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(57) ABSTRACT 

A stackable layer and Stacked multilayer module are dis 
closed. Individual integrated circuit die are tested and pro 
cessed at the wafer level to create vertical area interconnect 
vias for the routing of electrical signals from the active Sur 
face of the die to the inactive surface. Vias are formed at 
predefined locations on each die on the wafer at the reticle 
level using a series of semiconductor processing steps. The 
wafer is passivated and the vias are filled with a conductive 
material. The bond pads on the die are exposed and a metal 
lization reroute from the user-selected bond pads and vias is 
applied. The wafer is then segmented to form thin, stackable 
layers that can be stacked and vertically electrically intercon 
nected using the conductive Vias, forming high-density elec 
tronic modules which may, in turn, be further stacked and 
interconnected to form larger more complex Stacks. 
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STACKABLE SEMCONDUCTOR CHIP 
LAYER COMPRISING PREFABRICATED 

TRENCH INTERCONNECT VLAS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This application is Division of U.S. patent applica 
tion Ser. No. 1 1/150,712, filed on Jun. 10, 2005, and entitled 
"Stackable Semiconductor Chip Layer Comprising Prefabri 
cated Trench Interconnect Vias,” which is a Continuation-in 
Part of U.S. patent application Ser. No. 10/663,371, filed on 
Sep. 16, 2003, and entitled “Stacked Microelectronic Module 
With Vertical Interconnect Vias,” which claims priority to 
U.S. Provisional Patent Application No. 60/410,895, filed on 
Sep. 16, 2002, and entitled “Vertically Integrated Microelec 
tronic Module Utilizing Ultra-Thin IC Layers With Dense 
Area-Interconnects and Method for Making the Same.” U.S. 
patent application Ser. No. 1 1/150,712 is also a Continuation 
in-Part of U.S. patent application Ser. No. 11/003,429, filed 
on Dec. 6, 2004, and entitled “Wearable Biomonitor With 
Flexible Thinned Integrated Circuit,” which is a Division of 
U.S. patent application Ser. No. 10/197,006, filed on Jul. 16, 
2002, and entitled “Wearable Biomonitor With Flexible 
Thinned Integrated Circuit, which is a Continuation-in-Part 
of U.S. patent application Ser. No. 09/190,378, filed Nov. 10, 
1998, and entitled “Method for Thinning Semiconductor 
Wafers with Circuits and Wafers Made by the Same,” which 
claims the benefit of U.S. Provisional Patent Application No. 
60/065,088, filed Nov. 11, 1997, and entitled “Method for 
Thinning Semiconductor Wafers with Circuits.” U.S. patent 
application Ser. No. 10/197,006 also claims the benefit of 
U.S. Provisional Patent Application No. 60/305,353, filed Jul. 
16, 2001, and entitled “Biomonitor Device. All of the above 
cited references are incorporated herein by reference in their 
entirety. 

