IMPROVED SOLDER PASTE CONTAINMENT DEVICE
Field of Invention

This invention relates to integrated circuit packaging, and more particularly to
solder bumps as interconnections for integrated circuits and packages. Most
particularly, this invention relates to solder bump dcposition useful in flip-chip and

surface mount technology.

Background

Solder bumps provide electrical and/or mechanical connection between two or
more substrates. Contained paste deposition is a method of depositing solder bumps
in which solder paste occupies a containment region or cavity in a so-called
containment structure, and where the solder paste containment assembly remains
substantially unmoved through the reflow portion of the solder bump formation
process. The process solder bump formation via contained paste deposition further
includes dispensing or depositing solder paste into deposition regions (hereinafter also
referred to as cavities) in a donor substrate. The donor substrate with the solder paste-
filled cavities, may be flipped over, and is aligned and in contact with or in close
proximity to a receiving substrate with patterns of solderable metallization
corresponding to the cavities. The entire solder paste containment assembly,
including the donor substrate, receiving substrate and solder paste is heated in a
controlled manner, or reflowed. During the reflow stage of the process, the solder
powder in the solder paste melts and, within each containment region on the donor
substrate, coalesces into a single solder ball or bump per cavity. As the molten solder
ball or bump coalesces, it pushes against the bottom and sides of the paste

containment cavity until it reaches an equilibrium position.

Hard masks, typically made of silicon, ceramic or metal, are the most
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promising donor substrates because of their versatility and ability to withstand high

" reflow temperatures. Photoimageable polymer masks, with few exceptions,
commence to burn around 250 °C and are useful only for deposition of low
temperature solders. Moreover, polymer film processing equipment is not a common
fixture in semiconductor fabrication facilities. Finally, photoimageable polymer
masks must be made thin (no more than about 0.5Smm thick) in order to be properly

exposed and developed.

Hard masks can damage the surface of the substrate being bumped (the
receiving substrate) especially if the receiving substrate is a semiconductor wafer or
an integrated circuit (IC). Mechanical damage to the receiving substrate surface can
occur any time that the hard mask (donor substrate) makes direct contact with the

surface of the receiving substrate.

A solution to the problem of mechanical damage to the receiving substrate is a
paste containment apparatus that does not require direct contact between the donor
substrate and the surface of the receiving substrate. The donor substrate, typically a
hard mask with paste containment cavities on its surface, is aligned face-to-face with
and positioned in close proximity to the receiving substrate. One challenge with this
approach is transferring the solder bumps across the gap between the donor substrate
and the receiving substrate. Moreover, it is necessary that a sufficient solder volume

have been deposited and that alignment between the two substrates be maintained.

Key factors in determining volume of the solder bump are the volumetric
metal loading of the solder paste (limited by the random close packing of spherical
solder particles), and the volume of the paste containment region or cavity. The
volume of a solder bump formed by contained paste deposition tends to be no more
than about half of the volume of the paste containment cavity in which the solder
bump is formed. During reflow, a solder bump must protrude out of the containment
cavity so that the bump reaéhes across or bridges the gap and makes contact with

solderable metallization on the receiving substrate. If the solder bump, while molten,



does not make contact with solderable metallization on the receiving substrate, it will
not transfer but rather remain in the cavity, thereby resulting in a defect on the
reéeiving substrate. Deep paste containment cavities may provide adequate solder
volume, but may not force the solder bump to protrude out of the cavity. Shallow
paste containment cavities may force the bump to protrude, but may not provide
adequate solder volume. Large, shallow cavities also may permit the solder bump to
move around in the cavity, possibly out of alignment with the solderable metallization
on the receiving substrate, such misalignment resulting in defects on the receiving

substrate.

What is needed is a solder paste containment apparatus that provides that the
reflowed solder bump protrude above the surface plane of the donor substrate so as to
enable proximity transfer of the solder bumps from a donor to a receiving substrate.
What is further needed is a solder paste containment apparatus that provides for
deposition of adequate solder paste volume on the donor substrate, and, in turn,
adequate solder bump volume resulting therefrom. Also needed is a solder paste
containment apparatus that provides for alignment between the donor and receiving
substrate such that transfer of the solder bumps from the donor to the receiving

substrate is facilitated.

Brief Summary of the Invention

The invention provides an improved solder paste containment apparatus that
enables proximity (non-contact) bumping of a receiving substrate by urging molten
- solder bumps to, during reflow, protrude a substantial distance above the surface
plane of the donor substrate. Further provided is a solder paste containment apparatus
that provides for deposition of adequate solder paste volume on the donor substrate,
and, in turn, adequate solder bump volume resulting therefrom. The invention also
provides a contained paste deposition apparatus that maintains alignment between the

donor and receiving substrate such that transfer of the solder bumps from the donor to



the receiving substrate is facilitated.

