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However, in many solders, some of these elements, notably antimony,
2 are only present as impurities, Solder is widely used in the electronics
industry for attaching electrical components to printed circuit boards.
Printed circuit boards typically have an electrical conductor pattern
consisting of a thin metal sheet, etched to form the pattern. In order to
successfully attach the electrical components to the printed circuit board,
95 there must be a metallurgical affinity between the two metals that are
going to be soldered together, the metals must be free from all off-metallic
surface contamination, there must be complete and adequate metallic
contact between the solder and the metals that are to be soldered, and
there must be a temperature adequate for sufficient alloying of the metal.
30 The solder provides the attachment by virtue of an intermetallic solution,
which takes place at the soldering temperature. .
One method of assembling electronic assemblies is by a process
known as solid solder deposition, where solder paste is printed and
reflowed on the solderable surfaces of a printed circuit board (PCB)
35 during the PCB fabrication. The advantage of this method is that the
solder flux and the electronic components can then be placed directly on
" the PCB, without having to print solder paste. Two of the disadvantages
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Clearly, it would be a benefit to the electronics industry if a method
2 of soldering could be devised that includes the advantages of both solid
solder deposition and solder printing, but avoids the disadvantages of
both processes.

Summary of the Invention

25 " Briefly, according to the invention, there is provided an electrically
insulating substrate having solderable portions. A substantially planar
layer of a soldering composition is fused to the solderable portions. The
layer is composed of a mass of off-eutectic solder particles that are fused
together to form an agglomeration having a porous structure. In one

30 embodiment, the solderable portions are copper circuit traces, and the
solder particles are fused together to form a substantially planar coating
on the copper circuit traces by heating the off-eutectic solder to a
temperature that is between the solidus temperature and the liquidus
temperature of the solder. The solder is then cooled below the solidus

35 temperature to solidify it.




PGTI US95/ 14959 Brief Description of the Drawings FIG 1 is a schematic

repr esgoteshiysop of an off eutectic sol der paste printed oRCHUSE95%! e,
prior to heating, in accordance with the invention. FIG 2 is a schematic
representation of an off eutectic solder paste printed on a substrate,
after heating above the solidus tenper@ure, in accordance with the
invention. FIG 3 is a phase diagramof a solder alloy. Detailed
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35 These various alloys that pass through an intermediate range of
plasticity are said to have a melting range and are referred to as off-
" eutectic alloys. Above the melting range, the alloy is a liquid. Below the
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35 , Percent Liquid at T1 = (Cb-C1)/(Cb-CL)*100%
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remove foreign materials, such as solvent cleaning to remove residual
flux residue and excess solder balls. This is typically performed by
15 cleaning with aqueous or organic cleaning agents. At this point, the
PCB 100 is clad with a thick, but uniform and flat layer of solder 150 on
the solderable surfaces 105. This flat layer of solder 150 consists of an
aggregate-like structure 120 of the solder alloy particles that partially
melted and attached together in a porous structure. The solder alloy
20 particles have alloyed or formed a metallurgical bond to each other and to
the metal circuit traces, thereby adding to the mechanical integrity of the
resulting solder mass. The formation of the metallurgical bond occurs
by the commingling of the liquid phase in the semi-solid particles during
reflow.
25 The printed circuit boards may now be used in a solid solder
deposition assembly process similar to that used with conventional clad
printed circuit boards; that is, the surface is fluxed, and surface-mount
components or parts are placed at the desired locations with the
solderable portions of the parts in contact with the reflowed soldering
30 composition on the printed circuit board. The flat surface of the solder
pads aids in placing the parts, because the parts do not move about ,
compared to the domed pads found in the conventional art. In addition,
the rough surface of the solder 150 aids in component retention and
preventing the flux from spreading off of the solder pad. During the final
35 reflow assembly, the temperature is high enough to completely melt the
agglomerated solder particles 120. As the temperature passes above the
" solidus temperature (in the preferred embodiment 183°C), the solder




a printed cirrcuit board having copper circuit traces, portions of the
CQpperw'aigg/iJ,go? traces coated with a porous |ayer formed péTmbkésiRassectic
sol der particles that are fused together to forma substantially planar 5
coating. 5. The solder-clad printed circuit board of claim4, wherein the
off eutectic solder particles conprise particles having a size of about
300-500 nesh prior to being fused together. 10 6. The solder-clad printed
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modifications, changes, variations, substitutions and equivalents will

20 occur to those skilled in the art without departing from the spirit and scope
of the present invention as defined by the appended claims.

What is claimed is:
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eutectic solder particles that are fused together to form an agglomeration
having a porous structure.

10
9. The circuit carrying substrate of claim 1, wherein the off-

eutectic solder particles have a size of about 300-500 mesh.

3. The circuit carrying substrate of claim 1, wherein the soldering
15  composition comprises an alloy of 90% tin and 10% lead.
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a printed circuit board having copper circuit traces, portions of the
copper circuit traces coated with a porous layer formed of off-eutectic
solder particles that are fused together to form a substantially planar

5 coating.

5. The solder-clad printed circuit board of claim 4, wherein the off-
eutectic solder particles comprise particles having a size of about 300-500
mesh prior to being fused together.
10
6. The solder-clad printed circuit board of claim 4, wherein the off-
eutectic solder particles are 90% tin and 10% lead.

7. The solder-clad printed circuit board of claim 6, wherein the off-
15 eutectic solder particles are heated to between 188 and 195 degrees C.
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heating the solder paste to a temperature that is above the solidus
temperature but below the liquidus temperature, thereby fusing the
discrete particles together to form an agglomeration having a porous
10 structure,
coohng the solder paste below the solidus temperature to solidify the off-

eutectic alloy.
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