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(57) ABSTRACT 

A micro-scale interconnect device With internal heat 
spreader and method for fabricating same. The device 
includes ?rst and second arrays of generally coplanar elec 
trical communication lines. The ?rst array is disposed gen 
erally along a ?rst plane, and the second array is disposed 
generally along a second plane spaced from the ?rst plane. 
The arrays are electrically isolated from each other. Embed 
ded Within the interconnect device is a heat spreader ele 
ment. The heat spreader element comprises a dielectric 
material disposed in thermal contact With at least one of the 
arrays, and a layer of thermally conductive material embed 
ded in the dielectric material. The device is fabricated by 
forming layers of electrically conductive, dielectric, and 
thermally conductive materials on a substrate. The layers are 
arranged to enable heat energy given off by current-carrying 
communication lines to be transferred aWay from the com 
munication lines. 
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MICRO-SCALE INTERCONNECT DEVICE WITH 
INTERNAL HEAT SPREADER AND METHOD FOR 

FABRICATING SAME 

TECHNICAL FIELD 

[0001] The present invention generally relates to micro 
scale electrical interconnect devices and the fabrication 
thereof. More particularly, the present invention relates to 
the integration of heat spreading elements With such inter 
connect devices. 

BACKGROUND ART 

[0002] Micro-scale devices or systems such as integrated 
circuits (ICs), opto-electronic and photonic devices, micro 
mechanical devices, micro-electro-mechanical systems 
(MEMS), micro-opto-electro-mechanical systems 
(MOEMS or optical MEMS), chip-based biosensors and 
chemosensors, micro?uidic devices (e.g., labs-on-a-chip), 
and other articles characteriZed by micron- and sub-micron 
siZed features often require the use of high-density electrical 
interconnect schemes for transmitting signals. The intercon 
nect scheme can consist of a cross-bar array of communi 
cation lines located at different levels or planes of a micro 
scale structure. For example, one level can contain an 
arrangement of parallel input lines, While another level can 
contain an arrangement of parallel output lines oriented 
orthogonal to the input lines. Any tWo levels of communi 
cation lines can be electrically isolated from each other by 
embedding the lines in dielectric material and/or building a 
dielectric layer betWeen the levels. 

[0003] It is desirable to integrate interconnect schemes 
With the architecture of such micro-scale devices and, in 
particular, array devices such as DC micro-relays. HoWever, 
the electrical current carried through a high-density inter 
connect arrangement of communication lines can give rise to 
self-heating. Joule heating (h) is associated With the con 
duction of current over time (t) through communication 
lines made from a material having a resistance (r), and can 
be expressed by J oule’s laW: h=i2 rt. Joule heating gives rise 
to elevated temperatures in the various layers of a micro 
scale structure and steep thermal gradients in dielectric 
layers. The heat energy dissipated through a micro-scale 
structure, particularly a MEMS device built over an inter 
connect scheme, can damage the components of the struc 
ture or impair the performance of those components. 
Depending on the current load, the elevated temperatures 
attained can result in thermally induced stress-related issues 
such as Warping. 

[0004] For example, a MEMS device can include a DC 
sWitch that utiliZes a parallel-plate capacitor architecture for 
actuation purposes. A thermally-induced curvature in the 
substrate of this MEMS device could result in the shorting 
of the DC sWitch. As another example, in the case of very 
high current loads that are likely to occur during a poWer 
surge, the temperatures attained could be high enough to 
heat certain materials of a micro-scale device up to their 
melting point or transition temperature, and thus cause 
destruction of the entire device. Thus, While it is desirable to 
integrate a high-density interconnect scheme With a micro 
scale device, the inclusion of the interconnect scheme Would 
restrict the operating range of the device and raise concerns 
about the reliability of the device. 
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[0005] It Would therefore be advantageous to provide an 
interconnect device that is structured to reduce maximum 
operating temperatures, thereby enabling the interconnect 
device and the useful features it provides to be integrated 
With a Wide variety of micro-scale devices. 