BACKGROUND 

0002 The invention relates to electronic integrated circuit 
chips. Specifically, the invention relates to a method for form 
ing conductive vias in semiconductor wafers and die to form 
high density electrical interconnection structures and a device 
made from the method. 
0003 Industry continues to seek devices that allow high 
density electronic circuitry to occupy a very Small space. 
Satellites, aerospace applications, military weaponry and Sur 
veillance, and consumer electronics all require ever-Smaller 
electronic circuitry. It has been determined that stacking lay 
ers of electronic circuitry and vertically interconnecting the 
layers provides a significant increase in circuit density per 
unit area. Examples of related three-dimensional stacking 
inventions are disclosed in a number of patents issued to 
common assignee, Irvine Sensors Corp., Such as U.S. Pat. No. 
6,560,109, U.S. Pat. No. 4,525,921, and U.S. Pat. No. 4,646, 
128, each of which is incorporated herein by reference. 
0004 High-speed electronic applications operating in the 
gigahertz range also create unique circuit design concerns 
with respect to capacitance, inductance and “time of flight' 
for electron travel. Shorter lead lengths within a high-speed 
circuit help minimize these design concerns. 
0005. It has been determined that stacking of individual, 
unpackaged, integrated circuit die allows for a very small 
form factor, while achieving ultra-high circuit density and 
minimal lead lengths. But stacking of individual circuit die 
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undesirably includes yield problems when a stack includes a 
failed layer, as well as complications related to interfacing, 
wire bonding and/or side-bussing of stacked integrated circuit 
die. Additionally, wirebonding interface interconnects cre 
ates longer lead lengths with associated problems of cross 
talk and electron time of flight. 
0006 Conductive via interconnects can be used benefi 
cially to electrically connect a semiconductor layer with elec 
tronic circuitry with an adjacent layer but, because of the 
fabrication processes associated with via formation, existing 
electronic circuitry can be damaged during via formation. 
This is because via formation presently occurs after the elec 
tronic circuitry is formed on the semiconductor wafer of 
Substrate. Because of the photolithographic and etching pro 
cesses associated with via formation, the fragile electronic 
circuitry on a die or wafer can easily be damaged. 
0007. Therefore, a need exists in the art which allows for 
the efficient, Scalable stacking of integrated circuit die which 
reduces yield problems, manufacturing concerns and prob 
lems associated with wire bonding and unnecessary lead 
lengths. 

SUMMARY 

0008. An embodiment includes stackable layers com 
prised of individual, pretested integrated circuit die, or Sub 
strates, that are unpackaged. One or more Vias, or trenches, 
are formed at predetermined locations on individual inte 
grated circuit die preferably at the wafer level as part of the 
semiconductor process steps used to define the electronic 
circuitry on the substrate. The trenches are formed concur 
rently with and as part of the electronic circuit fabrication. 
Deep reactive ion etching (DRIE) processes are used, such as 
are used in DRAM trench capacitor formation, to form very 
Small, high aspect ratio trenches. Typical DRIE processes 
include SF6 reaction which is suitable for forming high 
aspect ratio trenches with well-defined, vertical side walls. 
0009. A passivating, dielectric layer is disposed on the 
internal Surface of the trench cavity and a conductive material 
(e.g., doped polysilicon or metal) is disposed upon the dielec 
tric layer within the trench. Preferably, the trench is substan 
tially filled with the conductive material. These DRIE, passi 
Vating and metalizing processes are compatible with the 
processes involved in the formation of electronic circuitry on 
a semiconductor wafer and are performed during wafer fab 
rication, i.e., the trench features are defined as part of the 
reticle set/photomask set associated with the electronic cir 
cuitry defined on the substrate. 
0010. The active, or first, surface of the wafer that contains 
the electronic circuitry is passivated with a suitable insulative 
material such as an oxide. The individual die's bond pads are 
exposed through the passivation layer at the wafer level. 
Electrically conductive traces between the exposed bond pads 
and/or conductive material with the trenches are formed the 
wafer level using well-established metal plating processes. 
0011. In one embodiment, the inactive, or second, surface 
of the wafer is backthinned using conventional thinning tech 
niques to expose the conductive material in the trench to 
create a through-hole via that can be accessed from the first 
and second surface of the substrate. The individual integrated 
circuits can be diced from the wafer, individually, or as an 
array of multiple uncut die, using a dicing saw. 
0012. In another embodiment, the die streets (inactive bor 
ders of individual die on the active surface of a wafer) on an 
unthinned wafer can be grooved to a predetermined depth and 
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the active surface of the wafer bonded to a substrate. The 
entire wafer can then be backthinned to expose the conductive 
material within the trench and beyond the depth of the pre 
formed groove, resulting in the low mechanical stress singu 
lation of the individual die of the wafer. 
0013 The individual die or array of die are bonded 
together and electrically interconnected at the predetermined 
vias and bond pads so as to form "ministacks' comprising two 
to four layers. Solder reflow, if appropriate is performed to 
provide electrical connection of the solder at the via/bond pad 
interface. Alternatively, a Z-conductive or anisotropic epoxy 
may be used to bond and interconnect the layers. These mini 
stacks are tested and may be assembled into larger stacks 
which are ensured of containing functional layers. The sec 
ond surface of the bottom-most die in the stack may have Vias 
or ball bonds which can be interconnected to external cir 
cuitry. 
0014. In this manner, very small form factor, multilayer 
stacks of individual integrated circuit die are achieved with 
minimal lead lengths, with or without the use of external side 
bus conductors. 
0015. Accordingly, an embodiment provides a stackable, 
integrated circuit die layer that is highly reliable and which 
may be interconnected to adjacent layers using vertical area 
vias as well as a multilayer module comprised of such layers 
that is low-cost, easy to test and assemble in high Volume. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a plan view of a wafer with individual 
integrated circuit die formed on the first surface of the wafer. 
0017 FIG. 2 shows an integrated circuit die of the present 
invention with active circuitry, bond pads and vias formed 
therein. 
0.018 FIG. 3 illustrates a cross-section of a die of the 
present invention after application of a dielectric layer and 
conductive via fill. 
0019 FIG. 4 is a cross-section of the die of FIG. 3 after 
exposure of the bond pad and electrical interconnection to the 
W18. 

