
;kle3ec`Lb\6T=@)WO 02/063934 PCT/USO1/44651 INTERCONNECT  Field The present
invention is related to circuit substrates, and more particularly to
interconnects used in circuit substrates. Background Circuit substrates are
the building blocks of modern electronic systems, such as computers,
cellular telephones, and personal digital assistants. Circuit 1 o
substrates provide a platform for mounting and interconnecting electronic
components, such as integrated circuits, resistors, capacitors, and
inductors that perform the electronic functions required in modern
electronic systems. Interconnects are conductive structures that connect
together the electronic components on a circuit substrate. z5 Interconnects
can be simple structures or complex structures. Simple interconnect
structures include conductive traces. Conductive traces are typically thin,
narrow strips of conductive material, such as copper, that are formed on a
surface of a circuit substrate and connect one electronic component to
another. Complex interconnect structures include structures such as vias
coupled to pads. 2 o Vias are typically cylindrically shaped conductive
segments that connect together different layers or components on different
layers of a circuit substrate. Pads are typically thin, square conductive
structures formed on a surface layer of a circuit substrate. Pads provide
sites for connecting components, such as integrated circuits or other
electronic devices, to signals available on the circuit substrate. z s
Signals include power or constant potential signals and information
carrying signals. One problem in modern electronic systems is that the
systems generate a step demand for current and this step demand for current
causes current surges in the conductors that make up an electronic system's
power distribution system. 3 o These current surges can cause the
conductors that make up the power distribution system to emit
electromagnetic radiation (sometimes termed electromagnetic interference
(EMI)). The amount of radiation that an electronic device is permitted to
emit is usually controlled by government regulations. In the United States,
the regulations are promulgated and enforced by the Federal Communications
35 Commission. Therefore, the electromagnetic emissions from electronic
devices must be controlled. One solution to the problem of power
distribution system electromagnetic    



W O 02/06393.1 PCT/USO1/.1.1651 emissions requires connecting decoupling
capacitors between pads coupled to a constant potential source and pads
coupled to a ground or zero potential source. The decoupling capacitors
provide a local source of energy, which can quickly be supplied to circuits
coupled to the substrate to meet a step increase in demand for current,
without causing current surges in other parts of the power distribution
system. Unfortunately, the vias that couple the constant potential source
to the pads and decoupling capacitor's exhibit a large inductance at high
frequencies, so a step demand for current in an electronic device can
generate voltage drops in the vias. If the step increases in demand for
current occur relatively infrequently, then 1 o decoupling capacitors work
well to reduce unwanted electromagnetic radiation or EMI in an electronic
system. However, as the frequency of operation of modern electronic systems
increases, the step increases in demand for current will increase in
frequency, and this increase in frequency will cause the voltage drops in
the vias to generate unwanted noise voltages at a higher rate. Unwanted
noise voltages, 15when generated at this higher rate, create currents which
flow in the power distribution system and generate significant amounts of
electromagnetic radiation or EMI. For these and other reasons there is a
need for the present invention. Brief Description of the Drawings Figure lA
is a top view of some embodiments of an interconnect according to the
teachings of the present invention; Figure 1B is a side view of one
embodiment of a circuit substrate including a capacitor coupled between a
first interconnect and a second interconnect 2 s according to the teachings
of the present invention; Figure 1C is a side view of one embodiment of an
interconnect coupled to an integrated circuit according to the teachings of
the present invention; Figure 2A is a top view another embodiment of an
interconnect according to the teachings of the present invention; 3 o
Figure 2B is a side view of the interconnect shown in Figure 2A; Figure 2C
is a side view of another embodiment of a capacitor coupled between a first
interconnect and a second interconnect according to the teachings of the
present invention; and Figure 2D is a side view of another embodiment of an
interconnect coupled 3 5 to an integrated circuit according to the
teachings of the present invention. Description 



WO 02/06393-4 PCT/USO1/4~651 In the following detailed description of the
invention, reference is made tothe accompanying drawings which form a part
hereof, and in which are shown, byway of illustration, specific embodiments
of the invention which may be practiced.In the drawings, like numerals
describe substantially similar components5throughout the several views.