The invention provides a fractal-like containment cavity wherein the cavity
shape promotes protrusion of the solder bump out of the cavity thereby enabling
transfer of the solder bump to a receiving substrate with little or no contact between
the donor substrate and the receiving substrate. Moredver, the invention provides for
solder bumps of increased volume, producing larger solder bumps at a given bump

pitch than otherwise produceable.

The focus of fhis invention: is the solder paste containment apparatus, and in
particular, the donor substrate and the configuration of the solder paste deposition
regions or paste containment cavities within which the solder bump are formed and
from which the solder bumps are transferred. Other aspects and advantages of the
present invention will become apparent from the following detailed description, taken
in conjunction with the accompanying drawings, illustrating by way of example the

principles of the invention.

Brief Description of the Drawings

Fig 1 schematically represents a cross-section of a contained paste deposition

assembly.

Fig 2 depicts a portion of a donor substrate bearing a solder containment

region or cavity according to the invention taught herein.

Fig 3, 3A and 3B inclusive, illustrates a donor substrate as in Fig 2, bearing a
solder containment cavity of a predetermined shape and a cross section of a solder
bump formed within said solder containment cavity in accordance with the invention

taught herein.
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Fig 4, 4A through 4E inclusive, illustrates the preferred and some alternative
embodiments of the improved donor substrate according to the invention taught

herein.

Fig 5, SA and 5B inclusive, illustrates an alternate embodiment of the

invention taught herein.

Detailed Description of the Drawings

The drawings described hereinbelow set forth examples of the principles of the
present invention. As far as possible, to aid in clear expression of the invention,
numbers denoting compositional elements depicted in the drawings are consistent

from one drawing to the next.

Fig 1 schematically represents a cross-section of a contained paste deposition
assembly 9 including a donor substrate 10 and a receiving substrate 14. The _
contained paste deposition bump formation or donor substrate 10 has a surface
bearing solder bumps 12, such donor substrate 10 surface D is alignably placed in
close proximity to a receiving substrate 14, said receiving substrate having a
receiving surface R. Said receiving surface R further having wettable regions to
receive solder bumps transferred from the donor substrate 10 by virtue of the alignable
placement of the donor surface D and receiving surface R of the respective donor 10
and receiving 14 substrates. The assembly 9 may include spacers interposed between
the donor substrate 10 and receiving substrate 14, said spacers may encourage close
proximity P while discouraging surface contact that could damage the surface of the

receiving substrate.

Fig 2 depicts 9 portion of a donor substrate 10 bearing an improved solder
containment region, referred to, herein as a cavity or bump formation region, 17

according to the invention taught herein. The present invention provides for an



improved contained paste deposition apparatus, said. improvement including the
provision of a donor substrate 10 bearing a solder containment cavity 17 wherein the
geometric characteristics of the containment region, including the cavity, operate to
urge the molten solder bump to protrude from the containment cavity and above the

surface of the donor substrate.

Fig 3, 3A and 3B inclusive, illustrates a portion of a donor substrate 10
featuring a solder paste containment region or cavity having a predetermined shape
21. A representative cross section along axis AA of Fig 3A is depicted in Fig 3B. Fig
3B illustrates the shape of the containment cavity 21 and a solder bump 22 formed
within said cavity in accordance with the invention taught herein. As may be seen by
referring to Fig 3A, the solder paste containment region or cavity 21 describes a
fractal-like shape with two or more stub walls 20 jutting in from the perimeter of the
containment cavity. Such shaping and features afford additional volume for solder
paste and resultant solder bumps, while urging the reflowed solder bump to protrude a
substantial distance above the plane of the donor substrate D. Furthermore, any -
molten solder bump in a donor substrate 10 according to the present invention
remains substantially ceﬂtered in the containment cavity ensuring that it remains

aligned in the appropriate position for consistent transfer.

Donor substrate 10 containment region or cavity 17, 21 characteristics are
selected to maximize protrusion of the solder bump above the surface of the donor
substrate. In order to provide adequate solder volume, the area of the cavity (as |
depicted, viewed from a point of view perpendicular to the surface D) was maximized,
an operative constraint being each cavity would be tiled up against its nearest
neighbors. "Tiling" refers to assembling a repeated two dimensional geometry
composed of a single shape and a single size, adjacently, so that a predetermined area
is completely covered. Only triangles, hexagons and squares tile in two dimensions.
Hexagons provide the maximum containment cavity area for staggered array tiling,
while square cavities provide maximum cavity area for regular array tiling. In

general, triangular cavities are not practical because the pitch distance between their



centroids varies. Because the volume of the solder bump is only about half the
volume of the solder containment region or cavity, the solder bump diameter is
considerably less than the dimensions across the flats of the containment region. For
the purposes contemplated for the invention, the preferred embodiment is square with

three or more stub walls (See Fig 4 A and B).

