body, and the
embedded body is further deformed longitudinally so as to elongate the embedded
body and to further reduce the diameter of the solder wires.

46. The method of claim 29, in which said matrix material is selected
25 from plastically deformable materials and easily dissolvable materials.

47. The method of claim 46, in which said matrix material is selected



i nterconnections may be used for construction of multilayer or nulti-step
interconnected structures utilizing various heights of the inventive -
‘nedi um For 30 exanple, chips may be attached-in a notlamllﬁm:“lmﬂum 20
m | solder joint height and then the nother board may to
anot her board by a higher, e.g. 100 niil3v gh, solder jotnts.* "8 ains:
1. An electronic device conprising a pair of conmponents with mating contact
pads, said Fr@ﬁftﬁ_&"gr&!%‘iﬁ’ claﬁipliﬁnt'rﬁatbﬁiﬂﬁ é&%&ﬁﬁg;@f t&ﬁﬂ@ﬂhstﬁ:%‘dl‘yrﬁ&sﬁﬂo'f her, and
mati ng sol der jqints el ect gcal | y and nechanically 1 nterconnecting said

mating 5 cBRsRiredIybRer apALI n each of said solder joints is a
hi gh- aspect-rati o subdivided sol der joint structure conprising a plurality

of subdivi ded sol de t n. Sal \ng. ct S pd.ratio
bet ween the I ength ‘{)sf p@"éa’(r:}ﬁet\g\ngar y@ﬁ‘fﬁ f%gn %yrlrlens[qgirc&g%ﬁnlﬁatgﬁﬂlI%f‘;leg?dtéjd: 1. 2. The
devi ce of cfraimthg graup offdisshivable dnateridlocansisting pbgelating, glucpseefructad gndat 10

| east 8: % SENh(eRa k! arfd GHPlving1 BICUREE Bol§ Ariialidd, Qolyvidys” 1 30: 1,
preferabI%y ?%nre}f@sioo: 1. 4, ’,a'lsﬁle dj?l\)?vgg%% g?é?%?l,rgllan v%?’é’ﬁ%%% | engt h of
each wire iBRYN@lidingnegbuthylvinyl alcohol and polyviny! acetate.




range of from1l to 500 mls, preferably from5 to 100 mls. ~"_rHlSSH._l_. ET HAS BEEN il
The device of claim 1, in V\/m ch the di arreter of each wire i QI'E‘PLACtE

preferably [err]. 6. The device of claimb5;, in which the di £8e

wire is > one nanoneter. 7. The device of claim1, in which sai d sol der
paths nunber is at least 2 20 per contad#-pad, preferably at |east 4 per
contact pad. 8. The device of claim7, in which said solder paths nunber is

[err] 30 per cont agHppAER MEDEUNEFORICIRCLAPTNTEROONNEETEON Oni C devi ce
I ncl udi ng |néerconnect|ng one conponent of said electronic device to

anot her co ¢tof said device, said 25 conmponents having aligned nating
contact pads, which Emmbhﬁeﬁvnbsmdvmgaléd:s'ttweécﬁﬁptmeﬁalwlyh t'naﬁug adrtag body

col der i r e b toayr Vb hiflEbidt- RE° SetpRlourBetventibe et s of - a
| east sont \Ihess jaint taaﬂmned by placingeeoroposith golder medmnmqntagmpgdel,deat | east
heat “ener oy oot BT ERE Pt R B A R g
contact ed byconfast withdhke mating pads, and fusing the wires to the pads The insulating matrix
with remainder of solder wires is then optionally removed from between the said at
least two components. The composite solder medium is formed by preparing an
10 elongated body of solder wires in an insulaﬁng matrix and cutting off slices of the
composite solder medium, the solder wires having a high-aspect-ratio of length to
their diameter. Alternatively sheets of the composite solder medium are prepared by
magnetically aligning solder coated magnetic particles into columns arranged
transverse of an insulating matrix and heating sufficiently to fuse the solder in each
15 column into a continuously conducting solder path.
-
Has Been Reilaced

