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Description

Technical Field of the Invention

[0001] The present invention relates generally to elec-
tronics packaging. More particularly, the present inven-
tion relates to apparatus and methods for coupling the
electrical contacts of an integrated circuit to bonding pads
having vias.

Background of the Invention

[0002] Integrated circuits (ICs) are typically assembled
into packages that are physically and electrically coupled
to a substrate such as a printed circuit board (PCB) to
form an "electronic assembly". The "electronic assembly"
can be part of an "electronic system". An "electronic sys-
tem" is broadly defined herein as any product comprising
an "electronic assembly". Examples of electronic sys-
tems include computers (e.g., desktop, laptop, handheld,
server, Web appliances, etc.), wireless communications
devices (e.g., cellular phones, cordless phones, pagers,
etc.), computerrelated peripherals (e.g., printers, scan-
ners, monitors, etc.), entertainment devices (e.g., televi-
sions, radios, stereos, tape and compact disc players,
video cassette recorders, etc.), and the like.
[0003] In the field of electronic systems there is an in-
cessant competitive pressure among manufacturers to
drive the performance of their equipment up while driving
down production costs. This is particularly true regarding
the packaging of ICs on substrates, where each new gen-
eration of board-level packaging must provide increased
performance while generally being smaller or more com-
pact in size.
[0004] A substrate typically includes a number of insu-
lation and metal layers selectively patterned to provide
metal interconnect lines (referred to herein as "traces"),
and a plurality of electronic components mounted on one
or more surfaces of the substrate and functionally inter-
connected through the traces. The routing traces typically
carry signals that are transmitted among the electronic
components, such as ICs, of the system. Some ICs have
a relatively large number of input/output (I/O) pads. The
large number of I/O pads requires a relatively large
number of routing traces. Some PCBs require multiple
layers of routing traces to accommodate all of the system
interconnections.
[0005] Routing traces located within different layers
are typically connected electrically by vias formed in the
substrate. A via can be made by making a hole through
some or all layers of a PCB and then coating or plating
the interior hole surface with an electrically conductive
material, such as copper or tungsten.
[0006] One of the conventional ways of mounting com-
ponents on a substrate is called surface mount technol-
ogy (SMT). SMT components have terminations or leads
(generally referred to as "electrical contacts") that are
soldered directly to the surface of the substrate. SMT

components are widely used because of their compact
size and simplicity of mounting. One conventional type
of SMT component utilizes a ball grid array (BGA) to con-
nect to the substrate. A BGA component has a plurality
of solder balls on one surface, each of which represents
an electrical contact. Each solder ball connects to a con-
ductor within the component.
[0007] The electrical contacts of an SMT component,
such as a BGA component, are coupled to corresponding
metallized mounting or bonding pads (also referred to
herein as "lands") on the surface of the substrate, in order
to establish a secure physical connection to the substrate
as well as to establish an electrical connection between
the SMT component and at least one trace connected to
the lands. Ordinarily one land is dedicated to one SMT
electrical contact.
[0008] In order to fabricate PCBs in which compo-
nents, including IC packages, are mounted in higher den-
sities, it is known to use a via-in-pad structure. In this
structure, a via is formed in each mounting pad or land,
thus conserving valuable "real estate" on the PCB that
would otherwise be separately occupied by the vias and
the lands. The resulting electronic system can be man-
ufactured at a lower cost and in a more compact size,
and it is therefore more commercially attractive.
[0009] Before the SMT component is mounted on a
substrate, the substrate lands are selectively coated with
solder paste. To mount an SMT component to a sub-
strate, the component is carefully positioned or "regis-
tered" over the substrate so that its electrical contacts
(e.g. solder balls) are aligned with the corresponding
lands. Finally, the solder balls and lands are heated to a
temperature that melts the solder balls and the solder
paste, so that they physically merge and form proper
electrical and physical connections.
[0010] Before the substrate lands are coated with sol-
der paste, a layer of solder mask or solder resist material
is first applied to the substrate everywhere except the
lands. For via-in-pad structures, via capping material is
typically applied to the under surface of the substrate to
plug the lower openings of the vias. Then, solder paste
is applied to the lands on the substrate’s upper surface.
[0011] The solder mask, the via cap, and the solder
paste can comprise one or more volatile materials. Such
materials can include volatile organic compounds
(VOCs). One example of such a VOC is polyglycol, which
is commonly used in PCB fabrication. Polyglycol has a
boiling point of approximately 170 degrees Centigrade
compared to the liquidus temperature of approximately
183 degrees Centigrade for solder paste.
[0012] For a PCB containing via-in-pads, problems
can arise when the solder balls and lands are heated,
because uncured or excessive VOC that resides in liquid
form within the vias can expand or "outgas" upwards into
the overlying solder balls. This can cause the solder balls
to expand to the point where adjacent solder balls can
be left touching, creating short circuits. This phenomenon
is referred to as "BGA bridging". In addition, the forceful
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outgassing of VOCs can leave voids where the solder
balls are supposed to make contact with the vias, creating
significantly weakened connections or open circuits.
[0013] For the reasons stated above, and for other rea-
sons stated below which will become apparent to those
skilled in the art upon reading and understanding the
present specification, there is a significant need in the
art for apparatus and methods for coupling an integrated
circuit to a substrate that offer relatively high density while
providing a relatively high quality interconnection.
[0014] Patents Abstract of Japan vol. 1997, no. 03, 31
March 1997 (1997-03-31) - & JP 08 288658 A (Mitsubishi
Electric Corp), 1 November 1996 (1996-11-01) discloses
fabricating a plurality of lands on a surface and forming
an off-centre via in each land.
[0015] The present invention provides a method and
a substrate as defined in Claims 1 and 9.