These embodiments are described in sufficient detailto enable those skilled
in the art to practice the invention. Other embodiments maybe utilized and
structural, logical, and electrical changes may be made withoutdeparting
from the scope of the present invention. The following detaileddescription
is not to be taken in a limiting sense, and the scope of the present1
oinvention is defined only by the appended claims, along with the full
scope ofequivalents to which such claims are entitled.Figure lA is a top
view of some embodiments of an interconnect 100according to the teachings
of the present invention. As can be seen in Figure lA,the interconnect 100
is formed on a substrate 101. The interconnect l00 includes a15pad 102 and
three vias 104-106 coupled to the pad 102. The via 104 is coupled tothe pad
102 by a conductive segment 110. The via 105 is coupled to the pad 102by a
conductive segment 112. The via 106 is directly coupled to the pad 102.
Todirectly couple the via 106 to the pad 102, after the via 106 is formed
in thesubstrata 101, the pad 102 is formed substantially over the via 106
such that the via2010b is physically and electrically coupled to the pad
102.The pad 102 is formed by patterning and etching a conductivematerial,
such as copper, aluminum, gold, silver, or tungsten, ona surface of the
substrate 101. Prior to patterning and etching,a thin layer of conductive
material is formed on a surface of the25substrate 101 by a process such as
chemical vapor deposition orelectroplating. The shape of the pad 102 is
defined by thepatterning and etching process, but the pad 102 is not
limited toa particular shape. In one embodiment, the perimeter of the
pad102 includes six substantially straight edges 108-113
connected30together to form a six-sided shape, as shown in Figure 1A.
Thepad 102 provides a site on the substrate 101 for coupling a signalto
electronic components, such as integrated circuits, resistors,capacitors,
or inductors, mounted on or near the substrate 101.'The three vias 104-106
are cylindrical conductors formed in the substrate35101. Vias are typically
formed by etching a hole in one or more layers of asubstrate and depositing
a conductive material in the hole. The three vias 104-106are not limited to
being cylindrical. Any shape which allows transmission of a 3   WO
02/06393-1 PCT/USO1/:~~G51 signal in the substrate 10l is suitable for use
in the fabrication of the interconnect 100. Other exemplary shapes suitable
for use in the fabrication of the vias 104-106 include square, octagonal,
triangular, and hexagonal. The pad 102 is also not limited to use in
connection with only three vias. The preferred embodiment of the 5
interconnect 100 includes three vias, but reduction in electromagnetic
interference is obtained using two or mare vias to couple the pad 102 to a
signal source. Those skilled in the art will appreciate that four-via
interconnects, five-via interconnects, and interconnects including more
than five vias can be formed in accordance with the teachings of the
present invention. Simulations have shown that two or more 1 o vias improve
the high frequency performance of the interconnect 100 when compared with
the high frequency performance of an interconnect comprising only one via
coupled to a pad. The conductive segment 110 couples the pad 102 to the via
104. The conductive segment 110 is formed from a conductive material, such
as copper, 15 aluminum, gold, silver, or tungsten, and is preferably
tapered. The conductive segment 110 has a first end 114 and a second end
116. The first end 114 has a first width 118, and the second end 116 has a
second width 120. The first end 114 is connected to the via 104, and the
second end 116 is connected to the pad 102. In one embodiment, the first
width 118 is less than the second width 120. By making 2 o the first width
118 less than the second width 120, a tapered conductive segment can be
formed between the pad 102 and the via 104. For a step change in current, a
tapered conductive segment generally emits less electromagnetic radiation
than an untapered segment used in the same interconnect configuration. The
taper is not limited to a linear taper. Other functions, such as hyperbolic
functions and 



2 5 exponential functions, may be used to define the taper of the
conductive segment 110. The conductive segment 112, which connects the via
105 to the pad 102, is also preferably a tapered conductive segment. Figure
1B is a side view of one embodiment of a circuit substrate 125 including a
capacitor 127 coupled between a first interconnect 100 and a second 3 o
interconnect l29 according to the teachings of the present invention. The
first interconnect 100 is coupled to a first potential plane 131 formed in
the substrate 135, and the second interconnect 129 is coupled to a second
potential plane 133 formed in the substrate 135. Each potential plane 131
and 133 is a conductive area or plate formed in the substrate 135 and
provides a source of substantially constant 35 potential during the
operation of the electronic system formed on the substrate 135. The solder
element l36 electrically couples the capacitor 127 to the first
