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(57) ABSTRACT 

An electronic circuit package includes a vertical package 
section (304, FIG. 3) electrically connected to a horizontal 
package Section (306, FIG. 3). The vertical package Section 
includes multiple conductive layers (512, 514, 516, FIG. 5) 
oriented in parallel with a vertical plane. A first set of bond 
pads (606, FIG. 6) on the vertical section's horizontal top 
surface (608, FIG. 6) can be connected to the bond pads 
(602, FIG. 6) of an integrated circuit (302, FIG.3). A second 
set of bond pads (612, FIG. 6) on the vertical section's 
horizontal bottom surface (614, FIG. 6) can be connected to 
bond pads (616, FIG. 6) on the horizontal package section. 
The conductive layers of the vertical section perform a bond 
pad pitch conversion in a first direction, and conductive 
structures (906, 908, 910, FIG. 9) within the horizontal 
package Section perform a bond pad pitch conversion in a 
Second direction. 
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VERTICAL ELECTRONIC CIRCUIT PACKAGE 
AND METHOD OF FABRICATION THEREFOR 

TECHNICAL FIELD OF THE INVENTION 

0001. The present invention relates generally to elec 
tronic circuit packages and methods of fabrication therefor, 
and more particularly, to integrated circuit packages having 
bond pads that are directly connected with Vertically-ori 
ented conductive layers, rather than with Vias or horizon 
tally-oriented conductive layers. 

BACKGROUND OF THE INVENTION 

0002 Signals, power, and ground typically are routed to 
and from an integrated circuit (IC) through conductive bond 
pads on the bottom of the IC, which mate with complemen 
tary bond pads on the top Surface of an IC package. This is 
common for ICs that use ball grid array (BGA) (e.g., “flip 
chips') and land grid array (LGA) interconnection technolo 
gies. Alternatively, wire bonds are often used to electrically 
connect an IC and an IC package. 
0.003 FIG. 1 illustrates a cross-sectional view of an 
electronic assembly that includes an IC 102 and package 104 
in accordance with the prior art. Bond pads 106 on the 
bottom surface of IC 102 electrically connected to comple 
mentary bond pads 108 on the top surface of IC package 104 
using solder bumps or balls 110. The IC package bond pads 
108 are, in turn, electrically connected to vias 112. Vias 112 
are plated and/or filled holes in the package's dielectric 
layers, which are used to interconnect various conductive 
layers 114 within the package 104, and/or connectors 108, 
116 on the top and/or bottom surfaces, respectively, of the 
package 104. 
0004 Package 104 is electrically connected to a socket 
118 or interposer (not shown), through soldered or pinned 
connectors 116. Socket 118, in turn, is electrically connected 
to a printed circuit (PC) board 122 using pinned or soldered 
connections. Alternatively, package 104 can be connected 
directly to PC board 122 without the use of an intermediate 
Socket or interposer. Using prior art technologies, input/ 
output (I/O) signals, power, and ground are Supplied from 
PC board 122 to IC 102 through socket 118, connectors 116, 
conductive layers 114, vias 112, pads 108, and solder balls 
110. 

0005 FIG. 2 illustrates a top view of an IC package, 
which includes multiple rows of pads 202, 204 in accor 
dance with the prior art. Pads 204 within a center region 206 
of the package typically are allocated to power and ground. 
In contrast, pads 202 within a peripheral region 208 typically 
are allocated to I/O Signals. 
0006 Current packaging technologies are limited in the 
location and number of pads 202 that can be dedicated to I/O 
Signals because of the need to Separately fan out, through 
Vias and traces, each I/O Signal from the IC pad pitch to the 
package pad pitch. In current flip chip packages, only the 
outer few rows of pads 202 can be dedicated to I/O signals. 
Thus, for example, in a package having 40x40 rows of pads, 
only about 300 pads can be dedicated to I/O signals, while 
about 1300 pads can be dedicated to power and ground. In 
order to increase the number of I/O Signals that can be 
fanned out, it is necessary to use finer design rules (e.g., 
Smaller line spacing and pad pitches), increase the size of the 
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IC, and/or increase the number of package layers. Using 
finer design rules translates to more expensive materials and 
manufacturing techniques. 
0007 IC package size and package layer increases are 
undesirable in many applications, because the consumer 
driven trend within industry is to reduce the size of elec 
tronic Systems. Accordingly, what are needed are package 
designs that enable higher I/O counts without increases in IC 
Sizes, package layer counts or finer package design rules. 
0008. In addition to issues relating to limited numbers of 
I/O Signals, noise in the power and ground lines increasingly 
becomes a problem with current IC package designs. This is 
primarily due to escalating circuit frequencies, which result 
in increased high frequency transients. To reduce Such noise, 
capacitors known as decoupling capacitors are often used to 
provide a stable signal or Stable Supply of power to the 
circuitry. Decoupling capacitors are also used to Suppress 
unwanted radiation, to dampen Voltage overshoot when an 
electronic device (e.g., a processor) is powered down, and to 
dampen Voltage droop when the device powers up. 
0009 Decoupling capacitors are generally placed as 
close as practical to a die load in order to increase the 
capacitors’ effectiveneSS. Often, the capacitors are Surface 
mounted to the die Side or land Side of the package upon 
which the die is mounted, or embedded within the package 
itself. Referring again to FIG. 1, die side capacitors 130 
(“DSC) and land side capacitors (not shown) (“LSC) are 
mounted on IC package 104 in accordance with the prior art. 
DSCs 130, as their name implies, are mounted on the same 
side of the package 102 as the IC 102. In contrast, LSCs are 
mounted on the opposite side of the package 104 as the IC 
102. Embedded chip capacitors (not shown) (“ECC) can be 
embedded within the package 104 and electrically connected 
to package planes and/or pads through conductive Vias. 
0010 When a “first level” voltage droop occurs, the 
electrically closest, off-chip capacitors (e.g., ECCs, if they 
are available) will respond first to Supply the current needed 
to bolster the die voltage. When the charge stored within 
these first level capacitors begins to deplete, a "second level” 
voltage droop occurs, and other off-chip capacitors (e.g., 
DSCs and/or LSCs) will respond, if they are available. 
0011. The capacitors' terminals are connected to the 
integrated circuit load through conductive structures (e.g., 
pads, Vias, and power or ground planes), thus enabling the 
capacitorS 130 to provide decoupling capacitance to the 
integrated circuit. Connection of the capacitors 130 to the 
load and to each other through the package's conductive 
structures results in “vertical” and “lateral' inductances to 
exist in the Supply and return loop between the capacitors 
130 and the IC load. These vertical and lateral inductances 
tend to slow the response time of off-chip capacitors, which 
may cause the first and Second level Voltage droops to be 
unacceptably low. 
0012 Vertical inductance issues can be addressed by 
placing off-chip capacitorS 130 as electrically close as 
possible to the die load, Such as by using ECCs, which 
typically can be placed closer to the load than Surface 
mounted capacitors. Similarly, lateral inductance issues can 
be addressed by placing adjacent capacitors as close as 
possible to each other. 
0013 As the frequencies and edge rates of electronic 
devices continue to advance, there is an increasing need for 
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higher levels of decoupling capacitance. However, increas 
ing the numbers of discrete decoupling capacitors typically 
results in increased package sizes. Therefore, what are 
needed are packages that can provide higher levels of 
decoupling capacitance, Without increased package sizes, 
and at reduced inductance levels. 