DISCLOSURE OF THE INVENTION 

[0006] A method is provided for fabricating an intercon 
nect device or interconnect array-containing device Wherein 
a heat spreader is formed as an integral part of the overall 
fabrication process. An interconnect device comprising an 
integral heat spreader is also provided, and is suitable for 
integration With any micro-scale device that could bene?t 
from such integration. 

[0007] According to one embodiment, a micro-scale inter 
connect device is provided for transmitting electrical current 
or discrete signals. The device comprises ?rst and second 
arrays of generally coplanar electrical communication lines 
and a heat spreader element. The ?rst array can be disposed 
generally along a ?rst plane. The second array can be 
disposed generally along a second plane spaced from the 
?rst plane, electrically isolated from the ?rst array. The heat 
spreader element comprises a dielectric material disposed in 
thermal contact With at least one of the arrays, and a layer 
of thermally conductive material embedded in the dielectric 
material. The thermally conductive material is electrically 
isolated from the ?rst and second arrays. 

[0008] According to another embodiment, a micro-scale 
interconnect device comprises a ?rst dielectric layer, a ?rst 
layer of communication lines, a second dielectric layer, a 
thermally conductive layer, a third dielectric layer, and a 
second layer of communication lines. The ?rst layer of 
communication lines can be formed on the ?rst dielectric 
layer. The second dielectric layer can be formed on the ?rst 
layer of communication lines and on the ?rst dielectric layer. 
The thermally conductive layer can be formed on the second 
dielectric layer. The third dielectric layer can be formed on 
the thermally conductive layer. The second layer of com 
munication lines can be formed on the third dielectric layer. 

[0009] According to yet another embodiment, a micro 
scale system comprises an interconnect device as described 
herein and a micro-scale device electrically communicating 
With one or more communication lines of the interconnect 
device. The micro-scale device can be any device that could 
bene?t from the integration of an interconnect device With 
internal heat spreading capability as disclosed herein. Non 
limiting examples of micro-scale devices include microelec 
tronic devices and circuitry, MEMS devices, optical devices, 
micro?uidic devices, and the like. 

[0010] According to a method provided herein for fabri 
cating a micro-scale device having internal heat spreading 
capability to reduce operating temperature, a plurality of 
generally coplanar arrays of electrical transmission lines can 
be formed in a heterostructure. A thermally conductive 
element can be embedded in one or more dielectric layers. 
The thermally conductive element can be disposed at a 
location of the heterostructure Where a heat transfer path can 
be established in response to a thermal gradient that is 
generally directed from at least one of the arrays to the 
thermally conductive layer. The thermally conductive ele 
ment can be interposed betWeen tWo arrays and serve as a 
capacitive shield. 
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[0011] According to another method, a ?rst array of con 
ductive elements can be formed on a substrate. A ?rst 
dielectric layer can be deposited on the ?rst array. A layer of 
thermally conductive material can be deposited on the ?rst 
dielectric layer. Asecond dielectric layer can be deposited on 
the layer of thermally conductive layer. A second array of 
conductive elements can be formed on the second dielectric 
layer. 
[0012] According to yet another method, current is con 
ducted in a micro-scale interconnect device at a reduced 
device operating temperature. The interconnect device com 
prises a ?rst array of generally coplanar electrical commu 
nication lines disposed generally along a ?rst plane, and a 
second array of generally coplanar electrical communication 
lines disposed generally along a second plane that is spaced 
from the ?rst plane and electrically isolated from the ?rst 
array. The current is conducted through at least one of the 
communication lines of the ?rst or second arrays. Heat 
energy given off by the current-conducting communication 
line is transferred aWay from the arrays by providing a heat 
spreader element integrated With the interconnect device. 
The heat spreader element comprises a dielectric material 
disposed in thermal contact With at least one of the arrays, 
and a layer of thermally conductive material embedded in 
the dielectric material. The heat energy is directed toWard 
the heat spreader element in response to a thermal gradient 
that is created betWeen the current-conducting communica 
tion line and the heat spreader element. 

