10

IS

30

WO 2021/080673 PCT/US2020/047135

POWER DELIVERYNETWORK FORCFETWITH BURIED POWER RAILS

RELATED APPLICATIONS
[6061] This application claims the benefit of U S, Non-Provisional Application No.
16/659,251, filed on Getober 21, 2019, the entire disclosure of which is incorporated

herein by reference.

TECHNICAL FIELD
{60021 The present disclosure describes embodiments generally related to

semiconductor devices and manufacturing process.

BACKGROUND

[6003] Historically, in semiconductor industry, transistors have been created in
one plane, with wiring/metallization formed above, and have thus been characterized
as two-dimensional (2D} circuits or 2D fabrication. Scaling efforts have greatly
increased the number of transistors per unit area in 2D circuits. As traditional 2D
scaling is showing rapidly reduced return on investment, the semiconductor industry
is looking to the 3% dimension to maintain node-to-node improvement in power-
performance-area-cost (PPAC). A very promising approach to utilizing the vertical
axis in improving transistor density 18 a new device architecture known as
complementary FET (CFET). In the CFET approach, a logic cell having N-type
device and P-type device is essentially folded, such that one of the two devices, such
as P-type device, is disposed on-top of the other device of the two devices, such as

the N-type device while sharing a commmon gate.

SUMMARY

[06064] Folding the two complementary devices on top of each other and
eliminating the substantial lateral space needed between the N-type and P-type
devices, puts the standard cell logic design in a domain where cell height is Hmited
by the cumulative width of required wiring tracks rather than device width. At the
scaling limit, the cell height has to accommodate 4 wiring tracks plus a robust power
rail. When a two-times wide power rail is assumed to be wide enough to prevent
voltage drop on power transmission or electromagnetic coupling issues, this resulis

in a minimum cell height of 6 wiring tracks {(67).
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[0065] To further scale cell height while maintaining robust power delivery, the
semiconductor industry is looking toward buried power rail (BPR). Moving the
power rails below the device plane allows the cell height to be reduced to 53T (1e. 4
wiring tracks for signaling plus one wiring track to absorb line-end extensions and

tip-to-tip spacing in tightly packed celis).

[6066] While buried power rail (BPR) plays a vital role in exploiting 3D transistor -
on-transistor stacking to open up a new path forward at the end of 2D scaling, a new
chalienge is presented: how to get power into the BPRs. Connecting a power rail,
which now sits below the device plane, with the power-delivery network (PDN),
which sits above the device plane, requires a tall power connection. This power
connection cannot afford to be too small for risk of creating a current pinch -point or

be too large for risk of interfering with dense cell placement.

j6007) Realizing the advantages of CFET and BPR as outlined above, and further
realizing the need for a robust, low-resistance means of delivering power into the
BPR, a umque middle-of-line power~-delivery-network approach is provided n the

present disclosure.

[0008] Aspects of the disclosure provide a semiconductor device. The
semiconductor device includes a first power rail, a first power input structure, a
circuit and a first middle-of-line rail. The first power rail is formed in a first rail
opening within a first isolation trench on a substrate. The first power input structure
is configured to connect with a first terminal of a power source that is external of the
semiconductor device to receive electrical power from the power source. The circuit
is formed, on the substrate, by layers betweeun the first power rail and the first power
input structure. The first middle-of-line rail is formed by one or more of the layers
that form the circuit. The first middle-of-line rail is configured to deliver the
electrical power from the first power input structure to the first power rail, and the

first power rail provides the electrical power to the circuit for operation.

[06069] Further, in some embodiments, the semiconductor device includes a second
power rail, a second power input structure, and a second middle-of-line rail. The
second power rail 18 formed in a second rail opening within a second isolation trench

on the substrate. The second power rail is parallel with the first power rail.  The
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second power input structure is configured to connect with a second terminal of the
power source, and to receive, with the first power input structure, the electrical
power from the power source. The second middle-of-line rail is formed by the one
or more of the layers that form the circuit. The second middie-of-line rail is parallel
with the first muddle-of-line rail, and the first and second middle-of-line rails are
configured to deliver the electrical power from the first and second input structures
to the first and second power ratls. The first and second power rails provide the

electrical power to the circuit for operation.

