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(57) ABSTRACT 

A device includes a first plurality of interconnects, a first fill 
material Surrounding the first plurality of interconnects, a first 
plurality of traces, and a first chip. The first plurality of 
interconnects extend from a first side of the fill material to an 
opposite side of the fill material. Each of the traces is con 
nected to at least two of the first plurality of interconnects. 
The first chip is coupled to at least one of the first plurality of 
traces. 
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PLATED PILLAR PACKAGE FORMATION 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This application is a Divisional of U.S. patent appli 
cation Ser. No. 1 1/675,731, filed Feb. 16, 2007, the entire 
disclosure of which is incorporated herein by reference. 

BACKGROUND 

0002 The present invention relates to electrical connec 
tions and, more particularly, to a process of forming a package 
for Such electrical connections. 
0003 U.S. patent application Ser. Nos. 11/329,481, 
11/329,506, 11/329,539, 11/329,540, 11/329,556, 11/329, 
557, 11/329,558, 11/329,574, 11/329,575, 11/329,576, 
11/329,873, 11/329,874, 11/329,875, 11/329,883, 11/329, 
885, 11/329,886, 11/329,887, 11/329,952, 11/329,953, 
1 1/329,955, 11/330,011 and 1 1/422,551, incorporated herein 
by reference, describe various techniques for forming Small, 
deep vias in, and electrical contacts for, semiconductor 
wafers. Our techniques allow for via densities and placement 
that was previously unachievable and can be performed on a 
chip, die or wafer scale. However, if these techniques are used 
to form high density interconnects, there is presently no “off 
the shelf or low cost commercially available packaging that 
can be used with them. 

0004. There is therefore a present need for low cost pack 
aging that can be used with Such high density interconnects. 

SUMMARY 

0005 According to an exemplary embodiment, a device 
includes a first plurality of interconnects, a first fill material 
Surrounding the first plurality of interconnects, a first plurality 
of traces, and a first chip. The first plurality of interconnects 
extend from a first side of the fill material to an opposite side 
of the fill material. Each of the traces is connected to at least 
two of the first plurality of interconnects. The first chip is 
coupled to at least one of the first plurality of traces. 
0006. According to another exemplary embodiment, a 
device includes a first plurality of interconnect pillars, a first 
fill material surrounding the first plurality of interconnect 
pillars, a second plurality of interconnect pillars, and a second 
fill material Surrounding the second plurality of interconnect 
pillars. The first plurality of interconnect pillars extend from 
a first side of the first fill material to an opposite side of the 
first fill material. The second plurality of interconnect pillars 
extend from a first side of the second fill material to an 
opposite side of the second fill material. At least one of the 
first plurality of interconnect pillars is coupled to at least one 
of the second plurality of interconnect pillars. 
0007 According to another exemplary embodiment, a 
device includes a first plurality of interconnect pillars, a first 
fill material surrounding the first plurality of interconnect 
pillars, a first chip, a second plurality of interconnect pillars, 
and a second fill material Surrounding the second plurality of 
interconnect pillars. The first plurality of interconnect pillars 
extend from a first side of the first fill material to an opposite 
side of the first fill material. The second plurality of intercon 
nect pillars extend from a first side of the second fill material 
to an opposite side of the second fill material. The first chip is 
coupled to at least one of the first plurality of electrically 
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conductive pillars and to at least one of the second plurality of 
electrically conductive pillars. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 illustrates, in simplified form, a portion of a 
substrate 100 that will serve as the base for the process 
described herein; 
0009 FIG. 2 illustrates, in simplified form, the portion of 
the substrate 100 after a seed layer has been deposited by 
metalizing; 
0010 FIG. 3 illustrates, in simplified form, the portion of 
the substrate of FIG.2 in which a photoresist has been applied 
and patterned to create openings down to the seed layer, 
0011 FIG. 4 illustrates, in simplified form, the portion of 
the Substrate after plating is complete; 
0012 FIG. 5 illustrates, in simplified form, the portion of 
the substrate after removal of the photoresist; 
0013 FIG. 6 illustrates, in simplified form, the portion of 
the substrate after the package material is fully hardened; 
0014 FIG. 7 illustrates, in simplified form, the package 
after removal of the substrate and seed layer; 
0015 FIG. 8 illustrates, in simplified form, the underside 
of a portion of the package containing the cross section of 
FIG.7; 
(0016 FIG. 9 through FIG. 16 collectively illustrate, in 
simplified form, a more Sophisticated variant of the instant 
approach to formation of a plated pillar package; 
(0017 FIG. 17 illustrates, in simplified form, a package 
variant created by using the variant of FIG. 10 through FIG. 
15 as a substrate for the basic approach of FIG. 2 through FIG. 
7; and 
0018 FIG. 18 illustrates, in simplified form, a package 
variant created by using the variant of FIG. 10 through FIG. 
15, to create a first package and then using that package as the 
Substrate in the same variant approach. 

