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(57) ABSTRACT 

A system and method for making semiconductor die connec­
tions with through-silicon vias (TSVs) are disclosed. TSVs 
are formed through the substrate to allow for signal connec­
tions as well as power and ground connections. In one 
embodiment this allows these connections to be made 
throughout the substrate instead of on the periphery of the 
substrate. In another embodiment, the TSVs are used as part 
of a power matrix to supply power and ground connections to 
the active devices and metallization layers through the sub­
strate. 
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THREE-DIMENSIONAL SEMICONDUCTOR 
ARCHITECTURE 

[0001] This application claims the benefit of U.S. Provi­
sional PatentApplicationSer. No. 61/167,233, filedonApr. 7, 
2009, and entitled "Three-Dimensional Semiconductor 
Architecture," which application is incorporated herein by 
reference. 

TECHNICAL FIELD 

[0002] The present invention relates generally to a system 
and method for connecting semiconductor devices and, more 
particularly, to a system and method for providing connec­
tions to a back side of a semiconductor die. 

BACKGROUND 

[0003] Generally, contact pads are used by semiconductor 
devices to provide for signal, power, and ground connectivity 
to exterior devices. Within the semiconductor devices the 
contact pads are generally connected to metallization layers 
located over the active devices. The metallization layers route 
the signal, power, and ground connections to their desired 
location, and also interconnect the various active devices in 
order to form functional circuitry. 
[0004] However, due to routing congestion from the sheer 
number of contact pads, these contact pads are typically 
bunched together along the outside periphery of the device, 
which works to limit any reduction in the size of the overall 
device. Further, as semiconductor devices have grown more 
powerful and more complicated, the internal routing inter­
connects within the metallization layers have also become 
more complicated. This has resulted in an increase in the 
number of metallization layers, as well as an increase in 
resistivity and power consumption due to the extra layers high 
resistive vias that are required. These complications have also 
led to the two upper most metallization layers to typically be 
almost completely dedicated to routing the power and ground 
in what is referred to as a power mesh of metallization layers. 
[0005] By requiring the signal, power, and ground connec­
tions to all be made through the contact pads over the metal­
lization layer, the complexity and distance of the routing 
required for the power, ground, and signal interconnects is 
increased, leading to larger resistivities, larger power con­
sumption, greater number of metallization layers, and larger 
overall production costs. As such, what is needed is a method 
to reduce the complexity of the signal, power, and ground 
interconnections through the metallization layers. 