{0018} In some embodiments, the circuit includes a cell row of cell circuits that
have a same cell height. The first middie-of-line rail includes a section in a power
tap cell that is disposed in the cell row, the power tap cell has the same cell height as

the cell circuits.

j6011)] In some examples, the first middle-of-line rail is formed by at least a layer

that is used to form connections within a cell circuit.

[0012] In an embodiment, the circuit includes multiple cell rows of cell circuits,
and the first middle-of-line rail is formed of sections respectively in power tap cells

disposed iy the multiple cell rows.

[6013] In some examples, the power tap cells are aligned in a column, and the
sections in the respective power tap cells are conductively connected to form the

first middle-of-line rail.

[6014] In an example, each section of the sections in the respective power tap cells
is connected to the first power rail by at least a power via, and is connected to a

metal rail by at least a contact.

[0015] In some embodiments, the first and second middle-of-line rails are

perpendicular to the firstand second power rails.

[0016] In some examples, the circuit includes a first transistor that is disposed
above a second transistor in a vertical direction that is perpendicular to a surface of
the substrate. Then, in an example, the first middie-of-line rail includes a first layer

for forming a local interconnect in the first transistor, a second layer for forming a
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focal interconnect in the second transistor, and a strap layer to merge the first layer

and the second layer.

{8017 ]Aspects of the disclosure also provide a method for fabricating a
semiconductor device. For example, buried power rails are formed in rail openings
within isolation trench on a substrate. The buried power rails form a BPR power
delivery network in an example. Then, active devices and MOL power delivery
network are formed. In some examples, the MOL power delivery network includes
MIL rails and MO rails. In an example, a MIL rail includes a top LI structure, a
bottom LI structure and a strap structure that merges the top LI structure and the
bottom LI structure. The MIL rails are connected with the BPRs by short power vias,
and the MIL rails and the MO rails are connected by top CD structures. Further,
upper metal layers are formed, via structures that connect wires in different metal
layers are also formed An UML power delivery network is formed in the upper

metal layers. Inanexample, power input pads are formed in the top metal layer.

BRIEF DESCRIPTIONOYF THE DRAWINGS

[0018] Aspects of the present disclosure are best understood from the following
detailed description when read with the accompanying figures. It is noted that, in
accordance with the standard practice in the industry, various features are not drawn
to scale. In fact, the dimensions of the various features may be arbitrarily increased

or reduced for clarity of discussion.

[6019] Fig. 1 shows a diagram of a semiconductor device according to some

embodiment of the disclosure.

~

[0020] Fig. 2 shows a top view of a semiconductor device according to some

embodiments of the disclosure.

{0021} Fig. 3 shows a top view and a cross-sectional view of power tap cells

i

according to some embodiments of the disclosure.

{0022} Fig. 4 shows a top view and a cross-sectional view of power tap cells

i

according to some embodiments of the disclosure.
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[06023] Fig 5 shows a top view and a cross-sectional view of a logic cell, according

to some embodiments of the disclosure.

[0024] Fig 6 shows a flow chart outlining a process example according to some

embodiments of the disclosure.

DETAILED DESCRIPTION

[0025] The foliowing disclosure provides many different embodiments, or
examples, for implementing different features of the provided subject matter.
Specific exaraples of components and arrangerments are described below to simphify
the present disclosure. These are, of course, merely examples and are not intended
to be limiting. For example, the formation of a first feature over or on a second
feature in the description that follows may include embodiments in which the first
and second features are formed in direct contact, and may also include embodiments
in which additional features may be formed between the first and second features,
such that the first and second features may not be in direct contact. In addition, the
present disclosure may repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and clarity and does not in
itself dictate a relationship between the various embodiments and/or configurations

discussed.

{6026} Further, spatially relative terms, such as “beneath,” “below,” “lower)”
“above,” “upper” and the like, may be used herein for ease of description to describe
one element or feature’s relationship to another element(s) or feature(s) as illustrated
in the figures. The spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to the orientation depicted
in the figures. The apparatus may be otherwise oriented {rotated 90 degrees or at
other orientations) and the spatially relative descriptors used herein may hikewise be

interpreted accordingly.

