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ABSTRACT 

Nano-scale particle paste may be used for on-die routing and 
other applications using deposition and inkjet printing. A 
metal paste is applied to a surface of a die to electrically 
couple tWo spaced apart connection points of the die. Alter 
natively, or in addition, the paste may contain carbon nano 
tubes. The paste may be used on other surfaces as Well. 
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NANO-SCALE PARTICLE PASTE FOR 
WIRING MICROELECTRONIC DEVICES 

USING INK-J ET PRINTING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of co 
pending application Ser. No. 11/322,504, ?led Dec. 30, 2005, 
entitled Nano-Scale Particle Paste for Wiring Microelec 
tronic Devices Using Deposition and Ink-Jet Printing, the 
priority of Which is hereby claimed. 

FIELD 

[0002] The present description relates to applying conduc 
tive patterns to microelectronic devices and, in particular to 
applying nano-particle pastes and carbon nanotubes. 

BACKGROUND 

[0003] In microelectronic devices, different dies containing 
complex electronic circuits are stacked on top of each other to 
form the complete device. The circuits on different dies are 
connected together electrically using vias, interconnects, 
pads, balls, pins, and other kinds of metallic structures. Vias 
and interconnects are also used to carry poWer, data, and 
control signals into and out of the stack. The interconnection 
devices on each die are lined up in the design of each die layer 
to make the appropriate connections. Since the dies in each 
layer must use the same pattern of vias, interconnects, or 
pads, any differences betWeen the dies in hoW the connections 
are used must occur inside the die. The routing betWeen vias 
and interconnects and circuits in the die is called a redistri 
bution layer (RDL). 
[0004] On-die redistribution requires that the RDL be 
formed using silicon processing vacuum chamber type equip 
ment. This equipment uses a combination of masks With 
sputtering and plating techniques. Any change in the pattern 
requires different masks and the sputtering and plating for 
mulas, temperatures and times must be adjusted to accommo 
date the neW pattern. This makes the RDL very expensive to 
form inside the die and very expensive to change. It is accord 
ingly di?icult to adapt the die to different applications such as 
adapting the die to Work With other components in a different 
stack. 

[0005] Flexibility may be desired, for example When inter 
facing a die stack With an external silicon device that couples 
to the die stack using WB (Wire bond) pads. The WB pads 
may be Wired externally at some complexity and expense. 
HoWever a TSV (Through Silicon Via) type architecture 
might require a ?ip-chip connection to the external device. An 
RDL (Redistribution Layer) may again be needed to make the 
connections betWeen the external and internal silicon inter 
connections. When the external device is changed or modi 
?ed, the masks and processes for the RDL must again be 
changed. 
[0006] Electro-plating and etching techniques have been 
used for Wiring in silicon substrates and PCB (printed circuit 
board). HoWever, the processes are complex and expensive. 
Wet plating processes have also been used but these can 
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induce a substrate to absorb moisture, requiring a drying step 
for the resulting module in the packaging or assembly pro 
cess. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Embodiments of the present invention may be 
understood more fully from the detailed description given 
beloW and from the accompanying draWings of various 
embodiments of the invention. The draWings, hoWever, 
should not be taken to be limiting, but are for explanation and 
understanding only. 
[0008] FIG. 1 is a diagram of a TSV-architecture die stack 
in a side elevation vieW, shoWing top elevation vieWs of tWo of 
the dies in the stack so that vias and interconnects may be 
shoWn With printed Wires according to an embodiment of the 
invention; 
[0009] FIG. 2 is a diagram of another TSV-architecture die 
stack in a side elevation vieW, shoWing top elevation vieWs of 
tWo of the dies in the stack so that vias and interconnects may 
be shoWn With printed Wires according to an embodiment of 
the invention; 
[0010] FIG. 3A is a draWing of a top vieW of a printed 
circuit such as those of FIGS. 1 and 2 based on a scanning 
electron micro scope photograph according to an embodiment 
of the invention; 
[0011] FIG. 3B is a draWing ofa close-up top vieW ofthe 
printed circuit of FIG. 3A based on a scanning electron micro 
scope photograph according to an embodiment of the inven 
tion; 
[0012] FIG. 3C is a draWing of a close-up side cross-sec 
tional of the printed circuit of FIG. 3A based on a scanning 
electron micro scope photograph according to an embodiment 
of the invention; 
[0013] FIG. 4A is a diagram ofa top vieW of vertical fea 
tures With carbon nanotubes groWn on a substrate according 
to an embodiment of the invention; 
[0014] FIG. 4B is a diagram ofa side vieW of the vertical 
features of FIG. 4A; 
[0015] FIG. 5A is a diagram of rolling the vertical features 
of FIG. 4A to render horizontal features according to an 
embodiment of the invention; 
[0016] FIG. 5B is a diagram of a top vieW of horizontal 
features formed as shoWn in FIG. 5A according to an embodi 
ment of the invention; 
[0017] FIG. 5C is a diagram of a side vieW of the horizontal 
features of FIG. 5B according to an embodiment of the inven 