SUMMARY OF THE INVENTION 

[0006] These and other problems are generally solved or 
circumvented, and technical advantages are generally 
achieved, by embodiments of the present invention which 
provide for through-silicon via (TSV) connections through a 
substrate. 
[0007] In accordance with an embodiment of the present 
invention, a semiconductor device comprises a substrate with 
a first side and a second side opposite the first side, the 
substrate on the second side having a peripheral region and an 
interior region surrounded by the peripheral region. A plural­
ity of active devices is located on the first side of the substrate 
and a first set of conductive vias extend through the substrate 
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in the peripheral region. A second set of conductive vias 
extends through the substrate in the interior region. 
[0008] In accordance with another embodiment of the 
present invention, a semiconductor device comprises a first 
substrate with a first side and second side, and active devices 
and a metallization region are located on the first side of the 
substrate. A power matrix is located on the second side of the 
substrate. 
[0009] In accordance with yet another embodiment of the 
present invention, a method of manufacturing a semiconduc­
tor device comprises providing a substrate with a first side and 
a second side, the second side having a peripheral region and 
an interior region surrounded by the peripheral region. A first 
set of conductive vias are formed in the peripheral region, the 
first set of conductive vias extending from the second side to 
the first side. A second set of conductive vias are formed in the 
interior region, the second set of conductive vias extending 
from the second side to the first side. 
[0010] An advantage of embodiments of the present inven­
tion is that the number of metallization layers may be 
reduced, thereby leading to smalleroverall devices. Addition­
ally, overall size limitations may be reduced as signal and 
power connections may be relocated from the periphery of the 
device and placed into the interior of the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] For a more complete understanding of the present 
invention, and the advantages thereof, reference is now made 
to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 
[0012] FIGS. 1-4 illustrate steps in the formation of 
through-silicon vias in accordance with an embodiment of the 
present invention; 
[0013] FIGS. Sa-Sb illustrate through-silicon via (TSV) 
layouts in accordance with an embodiment of the present 
invention; 
[0014] FIGS. 6a-6d illustrate a cross-sectional view and a 
plan view of a power matrix in accordance with an embodi­
ment of the present invention; and 
[0015] FIG. 7 illustrates a system in package embodiment 
in accordance with an embodiment of the present invention. 
[0016] Corresponding numerals and symbols in the differ­
ent figures generally refer to corresponding parts unless oth­
erwise indicated. The figures are drawn to clearly illustrate 
the relevant aspects of the embodiments and are not neces­
sarily drawn to scale. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0017] The making and using of embodiments of the 
present invention are discussed in detail below. It should be 
appreciated, however, that the present invention provides 
many applicable inventive concepts that can be embodied in a 
wide variety of specific contexts. The specific embodiments 
discussed are merely illustrative of specific ways to make and 
use the invention, and do not limit the scope of the invention. 
[0018] The present invention will be described with respect 
to embodiments of the present invention in a specific context, 
namely a semiconductor die with I/O connections routed to 
the back side of the semiconductor die in a system-on-chip 
configuration. However, the present invention may also be 
used with other types of connections through a semiconduc­
tor die. 
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[0019] With reference now to FIG. 1, there is shown a 
substrate 101 with active devices 102 and an interlayer dielec­
tric (ILD) 106, the substrate having a first side 105 and a 
second side 107 opposite the first side 105. Additionally, 
signal vias 103 and power/ground (P/G) vias 104 are formed 
within the substrate 101 and the ILD 106. The substrate 101 
may comprise bulk silicon, doped or undoped, or an active 
layer of a silicon-on-insulator (SOI) substrate. Generally, an 
SOI substrate comprises a layer of a semiconductor material 
such as silicon, germanium, silicon germanium, SOI, silicon 
germanium on insulator (SGOI), or combinations thereof. 
Other substrates that may be used include multi-layered sub­
strates, gradient substrates, or hybrid orientation substrates. 
[0020] The active devices 102 are represented on FIG. 1 as 
five transistors. However, as one of skill in the art will recog­
nize, a wide variety of active devices 102 such as capacitors, 
resistors, high-k metal gate devices, inductors and the like 
may be used to generate the desired structural and functional 
requirements of the design. Additionally, the active devices 
102 may be integrated to form a variety of circuits, such as 
signal drivers, signal receivers, electrostatic discharge struc­
tures, or the like. The active devices 102 may be formed using 
any suitable methods either within or else on the surface of the 
substrate 101. 
[0021] The ILD 106 is formed over the substrate 101 and 
active devices 102 by chemical vapor deposition, sputtering, 
or any other method suitable for forming an ILD 106. The 
ILD 106 typically has a planarized surface and may be com­
prised of silicon oxide, although other materials, such as 
high-k materials, could alternatively be utilized. Optionally, 
the ILD 106 may be formed so as to impart a strain to the 
substrate 101 within the active devices 102, which will 
increase the overall performance of the active devices 102, as 