[0027] Aspects of the disclosure provide a semiconductor device that uses buried
power rails (BPRs) to reduce height of standard cells for circuits, and thus reduce
area occupation of standard cells and the circuits. The BPRs form a BPR power
delivery network to provide power to circuits, such as logic circuits, analog circuits,

memory circuits, and the like in the semiconductor device. The semiconductor

(¥4
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device further includes a plurality of power tap cells that are disposed with the
standard cells in a plane for active devices. The power tap cells form a middle-of-
fine (MOL) power delivery network (PDN) in the semiconductor device. The MOL
power delivery network is disposed between the BPR power delivery network and an

upper metaliayers (UML) power delivery network.

[0028] Generally, the semiconductor device includes multiple metal layers, such as
eight metal layers that are referred to as MO-M7. In some examples, the metal layer
MO is generally used for connections within a standard cell, and the metal lavers
M1-M7 are above the metal layer MO and can be used for connections between
different cells. In some embodiments, the MOL power delivery network is
implemented using one or more lavers of the standard cells, such as local
interconnects, MO and the like for forming the MOL power delivery network. The
UML power delivery network is formed by upper metal layers, such as metal layers
M1-M7. The MOL power delivery network interconnects the BPR power delivery

network and the UML power delivery networks.

[0029] The MOL power delivery network assists power injection from the UML
power delivery network to the BPR power delivery network. For example, power is
distributed from the UML power delivery network to the MOL power delivery
network, and from the MOL power delivery network to the BPR power delivery
network.  According to some aspects of the disclosure, the MOL power delivery
network is configured to minimize current crowding and voliage drop due to
excessive resistance during power delivery. Inan aspect of the disclosure, the MOL
power delivery network is configured to maximize the number of redundant
connections between the UML power delivery network and BPR power delivery
network. Io another aspect of the disclosure, the MOL power delivery network form

intermediate power delivery rails that are disposed perpendicular to the BPRs.

j0036] Fig. 1 shows a diagram illustrating a semiconductor device 100 according to
some embodiments of the disclosure. The semiconductor device 100 includes power
input structures 101 and 102, an UML power delivery network 110, a MOL power
delivery network 120 and a BPR power delivery network 190 coupled together. The

MOL power delivery network 120 is formed in the layers that form active devices,
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such as logic circuits, muemory cells, and the like, and is configured to assist power
injection from the UML power delivery network 110 to the BPR power delivery
network 190, The BPR power delivery network 190 is configured to provide power
to the active devices. In some embodiments, the logic circuits are implemented
using standard cells, and the MOL power delivery network 120 is formed by a
plurality of power tap cells. The power tap cells can be disposed with the standard

cells in a layout during circuit and layout design.

{0031] 1t is noted that the semiconductor device 100 can be any suitable device, for
example, & semiconductor chip {or die), a semiconductor wafer with multiple
semiconductor dies formed on the semiconductor wafer, a stack of semiconductor
chips, a semiconductor package that includes one or more semiconductor chips

assembled on a package substrate, and the like.

j0032] According to some aspects of the disclosure, the semiconductor device 100
includes active devices, such as logic circuits, analog circuits, memory circuits, and
the like. The active devices are formed in layers that are suitably deposited and
patterned. In some embodiments, the logic circuits are implemented using standard
cells, such as inverter cells, NAND cells, NOR cells, and the like from a standard
cell library. Each of the standard cells is configured to perform one or more
operations. In an example, an inverter cell is configured to perform a logic
inversion operation, thus the inverter cell generates an output having an inverted
logic value of an input. For example, when the input has a logic value “0” in binary,
the output has a logic value “1” in binary; and when the input has a logic value “17
in binary, the cutput has a logic value “0” in binary. Insome examples, among the
standard cells, the inverter cell is the smallest logic cell and occupies the smallest
area in an example. The power tap cell is configured to have the same size as or

smaller size than the inverter cell in some embodiments.

[0033] In some exampies, the power input structures 101 and 102 are input pads
that are configured to receive power from a power source {not shown) that is
external of the semiconductor device. For example, the external power source has a
Ypp terminal and a Vg terminal. Vpp is used to represent the high volitage level

side of the power source, such as 5V, 3V, 1.5V, and the like, and the Vg is used to
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represent the low voltage level side of the power source, such as ground in an
example. The power input structure 101 is electrically coupled to the Vpp terminal
of the power source, and the power input structure 102 is electrically coupled to the
Vs terminal of the power source. In some examples, the power input structures 101

and 102 are formed of a top metal layer.