0020 FIG. 5 shows two of the layers of the present inven 
tion in an electrically interconnected ministack. 
0021 FIG. 6 is a cross-section of a via of the present 
invention showing the removal of a predetermined portion of 
the second surface of the substrate to expose the conductive 
material within the trench and showing predefined grooving 
along die Streets for stress-free singulation of die after back 
thinning. 
0022 FIG.7 shows a cross-section of the T-connect of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0023 Turning now to the figures wherein like numerals 
designate like elements among the several views, FIG. 1 
shows a Substrate Such as a semiconductor wafer 1 with 
individual integrated circuit die 5 formed thereon. FIG. 2 
illustrates a more detailed view of individual die 5 of wafer 1, 
showing active circuitry 10 formed on die5 and bonding pads 
15 in electrical connection with active circuitry 10 for the 
routing of signals and power into and out of die 5. 
0024. In the invention's preferred embodiment, die 5 are 
tested at the wafer level to ensure the use of functional die 
within a stack and to identify functional die or sets of die 
(arrays) on the wafer. Additionally, because of the flexibility 
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of the invention, both individual die or matching layers of 
equal sized die arrays on a wafer may be concurrently pro 
cessed under the proposed invention. 
0025 FIG. 1 further illustrates one or more vias 20 formed 
in each die 5 on wafer 1, at predetermined locations using 
industry standard dry etch or laser drill techniques, depending 
on the substrate material. Vias 20 are preferably 1-10 microns 
in diameter, extending completely through the Substrate and 
may be formed using any process capable of creating high 
aspect ratio vias through the Substrate as will be discussed 
below. 
0026 Wafer passivation across all die on the wafer is 
performed to insulate circuitry and vias and to provide control 
of via capacitance. FIG. 3 shows a cross-section of a portion 
of die 5 after the application of a passivation layer 25 within 
via 20 and over bond pad 15. In the preferred embodiment, 
atomic layer deposition (ALD) of a suitable dielectric layer 
Such as silicon oxide or thermal oxide is used to ensure 
pinhole free passivation coverage and because of ALD's abil 
ity to control dielectric thickness and related via capacitance. 
0027. As can be seen in FIG. 3, an electrically conductive 
material 30 is then deposited in the Vias, using, for instance, 
chemical vapor deposition (CVD) applied copper/tungsten or 
doped polysilicon material to create an electrically conduc 
tive path through die 5. 
0028. The unique ability to vary the via formation, dielec 