is known in the art. 
[0022] The signal vias 103 and the PIG via 104 may be 
formed by initially applying and developing a suitable pho­
toresist (not shown), and then etching the ILD 106 and sub­
strate 101 to form openings. The openings at this stage are 
formed so as to extend into the substrate 101 at least further 
than the active devices 102, and to a depth at least greater than 
the eventual desired height of the finished substrate 101. 
Accordingly, while the depth is dependent upon the overall 
design of the substrate 101, the depth may be between about 
1 µm and about 700 µm below the surface of the substrate 101, 
such as about 50 µm. The openings also may be formed to 
have a diameter of between about 1 µm and about 100 µm, 
such as about 6 µm. 
[0023] Once the openings have been formed, the openings 
may be filled with a barrier layer (not shown) and a conduc­
tive material to form the signal vias 103 and the PIG via 104. 
The barrier layer may comprise a conductive material such as 
titanium nitride, although other materials, such as tantalum 
nitride, titanium, a dielectric, or the like may alternatively be 
utilized. The barrier layer may be formed using a CVD pro­
cess, such as PECVD. However, other alternative processes, 
such as sputtering or metal organic chemical vapor deposition 
(MOCVD), may alternatively be used. The barrier layer is 
formed so as to contour to the underlying shape of the open­
ings for the signal vias 103 and the PIG via 104. 
[0024] The conductive material may comprise copper, 
although other suitable materials such as aluminum, alloys, 
doped polysilicon, combinations thereof, and the like, may 
alternatively be utilized. The conductive material may be 
formed by depositing a seed layer and then electroplating 
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copper onto the seed layer, filling and overfilling the openings 
for the signal vias 103 and the P/Gvia 104. Once the openings 
for the signal vias 103 and the PIG via 104 have been filled, 
excess barrier layer and excess conductive material outside of 
the openings for the signal vias 103 and the PIG via 104 are 
removed through a grinding process such as chemical 
mechanical polishing (CMP), although any suitable removal 
process may be used. 
[0025] FIG. 2 illustrates the formation of metallization lay­
ers 201 and a passivation layer 203 over the ILD 106, the 
substrate 101, and the signal vias 103 and the PIG via 104. In 
this embodiment the metallization layers 201 include inter­
connections and connective lines to route signals between 
various active devices 102 over the first side 105 of the sub­
strate 101. However, in this embodiment, the inputs, outputs, 
power and ground are routed to the signal vias 103 and the 
P/G via 104, which will form through-silicon vias (TSVs) as 
described below with respect to FIG. 3, and there is no need 
for I/O contact pads and their associated routing over the first 
side 105 of the substrate 101. As such, as more space is 
available for signal routing between active devices 102, fewer 
metallization layers ( e.g., six metallization layers or less) may 
be utilized. 
[0026] The metallization layers 201 are formed over the 
substrate 101, the active devices 102, the ILD 106, the signal 
vias 103 and the PIG via 104, and are designed to connect the 
various active devices 102 to form functional circuitry. The 
metallization layers 201 are formed of alternating layers of 
dielectric and conductive material and may be formed 
through any suitable process ( such as deposition, damascene, 
dual damascene, etc.). In an embodiment, there are at least 
four metallization layers separated from the substrate 101 by 
the ILD 106, but the precise number of metallization layers 
201 is dependent at least in part upon the overall design of the 
semiconductor die. 
[0027] The passivation layer 203 in this embodiment may 
be formed as a complete, continuous layer so as to encapsu­
late the metallization layers 201 from exterior contacts. Fur­
ther, as the I/O connections are routed through the substrate 
101 by the signal vias 103 and the PIG via 104, the passivation 
layer 203 may be free from openings that would allow elec­
trical contact to be made to the metallization layers 201. The 
passivation layer 203 may be made of one or more suitable 
dielectric materials such as silicon oxide, silicon nitride, 
low-k dielectrics such as carbon doped oxides, extremely 
low-k dielectrics such as porous carbon doped silicon diox­
ide, combinations of these, or the like. The passivation layer 
203 may be formed through a process such as chemical vapor 
deposition (CVD), although any suitable process may be 
utilized. 
[0028] FIG. 3 illustrates a thinning of the substrate 101 in 
order to expose the signal vias 103 and the P/Gvia 104 to form 
signal TSVs 301 and a PIG TSV 303. To thin the substrate 
101, portions of the second side 107 of the substrate 101 are 
removed to expose the conductive material located within the 
signal vias 103 and theP/Gvia 104 (see FIG. 2). The removal 
may be performed with a grinding process such as a CMP, 
although other suitable processes, such as etching, may alter­
natively be used. 
[0029] However, as one of ordinary skill in the art will 
recognize, the above described methods of forming the signal 
TSVs 301 and the PIG TSV 303 are merely one illustrative 
embodiment, and are not intended to limit the present inven­
tion to just these methods. Other suitable methods may alter-
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natively be utilized. For example, openings for the signal 
TSVs 301 and the PIG TSV 303 may be filled with dielectric 
material until after the thinning of the second side 107 of the 
substrate 101, at which point the dielectric material may be 
removed and replaced with conductive material. These 
embodiments, and any other suitable embodiment, may alter­
natively be used to form the signal TSVs 301 and the PIG 
TSVs 303. 

