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54) JOINT A GLOBULE DE SOUDURE AMELIORE

34) IMPROVED SOLDER BALL JOINT

(57) Jomt d interconnexion a globule ameliore pour un
boitier de circuit mtégre de type BGA (grille de
globules), comprenant une base de substrat (11)
presentant une premiere surface sur laquelle est fixée une
puce de circuit mtégre (10), et une seconde surface
opposce. Le substrat est travers€¢ par un trou
d'interconnexion (15). Le trou d’interconnexion (15)
presente un passage central traversant le substrat. Ce
passage est bouch¢ avec un maténau flexible non
conducteur tel qu'un materiau de masquage de soudure
¢poxy. Une plage metallique pour globule de connexion
se trouve sur la seconde surface du substrat. Cette plage
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(57) An mmproved imterconnection ball jomnt for a ball
orid array integrated circuit package includes a substrate
base (11) having a first surface to which an integrated
circuit die (10) 1s affixed, and an opposite second
surface. A metallized via (15) extends through the
substrate. The via (15) has a central hole which extends
through the substrate. The hole 1s plugged with a flexible
nonconductive material, such as epoxy solder mask
material. A metallic mmterconnection ball land (21) 1s on
the second surface of the substrate, integral with the
metallized via and adjacent to the hole and the plug of
nonconductive material. A solder mterconnection ball
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metallique  (21) fait partie ntégrante du trou
d’interconnexion metallise et est adjacente au passage et
au bouchon de matériau non conducteur. Un globule de
soudure d’interconnexion (22) est forme sur la plage de
soudure, a 1'oppos¢ du trou d’interconnexion et du
bouchon de matériau non conducteur. Une liaison
annulaire metal sur metal est réalisée a la jonction du
globule d’interconnexion (22) et de la plage (21)
entourant le bouchon de mateériau non conducteur au
centre du trou d’interconnexion. Le joint preésente une
resistance surprenante au cisaillement et resiste a la
fissuration, ce qui réduit les risques de défectuosites de la
liaison ¢lectrique au niveau au niveau du joint. La
disposition du globule de connexion directement a
I"oppos¢ du trou d'interconnexion permet la

miniaturisation du boitier.
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(22) 1s formed on the land, opposite the via and the plug
of nonconductive material. A metal-to-metal annular
bond 1s formed at the joint between the mterconnection

ball (22) and the land (21) around the plug of
nonconductive material in the center of the via.
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(§7) Abstract

An improved interconnection ball joint for a ball grid array integrated circuit package includes a substrate base (11) having a first
| surface to which an integrated circuit die (10) is affixed, and an opposite second surface. A metallized via (15) extends through the substrate.

The via (15) has a central hole which extends through the substrate. The hole is plugged with a flexible nonconductive material, such as
epoxy solder mask material. A metallic interconnection ball land (21) is on the second surface of the substrate, integral with the metallized
via and adjacent to the hole and the plug of nonconductive material. A solder interconnection ball (22) is formed on the land, opposite the

via and the plug of nonconductive material. A metal-to-metal annular bond is formed at the joint between the interconnection ball (22)
and the land (21) around the plug of nonconductive material in the center of the via.
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IMPROVED SOLDER BALL JOINT

FIELD OF THE INVENTION

The present i1invention relates to integrated

circult packages, and in particular to a solder
interconnection ball joint for ball grid array

packages.
BACKGROUND OF THE INVENTION
Integrated circult die are typically housed in

closed packages. The packages include internal and

external structures for electrically connecting the die
in the package to external circuitry, e.q., a circuit

poard. One known type of package is a ball grid array
("BGA") package.

BGA packages characteristically have an array of

solder 1nterconnection balls, sometimes described as

"bumps", 1n a selected pattern on a bottom external

portion of the package. The interconnection balls are
placed on metallic port.ons of an external circuit
board, heated, and upon re-solidifying, form
conductive, metal-to-metal bonds with metallization or
metal traces the circuit board.

BGA packages typically have a flat, insulating
substrate base having first and second surfaces. The
lntegrated circuilt die enclosed in the package is above
an interior first surface of the substrate. The
substrate has a plurality of through-holes drilled

petween 1its 1nterior (i.e., within the package) first

surface and exterior second surface. The circumference
of each drilled through-hole is lined throughout its

entire length with metal, so that a conductive

-1 -
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metallized via 1s formed between the interior and
exterior surfaces of the substrate. The hole at the
center of the via may become filled with epoxy solder

mask material as a result of manufacturing steps which

apply layers of epoxy solder mask material onto the
surfaces of the substrate.