Each solder bump must be substantially centered in its respective containment
region or cavity to ensure alignment with the solderable metallization on the receiving
substrate. By dividing the containment cavity into sub-cavities with stub walls
extending from the perimeter in toward the center of the cavity (See Fig 3A 20; 4A
20), centering of the solder bumyp is encouraged.' Typically, at least three stub walls
are useful in providing centering for the solder bump. In some cases, it may prove
useful to use both sub-cavities and éub-sub-cavities stub walls to urge the solder paste
out of the sub-cavities to protrude in a centered fashion. There are some instances
where a pair of stub walls may prove useful. However, three stub walls is the
preferred embodiment. Moreover, the preferred embodiment includes an outer
dimension, that is a dimension or distance across the flat, of the containment region of
within the range of aboﬁt 200-250 pem, although the general functional range for
typical applications may suggest dimensions of from about 25 um to 2.5 mm arcoss

flats.

Fig 4, 4A through 4E inclusive, illustrates alternate embodiments of the
invention taught herein. More particularly, 4A and 4B illustrate hexagonal solder
containment deposition regions or cavities 25 useful in staggered array tiling. 4C-and
4D illustrate square solder deposition regions 26 for regular array tiling. 4E illustrates

a round solder containment region 27. In any or all of the embodiments, the addition
of filleted internal corners and rounded external comers provide enhanced mechanical
strength and facilitate cleaning of the donor substrate which may be reusable. The
donor and receiving substrates may have substantially matching coefficients of
thermal expansion and thereby maintain good alignment during reflow. It is also

possible to use the same material for both the donor and receiving substrates. Suitable



materials for donor substrate include silicon wafer, metal plate, including aluminum,
or ceramic, sapphire or glass. Depending on the donor material, the containment
regions may be formed by reactive ion etching, conventional milling or electrical

discharge machining.

Ilustrated in Fig 5 is an alternate embodiment of the invention taught herein.
The donor substrate 110 is a laminate structure of a polymer film, such as, for
example, polyimide, over a ri.gid backer 109, with a solder paste containment region
117 formed in the polymer film by photolithography or laser ablation or some similar

‘manner.

Additional conﬁgui'ations of the improvement taught herein, including but not
limited to variations of the solder contain;yﬂqt region in the donor substrate, will be
apparent to those of average skill in the art and all embodiments incorporating the
principles set forth herein are intended to be encompassed in the claims set forth

below.
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CLAIMS

An improved contained paste deposition apparatus, said
apparatus including a donor substrate, a receiving substrate and
solder bumps formed from paste during reflow with the donor substrate
remaining in place during reﬂo§v and solder bumps transferring from
the donor substrate to the receiving substrate, said improvement
comprising:
solder paste containment regions on the donor substrate, said
containment regions exhibiting fractal-like perimeters and having a
predetermined depth, each said region operable during reflow to
position a molten solder bump protrudably relative to the surface of the
donor substrate thereby facilitating transfer from the donor substrate to

the receiving substrate.

An improved contained paste deposition apparatus useful in the
formation of solder bumps as in Claim 1, said improvement further
comprising:
solder paste containment region having one or more stub walls
operable to encourage a molten solder bump to a predetermined

position.

An improved contained paste deposition apparatus useful in the
formation of solder bumps as in Claim 1, said improvement further
comprising:

a paste containment region having a perimeter optimized for tiling into

aregular array.

An improved contained paste deposition apparatus useful in the
formation of solder bumps as in Claim 1, said improvement further

comprising:
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a paste containment region having a perimeter optimized for tiling into

a staggered array.

An improved contained paste deposition containment apparatus
useful in the formation of solder bumps as in Claim 1, said
improvement further comprising:
filleted internal comers and rounded external corners operable to

enhance mechanical strength and to facilitate cleaning.

An improved contained paste deposition containment apparatus
useful in the formation of solder bumps as in Claim 1:
where the outer dimensions of the paste containment region are from

about 25 um to 2.5 mm.

An improved contained paste deposition containment apparatus
useful in the formation of solder bumps as in Claim 1:
where the donor substrate is a material with a non-solder-wettable
surface and a coefficient of thermal expansion that substantially

matches the coefficient of thermal expansion of the receiving substrate.

An improved contained paste deposition containment apparatus
useful in the formation of solder bumps as in Claim 1:
where the donor substrate is the same material as the receiving

substrate,

A donor substrate as in Claim 8:
where the donor substrate is a silicon wafer with solder paste
containment cavities etched into the surface with a reactive ion etching

process.
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A donor substrate as in Claim 8:
where the donor substrate is a ceramic, sapphire or glass substrate with
solder paste containment cavities etched into the surface with a reactive

ion etching process.

A donor substrate as in Claim 8:
where the donor substrate is a metal plate, with solder paste
containment cavities machined into the surface with conventional

milling or electrical discharge machining.

A donor substrate as in Claim 11:;

where the substrate material is substantially aluminum.

A donor substrate as in Claim 8:
where the donor substrate is a laminate structure of a polymer film over
a rigid backer, with solder paste containment cavities etched into the

polymer film with photolithographic processing or laser ablation.

A donor substrate as in Claim 13:

where the polymer film is polyimide.