BRIEF DESCRIPTION OF THE DRAWING 

0.014 FIG. 1 illustrates a cross-sectional view of an 
electronic assembly that includes an integrated circuit and 
package in accordance with the prior art; 
0.015 FIG. 2 illustrates a top view of an integrated circuit 
package in accordance with the prior art; 
0016 FIG. 3 illustrates a three-dimensional view of an 
electrical assembly in accordance with one embodiment of 
the present invention; 
0017 FIG. 4 illustrates a top view of the electrical 
assembly shown in FIG. 3; 
0018 FIG. 5 illustrates a cross-sectional view of the 
electrical assembly of FIG. 3, along section lines 5-5; 
0019 FIG. 6 illustrates a cross-sectional view of the 
electrical assembly of FIG. 3, along section lines 6–6; 
0020 FIG. 7 illustrates a top view of a vertical section of 
an integrated circuit package in accordance with one 
embodiment of the present invention; 
0021 FIG. 8 illustrates a top view of a horizontal section 
of an integrated circuit package in accordance with one 
embodiment of the present invention; 
0022 FIG. 9 illustrates a cross-sectional view of the 
horizontal section of FIG. 8 along section lines 9-9; 
0023 FIG. 10 illustrates a flowchart of a method for 
fabricating an electrical assembly in accordance with one 
embodiment of the present invention; and 
0024 FIG. 11 illustrates an electronic system in accor 
dance with one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.025 Various embodiments of the present invention pro 
vide an electronic circuit package (e.g., an integrated circuit 
package) that includes a vertical package Section and a 
horizontal package Section. The Vertical Section performs a 
bond pad pitch conversion in a first direction, and the 
horizontal Section performs a bond pad pitch conversion in 
a Second direction, resulting in a complete bond pad pitch 
conversion between an electronic circuit's bond pads and 
connectors on the bottom Surface of the package. 
0026. The vertical package section includes multiple con 
ductive layers arranged in parallel with a vertical plane. 
Bond pads on the top Surface of the vertical package Section 
can be electrically connected to complementary bond pads 
of an electronic circuit. Bond pads on the bottom Surface of 
the Vertical package Section are at a greater pitch than the top 
Surface pads, and can be electrically connected to comple 
mentary bond pads on the top Surface of the horizontal 
package Section. The horizontal package Section includes 
conductive layers arranged in parallel with a horizontal 
plane. 
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0027 FIG. 3 illustrates a three-dimensional view of an 
electrical assembly in accordance with one embodiment of 
the present invention. The electrical assembly includes an 
integrated circuit 302 (IC) and an IC package consisting of 
a vertical package Section 304 and a horizontal package 
section 306. In one embodiment, the electrical assembly also 
included a set of first level decoupling capacitors 308 and a 
set of second level decoupling capacitors 310. In other 
embodiments, either or both capacitors 308 or 310 are 
excluded. For ease of explanation, the description below 
makes reference to an orthogonal Set of axes, X, Y, and Z, 
which are depicted, in FIG. 3, below and to the left of the 
horizontal package Section 306. 
0028 IC 302 could be any of a number of types of ICs. 
In one embodiment of the present invention, IC 302 is a 
microprocessor, although IC 302 could be an application 
Specific integrated circuit (ASIC), memory device or many 
other types of devices in other embodiments. In one embodi 
ment, IC 302 is a “flip chip” type of IC, meaning that the 
input/output terminations on the chip can occur at any point 
on its Surface. After the chip has been readied for attachment 
to the vertical Section 304 of the package, the chip is flipped 
over and attached, via Solder bumps or balls to matching 
pads on the top surface 312 of the vertical section 304. 
Alternatively, IC 302 could be wire bonded, where input/ 
output terminations are connected to the vertical section 304 
using bond wires to pads on the top Surface of the Vertical 
section 304. Although the description herein refers to con 
necting a single IC or other device to the top Surface of a 
vertical Section 304 of a package, more than one IC or other 
device could be connected to the top Surface of a vertical 
Section, in other embodiments. 

0029. In one embodiment, each row of bond pads on the 
top surface 312 of the vertical section 304 is electrically 
connected to one of multiple conductive layers within Ver 
tical section 304. Vertical package section 304 includes the 
multiple layers of conductive material Separated by multiple 
layers of dielectric material. Each of the conductive and 
dielectric layers are arranged in parallel with each other and 
with a vertical plane, as indicated by lines 314. As will be 
illustrated and described in detail later, a set of bond pads are 
located on the top Surface of the Vertical package Section 
304, where the top surface is parallel with a horizontal plane 
that is perpendicular to the vertical plane. In other words, the 
top surface 312 of the vertical section 304 is oriented along 
a horizontal, X-Y plane, while the conductive and dielectric 
layers of the vertical section 304 are oriented along vertical, 
Y-Z planes. This is in contrast to prior art packages, where 
the top Surface of a package is oriented along a parallel plane 
to the various conductive and dielectric layers of the pack 
age. Also unlike prior art packages, no Vias are used to 
interconnect the conductive layerS or to interconnect the 
bond pads on the top surface of vertical section 304 to the 
bond pads on the bottom surface of vertical section 304, in 
accordance with one embodiment. Instead, planes or traces 
formed from the conductive layers are used to interconnect 
the top and bottom surface bond pads of vertical section 304. 
0030 Many ICs (e.g., flip chips in particular) are 
designed with a pitch between bond pads of approximately 
200-300 microns. Because it is possible to create structures 
with approximately 100 microns between adjacent conduc 
tive layers using Standard printed circuit board materials, 
Such materials are used to construct vertical Section 304, in 
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one embodiment. Typically, these materials and the associ 
ated manufacturing techniques are Substantially less expen 
Sive than commonly used integrated circuit packaging mate 
rials and manufacturing techniques, where finer design rules 
are used. Therefore, the IC package of various embodiments 
of the present invention can be manufactured at a lower cost 
than prior art packages. 
0031. In one embodiment, the number of conductive 
layers within vertical section 304 corresponds to the number 
of rows of bond pads on the bottom surface of IC 302. Thus, 
for example, if IC 302 has 40x40 rows of bond pads on its 
bottom Surface, vertical section 304 would include 40 con 
ductive layers. In the description and Figures, below, an IC 
having 10x10 rows of bond pads is described. This number 
of rows is for ease of illustration only, and is not intended to 
limit the Scope if the application. In various embodiments, 
the IC package could accommodate an IC having more or 
fewer rows of bond pads as well. 
0.032 The number of dielectric layers within vertical 
section 304 is related to the number of conductive layers. 
Specifically, in one embodiment, a dielectric layer exists on 
both sides of each conductive layer. Accordingly, for 
example, if the vertical section 304 includes 40 conductive 
layers, the vertical section 304 would include 41 dielectric 
layers. In alternate embodiments, either or both of the 
outermost conductive layers could be located on the Surface 
of the vertical section 304. In the previous example, this 
means that the vertical section 304 would include 40 or 39 
dielectric layers, respectively. 