[0013] Micro-scale devices fabricated according to the 
above-stated methods are also provided. 

[0014] It is therefore an object of the invention to provide 
a micro-scale interconnect device With an internal heat 
spreader and related methods of fabrication and use. 

[0015] An object of the invention having been stated 
hereinabove, and Which is achieved in Whole or in part by 
the invention disclosed herein, other objects Will become 
evident as the description proceeds When taken in connec 
tion With the accompanying draWings as best described 
hereinbeloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIGS. 1A-1G are sequential cross-sectional vieWs 
of an interconnect device as it is being fabricated; 

[0017] FIG. 2 is a top plan vieW of an array of commu 
nication lines that can form a part of the interconnect device; 

[0018] FIG. 3 is a cross-sectional vieW of an interconnect 
device integrated With a micro-scale device that includes 
other micro-scale devices, systems, and/or features; and 

[0019] FIG. 4 is a plot of data obtained from a compara 
tive steady-state electrothermal analysis of the interconnect 
device With and Without the inclusion of a heat spreading 
component. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] For purposes of the present disclosure, it Will be 
understood that When a given component such as a layer, 
?lm, region or substrate is referred to herein as being 
disposed or formed “on” another component, that given 
component can be directly formed on the other component 
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or, alternatively, intervening components (for eXample, one 
or more buffer, transition or lattice-matching layers, inter 
layers, adhesion or bonding layers, electrodes or contacts) 
can also be present. It Will be further understood that the 
terms “disposed on” and “formed on” are used interchange 
ably to describe hoW a given component is positioned or 
situated in relation to another component. Moreover, terms 
such as “disposed on” and “formed on” are not intended to 
introduce any limitations relating to particular methods of 
material deposition, ?lm groWth, or other fabrication tech 
niques. 

[0021] For the purpose of the present disclosure, the term 
“layer” denotes a generally thin, tWo-dimensional structure 
having an out-of-plane thickness in the micrometer range. 
The term “layer” is considered to be interchangeable With 
other terms such as ?lm, thin ?lm, coating, cladding, plating, 
and the like. 

[0022] The naming herein of any speci?c material com 
positions (e.g., SiO2, Cu, Au, and the like), is not intended 
to imply that such materials are completely free of impuri 
ties, trace components, or defects. Moreover, the material 
compositions identi?ed herein are not limited to any speci?c 
crystalline or non-crystalline microstructure. 

[0023] Referring noW to FIGS. 1A-1G, one method for 
fabricating an electrical interconnect device, generally des 
ignated 10 in FIG. 1G, Will noW be described. Referring ?rst 
to FIG. 1A, a suitable substrate S is selected as a base 
material on Which conductive and non-conductive layers are 
to be formed. Substrate S can be composed of any material 
commonly employed as a substrate in micro-scale fabrica 
tion such as, for eXample, silicon or a silicon-containing 
compound. Silicon or a silicon-containing compound is 
preferred because such material is readily, commercially 
available at loW cost, and is compatible for use as a starting 
substrate S on Which a Wide variety of commonly employed 
conductive and non-conductive materials can be formed by 
Widely accepted fabrication techniques (e.g., deposition, 
electroplating, and the like). In addition, depending on the 
speci?c ?nal product contemplated, interconnect device 10 
(see FIG. 1G) can be integrated With other micro-scale 
devices or circuitry that require a substrate having semi 
conducting properties, in Which case a silicon substrate 
common to both interconnect device 10 and one or more 

other micro-scale components might be desirable. 