DETAILED DESCRIPTION 

0019 We have devised a way to create a low cost package 
that can be used with a chip or a die containing densely 
packed Small vias, such as described in the above-incorpo 
rated applications. Ourapproachallows for low cost, accurate 
formation of the package connections on extremely small 
pitches, on the order of 25um or less and, in many cases 10 
um or less. Moreover, the same approach can be applied with 
different materials to allow the package to be tailored to the 
particular application in terms of for example, thermal 
expansion, strength, flexure/rigidity, or to be tailored to a 
particular required or desired thickness. 
0020. One aspect of our approach involves plating pillars 
of electrically conductive material up from a seed layer 
located on a Substrate, Surrounding the pillars with a fill 
material so that the pillars and fill material collectively define 
a first package, and removing the Substrate from the first 
package. 
0021. Another aspect of our approach involves a process 
for forming a package. The process involves applying a pho 
toresist onto a seed layer-bearing Substrate, defining openings 
in the photoresist at locations where interconnects are to be 
located, the openings extending down to and exposing the 
seed layer at the locations, plating the exposed seed layer until 
a desired height of plating metal has been built up, removing 
the photoresist while leaving the built up plating metal in 
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place, applying a fill material into a Volume created by the 
removal of the photoresist, and removing the Substrate. 
0022. The advantages and features described herein are a 
few of the many advantages and features available from rep 
resentative embodiments and are presented only to assist in 
understanding the invention. It should be understood that they 
are not to be considered limitations on the invention as 
defined by the claims, or limitations on equivalents to the 
claims. For instance. Some of these advantages are mutually 
contradictory, in that they cannot be simultaneously present 
in a single embodiment. Similarly, some advantages are 
applicable to one aspect of the invention, and inapplicable to 
others. Thus, this Summary of features and advantages should 
not be considered dispositive in determining equivalence. 
Additional features and advantages of the invention will 
become apparent in the following description, from the draw 
ings, and from the claims. 
0023. In general overview, our approach builds up a series 
of interconnects on a wafer or other Suitable Substrate using 
photolithographic and plating techniques. Thus, we can form 
Small interconnects, on extremely tight pitches, because the 
ability to do so is only limited by the ability to photolitho 
graphically define the interconnects and the ability to plate 
them to their desired height. Moreover, packages formed 
using an approach herein can have a broad range of thick 
nesses extending from as thin as about 10um to even 1000 um 
or more (note that, the measurements referred to throughout 
this description are not intended to be exact but rather, should 
be considered to be plus or minus the tolerances in measure 
ment or manufacture acceptable for the particular applica 
tion). 
0024 FIG. 1 through FIG. 8 collectively illustrate, in sim 
plified form, a basic version of the instant approach to forma 
tion of a plated pillar package. 
0025 FIG. 1 illustrates, in simplified form, a portion of a 
substrate 100 that will serve as the base for the process 
described herein. Depending upon the particular implemen 
tation, the substrate 100 can be a semiconductor wafer, a 
wafer of ceramic, or some other material of having the char 
acteristics that it can withstand the operations involved in the 
process and, ultimately, can be removed without damaging 
the formed package. 
0026 Ideally, because of the potential narrow pitches 
involved between the interconnects, the substrate 100 will be 
very flat (e.g. if a standard 8" wafer, it should have an overall 
bow or dish of no more than, and preferably much less than, 
10 um). 
0027. The process begins by metalizing the substrate 100 