0033. The function of the vertical section 304 is to carry 
I/O Signals, power, and ground between the horizontal 
section 306 of the package and the IC 302. In addition, in 
one embodiment, the vertical section 304 serves to convert 
the pitch, along the Y-axis, from the bond pad pitch of IC 
302 to a larger pitch, Such as the desired pitch for mating the 
package's bottom Surface connections with a next level of 
interconnect (e.g., an interposer, Socket, printed circuit board 
or other substrate). 
0034. In one embodiment, a set of one or more first level 
decoupling capacitors 308 are electrically and physically 
connected to side Surfaces of vertical section 304. In one 
embodiment, these capacitors 308 are discrete, multi-layer 
capacitors (e.g., ceramic capacitors) having two or more 
terminals. Capacitors 308 are mounted on bond pads (not 
shown) on the side surfaces of vertical section 304, and 
electrically connected to conductive layers within Vertical 
section 304 through vias (not shown). Although only four 
capacitors 308 is shown on one side of vertical section 304, 
more or fewer capacitors could be used as well. In addition, 
more than one row of capacitors could be attached to a side 
of vertical section 304 or capacitors 308 could be attached 
to more than one side. 

0035) In one embodiment, as will be described in more 
detail below, one or more of the outer conductive layers of 
vertical section 304 are dedicated to power and ground. The 
use of closely-Spaced planes for power and ground planes, 
and the close proximity of capacitors 308 to IC 302 can 
result in a lower inductance path between capacitors 308 and 
IC 302 than is possible using prior art packages. In other 
embodiments, the outer conductive layers are not dedicated 
to power and/or ground, but other layers are instead dedi 
cated to power and/or ground. 
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0036 Vertical section 304 is electrically connected to 
horizontal section 306, in one embodiment. In particular, 
bond pads (not shown) on the bottom surface of vertical 
section 304 are electrically connected to bond pads (not 
shown) on the top surface 316 of the horizontal section 306 
of the package. These connections could be made, for 
example, using common Surface mount technologies (e.g., 
BGA or LGA technologies), although the connections also 
could be made using other technologies as well. 
0037 Horizontal section 306 includes multiple layers of 
conductive materials Separated by multiple layers of dielec 
tric materials. The conductive and dielectric layers of hori 
Zontal section 306 are oriented in a parallel direction to the 
top surface 316 of the horizontal section 306, as indicated by 
lines 318. In other words, the top surface 316 and conductive 
layers of the horizontal section 306 are oriented along a 
horizontal, X-Y plane. 
0038. The bottom surface of horizontal section 306, 
which also is horizontally oriented, includes connectors (not 
shown) (e.g., bond pads or pins), which enable the horizon 
tal section 306 to be mated with a next level of interconnect. 
The function of the horizontal section 306 is to carry I/O 
Signals, power, and ground between the next level of inter 
connect and vertical section 304. In addition, in one embodi 
ment, the horizontal section 306 serves to convert the pitch, 
along the X-axis, from the bond pad pitch of IC 302 to a 
larger pitch, Such as the desired pitch for mating the pack 
age's bottom Surface connections with the next level of 
interconnect. By using the vertical section 304 to convert the 
pad pitch along the Y-axis and using the horizontal Section 
306 to convert the pad pitch along the X-axis, a complete 
pitch conversion is achieved by the package. In an alternate 
embodiment, the package could produce a partial pitch 
conversion, and an interposer or other Substrate could be 
used to complete the pitch conversion. 
0039. By using the vertical section 304 to fan out I/O 
Signals, a portion of the pitch conversion can be accom 
plished without the necessity for finer design rules, 
increased die sizes or increased package layer counts. In 
addition, it is possible to fan out I/O Signals from any region 
of the IC, rather than just from the outer few rows. This also 
allows more pads to be dedicated to I/O Signals than is 
possible using prior art packaging technologies. 

0040. In one embodiment, a set of one or more second 
level decoupling capacitorS 310 are electrically and physi 
cally connected to the top surface 316 of horizontal section 
306 and one or more of the conductive layers within 
horizontal section 306. In one embodiment, these capacitors 
310 are discrete, multi-layer capacitors (e.g., ceramic 
capacitors) having two or more terminals. Capacitors 310 
are mounted on bond pads (not shown) on the top Surface 
316 of horizontal section 306, and electrically connected to 
conductive layers within horizontal section 306 through vias 
(not shown). Although only one row of four capacitors 310 
is shown on each side of the top surface 316 of horizontal 
section 306, more or fewer capacitors could be used as well. 
In addition, more than one row of capacitors could be 
attached to either or both sides of the top surface 316 of 
horizontal Section 306, and capacitorS also could be attached 
to the bottom Surface of horizontal section 306. 