[0024] It Will be noted that the folloWing fabrication 
process can include any intermediate process steps consid 
ered necessary or desirable by persons skilled in the art to be 
carried out betWeen the adding of speci?c layers to substrate 
S. Such intermediate process steps can include surface 
micromachining techniques such as chemomechanical pol 
ishing (CMP) to planariZe, clean, or otherWise prepare 
certain layers for subsequent material-additive steps; drilling 
or etching techniques for creating vias, cavities or apertures 
through certain layers Where needed; the addition and sub 
sequent removal of transient layers such as photoresist 
materials and their residue; cleaning steps such as chemical 
stripping, plasma etching and the like; and other surface 
preparation procedures. The details of these intermediate 
processes, the appropriateness of their use during any stage 
of the interconnect fabrication process, and the equipment 
required, are generally knoWn to persons skilled in the art 
and hence are not described further herein. 
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[0025] With continuing reference to FIG. 1A, a ?rst 
dielectric isolation layer D1 is formed on substrate S. 
Preferably, ?rst dielectric isolation layer D1 includes a 
suitable dielectric material exhibiting a loW dielectric con 
stant (loW-k) such as, for example, silicon dioxide (SiOZ). As 
Will be appreciated by persons skilled in the art, the tech 
nique utiliZed for forming ?rst dielectric isolation layer D1 
typically Will depend at least in part on the material com 
prising ?rst dielectric isolation layer D1. In the case of SiO2, 
a deposition process is commonly employed. AWide variety 
of viable deposition processes for forming dielectric layers 
or ?lms are knoWn to persons skilled in the art, and thus need 
not be described in detail herein. Alternative processes such 
as thermal oxidation might also be appropriate. 

[0026] In an alternative embodiment, instead of including 
a semiconductor material, substrate S can be a bulk struc 
tural layer that is dielectric. Non-limiting examples of 
dielectric materials suitable for use as a bulk structural layer 
include silica, various glasses, sapphire, nitrides of silicon, 
and the like. In the case Where substrate S is composed of a 
dielectric material, the addition of ?rst dielectric isolation 
layer D1 is not required. 

[0027] Referring to FIG. 1B, a ?rst electrically conductive 
layer M1 is formed on ?rst dielectric isolation layer D1. First 
electrically conductive layer M1 can be composed of any 
electrically conductive material. Preferably, ?rst electrically 
conductive layer M1 is composed of a metal exhibiting 
suitable electrical conductivity such as, for example, copper 
(Cu). As Will be appreciated by persons skilled in the art, the 
technique utiliZed for forming ?rst electrically conductive 
layer M1 Will typically depend at least in part on the material 
comprising ?rst electrically conductive layer M1 and its 
compatibility With the material selected for ?rst dielectric 
isolation layer D1. In the case of copper, an electroplating 
process is commonly employed. It is further appreciated by 
persons skilled in the art, hoWever, that a Wide variety of 
deposition processes might alternatively be utiliZed for 
forming metallic layers on dielectric layers. The particular 
techniques for laying doWn metals in a micro-scale envi 
ronment are generally knoWn and thus need not be described 
in detail herein. 

[0028] As shoWn in FIG. 1B, after ?lm formation, ?rst 
electrically conductive layer M1 is then patterned by any 
suitable technique, such as masking folloWed by etching as 
understood by persons skilled in the art, to form a set of ?rst 
transmission or communication lines COM1. While the 
cross-section of only one communication line COM1 is 
illustrated in FIG. 1B, it Will be appreciated by persons 
skilled in the art that ?rst electrically conductive layer M1 
can preferably be patterned to form a plurality of spaced 
apart communication lines COM1 on ?rst dielectric isolation 
layer D1 to provide multiple routes for electrical signals, as 
exempli?ed in the cross-bar con?guration illustrated in FIG. 
2. 

[0029] Referring to FIG. 1C, a second dielectric isolation 
layer D2 is formed on the pattern of ?rst communication 
lines COM1 and on the exposed regions of ?rst dielectric 
isolation layer D1. Like ?rst dielectric isolation layer D1, 
second dielectric isolation layer D2 is preferably composed 
of a suitable loW-k dielectric material such as SiO2. Refer 
ring to FIG. 1D, a thermally conductive layer HS is then 
formed on second dielectric isolation layer D2 to serve as a 
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heat spreader. Preferably, the out-of-plane thickness of ther 
mally conductive layer HS can range from approximately 
0.1 to approximately 1 microns. Thermally conductive layer 
HS can include any material that is thermally conductive 
such as, for example, gold (Au), copper, aluminum (Al), and 
diamond. In the case of gold, a physical deposition tech 
nique such as sputtering can be employed to form thermally 
conductive layer HS, although alternative techniques such as 
electroplating could be employed. Referring to FIG. 1E, a 
third dielectric isolation layer D3 is formed on thermally 
conductive layer HS. Like ?rst and second dielectric isola 
tion layers, third dielectric isolation layer D3 is preferably 
composed of a suitable loW-k dielectric material such as 