to apply a thin layer of metal onto the substrate 100 and 
thereby form a seed layer for a Subsequent plating operation 
(electroless or electroplating). The metalization can be done 
through, for example, a vapor deposition process (chemical or 
physical) or any other Suitable process. In some variants, the 
Substrate itself could be a metal or metal alloy. In Such cases, 
if the substrate itself can serve as the seed layer, the metalizing 
step would be optional or unnecessary. 
0028 Depending upon the particular implementation, and 
advantageously as described below, the metalizing operation 
can be performed across the entire Substrate, limited to par 
ticular areas (for example, an area suitably sized relative to 
the area of a chip to which the package will ultimately be 
attached), or even more limited to the vicinity of defined 
connection points. 
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0029 FIG. 2 illustrates, in simplified form, the portion of 
the substrate 100 after a seed layer 200 has been deposited by 
metalizing. 
0030 FIG. 3 illustrates, in simplified form, the portion of 
the substrate 100 of FIG. 2 in which a photoresist 300 has 
been applied and patterned to create openings 302,304,306, 
308 extending down to, and exposing, parts of the seed layer 
2OO. 

0031 Depending upon the particular implementation, the 
photoresist 300 can be flowable or solid. Conventional flow 
able photoresists used in semiconductor processing are Suit 
able for use with the process. Suitable solid photoresist 
include those from the Riston. RTM. dry film photoresist line, 
specifically, the Riston. RTM. PlateMaster, EtchMaster and 
TentMaster lines of photoresist, all commercially available 
from E. I. du Pont de Nemours & Co. 

0032. As shown in FIG. 3, for purposes of example, the 
openings all fall within about a 140 Lim long cross section of 
the substrate 100, with the three leftmost openings being 
about 10 um wide and on a 20 Lum pitch. Of course, with 
particular implementations, the openings can be any desired 
size, but the approach will be most advantageous for high 
density interconnects where the openings are 50 um wide or 
less, in some cases, less than 10 um wide and the openings are 
on a pitch of 50 Lim or less, in Some cases again, less than 10 
lm. 
0033 Next, the substrate is inserted into a plating bath so 
that a plating metal 400 will build up on the parts of the seed 
layer 200 that were exposed through the patterned photoresist 
300. This can occur via, for example, a conventional electro 
or electroless plating process. Depending upon the particular 
application, the plating metal 400 can be allowed to build up 
to any height within the openings as desired. 
0034 FIG. 4 illustrates, in simplified form, the portion of 
the substrate 100 after plating is complete. 
0035. Once plating is complete, the photoresist 300 is 
removed as required for the particular photoresist 300 used. 
0036 FIG. 5 illustrates, in simplified form, the portion of 
the substrate 100 after removal of the photoresist 300. As 
shown, the plating metal 400 left behind after removal of the 
photoresist 300 results in a series of upstanding “pillars of 
the plating metal 400 that have essentially coplanar upper 
surfaces 402 and are anchored at their bottoms to the seed 
layer 200. These pillars will form the interconnects of the 
ultimate package. 
0037. At this point, a package material 600 is applied to 
the substrate 100 to fill in the volume previously occupied by 
the photoresist 300 up to about the level of the upper surfaces 
402. Ideally, the package material 600, when solidified, 
should be electrically non-conducting and relatively stable 
and/or inert. The package material 600 is then allowed to 
Solidify by hardening or curing as appropriate. 
0038. Depending upon the particular implementation, this 
package material 600 can be a selfhardening, curable or other 
material. Suitable examples of the package material 600 
include moldable and flowable resins and plastics, such as for 
example, epoxies or liquid crystal polymers. 
0039 FIG. 6 illustrates, in simplified form, the portion of 
the substrate 100 after the package material 600 is fully hard 
ened. 

