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(57) ABSTRACT 

A structure and method thereof for providing an electrically 
conductive path betWeen a ?rst conductive point and a 
second conductive point. The structure includes an insulat 
ing Inaterial disposed betWeen the ?rst conductive point and 
the second conductive point. Adipole material is distributed 
Within the insulating material. The dipole material is com 
prised of randomly oriented magnetic particles. The mag 
netic particles in a selected localized region of the insulating 
material are aligned to form an electrically conductive path 
betWeen the ?rst conductive point and the second conductive 
point through the insulating material. 
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ELECTRICALLY CONDUCTIVE PATH THROUGH 
A DIELECTRIC MATERIAL 

TECHNICAL FIELD 

[0001] The present invention pertains to the ?eld of elec 
trical systems. More speci?cally, the present invention per 
tains to a structure and method thereof for conducting 
electricity betWeen devices, such as betWeen conductive 
layers in a multilayer printed Wiring board. 

BACKGROUND ART 

[0002] As is Well knoWn in the art, a packaged integrated 
circuit typically consists of an integrated circuit die encap 
sulated in a protective material such as ceramic or plastic. 
The packaged integrated circuit is attached to an underlying 
circuit board by soldering or using some type of electrical 
connector. The attachment mechanism is used to poWer and 
ground these devices as Well as to pass address signals, data 
signals, control signals and other electrical signals from the 
integrated circuit package to the printed Wiring board, 
enabling electrical signals to How betWeen various devices. 

[0003] In one instance, multilayer printed Wiring boards 
are used, Where multiple conductive layers are laminated 
together, separated by an insulating material (e.g., a dielec 
tric material). In the prior art, the signal path on one layer is 
continued on another layer using a drilled hole Which has 
been metalliZed. These metalliZed drilled holes are com 
monly knoWn as vias. In one type of connection, an elec 
trical component is soldered to the surface of a printed 
Wiring board containing etched traces. These traces provide 
an electrical path for signals. The trace proceeds along the 
circuit board and is connected to a via that, for example, is 
coated With a conductive material. The coated via extends 
into the internal structure of the printed Wiring board Where 
it may connect to an etched trace on an internal layer, 
forming a continuous electrical path on tWo or more layers. 
In another type of connection, the electrical connector of the 
device is electrically coupled directly to the via. In either 
case, the tWo devices are connected by an electrically 
conductive path using one or more vias and tWo or more 
layers. 
[0004] In another instance, on a smaller scale that is 
analogous to the above, integrated circuit substrates in a 
device can be layered one on top of another, separated by an 
insulating material. Vias can be used in a manner similar to 
the above to establish an electrically conductive path 
betWeen layers of the substrate. 

[0005] Prior Art FIG. 1 illustrates the use of vias With, for 
example, a plurality of layers containing electrically con 
ductive paths that are laminated into a uni?ed structure 150. 
Each layer (e.g., conductive layers 105) is separated from a 
neighboring layer by insulating layer 100. Insulating layer 
100 is comprised of a dielectric material (polymers or 
various other materials knoWn in the art). Conductive layers 
105 and insulating layer 100 typify the conductive and 
insulating layers in structure 150. 

[0006] Structure 150 includes vias 110, 120 and 130. Via 
110 is a “blind via” extending from an external conductive 
layer through tWo insulating layers to an internal conductive 
layer. Via 120 is a blind via extending from an external 
conductive layer through one insulating layer to an internal 
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conductive layer. Via 130 is a “buried via” connecting tWo 
internal conductive layers through an insulating layer. 

[0007] A frequently used type of prior art electrical con 
nector is a ball grid array (BGA). In a BGA connector, a 
plurality of electrically conductive balls are used to transfer 
electrical signals from one location (or device) to another. 
For example, a BGA connector can be used to-send or 
receive signals betWeen an integrated circuit die and an 
underlying printed circuit board. The BGA is electrically 
coupled to the various input and output pads of the inte 
grated circuit. The BGA is also electrically coupled to 
landing pads on the printed circuit board, and the landing 
pads are in turn electrically coupled to a via. While there 
may be more details associated With the implementation of 
a BGA and vias, it is appreciated that those details are knoWn 
in the art. 