tion; 
[0018] FIG. 6A is a diagram of a top vieW of horizontal and 
vertical features With carbon nanotubes groWn on a substrate 
according to an embodiment of the invention; 
[0019] FIG. 6B is a diagram of a side vieW of the horizontal 
and vertical features of FIG. 6A; 
[0020] FIG. 7A is a diagram of ink jet printing vertical 
features on the horizontal features of FIG. SC to render ver 
tical and horizontal features according to an embodiment of 
the invention; 
[0021] FIG. 7B is a diagram of a top vieW of horizontal and 
vertical features formed as shoWn in FIG. 7A according to an 
embodiment of the invention; 
[0022] FIG. 7C is a diagram of a side vieW of the horizontal 
features and vertical features of FIG. 5B according to an 
embodiment of the invention; and 
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[0023] FIG. 8 is an example ofa computer system capable 
of incorporating aspects of the present invention. 

DETAILED DESCRIPTION 

[0024] Nano-particle paste may be applied to microelec 
tronic devices to create electrical connections. The paste may 
be applied using ink j et and other printing technologies avoid 
ing the expense of common silicon processing operations. 
Printed or applied nano -particle paste may be used for ?exible 
on-die routing, for example for laying doWn an external RDL 
(redistribution layer). The paste may be used to reroute inter 
connections for external layers of silicon in a TSV-enabled 
die stack. This alloWs more ?exible RDL manufacturing for 
WB (Wire bond) dies. It also alloWs the interconnection pitch 
for tight pitch TSV to be increased. In addition, the rerouting 
alloWs ?exibility in laying out daisy chains for TSV enabled 
TV (Test Vehicles). 
[0025] After silicon processing, a nano-particle paste may 
be applied external to the silicon processing layers or in 
betWeen layers Without photolithography, chemical vapor 
deposition, etching and other similar processes. The paste 
layer is completely ?exible in the paths that may be applied 
and multiple patterns may be used. Paste application pro 
cesses may be performed at high volume and alloW additional 
silicon layers to be stacked on top of the applied nano-particle 
paste. This supports TSV architectures. Nano-particle pastes 
also shoW high TPT (Through Put Time) and ?exibility. In 
addition, they can sustain HVM (High Volume Manufactur 
ing). 
[0026] Carbon nanotubes (CNTs) may be used in nano 
particle pastes to reinforce printed and applied paste-based 
metal Wires. Such printed Wires may be used in a Wide range 
of electric circuits or metallic interconnections and the CNTs 
provide superior electrical and thermal conductivities, higher 
current densities, and remarkably improved strength com 
pared to metal Wires printed Without CNT reinforcement. 
[0027] Ink jet printed Wires using nano metal paste With 
CNT reinforcement may be used directly as conductive Wires 
in electronic and semiconductor devices. Such printed Wires 
are not only very strong but also ?exible and this increases the 
resistance against crack generation and propagation. 
[0028] FIG. 1 shoWs an example of a TSV enabled archi 
tecture package. In FIG. 1, a set offour dies 11,12,13,14 are 
stacked on a substrate 15. The substrate supplies poWer, 
ground, control and data connections. The particular connec 
tions are common in many TSV architecturs, hoWever, more 
or feWer types of connection may be used depending on the 
application. Through hole vias 16 extend through each of the 
dies to interconnect the circuits on each die. The vias are 
typically formed by drilling or etching a hole in each die and 
then ?lling the hole With a conductor such as copper, although 
other types of vias may also be used. The dies are shoWn as 
being spaced apart vertically With a gap betWeen each die, 
hoWever, this is for illustration purposes only. The dies are 
typically sandWiched together directly or With an insulating 
layer in betWeen and then sealed into a package (not shoWn) 
for protection. While four dies are shoWn, more or feWer dies 
may be used depending on the application. 
[0029] As shoWn in FIG. 1, the tWo loWer dies 13, 14 have 
the same via and interconnect layout. The other tWo dies may 
also have the same via and interconnect layout. On the side of 
each die is a column of interconnects 20, 21, 22, 23. Corre 
sponding interconnects on each die are coupled to each other 
across all of the dies. A group of vias 25, 26 are clustered in 
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the central area of each die. The vias are aligned on each die 
so that they may be interconnected across the dies. The vias 
are tight pitch to save die space for design layout. Accord 
ingly, an RDL is used to increase the interconnection pitch to 
make interconnection feasible. 