[0030] After the removal ofa portion of the second side 107 
of the substrate 101, a cleaning etch may be performed. This 
cleaning etch is intended to clean and polish the substrate 101 
after the CMP. Additionally, this cleaning etch also helps 
release stresses that may have formed during the CMP pro­
cess of grinding the substrate 101. The cleaning etch may use 
HNO3 , although other suitable etchants may alternatively be 
used. 
[0031] FIG. 4 illustrates the formation of redistribution 
lines 401 on the second side 107 of the substrate 101 in 
electrical connection with the signal TSVs 301 and the PIG 
TSV 303. The redistribution lines 401 extend from their 
respective TSVs to electrically connect the signal TSVs 301 
and the P/GTSVs 303 to underbump metallizations (UBMs) 
403 as described below. 
[0032] The redistribution lines 401 may be formed using 
suitable methods for forming interconnect lines in integrated 
circuits. The redistribution lines 401 comprise at least one 
conductive layer formed of a metal such as aluminum, copper, 
tungsten, titanium, and combinations thereof. The redistribu­
tion lines 401 may be formed by plating the metal on a seed 
layer and then etching the undesired portions, leaving the 
redistribution lines 401. In an embodiment, the redistribution 
lines 401 are between about 2 µm and about 30 µm, such as 
about 5 µm. However, other materials and process, such as a 
well-known damascene process, could alternatively be used 
to form the redistribution lines 401. 
[0033] As one of skill in the art will recognize, the redistri­
bution lines 401 could be a single layer of conductive material 
or else could alternatively be multiple layers of conductive 
material, depending upon the properties desired. For 
example, the redistribution lines 401 as formed above may be 
plated with another conductive material such as gold or chro­
mium to provide good adhesion for a subsequently formed 
connector. This plating could be done through a process such 
as CVD. 
[0034] UBMs 403 may be formed adjacent to portions of 
the redistribution lines 401 in order to provide a beneficial 
interface for exterior connectors 405. Additionally, while the 
UBMs 403 are shown in FIG. 4 as being located opposite the 
redistribution lines 401 from the signal TS Vs 301 and the PIG 
TSV 303 for clarity, one of ordinary skill in the art will 
recognize that the exact placement of the UBMs 403 will be 
determined at least in part upon the overall design while still 
remaining electrically connected to the signal TSVs 301 and 
the PIG TSV 303 through the redistribution lines 401. 
[0035] The UBMs 403 may be made of at least three layers 
of conductive materials, such as a layer of chrome, a layer of 
a chrome-copper alloy, and a layer of copper, with an optional 
layer of gold over the top of the copper layer. However, one of 
skill in the art will recognize that there are many suitable 
arrangements of materials and layers, such as an arrangement 
of titanium/titanium tungsten/copper or an arrangement of 
copper/nickel/gold, that are suitable for the formation of the 
UBMs 403. Any suitable materials or layers of material that 
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may be used for the UBMs 403 are fully intended to be 
included within the scope of the current application. 
[0036] The UBMs 403 may be created by forming each 
layer conformally over the redistribution lines 401. The form­
ing of each layer may be done using a CVD process, such as 
PECVD, although other processes of formation, such as sput­
tering or evaporation, may alternatively be used depending 
upon the desired materials. Each of the layers within the 
UBMs 403 may have a thickness of between about 10 µm and 
about 100 µm, such as about 45 µm. Once the desired layers 
have been formed, portions of the layers are then removed 
through a suitable photolithographic masking and etching 
process to remove the undesired material and to leave pat­
terned UBMs 403. 
[0037] The exterior connectors 405 may comprise contact 
bumps made of a material such as tin, or other suitable mate­
rials, such as silver, lead-free tin, or copper. In an embodiment 
in which the exterior connectors 405 are tin solder bumps, the 
exterior connectors 405 may be formed by initially forming a 
layer of tin through such commonly used methods such as 
evaporation, electroplating, printing, solder transfer, ball 
placement, etc., to a thickness of about 100 µm. Once a layer 
of tin has been formed on the structure, a reflow may be 
performed in order to shape the material into the desired 
bump shapes. 
[0038] By using the signal TSV s 301 and the PIG TSV 303 
to directly connect the circuitry to the second side 107 of the 
substrate 101, a shortened low resistive path is formed for 
external I/O interfaces. As such, the typical high resistive 
stacked vias and long metal routing that is typically associ­
ated with signal and power routing located over the first side 
105 of the substrate 101 may be eliminated, allowing for a 