Brief Description of the Drawings

[0016]

FIG. 1 is a perspective view of a prior art PCB, mask,
and screener;

FIG. 2 is a cross-sectional view of the prior art PCB
shown in FIG. 1 taken along line 50 of FIG. 1. and
in addition a cross-sectional view of an IC package
that is aligned for coupling to the prior art PCB;

FIG. 3 showns the prior art PCB shown in FIG. 2
being coupled to an IC package during a solder re-
flow operation in which adjacent solder balls are
bridged due to outgassing of volatiles:

FIG. 4 is a perspective view of a PCB, mask and
screener;

FIG. 5 is a diagrammatic top view of two lands, each
having an off-center via;

FIG. 6 is a cross-sectional view of the PCB shown
in FIG. 4 taken along line 150 of FIG. 4, and in ad-
dition a cross-sectional view of an IC package
aligned to be coupled to the PBC;

FIG. 7 shows the PCB of the present invention being
coupled to an IC package during a solder reflow op-
eration in which adjacent solder balls are ballooning
but not touching;

FIG. 8 shows the PCB of the present invention cou-
pled to an IC package;

FIG. 9 is a top view of an IC overlying a portion of a
substrats having a plurality of lands each having an
off-center via, in accordance with an embodiment of
the invention; and

FIG. 10 is a flow diagram of a method of fabricating
an electronic assembly that includes forming off-
center vias in lands to inhibit adjacent solder balls
from bridging.

Detailed Description of the Invention

[0017] In the following detailed description of the in-
vention, reference is made to the accompanying draw-
ings which form a part thereof, and in which is shown by
way of illustration, sufficient detail to enable those skilled
in the art to practice the invention, and it is to be under-
stood that compositional, mechanical and electrical
changes may be made without departing from the scope
defined by the appended claims of the present inven-
tions. The following detailed description is, therefore, not
to be taken in a limiting sense, and the scope of the
present invention is defined only by the appended claims.
[0018] The present invention provides a solution to the
problem of thermally expansive substances, such as vol-
atile organic compounds (VOCs), outgassing during sol-
der reflow to produce quality defects. Various embodi-
ments are illustrated and described herein. In one em-
bodiment, channels in via-in-pad structures are formed
offset from the pad center to minimize the effect of out-
gassing during solder reflow. By offsetting the via chan-
nels within the pad or land, the ballooning of solder balls
is significantly lessened, reducing the likelihood of adja-
cent solder balls touching, enabling more solder to re-
main in the solder joint, and reducing shear stress and
shock fatigue on the land. Methods of fabrication, as well
as application of the invention to a substrate, an elec-
tronic assembly, and an electronic system, are also de-
scribed.
[0019] In addition to the foregoing advantages, the im-
proved via-in-pad apparatus and methods of the present
invention are compatible with existing packaging tech-
nologies, so that significant quality improvements are
achieved at a relatively low implementation cost, thus
making the apparatus and methods of the present inven-
tion commercially competitive.
[0020] FIG. 1 is a perspective view of a prior art PCB
12, mask 2, and screener 3. A surface 1 of PCB 12 has
a plurality of via-in-pad structures (only two of which are
illustrated) each comprising an O-shaped land 4 formed
above and coupled to a via 15 having a hole 5. Solder
paste can be applied to each land 4, and a corresponding
solder ball on an IC package can be coupled to land 4,
as will be shown below.
[0021] Although in the IC packaging technology vias
can be either solid or hollow, as used herein the term
"via" means a hollow via. Via 15 comprises electrically
conductive material, such as copper, that electrically con-
nects circuit traces on different layers (not shown) of PCB
12. Via 15 can be of any type or cross-section but is
typically circular. In the prior art structure illustrated in
FIG. 1, via 15 is essentially a copper or copper-plated
cylinder having a wall of finite, substantially uniform thick-
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ness that extends partially into PCB 12 (as indicated by
the dashed lines) or entirely through PCB 12, depending
upon how many layers of the PCB it is required to connect
to. Vias 15 are typically formed by drilling a hole through
all or a part of PCB 12 and then covering the interior wall
of the hole with a conductive metal such as copper or
tungsten.
[0022] As mentioned in the Background section above,
the lands 4 on PCB 12 need to be coated with solder
paste in preparation for joining with the corresponding
solder balls of an IC package. To this end, a mask 2 is
positioned over surface 1 of PCB 12, and a screener
apparatus 3 dispenses solder paste through apertures 8
in mask 2 in the direction indicated by arrows 10. The
solder paste normally comprises a combination of solder
powder, flux, a suspension agent, and a solvent. The
solder paste not only coats the lands 4, but it can also
enter holes 5 into vias 15.
[0023] After the solder paste screening operation, the
solder paste is allowed to cure or harden, during which
time some or all of the liquid components evaporate, de-
pending upon a number of process variables. When the
volatile liquid component(s) do not all evaporate, signif-
icant problems can occur, as will be illustrated below re-
garding FIG. 3.
[0024] It should be noted that other masks can be used
to apply other materials containing volatile liquid compo-
nents to the surface 1 of PCB 12 before application of
the solder paste as described above with reference to
FIG. 1. For example, solder resist can be applied to define
the areas of the surface 1 of PCB 12 where solder paste
is to be retained. In addition, volatile liquid components,
e.g., solvents, can be applied to PCB 12 without using
masks.
[0025] Also, as mentioned earlier and described be-
low, via caps (17, FIG. 2) positioned on the underside of
vias 15, and typically extending upwards into the vias 15,
can comprise uncured volatile components that outgas
significantly when subjected to solder reflow tempera-
tures. In some prior art via-in-pad structures, uncured
volatile components in via capping materials constitute
the most significant cause of outgassing during solder
reflow.
[0026] The volatile liquid components within the vari-
ous materials that can be applied to the surface 1 of PCB
12 are thermally expansive substances, i.e. they expand
when subjected to heat. These volatile liquid components
can be of any suitable type, and they often include volatile
organic compounds, such as polyglycol.
[0027] FIG. 2 is a cross-sectional view of the prior art
PCB 12 shown in FIG. 1 taken along line-50 of FIG. 1,
and in addition a cross-sectional view of an IC package
20 that is aligned for coupling to the prior art PCB 12.
Vias 15 are shown containing a thermally expansive sub-
stance, such as "via fill" 14, which in the prior art structure
can include both cured material as well as thermally ex-
pansive material such as a volatile organic compound.
The particular level of via fill 14 within vias 15 is merely