tric application and conductive via fill processes to control via 
diameter, dielectric thickness and via conductor diameter also 
allow the formation of various in situ passive components 
Such as capacitors and resistors at and within the via sites and 
layer. 
0029 Turning now to FIG. 4, bond pads 15 are exposed 
through passivation layer 25 on each die 5 on the wafer using 
conventional photolithographic techniques. Conductive met 
allization interconnects 35 are formed to interconnect desired 
exposed filled Vias and/or bond pads on the die using industry 
standard techniques 
0030. After wafer level via/bond pad interconnection, the 
inactive surface of the wafer optionally may be back-thinned 
using mechanical or chemical techniques as are well known it 
the art Such as grinding and/or remote atmospheric plasma 
etching, alternative embodiments of which will be further 
discussed. 
0031. Further testing to identify functional die or die 
arrays is preferably performed prior to segmenting of the 
wafer into individual die or die arrays. 
0032. Die 5 are segmented from wafer 1 prior to intercon 
nection and Stacking. 
0033 Turning to FIG. 5, segmented die, preferably two to 
four die, are bonded together with an adhesive 40 and are 
electrically interconnected at predetermined vias and/or bond 
pads. Alternative preferred embodiments include using a 
Z-conductive epoxy such as ZTP8090FP available from AI 
Tech or a solder reflow technique to interconnect top layer 
vias and bond pads to lower layer bond pads or vias to form 
“ministacks” of die. If solder is used for interconnection, a 
suitable epoxy such as Epotek 353 from Epoxy Technology, is 
used for the bonding of the layers and the stack is reflowed to 
form the desired electrical connections. The use of a Z-con 
ductive epoxy desirably provides both the necessary adhesive 
and electrical connections for the layers. 
0034. In an alternative embodiment, micro-heat pipe 
structures, interleaved copper thermal management layers, 
thermal adhesive film such as ATTA LM-2 available from 
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Btechcorp, thermally conductive adhesives or equivalent 
thermal management means may be incorporated into the 
stack where appropriate if in-stack power dissipation or stack 
thermal management is a concern. 
0035. As can be seen, under the present invention, a user 
may selectively process heterogeneous or homogenous inte 
grated circuit die to form modular, scalable, building blocks 
of circuits. In this manner, each layer may be designed to form 
a building block of a desired circuit (e.g. op amp, ADC) that, 
in turn will be assembled into a final circuit of desired com 
plexity. Alternatively, the ministack formed at this step may 
result in the final, desired circuit. 
0036) An alternative preferred embodiment includes cir 
cuit design and die layout specifically providing for efficient 
bond pad and via locations and for the design of partial circuit 
“unit cell” layers, that can be assembled as layers to form 
complete circuits where the vias provide all unit cell inter 
connections necessary to realize full circuit functionality. 
0037. To maximize final stack yield, testing of the minis 
tacks is performed prior to further incorporation into Subse 
quent assemblies. In an alternative preferred embodiment, the 
ministacks can be bonded and electrically interconnected 
together to form a stacked electronic module of greater circuit 
density. 
0038. It is important to note that the design and layout with 
respect to via formation and filling, bond pad exposure, inter 
connection metallization, and layer interconnection scheme 
must consider the layer-to-layer bond pad and via registration 
to ensure accurate and reliable bond pad and via interconnec 
tions when the layers are assembled. 
0039. By progressively testing and stacking die or die 
arrays, i.e. die to ministacks to final stacks, yield is greatly 
improved since a single failed layer or failed ministack is 
identified early in the manufacturing cycle under the present 
invention does not result in the loss of a completed multilayer 
stack. 
0040. A preferred embodiment of the invention comprised 
of defining vias at the reticle/photomask lever fits well with 
standard semiconductor process steps. As is well known in 
the semiconductor manufacturing arts, a common series of 
semiconductor process steps is involved in the manufacturing 
of integrated circuit die. Generally, such semiconductor pro 
cess steps comprise: 

0041) 1. Functional and schematic circuit design, 
0042. 2. Circuit layout which will be dependant on fac 
tors such as feature size, material characteristics and 
foundry capabilities resulting in a composite circuit lay 
out or drawing from which individual layer patterns are 
generated, 