0041 Besides connecting decoupling capacitors 308,310 
to the vertical and horizontal sections 304, 306 of the 
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package, other components could be connected to the pack 
age as well. For example, termination resistors for various 
I/O Signal paths could be connected to the horizontal and/or 
vertical sections 306, 304. 
0042. In the description, above, an IC package is 
described that includes a vertical section 304 and a horizon 
tal section 306. In an alternate embodiment, the IC package 
could include only a vertical section 304, and the function 
ality of the horizontal section 306 could be performed by a 
printed circuit board or other Substrate to which the package 
is electrically connected. In Such an embodiment, the Ver 
tical section 304 would be connected directly to the printed 
circuit board or other Substrate (e.g., using BGA or LGA 
technologies), instead of being connected to a horizontal 
Section. 

0043 FIG. 4 illustrates a top view of the electrical 
assembly shown in FIG. 3. Specifically, FIG. 4 shows a top 
view (i.e., a view in the X-Y plane, see axes on FIG. 3) of 
IC 302, vertical section 304, horizontal section 306, first 
level capacitors 308, and second level capacitors 310. 
0044) The relative and actual dimensions of the vertical 
section 304 and horizontal section 306 can vary greatly. For 
example, the width 402 of vertical section 304 can be 
roughly equal to the width of the IC 302, although this is not 
necessarily so. The width 402 of the vertical section 304 
could be, for example, in a range of approximately /4" to 1", 
although it could be wider or narrower as well. The length 
404 of the vertical section 304 is approximately equal to the 
length 404 of the horizontal section 306, in one embodiment, 
although this is not necessarily so. The lengths 404 of the 
vertical and horizontal sections 304, 306 can be roughly 
equal to the length of a Standard package that would mate 
with the next level of interconnect. For example, the lengths 
404 could be in a range of approximately /4" to 3", although 
they could be wider or narrower as well. Similarly, the width 
406 of the horizontal section 306 can be roughly equal to the 
width of a Standard package that would mate with the next 
level of interconnect. The width 406 could be roughly the 
same as the length 404, or the width 406 could be larger or 
smaller than the length 404. 
004.5 FIG. 5 illustrates a cross-sectional view of the 
electrical assembly of FIG. 3, along section lines 5-5. As 
described previously, bond pads on the bottom surface of IC 
302 are electrically connected to a complimentary Set of 
bond pads on the top surface of vertical section 304 via 
solder bumps or balls, in one embodiment. The bond pads of 
vertical section 304 are electrically connected to conductive 
layers 512, 514, 516 within vertical section 304. 
0046) Each of these conductive layers 512, 514, 516 
could include Substantially planar areas of conductive mate 
rial and/or conductive traces, which electrically connect the 
top Surface bond pads with bond pads on the bottom Surface 
of vertical section 304. In one embodiment, a set of one or 
more outer conductive layers 512 or 514 include the Sub 
Stantially planar conductive areas, and are dedicated to 
carrying power or ground from horizontal section 306 to IC 
302. In one embodiment, when multiple layers 512, 514 are 
dedicated to each of power and ground, these layerS alternate 
between power and ground in order to minimize the induc 
tance of the conductive loops for first level and second level 
capacitors 308, 310. A second set of one or more inner 
conductive layerS 516 include the conductive traces, and are 

Jan. 2, 2003 

dedicated to carrying I/O Signals. Each of these conductive 
traces is used to conduct an I/O Signal from one top Surface 
bond pad to one bottom Surface bond pad. 

0047 For ease of illustration, the example illustrated in 
FIG. 5 shows ten conductive layers 512, 514, 516, where 
only two layers 512, 514 are used for each of power and 
ground. This leaves six layers 516 that can be dedicated to 
I/O Signals. In a more typical package designed for an IC 
with 40x40 bond pads, 40 conductive layers would exist in 
the vertical section 304, and perhaps 10 outer layers would 
be dedicated to power and 10 outer layers would be dedi 
cated to ground, leaving 20 inner layers that can be dedi 
cated to I/O Signals. Because I/O Signals could be carried 
across all 40 bond pads connected to each of the inner 20 
layers, this translates to the ability to dedicate up to 800 bond 
pads to I/O Signals. This represents a marked improvement 
over prior art packages, where only the outer few rows of 
bond pads could be dedicated to I/O Signals because of 
escape routing issues. ASSuming a 40x40 pad package, 
where the outer three rows are dedicated to I/O Signals, a 
prior art package could carry only about 440 I/O Signals. 

0048 AS described previously, one or more discrete, first 
level capacitors 308 are connectable to conductive structures 
(e.g., Vias), which electrically connect conductive layers 
512, 514 with one or more side Surfaces of vertical section 
304. By using outer layers 512, 514 to connect capacitors 
308 and to convey power and ground, the electrical distance 
between first level capacitors 308 and IC 302 can be 
minimized, resulting in a relatively Small loop area and a 
relatively low inductance path. In addition, the planar Struc 
tures of outer layers 512, 514 can serve to shield the inner 
conductive layerS 516, thus reducing the amount of external 
noise that could interfere with Signals carried acroSS inner 
conductive layerS 516. In other embodiments, power, ground 
and I/O Signals could be exchanged using any combination 
of outer layers 512, 514 or inner layers 516. 

0049. A set of bond pads on the bottom surface of vertical 
Section 304 are electrically connected to a complimentary 
set of bond pads on the top surface of horizontal section 306 
via solder bumps or balls, in one embodiment. The height 
524 of the vertical section 304 is dependent on the number 
of signals being fanned out by vertical section 304, and the 
aspect ratio between the IC pad pitch and the package pad 
pitch, which relates to the amount of Space necessary to 
perform the pitch conversion in the Y direction (See axes on 
FIG. 3) between the bond pads on the top surface of the 
vertical section 304 and the bond pads on the top surface of 
the horizontal section 306. In general, the number of signals 
to be fanned out and/or the magnitude of the aspect ratio are 
proportional to the height 524 of the vertical section 304. For 
example, the height 524 of the vertical section 304 could be 
in a range of approximately /4" to 1", although it could be 
taller or shorter as well. 

0050. The top surface bond pads of horizontal section 
306 are electrically connected to vias 538 and conductive 
layers 540, 542, 544 within horizontal section 306. Each of 
these conductive layers 540, 542, 544 could include planar 
conductive areas and/or traces. Along with vias 538, 546, 
conductive layers 540, 542, 544 electrically connect the set 
of top Surface bond pads with a set of connectors (e.g., bond 
pads 550 or pins) on the bottom surface 552 of horizontal 
section 306. In one embodiment, one or more top conductive 
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layers 540 or 542 are dedicated to carrying power from the 
next level of interconnect (not shown) to vertical Section 
304, and one or more top conductive layers 542 or 540 are 
dedicated to connecting vertical Section 304 to ground. 