illustrative; the level can range anywhere between full to
empty.
[0028] In the prior art structure illustrated in FIG. 2, via
fill 14 is primarily via capping material from via cap 17.
However, via fill 14 can also include processing solvent
residues. In addition, as mentioned earlier, via fill 14 can
also include solder paste. As a result of an operation in
which a solder paste material is applied to the upper sur-
face 1 of PCB 12, solder paste 16 resides on lands 4 as
well as within vias 15, where it constitutes a relatively
minor part of via fill 14.
[0029] The lower side (as viewed in FIG. 2) of each via
15 has a via cap 17 to prevent via fill 14, such as solder
paste, from running through the via. The via cap 17 can
comprise epoxy, for example. Via cap materials typically
require curing after their application to PCB 12. When
these via cap materials are not fully cured, they can cause
significant outgassing within via 15, thereby contributing
to solder ball bridging, as will be discussed further below
regarding FIG. 3. Via caps 17 not only cover the bottom
openings of vias 15, but they also extend upward into
vias 15.
[0030] IC package 20 comprises a plurality (only two
of which are illustrated) of lands 21, to which are coupled
contacts, bumps, or balls 22, each comprising an elec-
trically conductive material such as solder. Solder balls
22 are of approximately the same shape, size, and pitch
as lands 4. Solder balls 22 are aligned or "registered"
with respect to lands 4.
[0031] In a subsequent reflow operation (to be de-
scribed in FIG. 3 below), the package structure, compris-
ing solder balls 22, lands 4, and vias 15, is heated sub-
stantially to the melting point or liquidus of the solder
material. The purpose of the reflow operation is to cause
solder balls 22 and the solder paste 16 on lands 4 to flow
together, so that lands 21 of IC package 20 and lands 4
of substrate 12 become physically and electrically cou-
pled upon cooling.
[0032] FIG. 3 shows the prior art PCB 12 shown in FIG.
2 being coupled to an IC package 20 during a solder
reflow operation in which adjacent solder balls 22 are
bridged due to outgassing of volatiles.
[0033] When the package structure, comprising IC
package 20 and PCB 12, is subjected to heat during a
reflow operation, solder balls 22 become molten. In ad-
dition, any VOCs in via fill 14 within vias 15 heat up and
expand. The VOCs in via fill 14 in the lower portion of via
15 are prevented from exiting downwardly from the via
15 by via cap 17. Due to the presence of unevaporated
thermally expansive material within the via fill 14 when
the prior art structure is heated to the solder liquidus, the
via fill 14 can outgas in large bubbles 23 within the over-
lying molten solder balls 22, causing solder balls 22 to
expand laterally in a ballooning effect. When adjacent
solder balls 22 touch, as shown at area 26, shorts result
within the electrical paths of the electronic structure, and
the electronic structure can experience operational faults
or even total failure.
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[0034] The geometry of the via-in-pad structure illus-
trated in FIG. 3 contributes to bridging of adjacent solder
balls 22. Solder balls 22 strongly adhere to lands 21 on
IC package 20 as well as to lands 4 on PCB 12. Moreover,
solder balls 22 have a high surface tension that causes
solder balls 22, although molten, to retain a substantially
spherical shape. Because vias 15 are centered within
lands 4, the balloons formed by molten solder balls 22
are fairly symmetrical, and their walls have a substantially
uniform thickness that is considerably resistant to col-
lapse.
[0035] FIG. 4 is a perspective view of a PCB 112, mask
102, and screener 103.
[0036] A surface 100 of PCB 112 has a plurality of via-
in-pad structures (only two of which are illustrated) each
comprising a land 104 formed above and coupled to a
via 115 (shown in dashed lines) having a hole 105.
[0037] Vias 115 can be of any type or cross-section,
but in the example shown they are circular. Vias 115 can
extend partially into PCB 112 or entirely through PCB
112, depending upon how many layers of the PCB they
are required to connect to.
[0038] Vias 115 are drilled, and have a finished diam-
eter that is slightly less than their drilled diameter. The
unfinished diameter of vias 115 is in the range of .33 to .
38 millimeters (13 to 15 mils). After plating, the finished
diameter of vias 115 is in the range of .25 to .33 millim-
eters (10 to 13 mils). The diameter of lands 104 is in the
range of .61 to .71 millimeters (24 to 28 mils).
[0039] In a manner similar to that described above re-
garding FIG. 1, lands 104 on PCB 112 are coated with
solder paste in preparation for joining with the corre-
sponding solder balls of an IC package. To this end, mask
102 is positioned over surface 100 of PCB 112, and
screener apparatus 103 dispenses solder paste through
apertures 108 in mask 102 in the direction indicated by
arrows 110. The solder paste normally comprises a com-
bination of solder powder, flux, a suspension agent, and
a solvent. After this operation, the solder paste is allowed
to cure or harden, during which time some or all of the
liquid components evaporate, depending upon a number
of process variables.
[0040] In a similar fashion as mentioned earlier regard-
ing the prior art structure shown in FIG. 1, other materials
containing VOC’s or other volatile liquid components can
be applied to the surface 100 of PCB 112, whether
through the use of a mask or not, before application of
the solder paste as described above with reference to
FIG. 4. For example, solder resist can be applied to define
the areas of the surface 100 of PCB 112 where solder
paste is to be retained, such as lands 104. Also, via caps
(117, FIG. 6) positioned on the underside of vias 115,
and extending upwards into vias 115, can comprise un-
cured volatile components that outgas significantly when
subjected to solder reflow temperatures.
[0041] The volatile liquid components Within the vari-
ous materials that can be applied to the surface 100 of
PCB 112 are thermally expansive substances, i.e. they