0043. 3. Digitizing each layer drawing, 
0044. 4. Creating a reticle from each layer drawing 
comprising an image for directly pattering the image on 
a wafer or for the generation of a photomask which may 
comprise multiple reticle images. (Chrome on glass/ 
quartz is a typical reticle construction), 

0045. 5. Forming an oxide layer on the surface of a 
semiconductor wafer to form a protective layer and dop 
ing barrier, 

0046 6. Patterning the oxide layer to define locations 
for circuit elements, 

0047 7. One or more additional layering, patterning 
and doping operations for the creation of desired circuit 
elements such as transistors (n-type an/or p-type), 
capacitors, diodes, resistors and the like, and the creation 
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of insulation and/or conductive regions using appropri 
ate passivation materials (e.g., polysilicon), dopants, 
and metallization. 

(0.048. Upon completion of the above semiconductor pro 
cess steps, wafer sort, test and dicing of the wafer for further 
processing typically follow. 
0049. As discussed above, capacitor formation occurs dur 
ing one or more of the semiconductor process steps. Because 
of limited wafer surface, trench, (or buried) capacitors, which 
are etched vertically into the wafer, have been adopted 
because of their relatively small surface area. Typical sizes of 
trench capacitors are 2 microns wide by 8 microns deep but 
much smaller diameter, deeper trench geometries are achiev 
able. A trench capacitor may beformed either isotropically or, 
preferably, using anisotropic techniques such as dry reactive 
ion etching. Typically, subsequent trench capacitor process 
ing includes oxidation of the sidewalls of the trench to create 
a dielectric layer and filling the trench with a deposited poly 
silicon. 
0050. The features of the trench capacitor and the process 
steps associated with their formation desirably lend them 
selves toward use as interconnect via structures when modi 
fied according to the present invention. 
0051. An exemplar structure of a trench is shown in FIG. 6 
formed on the active first surface of the wafer and also show 
ing the inactive second surface of the wafer. 
0052. In a preferred embodiment of the invention, 
trenches are formed during and as part of the above semicon 
ductor process steps relating to formation of electrical cir 
cuitry on the wafer surface. After the trench formation, such 
as by DRIE process, and interior trench surface oxidation, the 
trench interior is at least partially filled with doped polysili 
con such as by deposition processes well known in the indus 
try. The polysilicon is doped using diffusion before, or 
implantation after, deposition to provide a predetermined 
resistivity in the polysilicon material. It has been determined 
that doping polysilicon decreases resistance allowing the 
polysilicon to act as a conductor within the trench structure. 
0053 Alternatively, the interior of the trench structure 
may be plated or substantially filled with a suitable conduc 
tive material, such as a metal whereby the interior of the 
trench defines a conductive region. 
0054). Upon completion of the semiconductor process 
steps necessary to form the integrated circuitry on the active 
surface of the wafer, which steps include the trench formation 
and conductor fill, a predetermined portion of the inactive 
surface of the die is removed to expose the conductive poly 
silicon or metal to define a high aspect ratio, conductive Via. 
A cross-section of an exemplar trench, before and after 
removal of a predetermined portion 100 of the inactive sur 
face is shown in FIG. 6. 
0055. Note that the die streets can be grooved with a dicing 
saw or equivalent means to create grooves 110 of a predeter 
mined depth that is lower than the depth of the active circuitry 
on the chips, about the periphery of the die (i.e., the die 
streets) on the wafer. 
0056. As is disclosed in U.S. patent application Ser. No. 
09/190,378 filed Nov. 10, 1998, entitled “Method for Thin 
ning Semiconductor Wafers with Circuits and Wafers Made 
by the Same", above, when the inactive surface of the grooved 
wafer is backthinned up to the groove depth, the resultant die 
are concurrently backthinned and singulated in a manner that 
minimizes mechanical stresses on the die. By way of example 
and not by limitation of the steps associated with the use of the 
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preformed grooving embodiment of the invention, (also 
referred to as a "dice before grind'), are: 