reduced number of metallization layers. Additionally, since 
there are no connections required through the passivation 
layer 203 in this embodiment, a narrower wire may be used 
for the top metal layers instead of the relatively thick wires 
that would normally be used in the uppermost layer of the 
metallization layers 201, allowing for an even further 
improvement in mutability. 
[0039] FIG. Sa illustrates one potential I/O layout architec­
ture in accordance with an embodiment of the present inven­
tion. As illustrated in FIG. 4, the metallization layers 201 are 
directly connected to the redistribution lines 401 on the sec­
ond side 107 of the substrate 101 through the signal TSVs 301 
and the PIG TSV 303, thereby allowing the signal TSVs 301 
and the PIG TSV 303 to be placed in any configuration on the 
second side 107 of the substrate 101 while still maintaining a 
shortened interconnect. For example, and as specifically 
illustrated in FIG. Sa, the signal TSVs 301 and the PIG TSV 
303 may be placed in lines along not only the periphery of the 
second side 107 of the substrate 101, but also as extensions 
that may segment the substrate 101 into a first section 501 and 
a second section 503, or even further segment the second 
section into a third section 505 and a fourth section 507, or 
any combination thereof. 
[0040] FIG. Sb illustrates another potential I/O layout 
architecture in accordance with another embodiment of the 
present invention. In this I/O layout architecture, signal TSV s 
301 and the PIG TSVs 303 are formed into two separate 
groups: a periphery group and an interior group. In the periph­
ery group the signal TSVs 301 and the PIG TSVs 303 are 
arranged along the outer edge of the substrate 101. The inte­
rior group of signal TSVs 301 and the PIG TSVs 303, sur­
rounded by the periphery group of signal TSVs 301 and the 
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PIG TSVs 303, are arranged into one or more separate, dis­
crete lines. These separate and discrete lines may be formed 
parallel to any edge of the substrate 101, and multiple lines 
may be formed perpendicular to each other. 
[0041] However, as one of ordinary skill in the art will 
recognize, the layout architecture embodiments illustrated 
above in FIGS. Sa and Sb are merely illustrations of two such 
embodiments, and are not meant to be limiting in any fashion. 
With the inclusion of the redistribution lines 401, any poten­
tial layout for the signal TSV s 301 and the PIG TSV s 303 may 
be realized while still maintaining connections to the exterior 
connectors 405. All of these potential layout architectures are 
fully intended to be included within the scope of the present 
invention. 
[0042] Because the inclusion of the signal TSVs 301, the 
PIG TSV 3 03, and redistribution lines 401 increases the avail­
able options for routing power and signals, the overall number 
of metal layers over the active devices 102 may be decreased, 
resulting in smaller and cheaper overall devices. Additionally, 
because the exterior connectors 405 may be placed in any 
configuration, the restrictions usually realized on the size of 
the chip may be relaxed without negative consequences, 
resulting in even smaller chip sizes. 
[0043] FIGS. 6a-6b illustrate a zoomed cross-sectional 
view and a plan view, respectively, of the second side 107 of 
the substrate 101 in another embodiment of the present inven­
tion that contains a power matrix 600. The power matrix 600 
is formed on the second side 107 of the substrate 101 in 
connection with multiple PIG TSVs 303 in order to supply 
power directly to the active devices 102 through the substrate 
101. As such, because the power matrix 600 is formed along 
the second side 107 of the substrate 101, one or more signal 
contact pads 613 may be formed in the top layer of the 
metallization layers 201 to connect to exterior devices 
through the passivation layer 203. In this fashion, the power/ 
ground and signal connections may be separated from each 
other, with the power/ground connections routed through the 
substrate 101 by the PIGTSVs 303 and the signal connections 
being routed through the metallization layers 201 and the 
passivation layer 203. 
[0044] In this embodiment, the PIG TSVs 303, the redistri­
bution lines 401, and the exterior connectors 405 may be 
subdivided into power TSVs 601 and ground TSVs 603, 
power redistribution lines 605 and ground redistribution lines 
607, and power exterior connectors 609 and ground exterior 
connectors 611, respectively. In this embodiment, the power 
TSV s 601 and the ground TSV s 603 are arranged in a matrix 
that includes rows and colunms, with each row and column 
having an alternating series of power TSV s 601 and ground 
TSVs 603. Additionally, the power redistribution lines 605 
and the ground redistribution lines 607 are located as straight 
lines laid out in an alternating pattern, such that a power 
redistribution line 605 is not located next to another power 