Metal conductive structures within the package,
such as metal traces on the interior first surface of
the substrate and bond wires, electrically connect the
metal lining of each of the vias to contact pads on the
die. At an opposite end of each via, at the exterior
second surface of the substrate, the metal of the via
1s electrically connected to metal lines or traces on
the exterior surface of -+~ substrate. These metal
traces extend laterally away from the via to a flat
metal i1nterconnection ball land on the exterior surface

of the substrate. Hence, the land is displaced from

the metallized via.

A heated solder interconnection ball is placed on
the exposed metal surface of the land. Upon re-
solidification of the solder, an interconnection ball
jJoint 1s formed at the intersection of the
interconnection ball and the metal surface of the land.
The metal-to-metal bond between the interconnection
ball and the land at the joint is uninterrupted, with
no purposeful discontinuities or voids.

BGA packages having such uninterrupted metal-to-
metal bonding at their interconnection ball joints are
prone to electricel connectivity failures. Applicants
have discovered, for example, in packages where solder
1nterconnection balls are in an uninterrupted metal-to-
metal bond with a nickel layer of an interconnecticn
ball land, that the nickel layer tends to crack,

causing a failure in the electrical connection between

the interconnection ball and the package.

Accordingly, there 1s a need for a package, which
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may be readily manufactured and is not susceptible, or
1s less susceptible, to failure by cracking at the
metal-to-metal joint between a land on the package

substrate and the interconnection ball.

SUMMARY OF TINVENTION

Embodiments of an improved interconnection ball
joint for a ball grid array ("BGA") integrated circuit
package are disclosed. The joint has improved cracking
resistance compared to the interconnection ball joints

on conventional BGA packages.

The package has a substrate base. The substrate
has a first surface and an opposite seconc s rface.
The 1ntegrated circuit die is affixed, such as by a
conventional adhesive, to the first surface of the
substrate. A metal-lined via extends through the
substrate from the first surface to the second surface
of the substrate. This metallized via has a central
hole, 1.e., within the metal plating that lines the
walls of the via. The hole extends throughout the
length of the via, i.e., through the substrate from the
first surface to the second surface of the substrate.

A planar metallic interconnection ball land is
formed on the second surface of the substrate. The
land i1s integral with the metal lining of the
metallized via. The land is adjacent to and formed
around the via and the hole.

The central hole within the metal lining of the
via contains, at least adjacent to the land, a plug of
a flexible nonconductive material, such as epoxXy solder
mask material. In the example, the plug of
nonconductive material within the via extends

throughout the entire length the hole through the
substrate.

A metallic solder interconnection ball is placed

symmetrically and accurately on the planar surface of

PCT/US98/09214
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the land, forming an interconnection ball joint. At
the joint, the interconnection ball is centered on and
opposite the metallized via and the plug of
nonconductive material in the central hole of the via.
The interconnection ball forms a metal-to-metal annular
pond with the land around the plug of nonconductive

material in the central hole of the via.
In contrast with the interconnection ball joints

of conventional BGA packages, which have uninterrupted

metal-to-metal bonds at the joints between the
lnterconnection balls and lands, Jolnts in accordance
wlth the present invention have a discontinuity in
their metal-to-metal bonds. In the embodiments
described herein, the metal-to-metal bonding at the
joint occurs around the approximately circular surface
of the plug of nonconductive material in the central
hole of the metallized via.

Joints in accordance with the present invention
unexpectedly demonstrate superior shearing strengths
and cracking resistance, compared .o conventicnal
interconnection ball joints, due to the presence of
such discontinuities in the metal-to-metal bonding at
the joint. This reduces the risk of electrical failure
due to cracking at the joint. Moreover, the
embodiments described herein achieve this result in a
manner which allows miniaturization of the package
1tself, because the interconnection balls are placed
directly below the conductive vias through the
substrate, eliminating the need for some or all metal
traces on the external lower substrate surface.

A example package employs a plurality of such
interconnection ball joints. The integrated circuit
die within the package is electrically connected to the
interconnection balls by a conductive path that extends
through the metallized vias and the interconnection

ball lands. The die and the other structures on the
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first surface of the substrate are encapsulated in a
conventional encapsulating material, such as plastic.
BRIEF DESCRIPTION OF DRAWINGS
Figure 1 is a cross-sectional side view of a
portion of a BGA package, before encapsulation of the
die and bond wires, which displays a single
interconnection ball land prior to placement of an

interconnection ball on the land.