[0008] Currently, the conductive balls in a large format 
BGA are typically arranged With a pitch of approximately 1 
millimeter (or about 40 mils). HoWever, as the complexity 
and input/output (I/ O) capability of integrated circuits groW, 
the number of conductive balls in a BGA Will also need to 
groW commensurately, necessitating a reduction in pitch. 
Accordingly, a pitch on the order of 0.8 mm or perhaps even 
0.65 mm may be required in order to accommodate the next 
generation of devices and beyond. 

[0009] As the number of conductive balls increase and 
they become more densely packed, a problem is introduced 
regarding hoW to escape the footprint made by the BGA. 
That is, if there are a large number of conductive balls 
(perhaps on the order of 2000), and correspondingly a large 
number of traces coupled With the conductive balls, then it 
Will become difficult to ?nd room to route the traces on the 
printed circuit boards. 

[0010] Consequently, the number of vias Will also need to 
be increased, Which in turn can introduce a number of other 
disadvantages. First, the increasing number of vias can 
consume a signi?cant amount of the already limited space 
on the printed circuit boards, and so it is desirable to reduce 
the siZe of vias (that is, their diameter) if possible. Also, it 
is desirable to reduce the siZe of vias in order to accommo 
date the reduced pitch of, for example, a BGA. On the other 
hand, there are physical and practical limits Which preclude 
formation of vias less than approximately 75 micrometers 
(microns) in diameter, using existing technology. 
[0011] Accordingly, What is needed is a solution that can 
accommodate the increasing complexity of next-generation 
miniaturiZed devices such as integrated circuits Without 
increasing, and preferably by decreasing, the amount of 
space consumed on circuit boards by vias. What is also 
needed is a solution that addresses the above needs and can 
reduce the dif?culties associated With manufacturing smaller 
and smaller vias. The present invention provides a novel 
solution to the above needs. 

[0012] These and other objects and advantages of the 
present invention Will become obvious to those of ordinary 
skill in the art after having read the folloWing detailed 
description of the preferred embodiments Which are illus 
trated in the various draWing ?gures. 

DISCLOSURE OF THE INVENTION 

[0013] In one embodiment, the present invention pertains 
to a structure and method thereof for providing an electri 
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cally conductive path between a ?rst conductive point and a 
second conductive point on adjacent layers separated by an 
insulating layer. The present invention can accommodate the 
increasing compleXity of neXt-generation miniaturiZed 
devices such as integrated circuits Without increasing the 
amount of space consumed on circuit boards by vias. In 
accordance With the present invention, the siZe (e.g., diam 
eter) of the conductive path can be signi?cantly reduced. 

[0014] In the present embodiment of the present invention, 
the structure includes an insulating material disposed 
betWeen the ?rst conductive point and the second conductive 
point. Adipole material is homogeneously distributed Within 
the insulating material. The dipole material is comprised of 
randomly oriented magnetic particles. During the manufac 
turing process, the magnetic dipoles in a selected localiZed 
region of the insulating material are aligned to form an 
electrically conductive path betWeen the ?rst conductive 
point and the second conductive point through the insulating 
material. 

[0015] In one embodiment, the present invention is imple 
mented in a multi-layered application comprised of a plu 
rality of layers containing conductive paths. The insulating 
material is disposed betWeen each layer and a neighboring 
layer. An electrically conductive path is formed through the 
insulating material betWeen neighboring layers, as described 
above, or betWeen non-neighboring layers. 

[0016] In one embodiment, the layers are conductive lay 
ers (e.g., an integrated circuit substrate) that, With the 
insulating material, form a semiconductor package having 
alternating conductive layers and insulating layers. In one 
embodiment, connection to the semiconductor package is 
made through an array of attachment points (e.g., ball grid 
array, etc.). 

[0017] Therefore, the present invention alloWs an electri 
cally conductive path to be formed through an insulating 
material Without the need for a drilled or photo-de?ned hole 
(e.g., a via) in the insulating material. For eXample, in a 
semiconductor package, the conductive path formed in 
accordance With the present invention can be signi?cantly 
smaller than a via formed With eXisting technology, preserv 
ing valuable real estate in the semiconductor package and 
also alloWing a denser array of input/output attachment 
points on the semiconductor package. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The accompanying draWings, Which are incorpo 
rated in and form a part of this speci?cation, illustrate 
embodiments of the invention and, together With the 
description, serve to eXplain the principles of the invention: 

[0019] FIG. 1 is an illustration of vias implemented in a 
multi-layered device in accordance With the prior art. 