0051. For ease of illustration, the example illustrated in 
FIG. 5 shows three conductive layers 540, 542, 544, where 
only one layer 540, 542 is used for each of power and 
ground. In other embodiments, more than one layer each 
could be used for power and/or ground. 

0.052 AS described previously, one or more discrete, 
Second level capacitorS 310 are connectable to conductive 
Structures (e.g., Vias), which electrically connect conductive 
layers 540, 542 with the top surface of horizontal section 
306. By using top layers 540, 542 to connect capacitors 310 
and to convey power and ground, the electrical distance 
between second level capacitors 310 and IC 302 can be 
minimized, resulting in a relatively Small loop area and a 
relatively low inductance path. The remaining layer 544 is 
representative only, and more than one layer would likely be 
used to convey I/O Signals and to convert the pitch for the 
I/O signals in the X direction (see axes on FIG. 3), as will 
be described in more detail later. In other embodiments, 
power and ground could be exchanged using any combina 
tion of top layers 540, 542 or lower layers 544. 

0053) The bond pads 550 on the bottom surface 552 of 
horizontal section 306 can be connected to the next level of 
interconnect (e.g., an interposer, Socket, printed circuit board 
or other Substrate) using Surface mount technologies. In 
another embodiment, bond pads 550 could be replaced by 
pins that could mate with complementary pin holes in the 
next level of interconnect, resulting in a removable package 
design. In Still another embodiment, as was explained pre 
viously, vertical section 304 could be attached directly to the 
next level of interconnect using Surface mount or pinned 
connections, making a separate horizontal Section 306 
unneceSSary. 

0.054 FIG. 6 illustrates a cross-sectional view of the 
electrical assembly of FIG. 3, along section lines 6-6. As 
described previously, bond pads 602 on the bottom surface 
604 of IC 302 are electrically connected to bond pads 606 on 
the top surface 608 of vertical section 304 via solder bumps 
or balls 610, in one embodiment. In addition, bond pads 612 
on the bottom Surface 614 of vertical section 304 are 
electrically connected to bond pads 616 on the top Surface 
618 of horizontal section 306 via solder bumps or balls 620, 
in one embodiment. 

0.055 Conductive traces 630 in some layers electrically 
connect the vertical sections top surface bond pads 606 with 
bottom surface bond pads 612. Conductive traces 630 rep 
resent conductive material associated with one inner con 
ductive layer of vertical section 304. In one embodiment, as 
described previously, the inner conductive layers can be 
dedicated to I/O Signals. Thus, in one embodiment, each 
conductive trace 630 is capable of conveying one I/O Signal. 
In the example shown, conductive traces 630 are capable of 
conveying ten I/O Signals between top Surface bond pads 
606 and bottom surface bond pads 612. 
0056. In one embodiment, the conductive traces 630 
within a conductive layer can be designed to perform a bond 
pad pitch conversion, in the Y direction (see axes on FIG. 
3), between the pitch of the IC bond pads 602 and the pitch 
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of the horizontal section bond pads 616 (or the pitch of the 
connectors on the next level of interconnect). For example, 
a typical flip chip could have a bond pad pitch of approxi 
mately 250 microns, and a printed circuit board could have 
a bond pad pitch of approximately 650 microns. Conductive 
traces 630 could be used to achieve all or a portion of this 
pitch conversion in the Y direction. 
0057. Using the various embodiments of the present 
invention, more bond pads can be dedicated to I/O Signals, 
without increasing the die Size or number of package layers, 
or forcing finer package design rules. In addition, it is 
possible to fan out I/O Signals from any region of the IC, 
rather than just from the outer few rows. This also allows 
more pads to be dedicated to I/O Signals than is possible 
using prior art packaging technologies. 

0058 Prior art package designs perform pitch conversion 
using vertical plated through hole (PTH) vias that are 
interconnected by conductive planes or traces. The conduc 
tive paths through these prior art packages are relatively 
high inductance paths, because PTH Vias are typically a high 
inductance feature of a package. In addition, long PTH ViaS 
are often a Source of discontinuity, which leads to degrada 
tions in Signal integrity and power delivery performance. In 
contrast, the conductive paths (i.e., traces 630) through the 
vertical section 304 of the embodiments of the present 
invention are relatively low inductance paths, which do not 
result in the levels of discontinuity experienced using long 
PTH viaS. 

0059 FIG. 7 illustrates a top view of a vertical section 
702 of an integrated circuit package in accordance with one 
embodiment of the present invention. For example, the top 
View could illustrate the top Surface of a vertical Section 
(e.g., section 304, FIG. 3) before an IC (e.g., IC 302, FIG. 
3) is attached. 
0060. The vertical section 702 includes an array of bond 
pads 704 on the top surface. These bond pads 704 match the 
pitch of and are electrically connectable to corresponding 
bond pads of an IC. In the example shown, ten columns 706 
and ten rows 708 of bond pads 704 are included. In other 
embodiments, more or fewer columns 706 and/or rows 708 
of bond pads 704 could be included. In one embodiment, 
each column 706 of bond pads 704 is electrically connected 
with conductive material of a particular conductive layer 
within vertical section 702. Accordingly, in the example 
shown, vertical section 702 would include ten conductive 
layers, where each conductive layer includes planar areas 
and/or traces of conductive material. 