expand when subjected to heat. As for the prior art struc-
ture discussed earlier, these volatile liquid components
can be of any suitable type, and they often include volatile
organic compounds (VOC’s), such as polyglycol,
[0042] FIG. 5 is a diagrammatic top view of two lands
130 and 131, each having an off-center via 134 and 135,
respectively Lands 130 and 131 represent any two ad-
jacent lands from PCB 112, and they can be similar to or
identical to lands 104 (FIG. 4). Although the lands on
PCB 112 are partitioned into at least two different groups,
as illustrated in FIG. 9 and discussed below, lands 130
and 131 are assumed to be from the same group of lands.
Land 130 comprises a via 134, and land 131 comprises
a via 135.
[0043] Land 130 has a geometric center 132 and an
edge 138. Likewise, land 131 has a geometric center 133
and an edge 139. Vias 134 and 135 have geometric cent-
ers 136 and 137, respectively,
[0044] Vias of adjacent lands 130 and 131 are formed
at substantially the same offset distances 140 and 141,
respectively, from the geometric centers of their respec-
tive lands. Also, the geometric centers of vias 134 and
135 of respective lands 130 and 131 are offset in sub-
stantially the same direction. In other words, the offsets
140 and 141 of vias 134 and 135, respectively, have sub-
stantially the same angle. For example, the geometric
centers 136 and 137 of vias 130 and 131, respectively,
are each offset from the geometric centers (132, 133) of
their respective lands (130, 131) by ninety degrees (with
reference to the Cartesian grid provided in FIG. 5 by X-
axis 145 and Y-axis 146).
[0045] Although offset vias can be provided in pads or
lands in a regular, orthogonal pattern, as shown in FIG.
5, the present invention is not to be construed as limited
to such a pattern, and it can be implemented with many
other types of patterns that have variations in any of the
relevant variables which include but are not limited to
land size, via size, relative and actual offset distance,
offset angle, and pitch.
[0046] FIG. 6 is a croos-sectional view of the PCB 112
shown in FIG. 4 taken along line 150 of FIG. 4, and in
addition a cross-sectional view of an IC package 120
aligned to be coupled to the PCB 112. PCB 112 and IC
package 120 form an electronic assembly that can be
part of an electronic system.
[0047] As discussed earlier regarding the prior art
structure illustrated in FIG. 2, vias 115 are shown con-
taining a thermally expansive substance, such as "via fill"
114, which can include both cured material as well as
thermally expansive material such as a volatile organic
compound. The particular level of via fill 114 within vias
115 is merely illustrative; the level can range anywhere
between full to empty.
[0048] In FIG. 6, via fill 114 is primarily via capping
material from via cap 117. However, via fill 114 can also
include processing solvent residues and solder paste.
As a result of an operation in which a solder paste material
is applied to the upper surface 100 of PCB 112, solder
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paste 116 resides on lands 104 as wall as within vias
115, where it typically constitutes a relatively minor part
of via fill 114.
[0049] The lower side (as viewed in FIG. 6) of each via
115 has a via cap 117 to prevent via fill 114, such as
solder paste, from running out of the via. Via cap 117 can
comprise epoxy, but it can comprise a blend of epoxy
and acrylate. Via cap 117 can comprise a solder mask
material that is partially or entirely cured through thermal
and/or ultraviolet treatments. Via caps 117 not only cover
the bottom openings of vias 115, but they also extend
upward into vias 115.
[0050] IC package 120 comprises a plurality (only two
of which are illustrated) of contacts, bumps, or balls 122,
each comprising an electrically conductive material such
as solder. Solder balls 122 are of approximately the same
shape, size, and pitch as lands 104. Solder balls 122 are
aligned or "registered" with respect to lands 104.
[0051] In a subsequent operation (described with ref-
erence to FIG. 7 below), the solder balls 122 and the
lands 104, which have been coated with solder paste
116, are heated substantially to the melting point or liq-
uidus of the solder material, so that balls 122 and the
solder paste 116 on lands 104 flow together. This causes
lands 121 of IC package 120 and lands 104 of PCB 112
to become physically and electrically coupled upon cool-
ing.
[0052] FIG. 7 shows the PCB 112 being coupled to an
IC package 120 during a solder reflow operation in which
adjacent solder balls are ballooning but not touching.
[0053] When the package structure, comprising IC
package 120 and PCB 112, is subjected to heat during
a reflow operation, solder balls 122 become molten. In
addition, any VOCs in via fill 114 within vias 115 heat up
and expand. The VOCs in via fill 114 in the lower portion
of via 115 are prevented from exiting downwardly from
via 115 by via cap 117.
[0054] Due to the presence of unevaporated thermally
expansive material within the via fill 114 when the pack-
age structure is heated to the solder liquidus, the via fill
114 can outgas in large bubbles 123 within the overlying
molten solder balls 122, causing solder balls 122 to ex-
pand laterally in a ballooning effect. However, before ad-
joining solder balls 122 can touch, they vent some or all
of the gases that are contained within bubbles 123
through the thinned wall segments 125 of solder ball
122s, causing solder balls 122 to substantially collapse,
so that most if not all of the solder in solder balls 122
remains in place between lands 121 of IC package 120
and lands 104 of PCB 112.
[0055] The geometry of the via-in-pad structure illus-
trated in FIG. 7 contributes significantly to the early col-
lapse of solder balls 122. As was discussed earlier re-
garding the prior art electronic structure illustrated in FIG.
3, solder balls 122 adhere strongly to lands 121 on IC
package 120 as well as to lands 104 on PCB 120. As
with the prior art example, solder balls 122 have a high
surface tension that causes solder balls 122, although