SiO2. 
[0030] Referring to FIG. 1F, a second electrically con 
ductive layer M2 is formed on third dielectric isolation layer 
D3. Like ?rst electrically conductive layer M1, second 
electrically conductive layer M2 is preferably composed of 
a metal such as copper. Second electrically conductive layer 
M2 is then patterned by any suitable technique to form a 
second set of communication lines COM2, Which in typical 
embodiments are arranged generally orthogonally relative to 
the ?rst set of communication lines COM1 formed from ?rst 
electrically conductive layer M1. While a section of only 
one communication line COM2 of second electrically con 
ductive layer M2 is illustrated in FIG. 1F, it Will be 
appreciated by persons skilled in the art that second elec 
trically conductive layer M2 is preferably patterned to form 
a plurality of spaced-apart communication lines COM2 on 
third dielectric isolation layer D3, as shoWn in FIG. 2. 

[0031] Referring to FIG. 1G, the fabrication of intercon 
nect device 10 is completed by forming a fourth dielectric 
isolation layer D4 on the pattern of second communication 
lines COM2. Like ?rst, second and third dielectric isolation 
layers D1-D3, fourth dielectric isolation layer D4 is prefer 
ably composed of a suitable loW-k dielectric material such as 

siO2. 
[0032] For the exemplary embodiment presently being 
described, FIGS. 1A-1G shoW the conformal deposition of 
dielectric isolation layers D2-D4, thermally conductive layer 
HS, and second electrically conductive layer M2 around the 
shape of the ?rst communication lines COM1 formed from 
?rst electrically conductive layer M1. As an alternative, 
some or all of these layers could be planariZed. For instance, 
second dielectric isolation layer D2 could be deposited and 
planariZed to a speci?c thickness above ?rst communication 
lines COM1. Second dielectric isolation layer D2 could be 
planariZed by a process such as chemical-mechanical pol 
ishing (CMP). Thermally conductive layer HS Would then 
be deposited on second dielectric isolation layer D2, Which 
de?nes a speci?c distance to ?rst electrically conductive 
layer M1. Third dielectric isolation layer D3 Would then be 
deposited on thermally conductive layer HS. Third dielectric 
layer D3 and thermally conductive layer HS are largely 
planar because they are deposited on a planar surface. 
Second electrically conductive layer M2 Would be deposited 
on third dielectric isolation layer D3, Which is a planar 
surface. Fourth dielectric isolation layer D4 is deposited on 
third dielectric isolation layer D3 and second electrically 
conductive layer M2 and planariZed to a speci?c thickness 
above second electrically conductive layer M2. Fourth 
dielectric isolation layer D4 could be planariZed by methods 
such as chemical-mechanical polishing (CMP). The bene?ts 
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of the heat spreader HS layer are realized for a planar 
process or a conformal process, if the Widths of communi 
cation lines COMl and second communication lines COM2 
lines are large relative to their thickness. In either case, most 
of the heat How Would be betWeen the ?rst electrically 
conductive layer M1 and second electrically conductive 
layer M2 rather than laterally betWeen ?rst communication 
lines COMl or second communication lines COM2. The 
goal of the heat spreader is to accomplish driving the heat 
?oW laterally and reducing the localiZed temperature, espe 
cially by driving heat energy aWay from likely hot spots such 
as regions Where communication lines COMl and COM2 
cross each other. If the Width and thickness of the ?rst 
electrically conductive layer M1 and second electrically 
conductive layer M2 lines are of comparable magnitude, the 
conformal process might provide greater heat spreading 
(local temperature reduction) than the planariZed case. 
[0033] It Will be noted that FIG. 1G is a cross-sectional 
depiction of a portion of the resulting interconnect device 