0040 Finally, in the basic process, the substrate 100 and 
seed layer 200 are removed using a mechanical, chemical or 
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chemical-mechanical process appropriate for the particular 
materials involved, leaving behind the fully formed package 
700. 

0041 FIG. 7 illustrates, in simplified form, the package 
700 after removal of the substrate 100 and seed layer 200 from 
the underside 702 of the package 700. 
0042 FIG. 8 illustrates, in simplified form, the underside 
702 of a portion of the package 700 containing the cross 
section of FIG.7, the cross section having been taken through 
the location indicated by the dashed line. As can now be seen, 
this approach allows for formation of densely packed inter 
connects. For example, in the left side of FIG. 8, there are 
eight interconnects 400 located within a square area that is 
about 50 um on a side. 
0043 FIG. 9 through FIG. 16 collectively illustrate, in 
simplified form, a more Sophisticated variant of the instant 
approach to formation of a plated pillar package. The 
approach is similar to that of FIG. 1 through FIG.8, except for 
the metalization details. Thus, this variant will be described in 
abbreviated form with the understanding that, except as spe 
cifically noted, the details are the same as described in con 
nection with FIG. 1 through FIG.8. 
0044 Thus, as shown in FIG.9, the process begins with a 
Substrate 100. 

0045. Next, the process of metalizing the substrate 100 to 
form a seed layer 1000 for the subsequent plating operation 
occurs. However, unlike the approach of FIG. 1 through FIG. 
8, the seed layer 1000 is applied after an intermediate pattern 
ing and lift-off has been performed to ensure that the seed 
layer 1000 is only located in areas where traces or contact 
points in the final package will be located. In addition, the 
seed layer 1000 is applied to be of sufficient thickness to allow 
the connection to ultimately carry the necessary current. FIG. 
10 illustrates, in simplified form, the substrate 100 after the 
localized seed layer 1000 has been applied. Other metal or 
conductive material can connect the seed layers to allow 
current to flow to them if electroplating is Subsequently used, 
however, the thickness of these connection regions need not 
be thick enough to carry the operating current of the final 
chips that are attached to the package. 
0046. Thereafter, as shown in FIG. 11 through FIG. 14, the 
approach is the same as described above. Specifically, a pho 
toresist 300 is applied and patterned to expose the relevant 
portion of the seed layer 1000 (FIG. 1). Then, the plating 
occurs to build up the plating metal 400 (FIG. 12). Next, the 
photoresist 300 is removed, leaving behind the pillars of 
plating metal 400. (FIG. 13). 
0047. At this point it is worth noting that, in an alternative 
variant of this approach, immediately following the deposi 
tion of the seed layer 1000, but before removal of the photo 
resist used to localize the locations for seed layer placement, 
the Substrate can undergo a preliminary plating operation. In 
other words, immediately prior to what is shown in FIG. 10. 
The purpose of this plating operation is to buildup the seed to 
a thickness appropriate for handling the current that could be 
carried by the contact or trace in the ultimate package. In Such 
a variant, the approach would otherwise be the same, except 
that the seed layer of FIG. 10 would already have a layer of 
plating metal over its extent and thus be thicker. 
0048 Next, the package material 600 is applied and solidi 
fied (FIG. 14), followed by removal of the substrate 100 (FIG. 
15) from the underside 1402, and any connections between 
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the seed portions (if a metal or other conductor were used as 
described above) leaving behind the fully formed package 
1SOO. 
0049 FIG.16 illustrates, in simplified form, the underside 
1402 of a portion of the package 1500 containing the cross 
section of FIG. 15, the cross section having been taken 
through the location indicated by the dashed line. As can now 
be seen, in addition to allowing for formation of densely 
packed interconnects, this approach further allows for the 
package to contain connections 1602, 1604 between the inter 
connects or routing traces 1606, that can be connected to from 
external to the package 1500, for example, from another chip 
or another package. 
0050 Having described two basic variants, it will be 
appreciated that once such packages 700, 1500 are created, 
they can be treated as chips and thus, in addition to acting as 
a package for one or more chips, they can be stacked on and 
joined to each other or sandwiched between chips to allow for 
the formation of complex interconnects rivaling those created 
when back-end processing of a wafer to interconnect devices 
OCCU.S. 