[0020] FIG. 2 illustrates an eXemplary assembly com 
prised of a pair of conductive layers separated by a dielectric 
insulating material, upon Which embodiments of the present 
invention can be implemented. 

[0021] FIG. 3 illustrates an exemplary assembly incorpo 
rating conductive paths through insulating layers in accor 
dance With one embodiment of the present invention. 

[0022] FIG. 4 is a ?oWchart of a process for providing a 
conductive path through an insulating material in accor 
dance With one embodiment of the present invention. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0023] Reference Will noW be made in detail to the pre 
ferred embodiments of the invention, eXamples of Which are 
illustrated in the accompanying draWings. While the inven 
tion Will be described in conjunction With the preferred 
embodiments, it Will be understood that they are not 
intended to limit the invention to these embodiments. On the 
contrary, the invention is intended to cover alternatives, 
modi?cations and equivalents, Which may be included 
Within the spirit and scope of the invention as de?ned by the 
appended claims. Furthermore, in the folloWing detailed 
description of the present invention, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. HoWever, it Will be 
obvious to one of ordinary skill in the art that the present 
invention may be practiced Without these speci?c details. In 
other instances, Well-knoWn methods, procedures, compo 
nents, and circuits have not been described in detail so as not 
to unnecessarily obscure aspects of the present invention. 

[0024] FIG. 2 illustrates an exemplary assembly 250 
comprised of a pair of conductive layers 205 separated by a 
dielectric insulating material 200, upon Which embodiments 
of the present invention may be practiced. Insulating mate 
rial 200 can be any of the various insulating materials knoWn 
in the art, such as plastic, resin, polymer, and the like. 
Residing in or on each conductive layer 205 is or can be one 
or more conductive paths (e.g., etched or photo-de?ned 

traces). 
[0025] In one embodiment, layers 205 are comprised of 
printed circuit boards layered one on top of another and 
separated from neighboring circuit boards by insulating 
material 200; that is, in this embodiment, assembly 250 
consists of alternating layers of circuit boards and insulating 
material. In another embodiment, layers 205 are comprised 
of conductive layers (e.g., metal layers, integrated circuit 
substrates, etc.) stacked one on top of another and separated 
by insulating material (e.g., to form a semiconductor pack 
age); that is, in this embodiment, assembly 250 consists of 
alternating layers of conductive layers and insulating layers. 
In one implementation of this embodiment, the semicon 
ductor package is mounted on a ball grid array (BGA). It is 
appreciated that the present invention may be implemented 
in similarly con?gured multi-layered devices, in Which each 
device in the multi-layered device is separated from neigh 
boring devices by an insulating material. It is also appreci 
ated that the present invention may be implemented in a 
multi-layered device having any number of layers. Further 
more, it is appreciated that the present invention may be 
implemented in multi-layered devices in Which the different 
layers are of different shapes and in different arrangements; 
that is, layers 205 can be other than ?at and arranged in other 
than a parallel, sandWich-type of arrangement. 

[0026] In accordance With the present invention, insulat 
ing material 200 is doped With a dipole material containing 
randomly oriented magnetic particles (e.g., dipoles) typi?ed 
by 210a and 210b. Because the magnetic particles are 
randomly oriented, they do not conduct electricity and so 
insulating material 200 continues to function as an insulator. 
In one embodiment, the dipole material is iron or a com 
pound containing iron. Iron is a commonly used material in 
the semiconductor industry and therefore represents an 
understood quantity for this application. 
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[0027] In the present embodiment, the dipole material is 
relatively uniformly distributed through insulating material 
200, although it is appreciated that it is not necessary for the 
distribution to be uniform. The dipole material can be added 
to insulating material 200 during the process in Which 
insulating material 200 is manufactured. In accordance With 
the present invention, sufficient dipole material is added to 
insulating material 200 to alloW a conductive path to be 
formed through insulating material 200 When the magnetic 
dipoles are appropriately aligned, as Will be seen from the 
discussion beloW. Thus, in accordance With the present 
invention, a conductive path betWeen conductive points can 
be accomplished Without drilling holes (e.g., laser ablation 
or photo-de?nition to form vias). 