molten, to retain a substantially spherical shape.
[0056] However, because vias 115 are offset within
lands 104, the balloons formed by molten solder balls
122 are asymmetrical. The wall segment 125 of solder
ball 122 on the side where via 115 is closest to the edge
of land 104 is thinner than the opposite wall of solder ball
122. This permits gasses to be vented more readily from
the thinner wall segment 125 of solder ball 122. Thus
these wall segments 125 of lands 104 have a strong pro-
pensity towards early collapse, before the solder balls
122 grow large enough to touch one another, or to break
apart with sufficient force to cause a significant loss of
solder material, or to cause shear stress or shock fatigue
damage to lands 104.
[0057] FIG. 8 shows the PCB 112 coupled to an IC
package 120.
[0058] As a direct consequence of vias 115 being off-
set within respective lands 104, solder balls 122 flow to-
gether with the solder paste 116 (FIG. 6) of corresponding
lands 104, causing solder balls 122 to form high quality
physical and electrical connections to lands 104. Even if
outgassing should occur, its effect upon solder balls 122
is inconsequential, because solder balls 122 vent easily
and collapse before adjacent solder balls 122 touch each
other. The resulting electronic assembly achieves a sig-
nificantly higher level of integrity and can be produced at
a significantly lower cost.
[0059] FIG. 9 is a top view of an IC 20 overlying a por-
tion of a substrate 112 having a plurality of lands 151,
161, 171, and 181 each having a respective off-center
via 152, 162, 172, and 182, in accordance with one em-
bodiment of the invention. In order to avoid the possibility
of asymmetric surface tension forces in the molten solder
balls (122, FIG. 7) pulling IC 20 away from proper regis-
tration with lands, such as lands 104 (FIG. 7), during the
solder reflow operation, the lands for any IC are arranged
in two groups, so that the surface tension forces are rel-
atively equalized.
[0060] A simplified example is illustrated in FIG. 9,
wherein one group of lands 151 is arranged on the left-
hand side of dashed line 160, and another group of lands
161 is arranged on the right-hand side of dashed line
160. Lands 151 and 161, and vias 152 and 162, are
shown in dashed outline, because they are beneath IC
20.
[0061] The vias 152 in lands 151 are offset in a direc-
tion away from dashed line 160. The vias 162 in lands
161 are offset in the opposite direction.
[0062] A similar arrangement holds for other lands 171
and 181 in the bottom portion of substrate 112, in that
the vias 172 in lands 171 are offset in a direction away
from dashed line 170, and the vias 182 in lands 181 are
offset in the opposite direction. The centerline of an IC
(not shown) to be mounted to the eight lands comprising
four separate lands 171 and four separate lands 181
would be aligned approximately with dashed line 170, in
order that asymmetric surface tension forces in its solder
balls during a solder reflow operation do not cause the
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IC to slide to one side.
[0063] FIG. 10 is a flow diagram of a method of fabri-
cating an electronic assembly that includes forming off-
center vias in lands to inhibit adjacent solder balls from
bridging. The method begins at 200.
[0064] In 202, a plurality of lands are fabricated on a
surface of a substrate such as a PCB. Each land has a
geometric center and an edge, e.g. land 130 has a geo-
metric center 132 and an edge 138 FIG. 5).
[0065] In 204, a via is formed in each land. In one em-
bodiment, the vias are formed by drilling; however, the
scope of the invention is not limited to drilling, and any
suitable process for forming vias can be used, such as
punching, microperforation, ablation, laser blasting, etch-
ing, and so forth. Each via is formed with its geometric
center (e.g. geometric center 136 of via 134, FIG. 5) in
a region between the geometric center and the edge of
a land (e.g. geometric center 132 and edge 138 of land
130, FIG. 5). No vias are drilled or otherwise formed at
the geometric center of a land.
[0066] Subsequently to the unfinished vias being
drilled or otherwise formed in the substrate, the interior
walls of the vias are plated or otherwise coated with an
electrically conductive material, such as copper.
[0067] Vias of adjacent lands (e.g. lands 130, 131, FIG.
5) are formed at substantially the same distance from the
geometric centers of their respective lands (e.g. distanc-
es 140, 141, FIG. 5).
[0068] As was discussed regarding FIG. 9, the sub-
strate comprises at least two groups of lands. The geo-
metric centers of vias of adjacent lands within a group of
lands are offset in substantially the same direction; i.e.,
the offsets of such vias from the geometric centers of the
respective lands have substantially the same angle. For
example, in FIG. 5, the geometric centers 136 and 137
of vias 130 and 131, respectively, are each offset from
the geometric centers (132, 133) of the respective lands
(130, 131) by ninety degrees. The grouping of lands hav-
ing vias offset in the same direction is further illustrated
in FIG. 9, wherein a group of lands 151 to the left of
dashed line 160 has vias 152 offset towards the left, and
another group of lands 161 to the right of dashed line 160
has vias 162 offset towards the right
[0069] In 206, a material is applied over the surface
(top and/or bottom) of the substrate, including the interior
of some or all of the vias. The material comprises a ther-
mally expansive substance. The thermally expansive
substance can be of any type, including a volatile organic
compound. The thermally expansive substance can be
a constituent of a solder mask or solder resist material,
or of a solder flux or solder paste, or of a via capping
material, or of a processing solvent, or of any other ma-
terial that can be applied to the substrate for any purpose
prior to a heating operation. The thermally expansive
substance can be applied to the upper and/or lower sur-
face of the substrate.
[0070] In 208, an IC package having a plurality of con-
tacts (e.g. solder balls in a ball grid array configuration)