[6034] The UML power delivery network 110 includes electrical connections in
upper metal lavers that are coupled to form a power delivery network. For example,
when the semiconductor device 100 include metal layers MO to M7 above the active
devices, the UML power delivery network 110 includes some wires that are formed
in the metal layers M7 to M1, and includes via connections that connect the wires in

the different metallayers.

[6035] The burted power rails of the BPR power delivery network 190 are formed
under the physical devices (e.g., active devices, transistors) to allow cell footage
reduction. For example, generally standard cells in a standard cell library are
realized as fixed-height, varable-width cells. The fixed height enables cells to be
placed in rows, and eases the process of automated layout design. In some
examples, the row direction is an orientation referred to as east-west orientation, and
a direction that is perpendicular to the east-west orientation is referred to as north-
south orientation. With this naming convention, M0 would typically contain lines
running in an east-west orientation while M1 would have lines running in a north-
south orientation. Subsequent metal layers would run perpendicular with respect to

the preceding metal layers in some examples.

[0036] Burying the power rails under the physical devices can allow for the cell
height of the standard cell to be defined by the number of routing tracks or signal
fines as opposed to a combination of power rails and routing tracks. In some
examples, the cell height can be scaled easily down from a 6.0 to 6.5 routing tracks
(6.5T) cell height {assuming either a power rail widih equal to either 2 or 3 times
that of a routing track line) toa 5.0 routing track cell height through incorporation of

this concept, even it the number of actual routing tracks are the same.

[6037] In the Fig. 1 example, the buried power rails for Vpp and Vgg are

alternatively disposed in parallel and are extended respectively in the east-west
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orientation. In some embodiments, shallow-trench isolation (87T1) is used to isolate
active devices. The buried power rails can be encased either within the ST1 or
within the bulk silicon and 8T1 together, and the buried power rails are buried below
a plane of layers that form the active devices. In some embodiments, rail openings
can be formed in the STI, and down into the bulk silicon, then the rail openings can
be filled with conductive metal materials, such as copper, cobalt, or aluminum,
ruthenium, and the like, such as disclosed in Applicant’s co-pending application No.
16/011,377, filed on June 18, 2018, which is incorporated herein by reference in its

entirety.

[0038] In some embodiments, the rows of standard cells are also in the east-west
orientation. The power rails can have a relatively wider width than regular routing
tracks, such as about 2 or 3 times of width of the routing tracks. In some examples,
adjacent rows of standard cells can be disposed of reverse orientations to share one
power rail. For example, standard cells in a first row are in a north-south orientation
{e.g., Vpp 1n the north, Vg in the south), and standard cells in a second row are ina
south-north orientation {e.g., Vpp in the south, Vgg in the north). When the first row

is north of the second row, a Vs power rail can provide Vgs to standard ceils in both

the first row and the secondrow.

[0039] In the Fig I example, a power tap cell 120 is disposed with standard cells in
a cell row. It is noted that, in some examples, multiple power tap celis 120 can be

disposed in a cell row,

[6040}] According to some aspects of the disclosure, the power tap cell 120 is
formed in the device plane with active devices, and includes redundant connections
to interface the UML power delivery network 110 above the device plane with the
BPR power delivery network 190 that sits below the device plane. Further, the
power tap cell 120 uses continuously merged local interconnects to help redistribute

the current load while highly redundant connections reduce the overall resistance.

[6041] Specifically, the power tap cell 120 includes rails 150 that are formed by
merged local interconnects, and the raids 150 are referred to as merged local

interconnect (MLI) rails 150, In an example, the MLI rails 150 are formed of a top
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focal interconnect (LI}, a bottom LI, and a strap laver that straps the top LI with the

bottom LIto continuously merge the top LI with the bottom L1

[6042] The MLI rails 150 are connected with the buried power rails using short
power via structures 160. In the Fig. 1 example, when the buried power rails 190 are

in the east-westorientation, the MLI rails 150 are in the north-south orientation.

[0043] Further, the power tap cell 120 includes rails 130 that are formed in the
metal layver MO, and rails 130 are referred to as MO rails 130, The MO rails 130 are
in the east-west orientation. The MO rails 130 are connected with, for example wires
in the metal layer M1 using vias that are referred to as V0, and are connected with

the ML1Irails 150 using top contact to diffusion {CD) structures 140.