0057 1. Defining grooves about the periphery of the die 
(“die streets”) by use of a wafer dicing machine as is well 
known in the industry. Depending of the desired final 
thickness of the wafer, a preferred groove depth is 25-50 
microns beyond final desired thickness of die, 

0.058 2. Coating active side of wafer with temporary 
releasable adhesive such as Crystalbond 509 from 
Aremco, 

0059) 3. Bonding the active surface of the grooved 
wafer to a Substrate Such as planar quartz plate with the 
temporary releasable adhesive, 

0060 4. Backgrinding wafer to desired thickness 
beyond depth of groove until die are singulated and the 
via conductor exposed. Such as by using mechanical, 
chemical or CMP processes, 

0061 5. Demounting the now singulated die such as by 
soaking the quartz plate and singulated die in acetone to 
release die from the quartz plate. 

0062. The removal of a predetermined portion of the inac 
tive Surface may occur before or after dicing, i.e., at the wafer 
level, and may be done by chemical, mechanical or combined 
chemical/mechanical polishing methods as are common in 
industry. 
0063. In yet a further alternative embodiment of the inven 

tion, the stack of semi-conductor chips, or Substrates, may 
each have a passivation layer disposed over the Surface of 
each layer. Individual I/O pads are exposed and/or the con 
ductive material within the vias rerouted to desired locations 
(e.g., other I/O pads, one or more conductive Vias and the like) 
upon the passivated Surface using plated-on metallized con 
ductive paths. Further, the I/O pads of a layer can be rerouted 
to the edge of the layer whereby they are subsequently inter 
connection. After each layer is stacked to form a module with 
lateral Surfaces, the terminated edge traces are exposed using 
a semiconductor etch back process. The exposed leads can 
then be interconnected using plated-on metal 'side bussing 
on the lateral surfaces of the module to form T-connects 
which further increases interconnection density. An exemplar 
T-connect 120 structure is shown in FIG. 7. 
0064. From the foregoing description, it will be apparent 
the apparatus and method disclosed in this application will 
provide the significant functional benefits Summarized in the 
introductory portion of the specification. 
0065. The following claims are intended not only to cover 
the specific embodiments disclosed, but also to cover the 
inventive concepts explained herein with the maximum 
breadth and comprehensiveness permitted by the prior art. 
0066. Many alterations and modifications may be made by 
those having ordinary skill in the art without departing from 
the spirit and scope of the invention. Therefore, it must be 
understood that the illustrated embodiment has been set forth 
only for the purposes of example and that it should not be 
taken as limiting the invention as defined by the following 
claims. For example, notwithstanding the fact the elements of 
a claim are set forth below in a certain combination, it must be 
expressly understood that the invention includes other com 
binations of fewer, more or different elements, which are 
disclosed above even though not claimed in Such combina 
tions. 
0067. The words used in this specification to describe the 
invention and its various embodiments are to be understood 
not only in the sense of their commonly defined meanings, but 
to include by special definition in this specification structure, 
material or acts beyond the scope of the commonly defined 
meanings. Thus, if an element can be understood in the con 