0051 Still further, with some variants, more complex 
interconnect arrangements can be created by simply using the 
final basic package in place of the Substrate 100 and using the 
localized seed placement variant to apply a localized seed 
layer to a surface of the completed package. Then, the process 
described herein can be performed as described up to the 
point where the package material 600 is applied and solidi 
fied, at which point, the more complex package will be com 
plete (i.e. there is no substrate to remove.) 
0.052 FIG. 17 illustrates, in simplified form, a package 
1700 variant created by using the variant of FIG. 10 through 
FIG. 15, and then using it as a substrate for the basic approach 
of FIG. 2 through FIG. 7. 
0053 FIG. 18 illustrates, in simplified form, a package 
1800 variant created by using the variant of FIG. 10 through 
FIG. 15, to create a first package and then using that package 
as the Substrate in the same variant approach. 
0054 Finally, it should now be understood that plated 
packages created as described herein can, in some cases, be 
ideally suited for use with the different intelligent chip pack 
ages, or as the back end wafers, described in the above 
incorporated applications. 
0055. It should thus be understood that this description 
(including the figures) is only representative of some illustra 
tive embodiments. For the convenience of the reader, the 
above description has focused on a representative sample of 
all possible embodiments, a sample that teaches the principles 
of the invention. The description has not attempted to exhaus 
tively enumerate all possible variations. That alternate 
embodiments may not have been presented for a specific 
portion of the invention, or that further undescribed alternate 
embodiments may be available for a portion, is not to be 
considered a disclaimer of those alternate embodiments. One 
of ordinary skill will appreciate that many of those unde 
scribed embodiments incorporate the same principles of the 
invention and others are equivalent. 
What is claimed is: 
1. A device comprising: 
a first plurality of interconnect pillars; 
a first fill material surrounding the first plurality of inter 

connect pillars, wherein the first plurality of intercon 
nect pillars extend from a first side of the first fill mate 
rial to an opposite side of the first fill material; 
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a first plurality of traces, each of the traces connected to at 
least two of the first plurality of interconnect pillars; and 

a first chip coupled to at least one of the first plurality of 
traces. 

2. The device of claim 1, further comprising a second chip 
coupled to at least one of the first plurality of interconnect 
pillars. 

3. The device of claim 1, further comprising: 
a second plurality of interconnect pillars; and 
a second fill material Surrounding the second plurality of 

interconnect pillars, wherein the second plurality of 
interconnect pillars extend from a first side of the second 
fill material to an opposite side of the second fill mate 
rial, and wherein at least one of the first plurality of 
interconnect pillars is coupled to at least one of the 
second plurality of interconnect pillars. 

4. The device of claim 3, further comprising a second 
plurality of traces, wherein at least one of the first plurality of 
interconnect pillars and at least one of the second plurality of 
interconnect pillars are not aligned and are coupled to at least 
one of the second plurality of traces. 

5. The device of claim 1, wherein at least one of the first 
plurality of interconnect pillars has a width of 50 um or less. 

6. The device of claim 5, wherein at least one of the first 
plurality of interconnect pillars has a pitch of 50 Lum or less. 

7. The device of claim 1, wherein at least one of the first 
plurality of interconnect pillars has a width of 20 um or less. 