is aligned with respect to the lands on the substrate sur-
face.
[0071] In 210, a heating operation (e.g. a solder reflow
operation) is carried out in which the solder contacts and
the lands are heated until they electrically and physically
join. The method ends at 212.
[0072] The operations described above with respect
to FIG. 10 can be performed in a different order from
those described herein. For example, the lands could be
formed after the vias are formed, for example, during the
same operation when the interiors of the vias are coated
with electrically conductive material.
[0073] PCB 112 can be any type of substrate on which
electrical components can be mounted, such as a mate-
rial formed of polyimide, a suitable organic material, sil-
icon, glass, quartz, ceramic, and the like.
[0074] The electrical component in the package 120
that is mounted to PCB 112 can be of any type, such as
an IC or other semiconductor device; a passive element
such as an inductor, capacitor, or resistor, or any other
kind of electrical or electronic device. If the electrical com-
ponent in package 120 is an IC, it can be of any type,
such as a microprocessor or microcontroller, memory cir-
cuit, application specific integrated circuit (ASIC), digital
signal processor (DSP), a radio frequency circuit, an am-
plifier, a power converter, a filter, a clocking circuit, and
the like.

Conclusion

[0075] The present invention provides significantly im-
proved reliability of the solder connections between the
electrical contacts of electronic components, such as sur-
face mount technology components, e.g. ball grid array
devices, and corresponding via-in-pad type lands on sub-
strates, e.g., printed circuit boards. By forming the in-pad
vias off-center from the geometric center of the lands,
the force required for outgassing VOC’s to escape bal-
looning solder balls is significantly lessened due to de-
creased surface tension and a thinner balloon wall nearer
the closer sidewall of the via. This allows ballooning sol-
der balls to vent volatile gasses more rapidly. As a result,
the likelihood that adjoining solder balls can come into
contact with each other is significantly reduced. Easier
venting also enables a greater quantity of solder to re-
main in the solder joint between the IC package contacts
and the substrate lands. This has the overall effect of
providing stronger solder connections between the IC
package and the substrate, thus ensuring greater relia-
bility of the electronic assembly and of any electronic
system incorporating such electronic assembly.
[0076] In addition, the present invention reduces shear
stresses and shock fatigue in the vicinity of the via-in-
pad, because ballooning solder balls vent easier and with
less force, because volatile gasses do not have to over-
come as high a surface tension in the surface of the solder
ball. Again, this contributes to a more reliable electronic
assembly.
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[0077] As shown herein, the present invention can be
implemented in a number of different embodiments, in-
cluding a method for fabricating a substrate, a method
for fabricating an electronic assembly, a substrate, an
electronic assembly, and an electronic system. Other
embodiments will be readily apparent to those of ordinary
skill in the art. The elements, compositions, geometry,
architecture, dimensions, and sequence of operations
can all be varied to suit particular product and packaging
requirements.
[0078] The various elements depicted in the drawings
are merely representational and are not drawn to scale.
Certain proportions thereof may be exaggerated, while
others may be minimized. The drawings are intended to
illustrate the invention, which can be understood and ap-
propriately carried out by those of ordinary skill in the art.
[0079] Although specific embodiments have been il-
lustrated and described herein, it will be appreciated by
those of ordinary skill in the art that any arrangement
which is calculated to achieve the same purpose may be
substituted for the specific embodiment shown. This ap-
plication is intended to cover any adaptations or varia-
tions of the embodiment within the scope of the appended
claims. Therefore, it is manifestly intended that this in-
vention be limited only by the claims.

Claims

1. A method comprising:

forming on a surface of a substrate (112) a plu-
rality of mounting lands (115, 161) such that a
centerline (160) separates the plurality of lands
into two substantially equal groups, each land
having an O-shaped perimeter and a geometric
center, wherein each land has a hollow via (152,
162) offset therein extending into the substrate,
wherein each via has a geometric center located
in a region between the geometric center and
the perimeter of its associated land,
applying a material (116) over the surface of the
substrate, including the vias, the material com-
prising a thermally expansive substance;
aligning an integrated circuit package (120) hav-
ing contacts (121) comprising electrically con-
ductive material (122) with respect to the lands;
and
heating the electrically conductive material
(122) and the lands until they join.
characterised in that the lands comprise a first
group (151) having vias whose geometric cent-
ers are offset in a first direction with respect to
the geometric centers of the corresponding
lands of the first group, wherein the lands com-
prise a second group (161) having vias whose
geometric centers are offset in a second direc-
tion with respect to the geometric centers of the

corresponding lands of the second group,
wherein the first and second groups are on op-
posite sides of the centerline (160); and wherein
the first direction is opposite to the second di-
rection;

2. The method recited in claim 1, wherein in the forming
operation the vias are formed by drilling.

3. The method recited in claim 1, wherein the contacts
form a portion of a ball grid array.

4. The method recited in any preceding claim, wherein
the material comprises a volatile organic compound.

5. The method recited in any of claims 1 to 3, wherein
the material is from the group comprising a solder
mask, a solder flux, a solder paste, a solvent, and a
via cap.

6. The method recited in claim 1, wherein the electri-
cally conductive material comprises solder.

7. The method recited in claims 6, wherein, in the heat-
ing operation the solder adheres to the respective
land.

8. The method recited in claim 1, wherein the contacts
are solder balls.

9. A substrate (112) comprising:

a plurality of mounting lands (104) to mount cor-
responding contacts of an integrated circuit
package, such that a centreline separates the
plurality of lands into two substantially equal
groups, each land having an O-shaped perime-
ter and a geometric center, wherein each land
has a hollow via (105) therein that is offset with
respect to the geometric center of the land,
wherein each via has a geometric center, where-
in the geometric center of each via is in a region
between the geometric center and the perimeter
of its associated land, characterised in that the
lands comprise a first group (151,171) having
vias whose geometric centers are offset in a first
direction with respect to the geometric centers
of the corresponding lands of the first group,
wherein the lands comprise a second group
(161,181) having vias whose geometric centers
are offset in a second direction with respect to
the geometric centers of the corresponding
lands of the second group, wherein the first di-
rection is opposite to the second direction, and
wherein each via comprises a via cap (117).