[0030] Nano-particle paste may be used to form a RDL 31, 
32. The RDL alloWs the interconnectionpitch to be increased. 
In FIG. 1 While the via and the interconnection layout is 
identical, the RDL creates different connections. The RDL is 
shoWn as circuit lines 31, 32 printed on the surface of the 
layer. As shoWn in FIG. 1, the circuit lines are different 
betWeen the tWo dies 13, 14. This alloWs the assignment of the 
vias and the signal, ground, and poWer signals to be different 
for each die. With a conventional RDL, changing the assign 
ments for the vias and the interconnections Would require 
routing Within the die. The routing Would be generated using 
separate masks and silicon processing for each die. By creat 
ing the routing using printed nano-particle paste costs are 
reduced and the routing may easily be adapted to each die by 
printing a different pattern. 
[0031] FIG. 2 shoWs another example of a TSV-enabled 
architecture package. In FIG. 2, another set of four dies, 41, 
42, 43, 44 are stacked together and mounted to a substrate 45. 
An additional top die 46 in the stack is external silicon. While 
the ?rst four dies are coupled using vias 50 and interconnects 
48, 49, the external silicon is coupled to the other layers using 
WB pads 52, in the form of plated solder bumps, for example, 
hoWever other forms may also be used. FIG. 2 shoWs tWo 
columns of WB pads on the top die 41. These Will couple 
directly and physically to corresponding pads (not shoWn) on 
the external silicon. The top die may also use a nano-particle 
paste to form circuit lines 53 as shoWn in FIG. 2 that connect 
the interconnects of the die to the WB pads. RDL on the 
surface of the die alloWs any of the interconnects to the be 
coupled to any of the WB pads. The connections may be 
easily modi?ed for another die by changing the printed nano 
particle paste pattern. The cost and ?exibility is much better 
than With creating an extra metal layer using silicon process 
ing fabrication technology. The pattern may also be changed 
more easily than changing a mask for silicon processing. 

[0032] FIGS. 3A, 3B, and 3C shoW an example of using 
nano-particle paste based RDL in more detail. FIGS. 3A, 3B, 
and 3C are draWings based on scanning electron microscope 
(SEM) pictures of a simple circuit 62 applied by an ink jet 
printing process using Cu-nano-paste ink on the back of a die 
64. The ink jet printing process lays doWn a series of dots 
Which then merge to form a line. The dots are more easily seen 
in FIG. 3B Which is based on a more highly magni?ed picture. 
The dotted structure shoWn in FIG. 3B is an example of 
results obtained With a particular process. Using other nano 
paste inks or printers, the resulting line may be smoother, 
especially after curing and distinct dots may not be visible or 
may be much less distinct. 

[0033] Curing may be used to solidify the paste. Lines and 
spacing on the order of 10/10 microns can be achieved. Line 
thicknesses of the order of l-5 microns are possible. Thicker 
lines may be formed but line spacing may be reduced as the 
paste, having a higher height spreads out laterally during 
curing or over time. An alternative to achieving thicker lines 
Without increasing line and spacing is by laying doWn a ?rst 
line, partially curing it and laying doWn another line on top of 
the ?rst line and then curing the stack completely. The thinner 
lines Will not spread as much and stop spreading after they are 
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cured. The process of laying doWn lines on top of each other 
may be repeated to achieve many desired ?nal line thick 
nesses. 