redistribution line 605, but, rather, is located next to one or 
more ground redistribution liens 607. In this fashion, one 
power redistribution line 605 may connect together power 
TSV s 601 from each row, while one ground redistribution line 
607 may connect together ground TSVs 603 from each row. 
[0045] In this embodiment, multiple power exterior con­
nectors 609 are formed along each power redistribution line 
605, and each power exterior connector 609 is located over a 
power TSV 601. Along each power redistribution line 605, 
each power TSV 601 that is overlied by a power exterior 
connector 609 is adjacent to only one other power TSV 601 
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that is also overlied by another power exterior connector 609. 
As such, each power redistribution line 605 has a repeating 
pattern of two power TSVs 601 that are overlied by power 
exterior connectors 609 followed by a power TSV 601 that is 
not overlied by a power exterior connector 609. 
[0046] Similarly, each ground exterior connector 611 is 
located over a ground TSV 603. Along each ground redistri­
bution line 607, each ground TSV 603 that is overlied by a 
ground exterior connector 611 is adjacent to only one other 
ground TSV 603 that is also overlied by another ground 
exterior connector 611. As such, each ground redistribution 
line 607 also has a repeating pattern of two ground TSV s 603 
that are overlied by ground exterior connectors 611 followed 
by a ground TSV 603 that is not overlied by a ground exterior 
connector 611. 
[0047] However, as one of skill in the art will recognize, the 
array layout as described above with respect to FIG. 6 is 
merely one illustrative embodiment of a layout architecture 
that may be utilized to supply power and ground connections 
to the active devices 102. Any suitable layout of power TSVs 
601 and ground TSV s 603, power redistribution lines 605 and 
ground redistribution lines 607, and power exterior connec­
tors 609 and ground exterior connectors 611 for a power 
matrix 600 that may be utilized to provide power to the 
semiconductor die may alternatively be used. Any and all 
such layouts are fully intended to be included within the scope 
of the present invention. 
[0048] Such a power matrix 600 located on the second side 
107 of the substrate 101 may be up to ten times smaller than 
the conventional power mesh with an equivalent resistance. 
As such, this power matrix 600 may replace the conventional 
power mesh that is typically found in the uppermost metalli­
zation layers of a conventional semiconductor die, allowing 
for the removal of the conventional power mesh and an over­
all reduction in the number ofrequired metallization layers. 
Further, with no intermediate power routing, the overall num­
ber of exterior connections 405 (e.g., power pads) may be 
significantly reduced from the conventional power mesh, 
allowing for signal routing to occur in areas previously taken 
up by power routing, and further reducing the number of 
metallization layers required over the first side 105 of the 
substrate 101. The PIG TSVs 303 may also act as decoupling 
capacitors which minimize noise from the power supply. All 
of this may be used to reduce the overall size of the dies in 
both areas as well as metallization layers, allowing for a 
greater number of dies per wafer to be formed, reducing costs 
and increasing yield while simultaneously reducing the num­
ber of power and ground pins to about 300 from a typical 
1000. 
[0049] FIG. 6c illustrates another embodiment in which the 
power matrix 600, instead of being the only connections 
along the second side 107 of the substrate 101, is surrounded 
by one or more rows of power exterior connectors 609, 
ground exterior connectors 611, and signal exterior connec­
tors 615. While the power exterior connectors 609 and ground 
exterior connectors 611 are electrically connected to power 
TSVs 601 and ground TSVs 603, respectively, the signal 
exterior connectors 615 are connected to signal TSVs 301 in 
order to route signals from the second side 107 of the sub­
strate 101 to the active devices 102. However, in this embodi­
ment, while there may be a mixture of power exterior con­
nectors 609, ground exterior connectors 611, and signal 
exterior connectors 615 in the periphery, there are no signal 
exterior connectors 611 located within the power matrix 600. 
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[0050] FIG. 6d illustrates yet another embodiment which, 
while similar to the embodiment disclosed above with respect 
to FIG. 6c, also incorporates signal TSVs 301 into the power 
matrix 600. In this embodiment, the power matrix 600 is 
again located in a central, non-periphery portion of the second 
side 107 of the substrate, and is surrounded by one or more 
rows (two rows in this illustrated embodiment) of a combi­
nation of power TSVs 601, ground TSVs 603, and signal 
TSVs 301, along with their associated power exterior con­
nectors 609, ground exterior connectors 611, and signal exte­