Nov. 18, 2010 

text of this specification as including more than one meaning, 
then its use in a claim must be understood as being generic to 
all possible meanings Supported by the specification and by 
the word itself. 
0068. The definitions of the words or elements of the fol 
lowing claims are, therefore, defined in this specification to 
include not only the combination of elements which are lit 
erally set forth, but all equivalent structure, material or acts 
for performing Substantially the same function in Substan 
tially the same way to obtain substantially the same result. In 
this sense it is therefore contemplated that an equivalent Sub 
stitution of two or more elements may be made for any one of 
the elements in the claims below or that a single element may 
be substituted for two or more elements in a claim. 
0069. Although elements may be described above as act 
ing in certain combinations and eveninitially claimed as such, 
it is to be expressly understood that one or more elements 
from a claimed combination can in some cases be excised 
from the combination and that the claimed combination may 
be directed to a sub-combination or variation of a sub-com 
bination. 
0070 Insubstantial changes from the claimed subject mat 
ter as viewed by a person with ordinary skill in the art, now 
known or later devised, are expressly contemplated as being 
equivalently within the scope of the claims. Therefore, obvi 
ous Substitutions now or later known to one with ordinary 
skill in the art are defined to be within the scope of the defined 
elements. 
(0071. The claims are thus to be understood to include what 
is specifically illustrated and described above, what is con 
ceptually equivalent, what can be obviously substituted and 
also what essentially incorporates the essential idea of the 
invention. 

What is claimed is: 
1. A method of forming a chip, the method comprising: 
forming electronic circuitry on a first Surface of a semicon 

ductor wafer; 
forming a trench having an interior Surface in the first 

Surface of the semiconductor concurrently with said 
forming electronic circuitry; and 

depositing an electrically-conductive material within the 
trench to form an electrically-conductive via. 

2. The method of claim 1, wherein said forming a trench 
comprises forming the trench completely through the semi 
conductor wafer. 

3. The method of claim 1, further comprising forming a 
passivation layer over the first surface of the semiconductor 
wafer. 

4. The method of claim3, wherein said forming a passiva 
tion layer comprises forming a dielectric layer on the interior 
surface of the trench. 

5. The method of claim 3, further comprising exposing a 
bond pad through the passivation layer. 

6. The method of claim 5, further comprising forming an 
electrically-conductive interconnect between the electrically 
conductive via and the bond pad. 

7. The method of claim 6, further comprising backthinning 
the semiconductor wafer after said forming an electrically 
conductive interconnect. 

8. The method of claim 5, wherein the bond pad is disposed 
on the first surface of the semiconductor wafer at a distance 
from the electrically-conductive via, and wherein the electri 
cally-conductive interconnect extends along the first Surface 
of the semiconductor wafer between the bond pad and the 
electrically-conductive via. 
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9. The method of claim 1, wherein the electrically-conduc 
tive material comprises at least one of a doped polysilicon or 
a metal. 

10. The method of claim 1, further comprising stacking the 
chip on another chip and forming an element between the chip 
and the other chip, wherein the element is configured to 
provide thermal management for at least one of the chip or the 
other chip. 

11. The method of claim 10, wherein the element config 
ured to provide thermal management comprises one of a 
thermally-conductive adhesive, a thermally-conductive 
epoxy, a micro-heat pipe structure, or an interleaved-copper 
thermal-management layer. 

12. The method of claim 1, further comprising removing a 
portion of a second Surface of the semiconductor wafer to 
expose a plurality of grooves and the electrically-conductive 
material within the trench and to singulate the chip from 
another chip. 

13. A method comprising: 
forming electronic circuitry on a first Surface of a semicon 

ductor wafer to create a first semiconductor chip; 
forming a trench in the first Surface of the semiconductor 

wafer concurrently with said forming electronic cir 
cuitry; 

depositing an electrically-conductive material within the 
trench to form an electrically-conductive via: 

stacking a second semiconductor chip on the first semicon 
ductor chip to form a stack of chips; and 

forming, between the first and second semiconductor 
chips, an element configured to provide thermal man 
agement for at least one of the first or second semicon 
ductor chips. 

14. The method of claim 13, further comprising forming a 
dielectric layer on an interior surface of the trench. 

15. The method of claim 13, wherein the element config 
ured to provide thermal management comprises a thermally 
conductive adhesive. 

16. The method of claim 13, wherein the element config 
ured to provide thermal management comprises a thermally 
conductive epoxy. 

17. The method of claim 13, wherein the element config 
ured to provide thermal management comprises a micro-heat 
pipe structure. 

18. The method of claim 13, wherein the element config 
ured to provide thermal management comprises an inter 
leaved-copper thermal-management layer. 