[0028] With reference noW to FIG. 3, at speci?c locations 
Within insulating material 200, the magnetic particles are 
aligned (essentially, arranged end to end) in order to form a 
conductive path (e.g., conductive paths 310, 320 and 330) 
betWeen conductive points through insulating material 200 
in accordance With the present invention. 

[0029] In the present embodiment, the aligned particles 
are localiZed in a small region, and the surrounding particles 
remain randomly oriented. The conductive path imple 
mented in accordance With the present invention is smaller 
than the vias used in the prior art. In accordance With the 
present invention, the conductive path formed by aligning 
magnetic particles can have a diameter on the order of 
tWo-to-three microns. The diameter of the conductive path 
formed in accordance With the present invention is also 
signi?cantly reduced. Thus, the conductive paths formed in 
accordance With the present invention do not consume a 
signi?cant amount of the limited space on, for example, a 
printed circuit board. Also, the conductive paths formed in 
accordance With the present invention can accommodate the 
reduced pitch of, for example, a BGA. 

[0030] In one embodiment, after insulating material 200 is 
doped With the material containing the randomly oriented 
magnetic particles, the conductive path can be formed by 
?rst placing the insulating material in a magnetic ?eld and 
then heating a localiZed (relatively small) region of insulat 
ing material 200 before it is disposed betWeen layers 205. 
For example, a laser or an ion beam can be used to heat and 
therefore soften (e.g., plasticiZe) insulating material 200 in 
a very local region corresponding to a location in Which a 
conductive path is desired. Once insulating material 200 is 
softened, the randomly oriented magnetic particles in the 
softened region are free to move Within the localiZed region. 
Then, for example, the magnetic ?eld that is applied to 
insulating material 200 causes the randomly oriented mag 
netic particles in the softened region to align themselves 
With the magnetic ?eld. Once aligned, the magnetic particles 
form a conductive path through insulating material 200. The 
laser or ion beam can then be removed, alloWing the 
softened region to reharden and thereby maintaining the 
magnetic particles in that region in the aligned position. This 
process can be repeated to form other conducting paths 
through insulating material 200. The process can be accom 
plished relatively quickly and may reduce the amount of 
time needed to form conductive paths relative to the current 
methods used to form vias. It is appreciated that other 
techniques can be used in accordance With the present 
invention to align the magnetic particles in an insulating 
material. 
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[0031] Continuing With reference to FIG. 3, in one 
embodiment of the present invention, conductive path 310 
exempli?es an alignment of magnetic dipoles to form a 
conductive path betWeen an external conductive layer of 
assembly 250 and an internal conductive layer through tWo 
layers of insulating material and another conductive layer. 
Conductive path 320 similarly exempli?es a conductive path 
betWeen an external conductive layer and an internal con 
ductive layer through an insulating layer. Conductive path 
330 exempli?es a conductive path betWeen tWo internal 
conductive layers through an insulating layer. 

[0032] With reference still to FIG. 3, it is appreciated that 
aspects of the present invention may be used to form a 
conductive path betWeen conductive points that lie, for 
example, Within the same insulating layer or on the same 
conductive layer but are separated by insulating material. 
Conductive path 340 exempli?es a conductive path betWeen 
tWo conductive points in insulating layer 200. Conductive 
path 350 exempli?es a conductive path betWeen to conduc 
tive points on the same conductive layer; in this application, 
the insulating material is disposed betWeen the conductive 
points. 
[0033] FIG. 4 is a ?oWchart of process 400 for conducting 
electricity betWeen tWo conductive points (e.g., electrical 
connectors residing on layers 205 of FIG. 2) through an 
insulating material (e.g., insulating material 200 of FIG. 2) 
in accordance With one embodiment of the present inven 
tion. 