[0034] FIG. 3C is based on a more highly magni?ed picture 
and shoWs the circuit line 62 in a cross-sectional vieW, applied 
to the bottom surface 64 of the die. In the example of FIG. 3C, 
the die has an interlayer dielectric layer (ILD) 66 and an outer 
buffer layer 67. The circuit line is applied over the buffer 
layer. The top side of the die is also covered With a dielectric 
layer 68 and a metal layer 69. While FIG. 3C shoWs copper 
lines on the bottom side of the die, layers may also or alter 
natively be applied to the other side of the die. While FIGS. 1 
and 2 both shoW TSV architecture die stacks, printed Wires, 
such as those shoWn in FIG. 3 may be applied to a Wide range 
of different architectures, including architectures that do not 
use a stack but still have connection points that are to be 
interconnected. The printed Wires may be applied betWeen 
layers Within a die or to an external surface of the die. The 
printed Wires may also be applied to a package that encloses 
the die or to some other external surface. Printed Wires may 
also be used on printed circuit boards and sockets to Which 
such dies or packages are attached. 

[0035] The non-particle paste may be formed from a variety 
of different materials. Pastes containing copper, such as Cu 
nano paste, Work Well With other copper electrical connec 
tions as are common in many microelectronic devices. HoW 

ever, other conductive material may be used, including Ag, 
Au, Ni, Fe, In, Sn, and carbon materials, among others. The 
Cu-nano paste may include a dispersant, a stabiliZer, a solvent 
and additives in addition to the copper. The speci?c formula 
tion of the paste may be adapted to suit the particle printer and 
the conditions under Which the paste is to be printed. 
[0036] Some inkj et printed Wires suffer from brittleness 
and loWer conductivity compared to bulk, vapor deposited 
and electro-plated counterparts. Such Wires may also be 
prone to cracking. The brittleness and poor conductivity may 
be caused by internal stresses in the ink jet printed Wire during 
sintering When the nano-paste and bulk metal change volume 
at different rates. The brittleness and poor conductivity may 
also be caused by the high concentration of impurities com 
mon in ink jet printed materials, such as dispersant, ?uxing 
agent, stabiliZer, etc. The brittleness and poor conductivity 
may also be caused by degassing from inside the printed Wire 
during sintering and incomplete necking betWeen the nano 
particles. The porous microstructures of printed nano-paste 
may also cause cracking by providing potential crack initia 
tion points, especially at an edge point or a free surface of the 
Wire. After sintering, a typical printed nano-paste Wire may 
have many voids in the surface that form as holes to alloW 
degassing. 
[0037] One Way to enhance the properties of printed Wires 
is to use carbon nanotubes (CNTs). Single-Walled carbon 
nanotubes (SWCNTs) and multi-Walled carbon nanotubes 
(MWCNTs) have a particularly desirable combination of 
electrical, thermal, and mechanical properties. In many appli 
cations, they have an elastic stiffness comparable to that of 
diamond. Also, depending on bonding orientation, CNTs 
may conduct electricity along their length With very little 
resistance and provide high thermal conductivity. This may 
be attractive for heat transport management in semiconductor 
and electronic devices. 

[0038] In many CNT designs, a nearly one-dimensional 
electronic structure, causes electronic transport in metallic 
CNTs to occur ballistically (e. g., Without scattering) over 

Mar. 19, 2009 

long nanotubes lengths. This alloWs the CNTs to carry high 
currents With essentially no heating. SWCNT have been 
shoWn to exhibit a longitudinal conductivity of around 108 
(/Qcm) at 300° K Which is higher than that of Cu (5.96><105/ 
Qcm) by about 1000 times. MWCNTs have also been shoWn 
to carry a very high current density ranging from about 106 
(A/cm2) to 1010. CNTs have also been shoWn to exhibit very 
high longitudinal thermal conductivity. A measured room 
temperature thermal conductivity for an individual MWCNT 
(>3000 W/mK) is greater than that of natural diamond and 
basal plane of graphite (both of 2000 W/mK). CNTs are quite 
stiff and exceptionally strong, meaning that they have a high 
Young’s modulus and high tensile strength. The Young’s 
modules of CNTs may range from about 1000 GPa to 1500 
GPa. This is more than double that of silicon carbide (450 