T



10.° The' method of claim9, in which the ratio between the I ength of each 5
wre and its dianeter is at least 2:1, preferably at least 4:1. 11. The
method of claim9, in which said ratio is at least 8:1. 12. The net hod of
.claim9, in which said ratio is at least 30:1, preferably at |east 100: 1.
13. The method of claim9, in which the dianmeter of each wire is < 10

[err] preferably [err]. 14. The nethod of claim13 in which the dianeter of
each wire is > one nanoneter. 15. The netlf@d of claim9, in which the

|l ength of each wire is within a range of Trom1l to 500 mls, preferably
within a range of fromb5 to 100 mls. 15 16. The method of claim
9, in which said wires are formed by nmagnetically aligning sol der-coated
magnetic particles within a sheet of conpliant or di-ssolvable matrix into a
plurality of s arranged transversely to the major surfaces of the :
sheet, and f ";?Ph sol der of individual parti$les forni cont i nuously
el ectrically -conductive wires e%2ending traverseyy of th et. 20

17. The method of clai@9. infwhich prior t();uﬂ(j placiag(of t he sol der

W r es-cont ai ni ngsbo e = R 410 P eqnved from around t he
ends of the w pes. ~LheNiethod_of cl ai m o, TTRTWHT T pri-or»#B,K ang
pl aci ng of thg der wigds onTa?nfﬂg:E6§¥?=Iin;namws:ﬂf:tﬂ51%££€§_a e
built-up to pfofNgct abovie<+Re #a}-er--ZE_S.LLLLa.ce.S.DL.§§Ld_t_W_'@_OEX-_O
A ©
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19 The method of claim9, in which said matrix material is dissolved
10- away and the elongated solder wires are further nelted and fused. 20. A-
sol der nedi um for interconnecting mating pads of circuit conponents, which
conprises a sheet of an insulating matrix material and a plurality of
solder- 5 containing wires distributed throughout the matrix transversely

to opposite major surfaces of the sheetzﬂgach of said wires having a

hi gh-aspect of |ength-to-dianeter ratio®*221. The sol der medi um of clai m 20,
in which said ratio is at least 2:1, preferably at least 4:1. 10

22. The solder nmediumof claim20, in which said ratio is at least 8:1. 23.

The sol der nediu?qiﬁrﬂaf 20 in which said ratio is [err] 30:1, preferable
~ 100: 1. 24. Th der*“medi um o33 cl aim 20, in which the length of each

wire falls within a range of from\ to 500 mls; preferably within a range
of from5 to 100 15 mls. 25. The sOygder nediLwncgiclain120, in which the

di aneter of each wire is %irr] preferab
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26. The sol der nedium of claim25, in which said dianeter is < one
nanoneter. 20 27. The sol der medium of claim 20, in which the
wires are distributed in a density allowing at |east 2 sol der connections
per contact pad, preferably at |east 4 solder connections per contact pad.
28. The sol der nmediumof claim27, in which said density of sol der

connections is [err] 30 per contact pad AﬁS 29. A nethod of
preparing a sol der nmediumfor use in ci 8t interconnections wherein
contact pads on one component of a circuit are connected to mati ng pads

on anot her conponent of the circuit, whi.ch conprises form ng an el ongated
body having a plurality of elongated solder wires supported within a matrix
of an insulating material, said wires extending |longitudinally of the body
and bei ng separa}aglgacagfron1another by said matrix, and cutting said

el ongat ed body 5 rse to its longitudinal axis into slices of
predeterm ned |l ength, said ¢ determ ned by a spaci ng between
said mating contact pads. od of clajRX29, in which the density
of the solder wires in ) en the slice |§7p0$|t|oned
bet ween the conponents g wres in cont,ct Wi th the