rior connectors 615, respectively. However, in this embodi­
ment, one or more signal TSVs 301 are located within the 
actual power matrix 600 itself, thereby expanding options for 
routing signals to the active devices 102. Signals may be 
routed to the one or more signal TSVs 301 through signal 
redistribution lines 617. 
[0051] FIG. 7 illustrates an embodiment of the present 
invention which incorporates the use of the layout architec­
tures described above with respect to FIGS. Sa-Sb and the 
power matrix described above with respect to FIGS. 6a-6d 
into a system in package architecture instead of a system on 
chip architecture. In this embodiment, the structures and lay­
outs as illustrated above may be incorporated into multiple 
semiconductor dies, such as a first semiconductor die 701, a 
second semiconductor die 703, and a third semiconductor die 
705, in a system-in-package (SiP) configuration. The first 
semiconductor die 701, the second semiconductor die 703, 
and the third semiconductor die 705 may then be bonded to a 
packaging substrate 709 (e.g., a printed circuit board) and to 
each other such that the TSVs ofone semiconductor die (e.g., 
signal TSV 301 in the second semiconductor die 703) are in 
electrical contact with either signal contact pads 613 or else 
via-last TS Vs 707 of an adjacent semiconductor die ( e.g., the 
first semiconductor die 701). 
[0052] The via-last TSVs 707 may be made in a similar 
fashion as the signal TSVs 301 and PIG TSVs 303 described 
above with respect to FIGS. 1-3. However, instead of a via­
first process such as the one described above to form the 
signal TSVs 301 and the PIG TSVs 303, the removal and 
filling of the via-last TSVs 707 is done after the formation of 
the passivation layer 203, such that the via-last TSV 707, 
when completed, extends through the semiconductor die in 
which it is made (e.g., the first semiconductor die 701). As 
such, a combination of via-first (e.g., signal TSVs 301 and 
PIG TSVs 303) and via-last TSVs (e.g., via-last TSV 707) 
may be formed. Additionally, while the signal TSVs 301 and 
the PIG TSVs 303 are used to route power and signals to the 
active devices 102 located within the die on which the signal 
TSVs 301 and the PIGITSVs 303 are formed, the via-last 
TSV s 707 are used to route signals and power through the die 
in which the via-last TSVs 707 are located (e.g., the first 
semiconductor die 701) to another die (e.g., the second semi­
conductor die 703). 
[0053] With the combination of signal TSVs 301, PIG 
TSVs 303, and via-lastTSVs 707, any numberof connections 
maybe made from the second side 107 of the substrate 101 of 
the first semiconductor die 701 to the second side 107 of the 
substrate 101 of the second semiconductor die 703. For 
example, a power matrix 600 located on the second side 107 
of the substrate of the first semiconductor die 701 may supply 
power to the active devices 102 of the first semiconductor die 
701 while also using via-last TSVs 707 to supply power to 
another power matrix 600 located on the second side 107 of 
the substrate 101 of the second semiconductor die 703. 
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[0054] Further, as one of ordinary skill in the art will rec­
ognize, the above described combination of power matrices 
600 joined through via-last TSVs 707 is merely one illustra­
tive embodiment of the present invention. Any suitable com­
bination of the layouts and architectures described above with 
respect to FIGS. Sa-6d may be utilized to form multiple 
connections to supply signals, power, and ground connec­
tions to the first semiconductor die 701, the second semicon­
ductor die 703, and the third semiconductor die 705. All of 
these potential combinations are fully intended to be included 
within the scope of the present invention. 
[0055] Although the present invention and its advantages 
have been described in detail, it should be understood that 
various changes, substitutions and alterations can be made 
herein without departing from the spirit and scope of the 
invention as defined by the appended claims. For example, 
any number of methods used to form the TSVs may alterna­
tively be utilized. 
[0056] Moreover, the scope of the present application is not 
intended to be limited to the particular embodiments of the 
process, machine, manufacture, composition of matter, 
means, methods and steps described in the specification. As 
one of ordinary skill in the art will readily appreciate from the 
disclosure of the present invention, processes, machines, 
manufacture, compositions of matter, means, methods, or 
steps, presently existing or later to be developed, that perform 
substantially the same function or achieve substantially the 
same result as the corresponding embodiments described 
herein may be utilized according to the present invention. 
Accordingly, the appended claims are intended to include 
within their scope such processes, machines, manufacture, 
compositions of matter, means, methods, or steps. 