GPa). 
[0039] A nano-particle paste may be produced using either 
single Walled carbon nanotubes (SWCNTs), or multi Walled 
carbon nanotube (MWCNTs), or both. The paste may be used 
for any of the circuit line printing applications mentioned 
above as Well as for other purposes. Some ink jet printing 
applications may include conductive Wires, electrode pads, 
and surface protect layers. 
[0040] In such a paste, the CNTs groWn on any substrate 
may have a density ranging from about 1% to 99% in volume. 
Any metal particles capable of being rendered in nanometer 
siZed particles may be used in the paste. Such materials may 
include pure copper (Cu), silver (Ag) and gold (Au), and iron 
(Fe), for example, although other materials With good elec 
trical or thermal conductivity may also be used, including Ni, 
In, Bi, Sn and many alloys of these materials. 
[0041] CNT structures may be applied to a variety of dif 
ferent substrates in a variety of different Ways. In one embodi 
ment, CNT may be groWn vertically as shoWn in FIGS. 4A 
and 4B. CNTs may be produced on metal bumps by various 
synthesis methods, including chemical vapor deposition 
(CVD), laser ablation, and arc discharge. In loW temperature 
CVD techniques, the carbon source may be a carbon bearing 
gas, e.g. C2H2/H2 mixture gas at a 1:3 ratio. The groWth may 
be catalyZed by a metallic catalyst, such as Fe or Ni. Co, Pd, 
and Pt may also be used instead or in addition to Fe or Ni. The 
particular choice of catalysts may be adapted to the particular 
circumstances. Such a CVD synthesis technique presents sev 
eral signi?cant advantages. 
[0042] First, the CNTs groW only Where the catalyst is 
present on the surface. Accordingly, by producing a Well 
de?ned pattern of the catalyst by, for example photolithogra 
phy, e-beam lithography, shadoW masking, soft lithography, 
or printing, a corresponding Well-de?ned pattern of CNT 
structures may be groWn. In addition, the density of the CNT 
structures may be adjusted by adjusting the amount of cata 
lyst delivered on the substrate. The diameter of the CNT 
structures may also be controlled by controlling the siZe of the 
catalyst. Finally, the length of the CNT structures may be 
controlled by controlling the synthesis conditions, such as the 
reaction time and temperature and the composition of the 
carbon bearing source and the gas pressure in the CVD reac 
tion chamber. 

[0043] In FIGS. 4A and 4B, a pattern of vertical CNT 
structures 111 is shoWn on a substrate 113. FIG. 4A shoWs a 
top elevation vieW While FIG. 4B shoWs a cross-sectional side 
vieW of the same structures. These structures may be groWn as 
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described above by applying a catalyst, such as Ni, in a 
pattern, and then using CVD to grow the CNTs in a reaction 
chamber. 
[0044] In FIG. 5A the same structures 111 and substrate are 
shoWn. However, a roller 117 is applied to the structures to 
produce horizontally aligned CNT structures 115 on the sub 
strate 113. A variety of different rolling techniques may be 
used. FIG. 5B shoWs a top elevation vieW of the horizontal 
structures 117 on the substrate after rolling and FIG. 5C 
shoWs a cross-sectional side vieW of the same horizontal 
structures. 