Figure 2 is a top view of an interconnection ball

land on the bottom external surface of a BGA package.
Figure 3 is a cross-sectional side view of a

portion of & BGA package, before encapsulation of the
die and bond wires, which displays a single
interconnection ball joint.

Figure 4 is a cross-sectional side view of an

integrated circuit package showing a plurality of
interconnection ball joints.

DETAILED DESCRIPTION

pefore an interconnection ball is placed on the packaae
and before encapsulation of the die and bond wires.
Substrate 11 is a substantially planar sheet of =1
nonconductive material. Substrate 11 forms an
1insulating base of the B3A package.

Substrate 11 has an upper first surface 12.
Inside the package, integrated circuit die 10 rests on
and 1s affixed to upper first surface 12. Substrate 11
has a lower second surface 13, which is opposite upper
first surface 12. Lower second surface 13 forms the
external underside of the BGA package. Portions of
upper first surface 12 and lower second surface 13 of
substrate 11 are covered by layers 14 of a non-
conductive epoxy solder masking material.

In this embodiment, substrate 11 is formed of a

flat non-conductive laminate. An example thickness of
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substrate 11 1is 0.36 mm to 0.56 mm, but the thickness

may vary depending on the package application.

Examples of suiltable laminates include Mitsubishi-BT,

Arlon 45N, and Nellco BT. Alternatively, substrate 11
5 may be ceramic or insulated metal.

Metallized via 15 of Figure 1 is a metal-lined,
epoxy-filled circular drill hole that extends though
substrate 11, from upper first surface 12 to lower
second surface 13. Lining the circumferential walls of

10 via 15, throughout 1ts length and about its entire
circumference, 1s conductive metal plating 16. Within
the metallized walls of wvia 15, throughout its lengtl
and adjacent to plating 16, 1is plug 17. Plug 17 fills
the central hole within m=*3] lining 16 of via 15.

15 Plug 17 1s formed of a compliant, non-conductive
material. In the example of Figure 1, plug 17 is
formed of epoxy solder mask material like layers 14.
However, the material of plug 17 does not necessarily
nhave to be the same as the material of layers 14.

£V Metallized via 15 of Figure 1 inay be formed by,
first, drilling a circular hole through substrate 11.
An example dri1ll hole diameter is approximately 0.3 mm.
Then, metal plating 16 1s deposited on the walls of the
drill hole, throughout its length and about its entire

25 circumference, forming a conductive path through
substrate 11. Metal plating 16 may be a layer of
copper that 1s 0.0025 mm thick that i1s deposited by a
conventional PTH copper plating process.

After the metal plating step, there is an unfilled

30 hole at the approximate center of via 15, within metal
plating 16. This central hole extends the length of
via 15, from upper first surface 12 to lower sec~nd
surface 13 of substrate 11. Plug 17 is formed in this
central hole of via 15. Plug 17 may be formed during

35 the formation of layers 14, or by a separate step

particularly aimed at filling the hole within via 15.
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The shape, dimensions, and materials of via 15 may
vary, depending on the packaging application. For
example, the diameter of via 15 may be larger or
smaller. If larger interconnection balls are used,

5 then via 15 may have a larger diameter, and vice versa.
The desired size of the package and the reliability and
electrical requirements of the package are also
considerations in determining the size of via 15. As
another example, instead of copper, metal plating 16

10 may be another metal, such as gold. As a final

example, 1nstead of epoxy solder mask material, plug 17

can be formed of a different material that is

compliant, non-conductive, and does not fc.m a bond
with the metal of the land or interconnection ball. An
15 alternative material for plug 17 is silicone, which is

readily obtainable from the Dow Corning Company, among

other sources.

At the 1intersection of via 15 and upper first

surface 12 of substrate 11, via 15 is electrically

20 connected to a conductive metal trace denoted as
metallization 18, which extends laterally away from via
15 on upper first surface 12 of substrate 11. An
opposite second end of metallization 18 is electrically
connected to a conductive metal contact 19, which in

25 turn 1s connected by a conductive bond wire 20 to a
conductive bonding pad on die 10. Thus, there is a
conductive path between die 10 and metal plating 16 of
via 15. There are a variety of alternative,
conventional ways to effect such an electrical

30 connection, such as with tape automated bonding or a
flip-chip configuration.