10. The substrate recited in claim 9, wherein each via is
circular.
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11. Apparatus comprising:

an IC package with electrically conductive con-
tacts;
a substrate according to any of claims 9 to 11,
material comprising a thermally-expansive sub-
stance applied over the surface of the substrate
including the interior of the vias;
the lands being aligned with the contacts and
joined thereto; and
a plurality of solder balls (112), each solder ball
adhering to a respective one of the lands.

12. Apparatus as recited in claim 11, wherein the edge
of each land defines a perimeter, and wherein each
solder ball covers the entire respective land, includ-
ing the perimeter of such land.

Patentansprüche

1. Verfahren, das aufweist:

Formen mehrerer Montage- bzw. Kontaktstellen
(151, 161) auf einer Oberfläche eines Substrats
(112), so dass eine Mittellinie (160) die mehre-
ren Kontaktstellen in zwei im wesentlichen glei-
che Gruppen trennt, wobei jede Kontaktstelle ei-
nen O-förmigen Umfang und einen geometri-
schen Mittelpunkt aufweist, wobei jede Kontakt-
stelle ein darin versetzt angeordnetes Kontakt-
loch (152, 162) aufweist, das sich in das Sub-
strat hinein erstreckt, wobei jedes Kontaktloch
einen geometrischen Mittelpunkt aufweist, der
sich in einem Bereich zwischen dem geometri-
schen Mittelpunkt und dem Umfang der dazu-
gehörigen Kontaktstelle befindet,
Auftragen eines Materials (116) über der Sub-
stratoberfläche einschließlich der Kontaktlö-
cher, wobei das Material eine wärmeausdeh-
nungsfähige Substanz aufweist,
Ausrichten eines integrierten Schaltungsbau-
steins (120) mit Kontakten (121), die elektrisch
leitendes Material (122) aufweisen, bezüglich
der Kontaktstellen; und
Erhitzen des elektrisch leitenden Materials (122)
und der Kontaktstellen, bis sie sich verbinden;
dadurch gekennzeichnet, daß die Kontakt-
stellen eine erste Gruppe (151) mit Kontaktlö-
chern, deren geometrische Mittelpunkte in einer
ersten Richtung gegen die geometrischen Mit-
telpunkte der entsprechenden Kontaktstellen
der ersten Gruppe versetzt sind, und eine zweite
Gruppe (161) mit Kontaktstellen aufweisen, de-
ren geometrische Mittelpunkte in einer zweiten
Richtung gegen die geometrischen Mittelpunkte
der entsprechenden Kontaktstellen der zweiten
Gruppe versetzt sind, wobei die erste und die

zweite Gruppe auf gegenüberliegenden Seiten
der Mittellinie (160) liegen, und wobei die erste
Richtung der zweiten Richtung entgegenge-
setzt ist.

2. Verfahren nach Anspruch 1, wobei beim Formvor-
gang die Kontaktlöcher durch Bohren geformt wer-
den.

3. Verfahren nach Anspruch 1, wobei die Kontakte ei-
nen Teil eines Chipgehäuses bilden.

4. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Material eine flüchtige organische Verbin-
dung aufweist.

5. Verfahren nach einem der Ansprüche 1 bis 3, wobei
das Material aus der Gruppe ausgewählt ist, die aus
einer Lötmaske, einem Lötflussmittel, einer Lötpa-
ste, einem Lösungsmittel und einer Kontaktlochkap-
pe besteht.

6. Verfahren nach Anspruch 1, wobei das elektrisch
leitende Material Lot aufweist.

7. Verfahren nach Anspruch 6, wobei bei dem Erhit-
zungsvorgang das Lot an der entsprechenden Kon-
taktstelle anhaftet.

8. Verfahren nach Anspruch 1, wobei die Kontakte Löt-
kugeln sind.

9. Substrat (112), das aufweist:

mehrere Kontaktstellen (104) zur Montage ent-
sprechender Kontakte eines integrierten Schal-
tungsbausteins, derart dass eine Mittellinie die
mehreren Kontaktstellen in zwei im wesentli-
chen gleiche Gruppen trennt, wobei jede Kon-
taktstelle einen O-förmigen Umfang und einen
geometrischen Mittelpunkt aufweist, wobei jede
Kontaktstelle ein Kontaktloch (105) aufweist,
das darin gegen den geometrischen Mittelpunkt
der Kontaktstelle versetzt angeordnet ist, wobei
jedes Kontaktloch einen geometrischen Mittel-
punkt aufweist, wobei der geometrische Mittel-
punkt sich in einem Bereich zwischen dem geo-
metrischen Mittelpunkt und dem Umfang der da-
zugehörigen Kontaktstelle befindet, dadurch
gekennzeichnet, daß die Kontaktstellen eine
erste Gruppe (151, 171) mit Kontaktlöchern de-
ren geometrische Mittelpunkte in einer ersten
Richtung gegen die geometrischen Mittelpunkte
der entsprechenden Kontaktstellen der ersten
Gruppe versetzt sind, und eine zweite Gruppe
(161, 181) mit Kontaktstellen aufweisen, deren
geometrische Mittelpunkte in einer zweiten
Richtung gegen die geometrischen Mittelpunkte
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der entsprechenden Kontaktstellen der zweiten
Gruppe versetzt sind, wobei die erste Richtung
der zweiten Richtung entgegengesetzt ist, und
wobei jedes Kontaktloch eine Kontaktlochkappe
(117) aufweist.