[0034] In step 410 of FIG. 4, a dipole material is added to 
insulating material 200 as described above in conjunction 
With FIGS. 2 and 3. The dipole material is comprised of 
randomly oriented magnetic particles, and thus insulating 
material 200 can continue to function as an insulator. In one 

embodiment, the dipole material is relatively uniformly 
distributed throughout insulating material 200, so that a 
conductive path can be formed through insulating material 
200 at virtually any desired location. In one embodiment, the 
dipole material contains iron or a suitable iron alloy. 

[0035] The dipole material can be added to insulating 
material 200 during the process in Which insulating material 
200 is manufactured. Suf?cient dipole material can be added 
to insulating material 200 to alloW a conductive path to be 
formed When the magnetic particles are appropriately 
aligned. 
[0036] In step 420 of FIG. 4, the magnetic particles are 
aligned in selected localiZed regions of insulating material 
200. The locations selected for aligning magnetic particles 
correspond to those locations Where a conductive path 
betWeen tWo or more conductive points is desired. There are 
various and knoWn design techniques for determining the 
locations Where conductive paths are desired and for map 
ping those locations onto insulating material 200. Various 
techniques can be used to align the magnetic particles and 
form the conductive path; one such technique is described in 
conjunction With FIG. 3. 

[0037] In the present embodiment, the aligned dipoles are 
localiZed in a small region, and the surrounding dipoles 
remain randomly oriented. Thus, the conductive path can be 
relatively small in diameter, and the material surrounding 
the conductive path can continue to function as an insulator. 

[0038] In step 430 of FIG. 4, insulating material 200 
containing the conductive paths (e.g., conductive paths 310, 
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320 and 330 of FIG. 3) is disposed between the conductive 
points (e.g., electrical connectors on layers 205) for Which 
an electrical connection is desired. As described above, each 
conductive path is in a location speci?ed during the design 
process so that it is aligned With an electrical connector (e.g., 
a conductive ball on a BGA, a gull Wing lead, etc.) on each 
layer. Thus, the conductive path formed in accordance With 
the present invention can be used to carry electrical signals 
(such as address signals, data signals and control signals) 
betWeen the conductive points on the layers, or to provide 
poWer or ground to the layers. 

[0039] In step 440, conductive paths are formed on the 
surfaces of the layers. That is, the conductive points on a 
layer are connected by etched or photo-de?ned traces to 
other conductive points on the layer. 

[0040] It is appreciated that the steps of process 400 can be 
implemented in a different order in accordance With the 
present invention. That is, for example, the conductive paths 
can be formed in insulating material 200 after assembly 250 
(FIG. 2) is assembled. 

[0041] In summary, the present invention pertains to a 
structure and method thereof for providing an electrically 
conductive path betWeen a ?rst conductive point and a 
second conductive point. In accordance With the present 
invention, the siZe (e.g., diameter and pitch) of the conduc 
tive path can be signi?cantly reduced. The present invention 
alloWs an electrically conductive path to be formed through 
an insulating material Without the need for a hole (e.g., a via) 
in the insulating material. For example, in a semiconductor 
package, the conductive path formed in accordance With the 
present invention can be signi?cantly smaller than a via, 
preserving valuable real estate in the semiconductor package 
and also alloWing a denser array of input/output attachment 
points on the semiconductor package. The present invention 
can thereby accommodate the increasing complexity of 
neXt-generation miniaturiZed devices such as integrated cir 
cuits Without increasing the amount of space consumed on 
circuit boards by vias. In addition, the process for forming 
a conductive path in accordance With the present invention 
can reduce manufacturing time and cost. 

[0042] The preferred embodiment of the present inven 
tion, an electrically conductive path through a dielectric 
material, is thus described. While the present invention has 
been described in particular embodiments, it should be 
appreciated that the present invention should not be con 
strued as limited by such embodiments, but rather construed 
according to the folloWing claims. 

What is claimed is: 
1. A structure for establishing a conductive path betWeen 

a ?rst conductive point and a second conductive point, said 
structure comprising: 

an insulating material disposed betWeen said ?rst conduc 
tive point and said second conductive point; and 

a dipole material distributed Within said insulating mate 
rial, said dipole material comprised of randomly ori 
ented magnetic particles; 

Wherein magnetic particles in a selected localiZed region 
of said insulating material are aligned to form an 
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electrically conductive path betWeen said ?rst conduc 
tive point and said second conductive point through 
said insulating material. 