0061 FIG. 8 illustrates a top view of a horizontal section 
802 of an integrated circuit package in accordance with one 
embodiment of the present invention. For example, the top 
View could illustrate the top Surface of a horizontal Section 
(e.g., section 306, FIG. 3) before a vertical section (e.g., 
section 304, FIG. 3) is attached. 
0062) The horizontal section 802 includes an array of 
bond pads 804 on the top surface. These bond pads 804 
match the arrangement of and are electrically connectable to 
corresponding bond pads on the bottom Surface of a vertical 
Section. In addition, in one embodiment, the pitch between 
pads in a column (e.g., column 806) of bond pads 804 
matches the bond pad pitch of an IC connectable to the 
vertical Section, and the pitch between pads in a row (e.g., 
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row 808) of bond pads 804 matches the pitch of the next 
level of interconnect below the horizontal section 802. In 
another embodiment, the pitch between pads in a row could 
be different from the pitch of the next level of interconnect. 
0.063. In the example shown, ten rows and ten columns of 
bond pads 804 are included. In other embodiments, more or 
fewer rows and/or columns of bond pads 804 could be 
included. In one embodiment, each bond pad 804 is elec 
trically connected to a via (not shown) and/or conductive 
layer within horizontal section 802. 
0.064 FIG. 9 illustrates a cross-sectional view of the 
horizontal section 802 of FIG. 8 along section lines 9-9. In 
one embodiment, the primary purpose of horizontal Section 
802 is to perform a pitch conversion between pads in a row 
(e.g., row 808, FIG. 8) of bond pads from the bond pad pitch 
of an IC to the bond pad pitch of the next level of intercon 
nect (e.g., an interposer, Socket, printed circuit board or other 
substrate). Accordingly, each bond pad 902 on the top 
surface 904 of horizontal section 802 is electrically con 
nected to a conductive structure that performs the desired 
pitch conversion. In one embodiment, this conductive Struc 
ture includes a via 906 connected to the top surface bond pad 
902, a conductive layer 908 that is parallel with the top 
surface 904, and a via 910 connected to a bond pad 912 on 
the bottom Surface 914 of the horizontal section 802. In 
addition, the conductive Structure could include one or more 
intermediate Vias and/or layers (not shown), in various 
embodiments. Because the vertical Section (e.g., Section 
304, FIG. 3) performs pitch conversion in the Y direction 
(see axes on FIG.3) and the horizontal section (e.g., section 
306, FIG. 3) performs pitch conversion in the X direction, 
an integrated circuit package that includes both a vertical 
and horizontal Section is capable of fully performing the 
conversion between the bond pad pitch of an IC and the 
bond pad pitch of the next level of interconnect below the 
package. 
0065 FIG. 10 illustrates a flowchart of a method for 
fabricating an electrical assembly, which includes an elec 
tronic circuit package, in accordance with one embodiment 
of the present invention. The method begins, in block 1002, 
by fabricating a vertical package Structure and, in one 
embodiment, a horizontal package Structure. The vertical 
package Structure includes the appropriate number of con 
ductive layers to match the number of rows (or columns) of 
bond pads for a particular IC. For example, for an IC with 
40 rows and 40 columns of bond pads, the vertical package 
Structure would include 40 conductive layers. In addition, in 
one embodiment, the Vertical package Structure includes the 
appropriate number and arrangement of Vias to connect with 
the first level decoupling capacitors, if any. The horizontal 
package Structure includes the appropriate number and 
arrangement of Vias and conductive layers to connect its top 
and bottom bond pads, and to connect with the Second level 
decoupling capacitors, if any. 
0.066 Generally, the fabrication process begins by pro 
viding a substrate, which can be formed from organic PC 
board materials, Such as an epoxy material, in one embodi 
ment. For example, Standard PC board materials. Such as 
FR-4 epoxy-glass, polymide-glass, benzocyclobutene, 
Teflon, other epoxy resins, injection molded plastic or the 
like could be used in various embodiments. In alternate 
embodiments, the Substrate could consist of inorganic PC 
board materials, Such as ceramic, for example. 
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0067 Standard procedures for building up levels of con 
ductive or insulating layers can then be employed using 
techniques known to those of skill in the art, thus creating 
multiple layer Structures. These techniques can include, for 
example, any combination of photolithography, material 
deposition, plating, drilling, printing, lamination, and other 
processes for Selectively adding or removing conductive and 
non-conductive materials. In one embodiment, the conduc 
tive material is copper, although other conductive materials 
Such as tin, lead, nickel, gold, palladium, or other materials 
could be used in other embodiments. 

0068. In one embodiment, either or both of the vertical 
and horizontal structures include conductive structures (e.g., 
Vias) formed therein, which electrically connect Surfaces of 
the vertical and/or horizontal Structures with conductive 
planes. These conductive Structures are connectable to one 
or more discrete capacitors, for example. Formation of 
conventional Vias can be performed using techniques well 
known to those of skill in the art. In one embodiment, vias 
are laser or mechanically drilled and plated or filled with a 
conductive material, although Vias may also be punched or 
formed using other techniques in various embodiments. 

0069. In various embodiments, the thicknesses of the 
structures are within a range of about 100-1000 microns. 
The Structures consist of multiple layers of dielectric mate 
rial and patterned conductive material, where each dielectric 
and conductive layer pair is within a range of about 100-200 
microns in one embodiment. The Structures and their asso 
ciated layerS could be thicker or thinner than these ranges in 
other embodiments. 

0070. In one embodiment, the structures include multiple 
Vertical or horizontal package Sections. Therefore, in block 
1004, the structures are sliced to singulate the multiple 
Vertical and horizontal package Sections. In particular, the 
Vertical package Structure is Sliced along the X-Y and X-Z 
planar directions (see axes on FIG. 3), and the horizontal 
package Structure is sliced along the X-Z and Y-Z planar 
directions. Singulation can be performed, for example, using 
laser or mechanical Sawing or other techniques. In another 
embodiment, either or both Structures include only a single 
Vertical or horizontal Section, and slicing is not necessary. 
0071. A typical printed circuit board has a length and 
width of, for example, 12x12 inches. For a printed circuit 
board that includes multiple vertical package Sections, each 
of which has a height of about /2" and a width of about 2", 
one printed circuit board could yield about 144 vertical 
package Sections. For a printed circuit board that includes 
multiple horizontal package Sections, each of which has a 
length and width of about 2", one printed circuit board could 
yield about 36 horizontal package Sections. 

0072 Next, in block 1006, conductive bond pads (e.g., 
pads 606, 612, FIG. 6; 902, 912, FIG. 9) are formed on the 
top and bottom Surfaces of each vertical and horizontal 
section. The bond pads could be formed, in various embodi 
ments, by Selective plating, material deposition or printing. 
In one embodiment, the bond pad material is copper, 
although other conductive materials Such as tin, lead, nickel, 
gold, palladium, or other materials could be used in other 
embodiments. 

0073 For the vertical section, the top surface bond pads 
will mate with the IC bond pads, and the bottom surface 

Page 17 of 20



US 2003/0003705 A1 

bond pads will mate with the horizontal surface's top surface 
bond pads. For the horizontal Section, the top Surface bond 
pads will mate with the vertical section's bottom surface 
bond pads, and the bottom surface bond pads will mate with 
bond pads on the next level of interconnect. If the next level 
of interconnect requires a pinned package, then an array of 
pins will be attached to the bottom surface of the horizontal 
Section. 