mati ng contact pads. ///' W//,//Z. , 1 whi ch sai d

B [ llflllllll

N
54 55

engt h bei




enbedding a plurality of solder wires in an electrically insulating

pl astically deformable matrix form ng an enbedded body deform ng the
enbedded body longitudinally so as to elongate the enbedded body and to
reduce the dianeter of the solder wires. 15 32. The nethod of
claim31l, in which said deformation step is repeated at | east once. 33. The
met hod of claim 31, in which prior to sajgd deform ng step, said enbedded
body is conmbined with at | east one nore Mbedded body and enbedded in a
further volunme of said plastically deformable matrix formng a | arger
enbedded 20 body. 34. The nethod of claim 33, in which the deformation of
said | arger enbedded body is repeated at |east once. 35. The nethod of
claim31l, in which said longitudinally deformed body is conbined with at

| east one nore deforned body and enbedded in a further 25 anpunt of said

pl astically defor e rix formng a conbined enbedded body, and
deform ng | ongitdd Ply®t he conbi ned enbedded body.f,urther. 36. The net hod
of claim 35, in which said def gprigation of7‘he c?zyfzéd enbedqﬁf body is
repeated at | east once. :




37:° The nethod of claim 35, in which said formation and deformati on of the
conbi ned enbedded body is repeated at | east once. 38. The nethod of claim
29, in which the ratio between the I ength of each wire and its dianmeter is
at least 2:1, preferably 4:1. 5 39. The nethod of claim38, in
which said ratio is at least 8:1. 40. The nethod of claim38, in which said
ratio is [err] 30:1, preferably 100:1. 41. The nmethod of claim 38, in which
the dianmeter of each wire is [err]. 50 [dﬂﬁ], preferably [err] 10 [err]. 10
42. The nethod of claim4l, in which the diameter of each wire is > one
nanoneter. 43. The nethod of claim?29, in which the thickness of each slice
ranges from1l to 500 mls, preferably from5 to 100 mls. 44. The nethod of
claim29, in which said elongated body is formed by 15 enbedding a
plurality of solqgf les in a matrix of an electrically insulating
material formng ]ggﬁpo te structure, and deform ng the conposite
structure into an elongated structure in which said particles are deforned
into elongated w res or ri bifns. 45. Bie met hod claim44, in which said
el ongated structure is 20 cokblned with at | easy”Uhe nore el ongajed
structure and enbedded § n a fN\rther volyne of,sald plastlcal'y or mabl e
matrix formng an enbed &hwyyu e 4 t hgr def or med

| ongitudinally so as oA
THEEEE

FIG. 10




body-and t.o- further reduce the dianmeter. of the solder wr¢gs ;élésq ,t_l,pm.pg P
of claim29, in which said matrix material is selected 25|if ’(')m “t'lca
deformabl e materials and easily dissolvable materials. 47 B'g[g n&ﬁhdidNolQQ
claim46, in which said matrix materi al- i{4- sel ected 13{fraomt

conpliant materials consisting of thernoplastic polyners, plasticized
rubber and clay. 4 rix materi al
is selected from tﬁglﬁ@m@ %QF&%WS coﬁgw of gel ati ne,
gl ucose, frudbstactind 5 honey based materials, and of polyvinyl alcohol,

pol yacr yl ani de,  pol y\iioytodRy 88akds HahRB Gt 1e9g&%'cxshfg,xherﬁé &Rl HhatH3LoRQEY Vi nyl

acet ate.

pads are provided with high-aspect-ratio solder joints between the mating pads.
These joints ar formed by placing a composite solder medium containing solder
wires in an electrically insulating matrix such that at least two solder wires are in
contact with the mating pads, and fusing the wires to the padé. The insulating matrix
with remainder of solder wires is then optionally removed from between the said at
least two components. The composite solder medium is formed by preparing an
elongated body of solder wires in an insulating matrix and cutting off slices of the
composite solder medium, the solder wires having a high-aspect-ratio of length to
their diameter. Alternatively sheets of the composite solder medium are prepared by
magnetically aligning solder coated magnetic particles into columns arranged
transverse of an insulating matrix and heating sufficiently to fuse the solder in each
column into a continuously conducting solder path.

Figure 1