What is claimed is: 
1. A semiconductor device comprising: 
a substrate with a first side and a second side opposite the 

first side, the substrate on the second side having a 
peripheral region and an interior region surrounded by 
the peripheral region; 

a plurality of active devices located on the first side of the 
substrate; 

a first set of conductive vias extending through the sub­
strate, the one or more conductive vias being located in 
the peripheral region; and 

a second set of conductive vias extending through the sub­
strate, the one or more conductive vias being located in 
the interior region. 

2. The semiconductor device of claim 1, wherein the sec­
ond set of conductive vias are located in a line that separates 
the second side of the substrate into a first section and a 
second section. 

3. The semiconductor device of claim 2, further comprising 
a third set of conductive vias, the third set of conductive vias 
located in a line that separates the second section of the 
substrate into a third section and a fourth section. 

4. The semiconductor device of claim 1, further comprising 
redistribution lines located on the second side of the substrate, 
the redistribution lines electrically connected to the second 
set of conductive vias. 

5. The semiconductor device of claim 1, further compris­
ing: 

metallization layers over the first side of the substrate; and 
a continuous passivation layer over the metallization lay­

ers. 
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6. The semiconductor device of claim 1, wherein the first 
set of conductive vias and second set of conductive vias are all 
either power connections or ground connections. 

7. The semiconductor device of claim 1, wherein the sec­
ond set of conductive vias are arranged into at least a first line 
and a second line, wherein the first line is parallel to a first side 
of the substrate and the second line is perpendicular to and 
separated from the first line. 

8. A semiconductor device comprising: 
a first substrate with a first side and a second side; 
active devices and a metallization region located on the first 

side of the substrate; and 
a power matrix located on the second side of the substrate. 
9. The semiconductor device of claim 8, further comprising 

conductive vias that extend through the first substrate and 
electrically connect the active devices and metallization 
region to the power matrix. 

10. The semiconductor device of claim 9, wherein the 
conductive vias are arranged in an array of rows and colunms. 

11. The semiconductor device of claim 9, wherein the 
power matrix further comprises: 

a redistribution layer electrically connected to the conduc­
tive vias; and 

exterior connections electrically connected to the redistri­
bution layer. 

12. The semiconductor device of claim 11, wherein the 
redistribution layer comprises power redistribution lines and 
ground redistribution lines arranged in alternating rows. 

13. The semiconductor device of claim 11, wherein each 
exterior connection is located over individual ones of the 
conductive vias. 

14. The semiconductor device of claim 13, wherein each 
exterior connection is located over a conductive via that is 
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adjacent to no more than one other conductive via located 
under another exterior connection. 

15. The semiconductor device of claim 8, wherein the 
metallization region comprises a plurality of metallization 
layers, and the uppermost metallization layer is a signal con­
tact pad. 

16. A method of manufacturing a semiconductor device, 
the method comprising: 

providing a substrate with a first side and a second side; 
forming active devices and a metallization region over the 

first side of the substrate; and 
forming a power matrix over the second side of the sub­

strate. 
17. The method of claim 16, further comprising forming 

conductive vias to connect the power matrix to the active 
devices and metallization region, the conductive vias extend­
ing through the substrate. 

18. The method of claim 17, further comprising: 
forming a redistribution layer in electrical contact with the 

conductive vias; and 
forming exterior connections in electrical contact with the 

redistribution layer. 
19. The method of claim 18, wherein the forming the 

redistribution layer further comprising forming power redis­
tribution lines and ground redistribution lines in alternating 
rows. 

20. The method of claim 18, wherein the forming exterior 
connections is performed such that each exterior connection 
is located over a conductive via that is adjacent to no more 
than one other conductive via located under another exterior 
connection. 

* * * * * 