19. The method of claim 13, further comprising forming a 
passivation layer over the first surface of the semiconductor 
wafer. 

20. The method of claim 19, further comprising exposing a 
bond pad through the passivation layer. 

21. The method of claim 20, further comprising forming an 
electrically-conductive interconnect between the electrically 
conductive via and the bond pad. 

22. The method of claim 21, further comprising forming an 
electrically-conductive T-connect structure on a surface of the 
stack of chips, wherein the electrically-conductive T-connect 
structure is configured to electrically connect the electrically 
conductive interconnect with an electrically-conductive bus 
on the surface of the stack of chips. 

23. The method of claim 21, further comprising backthin 
ning the semiconductor wafer after said forming an electri 
cally-conductive interconnect. 

24. The method of claim 20, wherein the bond pad is 
disposed on the first surface of the semiconductor wafer at a 
distance from the electrically-conductive via, and wherein the 
electrically-conductive interconnect extends along the first 
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surface of the semiconductor wafer between the bond pad and 
the electrically-conductive via. 

25. The method of claim 13, wherein said stacking a second 
semiconductor chip on the first semiconductor chip com 
prises bonding the first and second semiconductor chips using 
a Z-conductive epoxy. 

26. The method of claim 13, further comprising removing 
a portion of a second Surface of the semiconductor wafer to 
expose a plurality of grooves and the electrically-conductive 
material within the trench and to singulate the first semicon 
ductor chip from the second semiconductor chip. 

27. A method comprising: 
forming electronic circuitry on a first Surface of a semicon 

ductor wafer; 
forming a trench in the first Surface of the semiconductor 

wafer concurrently with said forming electronic cir 
cuitry; 

depositing an electrically-conductive material within the 
trench to form an electrically-conductive via: 

forming a plurality of grooves into the first Surface of the 
semiconductor wafer, and 

removing a portion of a second Surface of the semiconduc 
tor wafer to expose the plurality of grooves and the 
electrically-conductive material within the trench and to 
singulate a first semiconductor chip from a second semi 
conductor chip. 

28. The method of claim 27, further comprising releasably 
mounting the semiconductor wafer to a Support plate. 

29. The method of claim 27, further comprising forming a 
dielectric layer on an interior surface of the trench. 

30. The method of claim 27, further comprising forming a 
passivation layer over the first surface of the semiconductor 
wafer. 

31. The method of claim 30, further comprising exposing a 
bond pad through the passivation layer. 

32. The method of claim 31, further comprising forming an 
electrically-conductive interconnect between the electrically 
conductive via and the bond pad. 

33. The method of claim 32, further comprising backthin 
ning the semiconductor wafer after said forming an electri 
cally-conductive interconnect. 

34. The method of claim 31, wherein the bond pad is 
disposed on the first surface of the semiconductor wafer at a 
distance from the electrically-conductive via, and wherein the 
electrically-conductive interconnect extends along the first 
surface of the semiconductor wafer between the bond pad and 
the electrically-conductive via. 

35. The method of claim 27, wherein said forming a plu 
rality of grooves comprises forming the plurality of grooves 
into the semiconductor wafer to a depth greater than a depth 
of the electronic circuitry. 

36. The method of claim 27, further comprising, prior to 
said removing a portion of a second Surface of the semicon 
ductor wafer, bonding the first surface of the semiconductor 
wafer to a substrate with a temporary releasable adhesive. 

37. The method of claim 27, further comprising stacking 
the first semiconductor chip on a second semiconductor chip 
and forming an element between the first semiconductor chip 
and the second semiconductor chip, wherein the element is 
configured to provide thermal management for at least one of 
the first or second semiconductor chips. 

38. The method of claim 37, wherein the element config 
ured to provide thermal management comprises one of a 
thermally-conductive adhesive, a thermally-conductive 
epoxy, a micro-heat pipe structure, or an interleaved-copper 
thermal-management layer. 
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