Returning to Figure 1, a conductive approximately
planar metal interconnection ball land 21 is formed
arocund via 15, at the intersection of wvia 15 with lower

35 second surface 13 of substrate 11. The metal of land

21 1s integral with metal lining 16 of via 15, ensuring
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electrical connectivity, and is around plug 17. In the
embodiment of Figure 1, land 21 is formed of
substantially planar layers of three different metals.
Beginning at lower second surface 13 of substrate 11,
these metal layers include: an underlying first metal
layer 23, which is connected to plating 16 of via 15;
an 1ntermediate second metal layer 24; and a topmost
third metal layer 25.

As examples, layer 23 may be copper that is
approximately 0.019 mm to 0.038 mm thick:; intermediate
layer 24 may be nickel that is approximately 0.005 mm
thick; and topmost layer 25 may be gold that is

approximately 0.0005 mm thick. Each of these copper,

nickel, and gold layers may be deposited on substrate
11 by conventional electrcplating methods, such as the
Learonal method.

In Figure 1, the metal plane of land 41 has a
discontinuity, specifically a circular hole, at its
center. The hole is the center portion of via 15,
which 1s adjacent to land 21 and ...led with
nonconductive epoxy solder mask material (i.e., plug
17) . The exposed surface of plug 17, near lower second
surface 13 of substrate 11 and adjacent to land 21, is
substantially planar across wvia 15 and is approximately
flush with the adjacent layer 25 of land 21. 1In an
alternative embodiment, the exposed surface of plug 17
may be slightly below the adjacent metal surface of
layer 25 of land 21.

Figure 2 1s a top view of land 21 of Figure 1.
Land 21 1s depicted as having an overall circular
shape, although it may have other shapes, such as a
square shape, depending on the application. The
exposed surface of plug 17 of via 15 is adjacent to and
at the approximate center of the metal surface of land
2l. Layer 25 of land 21 is exposed in this view. Land

21 surrounds plug 17, and is electrically connected to

. . . ee 8 . . »- . . 1. - B - . . . e e
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metal plating 16 of via 15. Accordingly, there is a
conductive path between land 21 and die 10 through
metal plating 16 of via 15.

Figure 3 shows an embodiment, in accordance with
5 the present invention, of an interconnection ball jolnt
30, which was formed by the placement of a solder
interconnection ball onto land 21 of Figures 1 and 2.
Annular joint 30 is formed at the intersection of
interconnection ball 22, interconnection ball land 21,

10 and nonconductive plug 17. A conductive metal-to-metal
annular bond forms around the circular plug 17 of
nonconductive epoXy solder mask material, which is
contained within via 15, near lower second surface 13
of substrate 11 and adjacent to land 21. A conductive

15 path exists between interconnection ball 22 and die 10
through land 21, via 15, and the other conductive
structures described above. The shape of the perimeter
of the annular joint and bond may vary, for example,
according to the shape of the interconnection ball.

20 For example, the outer periphery of the resultant
annular joint may be rectilinear, and the inner
periphery of the annular joint may be circular.

Interconnection ball 22 serves as a conductive
connection point between the BGA package and an

25 external circuit board (not shown) .

In the embodiment of Figure 3, interconnection
ball 22 is formed of eutectic 63/37 tin/lead sclder.
Alternatively, other solders may be used to form
interconnection ball 22, such as non-eutectic tin/lead

30 solder, non-lead solders, or other low melting point
solders formed of a metal or an alloy of metals.

In the example of Figure 3, the eutectic solder of
interconnection ball 22 is shaped, heated, and placed
onto land 21. Upon re-solidification of the solder, a

35 metal-to-metal annular bond is formed about circular

plug 17 between interconnection ball 22 and land 21
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(see Figure 2).
Where metal layers 23, 24, and 25 of land 21 are
copper, nickel, and gold, respectively, as in the

example described above, the metal-to-metal bond at

joint 30 1s primarily between the nickel intermediate
layer 24 and the eutectic tin/lead solder of

interconnection ball 22, because all or most of gold

layer 25 dissolves into the solder. Accordingly,

Figure 3 does not show gold layer 25.

Joint 30 of Figure 3 does not have an
uninterrupted metal-to-metal bond like the
interconnection ball joints of the conventional RGA
packages described above. Circular plug 17 in via 15
1s at the approximate c=nc.er of land 21 (see Figure 2)
and joint 30. Because of this epoxy-filled circular
hole 1n the metal horizontal plane of land 21, there is
a cilrcular discontinuity in the metal-to-metal bonding
at joint 30. Interconnection ball 22 forms a metal-to-
metal annular bond with the planar metal surface of
land 21 about plug 17, but does not bond with the
nonconductive surface of plug 17.