10. In practice, a high-density array or grid of several roWs 
and columns of communication lines COMl and COM2 is 
formed from ?rst and second electrically conductive layers 
M1 and M2, as exempli?ed in the cross-bar con?guration 
illustrated in FIG. 2. First communication lines COMl are 
disposed generally along a ?rst plane and second commu 
nication lines COM2 are disposed generally along a second 
plane that is spaced from the ?rst plane. In one embodiment, 
the spacing betWeen ?rst communication lines COMl and 
second communication lines COM2 can range from approxi 
mately 3 to approximately 8 microns. The spacing betWeen 
each adjacent, co-planar pair of ?rst communication lines 
COM1, and betWeen each adjacent, co-planar pair of second 
communication lines COM2, is indicated by a distance d in 
FIG. 2. Distance d can range from approximately 25 to 
approximately 250 microns, and preferably is approximately 
125 microns. In one embodiment, distance d betWeen all 
adjacent, coplanar pairs of communication lines COMl and 
COM2 is uniform. By evenly spacing communication lines 
COMl and COM2 in this manner, the distribution of heat 
energy through interconnect device 10 is rendered more 
uniform Which, for large interconnect densities, can assist in 
reducing the maximum operating temperature in addition to 
the integration of thermally conductive layer HS. In one 
embodiment, the Width of each communication line COMl 
and COM2 across the layer on Which it is formed can range 
from approximately 10 to approximately 100 microns, and 
preferably is approximately 100 microns. The thickness of 
each communication line COMl and COM2 on its corre 
sponding layer can range from approximately 1 to approxi 
mately 5 microns, and preferably is approximately 3 
microns The thickness of ?rst dielectric isolation layer D1 is 
typically 0.5 to 1 micron. The thickness of second dielectric 
isolation layer D2 is typically 1 to 5 microns, and preferably 
is approximately 1.5 microns. The thickness of third dielec 
tric isolation layer D3 is typically 1 to 5 microns, and 
preferably is approximately 1.5 microns. The thickness of 
fourth dielectric isolation layer D4 is typically 1 to 5 
microns, and preferably is approximately 3 microns. 
[0034] In a cross-bar con?guration such as illustrated in 
FIG. 2, one design goal enabled by the invention is to 
minimiZe the resistance of the communication lines COMl 
and COM2 and minimiZe the heating that results from a 
self-heating process. Additionally, the dimensions of the 
dielectric and conductive layers are optimiZed With regard to 
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resistance, heating, temperature, and capacitive coupling. 
Additionally, the volume fraction of the electrically conduc 
tive layers to the dielectric layers is optimiZed to minimiZe 
the stress and curvature that are developed in substrate S 
With regard to residual stress ?elds Within the layers, With 
regard to differences in thermal coefficients of expansion, or 
With regard to temperature gradients through the layers and 
substrate S. 

[0035] It can be seen from FIG. 1G that thermally con 
ductive layer HS constituting the heat spreader is sand 
Wiched betWeen ?rst and second communication lines 
COMl and COM2 formed from ?rst and second electrically 
conductive layers M1 and M2, respectively, as a buried, 
integral component of interconnect device 10. Second and 
third dielectric isolation layers D2 and D3 electrically isolate 
thermally conductive layer HS from ?rst and second elec 
trically conductive layers M1 and M2, respectively. First 
dielectric isolation layer D1 electrically isolates the as-built 
conductive/non-conductive heterostructure of interconnect 
device 10 from its substrate S. Fourth dielectric isolation 
layer D4 electrically isolates second communication lines 
COM2 of second electrically conductive layer M2 from any 
circuitry or devices fabricated on interconnect device 10. 