0.074. In one embodiment, one or more first level decou 
pling capacitors (e.g., capacitors 308, FIG. 3) are connected 
to the vertical Section, and one or more Second level decou 
pling capacitors (e.g., capacitors 310, FIG. 3) are connected 
to the horizontal section, in block 1008. Connection of the 
decoupling capacitors involves Surface mounting discrete 
capacitors to pads, on the Surfaces of the vertical and/or 
horizontal Sections, that provide electrical connections with 
one or more conductive layers within the vertical and/or 
horizontal Sections. In an alternate embodiment, the decou 
pling capacitors are connected to the Vertical Section and/or 
horizontal Section after those Sections are connected 
together. 

0075). In block 1010, the vertical and horizontal package 
Sections are connected together. In one embodiment, this 
connection is achieved using Standard Surface mounting 
techniques, which include the deposition and reflow of 
Solder materials on the Surfaces of complementary bond 
pads. In one embodiment, the connection between the Ver 
tical and horizontal Sections is Strengthened using an under 
fill material, although this is not essential. Use of an underfill 
material can help to reduce CTE mismatches between the 
Vertical and horizontal Sections. 

0076) Next, in block 1012, one or more die (e.g., one or 
more ICs, such as IC 302, FIG. 3) is connected to bond pads 
on the top Surface of the vertical Section using Standard 
Surface mounting techniques. In another embodiment, wire 
bond techniques are used to connect the die to the bond pads 
of the vertical Section. An underfill material also can be used, 
in one embodiment, between the die and the Vertical Section 
to Strengthen the connection between the die and the vertical 
Section, and to reduce CTE mismatches between the die and 
the Vertical Section. 

0077 Finally, in block 1014, the horizontal section of the 
package is connected to the next level of interconnect (e.g., 
an interposer, Socket, printed circuit board or other Sub 
strate). When the next level of interconnect requires a 
Surface mounted package, the package is connected using 
Standard Surface mounting techniques. When the next level 
of interconnect requires a pinned package, the package is 
connected by plugging the package's pins into the corre 
sponding pin holes on the next level of interconnect. The 
method then ends. 

0078 While FIGS. 3-10 illustrate fabricating an inte 
grated circuit package, the Structures and methods also could 
be applied to fabricating packages or housings for other 
types of devices. As would be obvious to one of skill in the 
art based on the description herein, the methods described 
above would be varied depending on the particular devices 
used. 

0079 The configurations described above in conjunction 
with various embodiments could form part of an electronic 
system. FIG. 11 illustrates an electronic system in accor 
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dance with one embodiment of the present invention. The 
system shown in FIG. 11 could be, for example, a computer, 
a wireless or wired communication device (e.g., telephone, 
modem, cellphone, pager, radio, etc.), a television, a moni 
tor, or virtually any other type of electronic System that 
could benefit from the use of the package described in 
conjunction with the various embodiments. 
0080. The electronic system includes one or more elec 
tronic circuits 1102 (e.g., a microprocessor or other IC), 
which are electrically attached to a package 1104, PC board 
1106, and power supply 1108. Package 1104 includes ver 
tical and horizontal package Sections described in accor 
dance with various embodiments of the present invention. 

CONCLUSION 

0081 Various embodiments of a package structure and 
methods of fabricating that Structure have been described, 
along with a description of the incorporation of the Structure 
within an electronic System. The description specifically 
refers to Structures and fabrication methods for an integrated 
circuit package. The method and apparatus of the various 
embodiments also could be used for Structures and fabrica 
tion methods for different types of devices and/or different 
types of housings (e.g., an interposer or PC board). 
0082) While the foregoing examples of dimensions and 
ranges are considered typical, the various embodiments of 
the invention are not limited to Such dimensions or ranges. 
It is recognized that the trend within industry is to generally 
reduce device dimensions for the associated cost and per 
formance benefits. 

0083. In the foregoing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
drawings, which form a part hereof, and in which are shown 
by way of illustration specific preferred embodiments in 
which the invention may be practiced. These embodiments 
are described in Sufficient detail to enable those skilled in the 
art to practice the invention. 
0084. 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. For example, additional layers of pat 
terned conductive materials and interconnects for carrying 
Signals, power, and ground may exist between, above, 
between, or below the various conductive Structures, which 
are shown in the Figures. 
0085. The various embodiments have been described in 
the context of providing an integrated circuit package. One 
of ordinary skill in the art would understand, based on the 
description herein, that the method and apparatus of the 
present invention could also be applied in many other 
applications. Therefore, all Such applications are intended to 
fall within the Spirit and Scope of the present invention. 
0086) This application is intended to cover any adapta 
tions or variations of the present invention. The foregoing 
detailed description is, therefore, not to be taken in a limiting 
sense, and it will be readily understood by those skilled in 
the art that various other changes in the details, materials, 
and arrangements of the parts and Steps which have been 
described and illustrated in order to explain the nature of this 
invention may be made without departing from the Spirit and 
Scope of the invention as expressed in the adjoining claims. 
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What is claimed is: 
1. An electronic circuit package comprising: 

a vertical package Section, which includes multiple first 
conductive layerS Separated by multiple first dielectric 
layers, wherein the multiple first conductive layers and 
the multiple first dielectric layers are oriented in par 
allel with a vertical plane, and wherein a top Surface 
and a bottom Surface of the Vertical package Section are 
parallel with a horizontal plane that is perpendicular to 
the Vertical plane; 

a first Set of bond pads located on the top Surface of the 
Vertical package Section and electrically connected to 
the multiple first conductive layers, and 

a Second Set of bond pads located on the bottom Surface 
of the vertical package Section and electrically con 
nected to the multiple first conductive layers. 

2. The electronic circuit package as claimed in claim 1, 
further comprising conductive Structures that electrically 
connect one or more of the multiple first conductive layers 
with one or more side Surfaces of the vertical package 
Section, wherein the conductive Structures are connectable to 
one or more discrete capacitors. 

3. The electronic circuit package as claimed in claim 1, 
further comprising: 

a horizontal package Section, which includes multiple 
Second conductive layerS Separated by multiple Second 
dielectric layers, wherein the multiple Second conduc 
tive layers, the multiple Second dielectric layers, a top 
Surface, and a bottom Surface of the horizontal package 
Section are oriented in parallel with the horizontal 
plane; 

a third set of bond pads located on the top Surface of the 
horizontal package Section and electrically connected 
to the Second Set of bond pads and to the Second 
conductive layers, and 

a set of connectors located on the bottom Surface off the 
horizontal package Section and electrically connected 
to the Second conductive layers. 