2. The structure of claim 1 Wherein said ?rst conductive 
point resides on a ?rst conductive layer in a semiconductor 
package and said second conductive point resides on a 
second conductive layer in said semiconductor package. 

3. The structure of claim 2 Wherein said semiconductor 
package is coupled to a ball grid array. 

4. The structure of claim 1 further comprising a third 
conductive point disposed betWeen said ?rst conductive 
point and said second conductive point, Wherein said insu 
lating material is disposed betWeen each conductive point 
and a neighboring conductive point, and Wherein said elec 
trically conductive path is formed betWeen non-neighboring 
conductive points through said insulating material. 

5. The structure of claim 4 Wherein said third conductive 
point resides on a third conductive layer in a semiconductor 
package. 

6. The structure of claim 1 Wherein said insulating mate 
rial is a dielectric polymer. 

7. The structure of claim 1 Wherein said dipole material 
contains iron. 

8. A semiconductor package comprising: 

a ?rst conductive layer; 

an insulating layer comprised of an insulating material; 

a second conductive layer, Wherein said insulating layer is 
disposed betWeen said ?rst conductive layer and said 
second conductive layer; and 

a dipole material distributed Within said insulating mate 
rial, said dipole material comprised of randomly ori 
ented magnetic particles; 

Wherein magnetic particles in a selected localiZed region 
of said insulating material are aligned to form an 
electrically conductive path betWeen said ?rst conduc 
tive layer and said second conductive layer through 
said insulating layer. 

9. The semiconductor package of claim 8 further com 
prising a third conductive layer disposed betWeen said ?rst 
conductive layer and said second conductive layer, Wherein 
said insulating material is disposed betWeen each conductive 
layer and a neighboring conductive layer, and Wherein said 
electrically conductive path is formed betWeen non-neigh 
boring conductive layers through said insulating material. 

10. The semiconductor package of claim 8 Wherein said 
semiconductor package is coupled to a ball grid array. 

11. The semiconductor package of claim 8 Wherein said 
insulating material is a dielectric polymer. 

12. The semiconductor package of claim 8 Wherein said 
dipole material contains iron. 

13. A method for establishing a conductive path betWeen 
a ?rst conductive point and a second conductive point, said 
method comprising the steps of: 

a) adding a dipole material to an insulating material, said 
dipole material comprised of randomly oriented mag 
netic particles; 

b) aligning magnetic particles in a selected localiZed 
region of said insulating material, Wherein aligned 
magnetic particles form an electronically conductive 
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path between said ?rst conductive point and said sec 
ond conductive point through said insulating material; 
and 

c) disposing said insulating material containing said 
dipole material betWeen said ?rst conductive point and 
said second conductive point. 

14. The method for method for establishing a conductive 
path betWeen a ?rst conductive point and a second conduc 
tive point as recited in claim 13 Wherein said ?rst conductive 
point and said second conductive point reside on conductive 
layers in a semiconductor package and Wherein said insu 
lating material forms an insulating layer betWeen said con 
ductive layers. 

15. The method for establishing a conductive path 
betWeen a ?rst conductive point and a second conductive 
point as recited in claim 14 Wherein said semiconductor 
package is coupled to a ball grid array. 

16. The method for establishing a conductive path 
betWeen a ?rst conductive point and a second conductive 
point as recited in claim 13 Wherein a third conductive point 
is disposed betWeen said ?rst conductive point and said 
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second conductive point, Wherein said insulating material is 
disposed betWeen each conductive point and a neighboring 
conductive point, and Wherein said electrically conductive 
path is formed betWeen non-neighboring conductive points 
through said insulating material. 

17. The method for establishing a conductive path 
betWeen a ?rst conductive point and a second conductive 
point as recited in claim 16 Wherein said third conductive 
point resides on a third conductive layer in a semiconductor 
package. 

18. The method for establishing a conductive path 
betWeen a ?rst conductive point and a second conductive 
point as recited in claim 13 Wherein said insulating material 
is a dielectric polymer. 

19. The method for establishing a conductive path 
betWeen a ?rst conductive point and a second conductive 
point as recited in claim 13 Wherein said dipole material 
contains iron. 