[0036] As described hereinabove, thermally conductive 
layer HS is preferably composed of a metal such as gold, and 
thus preferably is also electrically conductive. Accordingly, 
it Will be noted that any tWo of the three metal layers 
illustrated in FIG. 1G could serve as ?rst and second 
electrically conductive layers M1 and M2 for forming ?rst 
and second communication lines COMl and COM2, With 
the remaining third metal layer serving as thermally con 
ductive layer HS and thus as the heat spreader. HoWever, in 
the embodiment illustrated in FIG. 1G in Which thermally 
conductive layer HS is sandWiched betWeen ?rst and second 
communication lines COMl and COM2, thermally conduc 
tive layer HS could additionally function as a capacitive 
shield. Hence, by providing proper grounding to thermally 
conductive layer HS, out-of-plane capacitive coupling 
betWeen ?rst and second communication lines COMl and 
COM2 could be reduced in at least some embodiments. 
Additionally, a thermally conductive layer HS added 
betWeen substrate S and the communication lines COMl 
and COM2 Will block the electromagnetic coupling to 
substrate S. The electrostatic shielding is applicable for 
capacitive coupling and RF pads for application at “loW 
frequencies”. In this example of capacitive coupling, ther 
mally conductive layer HS can be largely unpatterned With 
the exception of regions Where connections Will be estab 
lished betWeen ?rst and second communication lines COMl 
and COM2. Additionally, thermally conductive layer HS can 
be patterned to reduce the total amount of metaliZation used 
While maintaining the thermal advantage. Additionally, ther 
mally conductive layer HS Will need to be patterned for it to 
provide shielding When inductors are part of substrate S. The 
shield needs to be patterned to limit the effect of eddy 
currents, Which produce opposing magnetic ?elds resulting 
in reduced energy storage and reduced Q (quality factor). 
The design of the shield for inductor applications is knoWn 
to those skilled in the art and is not described further herein. 

[0037] Referring noW to FIG. 3, a micro-scale system, 
generally designated 100, includes the heterostructure of 
interconnect device 10 as integrated With any other micro 
scale device, circuitry, or instrument fabricated typically on 
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the heterostructure at device region 105A, and/or at device 
regions 105B, 105C, and 105D. As non-limiting examples, 
device regions 105A, 105B, 105C, and/or 105D could 
represent microelectronic devices or integrated circuits hav 
ing active and/or passive circuit elements such as transistors, 
resistors, capacitors, MOS or related circuit components, 
contacts, electrodes, and electrical leads; opto-electronic and 
photonic devices such as WindoWs, lenses, light-emitting 
diodes (LEDs), laser diodes (LDs), photodiode arrays, mir 
rors, ?lters, ?at-panel displays, and Waveguides; microme 
chanical devices such as de?ectable cantilevers and mem 
branes, and encapsulating, structural, or packaging 
components; MEMS devices such as microrelays, micromo 
tors, gyroscopes, accelerometers, and thermally-induced 
components and transducers in general; MOEMS devices 
such as movable optical shutters, attenuators, electromag 
netic radiation detectors, and sWitches; chip-based biosen 
sors and chemosensors; and micro?uidic devices such as 
labs-on-a-chip (LoC), micro-total analysis systems (,u-TAS), 
or other devices having micro?uidic-related features such as 
micropumps, microchannels, reservoirs, sample stamping 
arrays, and inkjet-type noZZles. 