interconnect 100, and the solder element 137 electrically couples the
capacitor 127   W O 02/06393:l PCT/USO1/~-4651 to the second interconnect
129. The first interconnect 100 is formed as described above in the
description of Figure 1A. However, it should be noted that it is
preferable, as illustrated in Figure lA and Figure 1B, to locate at least
one of the three vias l04-l06 substantially beneath the pad 102. By
locating the via 106 substantially beneath the pad l02, surface area on the
substrate 135 is made available for mounting electronic components. In
addition, by locating the via l06 substantially beneath the pad 102, an
extra conductive segment to couple the via 106 to the pad l02 is not
required. Since an extra conductive segment can become a source of 2 o
electromagnetic emissions during the operation of circuits coupled to the
pad 102, a potential source of EMI is avoided. The second interconnect 129
is preferably fabricated to be substantially identical to the first
interconnect 100, however, the second interconnect 129 is not limited to
being substantially identical to the first interconnect 100. The second 15
interconnect 129 can include more vias than the first interconnect 100, or
the second interconnect 129 can include fewer vias than the first
interconnect 100. In the embodiment shown in Figure 1B, the interconnect
129, includes a pad 140 coupled to a single via 142 coupled to the second
potential plane 133. An insulating ring (not shown) typically separates the
single via 142 from the first 2 o potential plane 131 at any location in
the first potential plane 131 where the single via 142 passes through the
first potential plane 131. The capacitor 127 electrically couples the first
potential plane 131 to the second potential plane 133. In one embodiment,
the capacitor 127 is a high frequency capacitor capable of supplying
current in response to a step demand in 25 current on one of the potential
planes 13I and 133. In another embodiment, the capacitor 127 is a ceramic
capacitor. In yet another embodiment, the capacitor 127 is a high frequency
ceramic capacitor. The present invention is not limited to a single
capacitor coupling the first potential plane 13I to the second potential
plane 133. Those skilled in the art will appreciate that for many
substrates, a plurality of 3 o capacitors is used to decouple potential
planes. 



The substrate 135 provides a foundation for mounting and interconnecting
electronic components that make up an electronic system. Exemplary
materials suitable for use in the fabrication of the substrate 135 include
ceramics, epoxies, silicon, and other insulators and semiconductors.
Typically, a circuit substrate, s 5 such as the circuit substrate 125,
includes a plurality of interconnects, such as interconnects 100 and 129,
and a plurality of constant potential planes, such as the first potential
plane 131 and the second potential plane 133.   WO 02/06393.1
PCT/USO1/:4~651 Figure 1 C is a side view of one embodiment of the
interconnect 100 coupled to an integrated circuit I50 according to the
teachings of the present invention. As can be seen in Figure 1 C, a signal
path is formed between the integrated circuit 150 and a constant potential
plane 152. The path includes the solder element 154, the interconnect l00,
and a constant potential plane 152. A signal at the constant potential
plane 152 passes through the interconnect 100 and through the solder
element 154 to the integrated circuit 1 S0. The interconnect includes the
vias 104-106 coupling the constant potential plane 152 to the solder
element 154. Typically, the solder element 154 couples a pad on the
integrated 1 o circuit 150 to the pad 102. The high frequency performance
of the interconnect 100 provides faster coupling of signals between the
constant potential plane 152 and the integrated circuit 150. Figure 2A is a
top view of some embodiments of an interconnect 200 according to the
teachings of the present invention. As can be seen in Figure 2A, 15 the
interconnect 200 is formed on the substrate 201. The interconnect 200
includes a pad 202 and three vias 204-206 formed on the substrate 201. The
pad 202 is directly coupled to the three vias 204-206. To directly couple
the pad 202 to the three vias 204-206, after the three vias 204-206 are
formed, the pad 202 is formed substantially over the three vias 204-206
such that each of the three vias 204-206 is 2 o physically and electrically
coupled to the pad 202. The pad 202 is formed by patterning and etching a
conductive material, such as copper, aluminum, gold, silver, or tungsten,
on a surface of the substrate 201. Prior to patterning and etching, a thin
layer of conductive material is formed on a surface of the substrate 201 by
a process such as chemical vapor deposition or z 5 electroplating. Figure
2B is a side view of the interconnect 200 shown in Figure 2A. Referring to
Figure 2B, the pad 202 has a top surface 210 and a bottom surface 212, and
the bottom surface 212 is in contact with the substrate 201. Referring
again to Figure 2A, the shape of the pad 202 is defined by the patterning
and etching process, but the pad 202 is not limited to a particular shape.