8. The device of claim 7, wherein at least one of the first 
plurality of interconnect pillars has a pitch of 20 Lum or less. 

9. The device of claim 1, wherein a first set of the first 
plurality of interconnect pillars have different widths than a 
second set of the first plurality of interconnect pillars. 

10. A device, comprising: 
a first plurality of interconnect pillars; 
a first fill material surrounding the first plurality of inter 

connect pillars, wherein the first plurality of intercon 
nect pillars extend from a first side of the first fill mate 
rial to an opposite side of the first fill material; 

a second plurality of interconnect pillars; and 
a second fill material Surrounding the second plurality of 

interconnect pillars, wherein the second plurality of 
interconnect pillars extend from a first side of the second 
fill material to an opposite side of the second fill mate 
rial, and wherein at least one of the first plurality of 
interconnect pillars is coupled to at least one of the 
second plurality of interconnect pillars. 

11. The device of claim 10, further comprising a first plu 
rality of traces, wherein at least one of the first plurality of 
interconnect pillars and at least one of the second plurality of 
interconnect pillars are not aligned and are coupled to at least 
one of the first plurality of traces. 

12. The device of claim 11, further comprising a chip 
coupled to at least one of the first plurality of interconnect 
pillars. 

13. The device of claim 11, further comprising a second 
plurality of traces, each of the traces electrically connected to 
at least one of the first plurality of interconnect pillars. 

14. The device of claim 13, further comprising a chip 
coupled to at least one of the second plurality of traces. 
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15. The device of claim 14, further comprising a third 
plurality of traces electrically connected to at least one of the 
second plurality of interconnect pillars, wherein the third 
plurality of traces and the first plurality of traces are on 
opposite sides of the second fill material. 

16. The device of claim 10, wherein at least one of the first 
or second pluralities of interconnect pillars have a width of 50 
um or less. 

17. The device of claim 16, wherein at least one of the first 
or second pluralities of interconnect pillars have a pitch of 50 
um or less. 

18. The device of claim 10, wherein, among the first plu 
rality of interconnect pillars, a first set of interconnect pillars 
and a second set of interconnect pillars have different widths, 
and wherein, among the second plurality of interconnect pil 
lars, a third set of interconnect pillars and a fourth set of 
interconnect pillars have different widths. 

19. The device of claim 10, wherein the first and second 
plurality of interconnect pillars comprise a conductive mate 
rial, and wherein the first and second fill materials comprise a 
dielectric. 

20. A device, comprising: 
a first plurality of electrically conductive pillars; 
a first fill material surrounding the first plurality of electri 

cally conductive pillars, wherein the first plurality of 
electrically conductive pillars extend from a first side of 
the first fill material to an opposite side of the first fill 
material; 

a first chip coupled to at least one of the first plurality of 
electrically conductive pillars; 

a second plurality of electrically conductive pillars; and 
a second fill material Surrounding the second plurality of 

electrically conductive pillars, wherein the second plu 
rality of electrically conductive pillars extend from a 
first side of the second fill material to an opposite side of 
the second fill material, and wherein the first chip is 
coupled to at least one of the second plurality of electri 
cally conductive pillars. 

21. The device of claim 20, further comprising a first plu 
rality of traces, each of the traces connected to at least one of 
the first plurality of electrically conductive pillars and the first 
chip. 

22. The device of claim 21, further comprising a second 
chip coupled to at least one of the first plurality of electrically 
conductive pillars and to at least one of the second plurality of 
electrically conductive pillars. 

23. The device of claim 22, further comprising a second 
plurality of traces, each of the traces connected to at least one 
of the second plurality of electrically conductive pillars and 
the second chip. 

24. The device of claim 20, wherein at least one of the first 
or second pluralities of electrically conductive pillars have a 
width of 50 um or less. 

25. The device of claim 24, wherein at least one of the first 
or second pluralities of electrically conductive pillars have a 
pitch of 50 um or less. 
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