[0038] Referring noW to FIG. 4, the results of a compara 
tive, steady-state electro-thermal analysis performed on a 
unit cell are illustrated. The unit cell is representative of a 
DC sWitch array having an interconnect scheme as illus 
trated in FIG. 1G. The dielectric material considered for the 
isolation layers Was silica, the metal considered for the 
electrically conductive layers Was copper, and the metal 
considered for the thermally conductive heat spreading layer 
Was gold. As indicated in FIG. 4, the Width of the unit cell 
is 40 microns and the thickness is varied along the 
horiZontal axis of the data plot. As further indicated in FIG. 
4, maximum operating temperature is plotted as a function 
of unit cell thickness for three separate cases: a heat spreader 
thickness of Zero (i.e., no heat spreader), 0.1 micron, and 1 
micron. It can be observed from FIG. 4 that the presence of 
a 1-micron thick heat spreader signi?cantly reduces maxi 
mum temperature reached in the unit cell at progressively 
greater unit cell thicknesses. Moreover, FIG. 4 shoWs that 
the gains observed due to the incorporation of the heat 
spreader are more signi?cant moving doWn to thinner trans 
mission lines. Also, the reduction obtained Would be sig 
ni?cant at even higher current magnitudes due the current 
squared dependence of the Joule Heating effect. 

[0039] It Will be understood that various details of the 
invention may be changed Without departing from the scope 
of the invention. Furthermore, the foregoing description is 
for the purpose of illustration only, and not for the purpose 
of limitation—the invention being de?ned by the claims. 

What is claimed is: 
1. A method for fabricating a micro-scale device having 

internal heat spreading capability to reduce operating tem 
perature, comprising the steps of forming a plurality of 
generally coplanar arrays of electrical transmission lines in 
a heterostructure, and embedding a thermally conductive 
element in one or more dielectric layers at a location of the 
heterostructure Where a heat transfer path can be established 
in response to a thermal gradient generally directed from at 
least one of the arrays to the thermally conductive layer. 

2. The method according to claim 1 Wherein adjacent 
coplanar transmission lines of each array are separated from 
each other by a distance ranging from approximately to 
approximately 250 microns. 
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3. The method according to claim 1 comprising forming 
the arrays, the thermally conductive element, and the dielec 
tric layers on an electrically isolated substrate. 

4. The method according to claim 1 Wherein the plurality 
of arrays comprises a ?rst array and a second array, and the 
embedded thermally conductive element is interposed 
betWeen the ?rst and second arrays. 

5. The method according to claim 4 Wherein the thermally 
conductive element reduces capacitive coupling betWeen the 
?rst and second arrays. 

6. The method according to claim 1 Wherein the thermally 
conductive element has an out-of-plane thickness ranging 
from approximately 0.1 to approximately 1 microns. 

7. The method according to claim 1 Wherein the thermally 
conductive element comprises a material selected from the 
group consisting of gold, copper, aluminum and diamond. 

8. A micro-scale device fabricated according to the 
method of claim 1. 

9. A method for fabricating a micro-scale device having 
internal heat spreading capability to reduce operating tem 
perature, comprising the steps of: 

(a) forming a ?rst array of conductive elements on a 
substrate; 

(b) depositing a ?rst dielectric layer on the ?rst array; 

(c) depositing a layer of thermally conductive material on 
the ?rst dielectric layer; 

(d) depositing a second dielectric layer on the layer of 
thermally conductive material; and 

(e) forming a second array of conductive elements on the 
second dielectric layer. 

10. A micro-scale device fabricated according to the 
method of claim 9. 

11. A method for conducting current in a micro-scale 
interconnect device at a reduced device operating tempera 
ture, comprising the steps of: 

(a) conducting current in a micro-scale interconnect 
device comprising a ?rst array of generally coplanar 
electrical communication lines disposed generally 
along a ?rst plane, and a second array of generally 
coplanar electrical communication lines disposed gen 
erally along a second plane spaced from the ?rst plane 
and electrically isolated from the ?rst array, Wherein the 
current is conducted through at least one of the com 
munication lines of the arrays; and 

(b) causing heat energy given off by the at least one 
current-conducting communication line to be trans 
ferred aWay from the arrays by providing a heat 
spreader element integrated With the interconnect 
device, the heat spreader element comprising a dielec 
tric material disposed in thermal contact With at least 
one of the arrays, and a layer of thermally conductive 
material embedded in the dielectric material, Whereby 
the heat energy is directed toWard the heat spreader 
element in response to a thermal gradient created 
betWeen the at least one current-conducting communi 
cation line and the heat spreader element. 