The pad s o 202 includes a substantially square core pad 214 and three
non-square pads 216218. The square core pad 214 has four edges 221-224, and
each of the three non square pads 216-2l8 is located adjacent to one of the
four edges 221-224. In one embodiment, at least one of the three non-square
pads 216-218 is a substantially triangular pad, such as the pad 217. The
pad 202 provides a site on the substrate 



35 201 for coupling a signal to electronic components, such as integrated
circuits, resistors, capacitors, or inductors, mounted on or near the
substrate 201. The three vias 204-206 are cylindrical conductors formed in
the substrate   WO 02/06393:l PCT/USO1/4.1651 201. Vias are typically
formed by etching a hole in one or more layers of a substrate and
depositing a conductive material in the hole. The three vias 204-206 are
not limited to being cylindrical. Any shape that allows transmission of a
signal in the substrate 201 is suitable for use in the fabrication of the
interconnect 200. Other exemplary shapes suitable for use in the
fabrication of the vias 204-206 include square, octagonal, triangular, and
hexagonal. The pad 202 is not limited to use in connection with three vias.
The preferred embodiment of the interconnect 200 includes three vias, but
reduction in electromagnetic interference is obtained using two or more
vias to couple the pad 202 to a signal source. Those skilled in 1 o the art
will appreciate that four-via interconnects, five-via interconnects, and
interconnects including more than five vias can be formed in accordance
with the teachings of the present invention. Simulations have shown that
two or more vias improve the high frequency performance of the interconnect
200 when compared with the high frequency performance of an interconnect
comprising only one via 15 coupled to a pad. Figure 2C is a side view of
one embodiment of a circuit substrate 225 including a capacitor 227 coupled
between a first interconnect 200 and a second interconnect 229 according to
the teachings of the present invention. The first interconnect 200 is
coupled to a first potential plane 231 formed in a substrate 235, 20 and
the second interconnect 229 is coupled to a second potential plane 233
formed in the substrate 235. Each potential plane 231 and 233 is a
conductive area or plate formed in the substrate 23 5 and provides a source
of substantially constant potential during the operation of the electronic
system formed on the substrate 235. The solder element 236 electrically
couples the capacitor 227 to the first 25 interconnect 200, and the solder
element 237 electrically couples the capacitor 227 to the second
interconnect 229. The first interconnect 200 is formed as described above
in the description of Figure 2A. However, it should be noted that it is
preferable, as shown in Figure 2B and Figure 2A, to locate the three vias
204-206 substantially beneath the pad 3 0 202. By locating the three vias
204-206 substantially beneath the pad 202, surface area on the substrate
225 is made available for mounting electronic components. In addition,
extra conductive segments that can become sources of electromagnetic
emissions during the operation of circuits coupled to the pad 202 are not
added to the power distribution system. 35 The second interconnect 229 is
preferably substantially identical to the first interconnect 200, except
for the lengths of the vias. One or more vias 239 are typically coupled to
the second potential plane 233 rather than the first potential 



WO 02/0G393:1 PCT/USO1/=4:1651 plane 231, so the one or more vias 239 will
be slightly longer or shorter than the one or more vias 241 of the first
interconnect 200. However, the second interconnect 229 is not limited to
being substantially identical to the first interconnect 2000. The second
interconnect 229 may include more vias than the first interconnect 200 or
fewer vias that the first interconnect 200. However, the second
interconnect 229 is illustrated in Figure 2C as substantially identical to
the first interconnect 200. If the one or more vias 239 pass through the
first potential plane 131, then a separate insulating ring (not shown)
typically separates each of the one or more vias 239 from the first
potential plane 131. s o The capacitor 227 electrically couples the first
potential plane 231 to the second potential plane 233. In one embodiment,
the capacitor 227 is a high frequency capacitor capable of supplying
current in response to a step demand in current on one of the potential
planes 231 and 233. In another embodiment, the capacitor 227 is a ceramic
capacitor. In yet another embodiment, the capacitor 227 15 is a high
frequency ceramic capacitor. The present invention is not limited to a
single capacitor coupling the first potential plane 231 to the second
potential plane 233. Those skilled in the art will appreciate that for many
substrates, a plurality of capacitors is used to decouple potential planes.