[0045] The vertically aligned CNTs in of FIG. 4A shoW 
good electrical and thermal conductivities along the vertical 
direction and a strong resistance against horizontal cracks. 
The horizontally aligned CNTs shoW good electrical and 
thermal conductivities along the horizontal direction and a 
strong resistance against vertical cracks. As shoWn in FIGS. 
6A and 6B, vertical and horizontal structures may be com 
bined. These structures tend to shoW good electrical and 
thermal conductivities along the horizontal and the vertical 
directions together With strong resistance against vertical and 
horizontal cracks. These different options alloW the align 
ment direction of CNTs to be chosen according to the par 
ticular application and cost targets. 
[0046] Vertically and horizontally mixed CNTs may be 
produced on a substrate by groWing vertical CNTs on top of 
horizontal CNTs. This is shoWn in FIG. 6A in Which both 
horizontal 115 and vertical 119 CNT structures may be seen 
on the substrate 113. As seen in FIG. 6B, the original vertical 
structures 111, have been rolled to create horizontal struc 
tures 115 and then additional vertical structures 119 may be 
groWn on top of the horizontal structures. 
[0047] In FIG. 7A, the vertical structures 121 are formed by 
ink j et printing nano paste over aligned CNTs. Ink jet printing 
techniques using nano paste may be used for applying Wiring 
patterns over the vertically and horizontally aligned CNTs on 
a substrate. Ink jet printing may also be used to print the CNT 
?lled nano paste directly on a substrate Without any catalyst 
using, for example, any of the approaches mentioned above. 
Any vertical or horizontal pattern may be produced using ink 
jet printing. FIG. 7B shoWs a top vieW of the resulting struc 
ture and FIG. 7C shoWs a cross-sectional side vieW of the 
resulting CNT ink jet structure. 
[0048] After ink jet printing, a sintering process may be 
used to cure the printed patterns. Sintering helps to coalesce 
the nanometer sized metal particles to bulk metal and may be 
performed at signi?cantly loWer temperatures than sintering a 
corresponding bulk metal structure. For some applications 
sintering may be performed at about 2000 C. forAg, Au, or Cu 
nano-pastes. 
[0049] A nano-particle paste With carbon nanotubes may be 
inkjet printed. Commercial black poWder carbon nanotubes 
may be mixed With metal nano-particle paste for ink jet print 
ing. Alternatively, the carbon nanotubes may be deposited or 
groWn using CVD as mentioned above. When the nanotubes 
are formed directly on the substrate, they tend to be better 
aligned. The Wiring lines shoWn and described may be made 
With carbon nanotubes in either CVD or ink jet printing 
processes. In addition, printing and CVD techniques may be 
combined as shoWn, for example in FIG. 6, in Which the nano 
paste is printed over the CVD carbon nanotubes. 
[0050] FIG. 8 shoWs a computer system 120 representing 
an example of a system upon Which microelectronic devices, 
packages, and printed circuit boards incorporating aspects of 
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the present invention may be used. The computer system 120 
includes a bus or other communication means 121 for com 

municating information, and a processing means such as a 
microprocessor 122 coupled With the bus 121 for processing 
information. The computer system 120 further includes a 
main memory 124, such as a random access memory (RAM) 
or other dynamic data storage device, coupled to the bus 121 
for storing information and instructions to be executed by the 
processor 122. The main memory also may be used for storing 
temporary variables or other intermediate information during 
execution of instructions by the processor. 

[0051] The computer system may also include a nonvolatile 
memory 126, such as a read only memory (ROM) or other 
static data storage device coupled to the bus for storing static 
information and instructions for the processor. A mass 
memory 127 such as a magnetic disk or optical disc and its 
corresponding drive may also be coupled to the bus of the 
computer system for storing information and instructions. 
[0052] The computer system may also be coupled via the 
bus to a display device or monitor 131, such as a Liquid 
Crystal Display (LCD), for displaying information to a user. 
For example, graphical and textual indications of installation 
status, operations status and other information may be pre 
sented to the user on the display device. Typically, an alpha 
numeric input device 132, such as a keyboard With alphanu 
meric, function and other keys, may be coupled to the bus for 
communicating information and command selections to the 
processor. A cursor control input device 133, such as a mouse, 
a trackball, or cursor direction keys may be coupled to the bus 
for communicating direction information and command 
selections to the processor and to control cursor movement on 
the display 131. 
[0053] A communication device 135 is also coupled to the 
bus 121. The communication device 135 may include a 
modem, a netWork interface card, or other Well knoWn inter 
face devices, such as those used for coupling to Ethernet, 
token ring, or other types of physical attachment for purposes 
of providing a communication link to support a local or Wide 
area netWork (LAN or WAN), for example. In this manner, the 
computer system may also be coupled to a number of clients 
or servers via a conventional netWork infrastructure, includ 
ing an intranet or the Internet, for example. 