4. The electronic circuit package as claimed in claim 3, 
wherein the Set of connectors are a fourth Set of bond pads. 

5. The electronic circuit package as claimed in claim 3, 
wherein the Set of connectors are a Set of pins. 

6. The electronic circuit package as claimed in claim 3, 
further comprising conductive Structures that electrically 
connect one or more of the multiple Second conductive 
layers with the top Surface of the horizontal package Section, 
wherein the conductive Structures are connectable to one or 
more discrete capacitors. 

7. The electronic circuit package as claimed in claim 6, 
wherein the conductive Structures accomplish a pitch con 
version, along a first direction, between a first pitch of the 
third set of bond pads to a second pitch of the fourth set of 
bond pads, and wherein the Second pitch is larger than the 
first pitch. 

8. The electronic circuit package as claimed in claim 1, 
wherein a set of the multiple conductive layerS form Sub 
Stantially planar areas of conductive material, and the Set of 
the multiple conductive layers are used to conduct power or 
ground. 
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9. The electronic circuit package as claimed in claim 8, 
wherein at least Some of the Set of the multiple conductive 
layers are outside layers of the vertical package Section. 

10. The electronic circuit package as claimed in claim 1, 
wherein a set of the multiple conductive layerS form traces 
of conductive material, wherein each trace is used to conduct 
an input/output signal, and each trace interconnects one 
bond pad of the first set of bond pads with one pad of the 
Second Set of bond pads. 

11. The electronic circuit package as claimed in claim 10, 
wherein the traces of conductive material accomplish a pitch 
conversion, along a first direction, between a first pitch of 
the first Set of bond pads to a Second pitch of the Second Set 
of bond pads, and wherein the Second pitch is larger than the 
first pitch. 

12. The electronic circuit package as claimed in claim 10, 
wherein at least Some of the Set of the multiple conductive 
layers are inside layers of the Vertical package Section, and 
one or more outside layers of the vertical package Section are 
used to conduct power or ground. 

13. The electronic circuit package as claimed in claim 1, 
wherein the Vertical package Section is formed from organic 
printed circuit materials. 

14. The electronic circuit package as claimed in claim 1, 
wherein the vertical package Section is formed from ceramic 
printed circuit board materials. 

15. The electronic circuit package as claimed in claim 1, 
wherein the first Set of bond pads is connectable to one or 
more complementary Sets of bond pads on one or more 
integrated circuits. 

16. The electronic circuit package as claimed in claim 15, 
wherein the first set of bond pads is connectable to a 
complementary Set of bond pads on a microprocessor. 

17. A method for fabricating an electronic circuit package, 
the method comprising: 

fabricating a vertical package Section, which includes 
multiple first conductive layerS Separated by multiple 
first dielectric layers, wherein the multiple first con 
ductive layerS and the multiple first dielectric layers are 
oriented in parallel with a vertical plane, and wherein 
a top Surface and a bottom Surface of the vertical 
package Section are parallel with a horizontal plane that 
is perpendicular to the Vertical plane; 

forming a first Set of bond pads on the top Surface of the 
Vertical package Section and electrically connected to 
the multiple first conductive layers, and 

forming a Second set of bond pads on the bottom Surface 
of the Vertical package Section and electrically con 
nected to the multiple first conductive layers. 

18. The method as claimed in claim 17, wherein forming 
the first Set of bond pads comprises: 

Selectively plating the top Surface of the vertical package 
Section. 

19. The method as claimed in claim 17, further compris 
ing: 

electrically connecting, through conductive Structures, 
one or more of the multiple first conductive layers with 
one or more Side Surfaces of the Vertical package 
Section, wherein the conductive structures are connect 
able to one or more discrete capacitors. 
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20. The method as claimed in claim 17, further compris 
ing: 

fabricating a horizontal package Section, which includes 
multiple Second conductive layerS Separated by mul 
tiple Second dielectric layers, wherein the multiple 
Second conductive layers, the multiple Second dielec 
tric layers, a top Surface, and a bottom Surface of the 
horizontal package Section are oriented in parallel with 
the horizontal plane, 

forming a third Set of bond pads located on the top Surface 
of the horizontal package Section and electrically con 
nected to the Second Set of bond pads and to the Second 
conductive layers, and 

electrically connecting the Second Set of bond pads with 
the third set of bond pads. 

21. The method as claimed in claim 20, further compris 
ing: 

electrically connecting, through conductive Structures, 
one or more of the multiple Second conductive layers 
with the top Surface of the horizontal package Section, 
wherein the conductive structures are connectable to 
one or more discrete capacitors. 

22. The method as claimed in claim 17, wherein the 
electronic circuit package is an integrated circuit package, 
the method further comprising electrically connecting one or 
more integrated circuits to the integrated circuit package. 

23. An electronic System comprising: 
an integrated circuit package that includes 

a vertical package Section having multiple first conduc 
tive layerS Separated by multiple first dielectric lay 
ers, wherein the multiple first conductive layers and 
the multiple first dielectric layers are oriented in 
parallel with a vertical plane, and wherein a top 
Surface and a bottom Surface of the vertical package 
Section are parallel with a horizontal plane that is 
perpendicular to the vertical plane, 
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a first Set of bond pads located on the top Surface of the 
Vertical package Section and electrically connected 
to the multiple first conductive layers, and 

a Second Set of bond pads located on the bottom Surface 
of the vertical package Section and electrically con 
nected to the multiple first conductive layers, and 

one or more integrated circuits located on the top Surface 
of the Vertical package Section and electrically con 
nected to the first set of bond pads. 

24. The electronic system as claimed in claim 23, further 
comprising: 

one or more discrete capacitors electrically connected to 
conductive Structures, which electrically connect one or 
more of the multiple first conductive layers with one or 
more Side Surfaces of the Vertical package Section. 

25. The electronic system as claimed in claim 23, wherein 
the integrated circuit package further comprises: 

a horizontal package Section having multiple Second 
conductive layerS Separated by multiple Second dielec 
tric layers, wherein the multiple Second conductive 
layers, the multiple Second dielectric layers, a top 
Surface, and a bottom Surface of the horizontal package 
Section are oriented in parallel with the horizontal 
plane; 

a third Set of bond pads located on the top Surface of the 
horizontal package Section and electrically connected 
to the Second Set of bond pads and to the Second 
conductive layers, and 

a set of connectors located on the bottom surface off the 
horizontal package Section and electrically connected 
to the Second conductive layers. 

26. The electronic system as claimed in claim 25, further 
comprising: 

one or more discrete capacitors electrically connected to 
one or more of the multiple Second conductive layers. 

k k k k k 
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