The circuit substrate 225 includes the substrate 235 which provides a 2 o
foundation for mounting and interconnecting electronic components that make
up an electronic system. Exemplary materials suitable for use in the
fabrication of the substrate 235 include ceramics, epoxies, silicon, and
other insulators and semiconductors. Typically, a circuit substrate, such
as the circuit substrate 225, includes a plurality of interconnects, such
as interconnects 200 and 229, and a 2 s plurality of constant potential
planes, such as the first potential plane 231 and the second potential
plane 233. Figure 2D is a side view of one embodiment of the interconnect
200 coupled to an integrated circuit 250 according to the teachings of the
present invention. As can be seen in Figure 2C, a signal path is formed
between the so integrated circuit 250 and a constant potential plane 252.
The path includes the solder element 254, the interconnect 200, and a
constant potential plane 252. A signal at the constant potential plane 252
passes through the interconnect 200 and through the solder element 254 to
the integrated circuit 250. The interconnect includes the vias 204-206
coupling the constant potential plane 252 to the solder 3s element 254.
Typically, the solder element 254 couples a pad on the integrated circuit
250 to the pad 202. The high frequency performance of the interconnect 200
provides faster coupling of signals between the constant potential plane
252   WO 02/06393a 



PCT/USO1/aa651 and the integrated circuit 250. Although specific
embodiments have been described and illustrated herein, it will be
appreciated by those skilled in the art, having the benefit of the present
disclosure, that any arrangement which is intended to achieve the same
purpose may be substituted for a specific embodiment shown. This
application is intended to cover any adaptations or variations of the
present invention. Therefore, it is intended that this invention be limited
only by the claims and the equivalents thereof. 10   WO 02/06393:4 What is
claimed is:  1. An interconnect comprising: a pad; and at least two vias
coupled to the pad. PCT/USO1/-4:4651 2. The interconnect of claim 1,
wherein at least one of the at least two vial is formed substantially
beneath the pad. 10 3. The interconnect of claim 2, wherein at least one of
the at least two vias is coupled to the pad by a conductive segment having
a first end having a first width and a second end having a second width,
the first end being connected to the at least one of the at least two vias
and the second end being connected to the pad, and the first width being
less than the second width. 15 4. The interconnect of claim 2, wherein the
pad has at least five substantially straight edges and the at least two
vias comprise three vias and only two of the three vias are coupled to the
substantially straight edges. 2 0 5. The interconnect of claim 4, wherein
at least one of the only two of the three vias coupled to the substantially
straight edges is coupled to one of the substantially straight edges
through a tapered conductive segment. 6. A circuit substrate comprising: z
5 a substrate; a first pad formed on the substrate, the first pad coupled
to a first potential plane; 



a second pad formed on the substrate, the second pad coupled to a second
potential plane by at least three vias; and so a capacitor coupling the
first pad to the second pad. 7. The circuit substrate of claim 6, wherein
at least one of the at least three vias is formed substantially beneath the
second pad. 35 8. The circuit substrate of claim 6, wherein each of the at
least three vias is formed substantially beneath the second pad. 10   WO
02/0G393:1 PCT/USO1/44651 19. The method of claim 18, further comprising:
electrically coupling an integrated circuit to the pad. 20. The method of
claim 19, wherein electrically coupling an integrated circuit to the pad
comprises: inserting a solder element between the integrated circuit and
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