Applicants have discovered that interconnection
pall jJoints, such as the example of Figure 3, having a
discontinulty in the metal-to-metal bonding between the
interconnection ball and the metal land demonstrate
significantly higher shearing strengths than the
uninterrupted metal-to-metal joints of conventional BGA
packages. This result is unexpected, assuming similar
slize 1interconnection ball lands, because the area of
the metal-to-metal bond of the interconnection ball
joint is smaller. Applicants hypothesize that the
discontinulty in the metal-to-metal bond (i.e., the
central hole of via 15, which is filled with plug 17 of

a non-conductive material) functions like a hole

drilled in a glass automobile windshield at the tip of

~10-
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a propagating crack. The hole stops the crack from |
propagating further. 1In the case of Figure 1, joint 30
reduces the risk of electrical connectivity failures
due to, for example, cracking of nickel layer 24.

The embodiment of Figure 3 is particularly suited
for current and future BGA packaging applications,
because of its efficient, compact design. By placing
interconnection ball 22 onto land 21, opposite and
directly below via 15 and plug 17, and by using via 15
as the discontinuity in land 21, metal traces on the
lower surface of the BGA package can be eliminated.
This reduces the package’s surface area and cost.

Figure 4 is a cross-sectional side vi-w nf an
exemplary integrated circuit package 40 employing
lnterconnaction ball joints in accordance with the
present invention. Figure 4 includes components
described above with respect to Figures 1-3. For
clarity, Figure 4 only shows two of bond wlres 20,
contacts 19, metal traces 18, vias 15, interconnection
balls 22, and joints 30, although many more of these
Structure may exist in a typical package, depending on
the particular packaging application. Also for
clarity, layers 14 and plug 17 are not shown.

Figure 4 shows encapsulating material 41, which
covers and seals die 10, bond wires 20, contacts 19,
metal trace 18, and the remainder of first surface 12
of substrate 11 within package 40. Encapsulating
material 41 may be, for example, plastic, such as an
epoOXy resin or other resin conventionally used in

semiconductor packages for encapsulation.

The above-described embodiments are exemplary.

Other embodiments, within the scope of the claims

below, will be apparent to those skilled 1n the art.

_ll_
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CLAIMS
1. An interconnection ball joint in an

integrated circult package comprising:
a substrate having a first surface and an opposite

second surface;
a metallized via extending through the substrate

from the first surface to the second surface of the

substrate, said via 1including a central hole which

extends from the first surface to the second surface of

the substrate:

a metallic interconnection ball land, on the

second surface of the substrate, integral with the
metallized via and adjacent to the hole;

the hole containing a nonconductive material
prlugging the hole adjacent to the land;

a metallic solder interconnection ball: and

wherein the interconnection ball is in a metal-to-

metal annular bond with the land around the hole.

2 . The interconnection bal. ,oint of claim 1,

wherein the land 1includes layers of different metals.

3. The interconnection ball joint of claim 2,

wherein the land includes a layer of nickel and a layer

of copper.

4 . The 1nterconnectior ball joint of claim 3,
wherein the nonconductive material is an epoxy

material.

5. The i1nterconnection ball joint of claim 1,
whereln the nonconductive material 1s an epoxy

materlial .

6 . A package for an integrated circuit

COMPrising:

-12 -
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a substrate having a first surface and an opposite

second surface;
an integrated circuit die affixed to the first

surface;
a metallized via extending through the substrate

from the first surface to the second surtace of the
substrate, said via including a central hole which
extends from the first surface to the second surface of

the substrate;

a metallic interconnection ball land, on the
second surface of the substrate, lntegral with the
metallized via and adjacent to the hole;

the hole containing a nonconductive material

plugging the hole adjacent to the land;

path which extends through the metallized via.

7. The package of Claim 6, wherein the land

includes layers of different metals.

8 . The package ¢l Claim 7, wherein the land

includes a layer of nickel and a layer of copper.

9. The package of claim 7, wherein the

nonconductive material is an epoxy material.

10. The package of claim 6, wherein the

nonconductive material is an epoxy material.

11. The package of Claim 10, wherein the
conductive path includes a metal trace on the first

surface of said substrate, and a metal bond wire.

~13-
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12. The package of claim 11, further comprising

an encapsulating material, wherein the encapsulating

material covers the integrated circuit die, the metal

trace, the bond wire, and the first surface of the
substrate.

13. The package of claim 12, wherein the land

includes a layer of nickel and a layer of copper.

_14_
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