10. Substrat nach Anspruch 9, wobei jedes Kontaktloch
kreisförmig ist.

11. Vorrichtung, die aufweist:

einen IC-Baustein mit elektrisch leitenden Kon-
takten;
ein Substrat nach einem der Ansprüche 9 bis
11, wobei das Material eine wärmeausdeh-
nungsfähige Substanz aufweist, die über der
Oberfläche des Substrats einschließlich des In-
neren der Kontaktlöcher aufgebracht wird;
wobei die Kontaktstellen auf die Kontakte aus-
gerichtet und mit ihnen verbunden werden; und
mehrere Lötkugeln (112), wobei jede Lötkugel
an einer entsprechenden Kontaktstelle anhaf-
tet.

12. Vorrichtung nach Anspruch 11, wobei der Rand jeder
Kontaktstelle einen Umfang definiert, und wobei jede
Lötkugel die gesamte entsprechende Kontaktstelle
einschließlich des Umfangs dieser Kontaktstelle be-
deckt.

Revendications

1. Procédé, comprenant les étapes ci-dessous :

formation, sur la surface d’un substrat (112), de
plusieurs plages d’accueil (151, 161), de sorte
qu’une ligne médiane (160) sépare les plusieurs
plages en deux groupes pratiquement égaux,
chaque plage comportent un périmètre en forme
de O et un centre géométrique, chaque plage
comportant un trou de raccordement creux (152,
162) décalé, s’étendant dans le substrat, cha-
que trou de raccordement comportant un centre
géométrique situé dans une région entre le cen-
tre géométrique et le périmètre de sa plage
associée ;
application d’un matériau (116) au-dessus de la
surface du substrat, englobant les trous de rac-
cordement, le matériau comprenant une subs-
tance à dilatation thermique ;
alignement d’un boîtier de circuit intégré (120),
comportant des contacts (121), comprenant un
matériau conducteur d’électricité (122) par rap-
port aux plages ; et
chauffage du matériau conducteur d’électricité
(122) et des plages jusqu’à leur liaison ;
caractérisé en ce que les plages comprennent

un premier groupe (151) comportant des trous
de raccordement dont les centres géométriques
sont décalés dans une première direction par
rapport aux centres géométriques des plages
correspondantes du premier groupe, les plages
comprenant un deuxième groupe (161) compor-
tant des trous de raccordement dont les centres
géométriques sont décalés dans une deuxième
direction par rapport aux centres géométriques
des plages correspondantes du deuxième grou-
pe, les premier et deuxième groupes étant agen-
cés sur des côtés opposés de la ligne médiane
(160), la première direction étant opposée à la
deuxième direction.

2. Procédé selon la revendication 1, dans lequel, lors
de l’opération de formation, les trous de raccorde-
ment sont formés par perçage.

3. Procédé selon la revendication 1, dans lequel les
contacts forment une partie d’une grille matricielle à
billes.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le matériau comprend un
composé organique volatile.

5. Procédé selon l’une quelconque des revendication
1 à 3, dans lequel le matériau est sélectionné dans
le groupe constitué d’un masque de soudure, d’un
flux de soudure, d’une pâte à souder, d’un solvant
et d’un matériau de revêtement des trous de raccor-
dement.

6. Procédé selon la revendication 1, dans lequel le ma-
tériau conducteur d’électricité comprend une soudu-
re.

7. Procédé selon la revendication 6, dans lequel, lors
de l’opération de chauffage, la soudure adhère à la
plage respective.

8. Procédé selon la revendication 1, dans lequel les
contacts sont des globules de soudure.

9. Substrat (112) comprenant :

plusieurs plages d’accueil (104) pour le monta-
ge de contacts correspondants d’un boîtier de
circuit imprimé, de sorte qu’une ligne médiane
sépare les plusieurs plages en deux groupes
pratiquement égaux, chaque plage comportant
un périmètre en forme de O et un centre géo-
métrique, chaque plage comportant un trou de
raccordement creux (105), décalé par rapport
au centre géométrique de la plage, chaque trou
de raccordement comportant un centre géomé-
trique, le centre géométrique de chaque trou de
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raccordement étant agencé dans une région en-
tre le centre géométrique et le périmètre de sa
plage associée, caractérisé en ce que les pla-
ges comprennent un premier groupe (151, 171),
comportant des trous de raccordement dont les
centres géométriques sont décalés dans une
première direction par rapport aux centres géo-
métriques des plages correspondantes du pre-
mier groupe, les plages comprenant un deuxiè-
me groupe (161, 181), comportant des trous de
raccordement dont les centres géométriques
sont décalés dans une deuxième direction par
rapport aux centres géométriques des plages
correspondantes du deuxième groupe, la pre-
mière direction étant opposée à la deuxième di-
rection, chaque trou de raccordement compre-
nant un matériau de revêtement du trou de rac-
cordement (117).

10. Substrat selon la revendication 9, dans lequel cha-
que trou de raccordement est circulaire.

11. Appareil, comprenant:

un boîtier de circuit intégré comportant des con-
tacts conducteurs d’électricité ;
un substrat selon l’une quelconque des reven-
dications 9 à 11, un matériau comprenant une
substance à dilatation thermique étant appliqué
au-dessus de la surface du substrat englobant
l’intérieur des trous de raccordement ;
les plages étant alignées avec les contacts et
étant reliées à ceux-ci; et
plusieurs globules de soudure (112), chaque
globule de soudure adhérant à une des plages
respectives.

12. Appareil selon la revendication 11, dans lequel le
bord de chaque plage définit un périmètre, chaque
globule de soudure recouvrant l’ensemble de la pla-
ge respective, englobant le périmètre de cette plage.
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