[0054] Any or more of the components of FIG. 8 may be 
implemented using one or more dies, die stacks or other types 
of microelectronic devices that include Wiring applied as 
described above. In addition, the components may be 
mounted on a printed circuit board that that contains circuit 
lines formed by ink jet printing or depositing as described 
above. A lesser or more equipped computer system than the 
example described above may be preferred for certain imple 
mentations. Therefore, the con?guration of the exemplary 
computer system 120 Will vary from implementation to 
implementation depending upon numerous factors, such as 
price constraints, performance requirements, technological 
improvements, or other circumstances. 

[0055] It is to be appreciated that a lesser or more complex 
paste, printing process, deposition process, or shaping and 
forming process may be used than those shoWn and described 
herein. Therefore, the compositions and processes may vary 
from implementation to implementation depending upon 
numerous factors, such as price constraints, performance 
requirements, technological improvements, or other circum 
stances. Embodiments of the invention may also be applied to 
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other types of surfaces of microelectronic devices and related 
components than those shoWn and described herein. 
[0056] In the description above, numerous speci?c details 
are set forth. However, it is understood that embodiments of 
the invention may be practiced Without these speci?c details. 
For example, Well-knoWn equivalent materials may be sub 
stituted in place of those described herein, and similarly, 
Well-knoWn equivalent techniques may be substituted in 
place of the particular processing techniques disclosed. In 
other instances, Well-knoWn circuits, structures and tech 
niques have not been shoWn in detail to avoid obscuring the 
understanding of this description. 
[0057] While the embodiments of the invention have been 
described in terms of several examples, those skilled in the art 
may recogniZe that the invention is not limited to the embodi 
ments described, but may be practiced With modi?cation and 
alteration Within the spirit and scope of the appended claims. 
The description is thus to be regarded as illustrative instead of 
limiting. 
What is claimed is: 
1. A method comprising applying a metal paste to a surface 

of a die to electrically couple tWo spaced apart connection 
points of the die. 

2. The method of claim 1, Wherein applying comprises 
applying the paste through an ink jet. 

3. The method of claim 2, Wherein applying comprises ink 
jet printing. 

4. The method of claim 1, Wherein applying comprises 
applying the paste to an exterior surface of the die. 

5. The method of claim 1, Wherein the connection points 
comprise a via and a die interconnect. 

6. The method of claim 1, Wherein the connection points 
comprise a via and a pad. 

7. The method of claim 1, Wherein the paste comprises a 
copper nano paste. 

8. The method of claim 1, further comprising curing the 
applied metal paste. 
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9. The method of claim 8, further comprising applying a 
layer of additional metal paste over the cured metal paste. 

10. The method of claim 1, Wherein the connection points 
comprise at least one interconnect to couple the die to another 
die of a stack. 

11. The method of claim 1, further comprising forming a 
pattern of carbon nanotubes and Wherein applying comprises 
applying the paste over a pattern of carbon nanotubes. 

12. The method of claim 1, Wherein applying comprises 
applying a series of dots to merge to form lines and then 
curing the series of dots. 

13. The method of claim 1, Wherein applying comprises: 
applying a ?rst line of paste; 
partially curing the ?rst line of paste; 
applying a second line of paste over the partially cured ?rst 

line of paste; and 
then curing the ?rst and second lines of paste together. 
14. The method of claim 13, Wherein curing comprises 

sintering. 
15. The method of claim 1, Wherein applying comprises 

applying the metal past to horiZontal carbon nanotube struc 
tures to electrically couple the horiZontal structures. 

16. The method of claim 15, Wherein the horiZontal struc 
tures comprise vertical structures that have been rolled to 
form horiZontal structures. 

17. The method of claim 1, Wherein applying the metal 
paste comprises printing the paste. 

18. The method of claim 1, Wherein the metal paste com 
prises: 

a dispersant; 
a stabiliZer; and 
carbon nanotubes. 
19. The method of claim 18, Wherein the carbon nanotubes 

comprise black poWder carbon nanotubes. 
20. The method of claim 18, Wherein the paste further 

comprises metal nano-particles. 

* * * * * 