[0044] According to some aspects of the disclosure, the components used in the
power tap cell 120 are similar to some components that are used to implement the
standard cells, thus the power tap cell 120 can be fabricated using the same
manufacturing process that fabricates active devices. In an embodiment that uses
CFET approach, a logic standard cell has an N-type device {(e.g., N-type metal-
oxide-semiconductor transistor or NMOS transistor) and a P-type device (P-type
metal-oxide-semiconductor transistor or PMOS transistor}, and the N-type device is
disposed on-top of the P-type device while sharing a common gate. In some
examples, MLI rails 150 are formed in a similar manner as the drain connections of
an inverter cell. For the inverter cell, the drains of the N-type device and the P-iype
device are connected. In an example, the drain connections of the inverter cell
includes a top LI to the drain of the N-type device, a bottom L1 to the drain of the P-
type device, and a strap connection of the top LI and the bottom LI, Similarly, each
of the MLI rails 150 is formed of the top LI, the bottom LI and the strap connection

that merges the top LI and the bottom LI

[0045] 1t is noted that, in some embodiments, additional mask(s) and processes can
be used to form the strap connection of the top LI and the bottom LI, and thus to

form the MIL rails 150.

[0046] The top LI, bottom LI and the strap connection of the MIL rails 150 can be

respectively formed of any suitable conductive materials or a combination of
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conductive materials, such as copper, cobalt, or aluminum, ruthenium, titanium,

doped polysilicon, and the like.

[6047] It is noted that, standard cells may use some other components. For
example, a standard cell also includes tall power via structures, and bottom CD
structures. In some examples of CFET, power is provided from the BPR 190 to the
active devices using power via structures. In an example, the N-type device is
disposed above the P-type device in a vertical direction that is perpendicular to a
main suiface of the substrate, the buried power rails (e.g., Vgs) are connected to the
N-type devices using high power via structures and the buried power rails {e.g., Vo)
are connected to the P-type using short power via structures. In some examples of
CFET, the metal layer MO is connected to the active devices using contact to
diffusion (CD) structures. In an example, the metal layer MO can be connected to
the N-type devices using top CD structures, and can be connected to the P-iype
devices using bottom (D structures. Generally, the tall power via structures have
higher resistances than the short power via structures and the bottom CD structures
have higher resistances than the top CD structures. Using the short power via
structures and the top CD structures in MOL power delivery network 120 can reduce

voltage drop on the power delivery.

[0048] Fig. 2 shows a top view of a semiconductor device 200 according to some
embodiments of the disclosure. The semiconductor device 200 is formed of patterns
in various layers. It is noted that some layers, such as polysilicon layer, and the

fike, are omitted in Fig. 2 for ease and clarity.

[004%] In the Fig. 2 example, the semiconductor device 200 includes three cell
rows that are referred to as cell row A, cell row B and cell row €. The cell rows are
in the east-west orientation, and have the same height H. Each cell row includes
multiple cells, such as logic standard cells, power tap cells and the like. For
example, cell row A includes an inverter cell 201, a power tap cell 221, and other
fogic cells 281 and 282; cell row B includes an inverter cell 202, a power tap cell
222 and other logic cells 283 and 284; and cell row C includes an inverter cell 203, a
power tap cell 223, and other logic cells 285 and 286, The power tap cells 221-223

occupy about the same fooiprint as the inverter cells.
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[0056] In the Fig 2 example, the power tap cells 221-223 are aligned in the north-
south orientation and each of power tap cells 221-223 includes sections of middie-
of-line rails, and the sections are connected into the rails. For example, the two MLI
rails 250 and 255 are formed by connecting sections in each of the power tap cells
221-223.  Further, the cells in the cell rows are suitably orientated, the cell row A
and cell row B share a2 BPR 292 (e.g., for Vgg), and the cell row B and cell row C
share a BPR 293 (e.g, for Vpp). Itis noted that the cell row A may share a BPR 291
{e.g., for VDD) with a neighboring row {(not shown) in the north direction, and the
cell row C may share a BPR 294 {(e.g., for V88) with a neighboring row (not shown)

in the south direction.

j0051) In the Fig. 2 example, the height of the standard cells can support four MO
rails. In the power tap cells 221-223, the MO rails 230 can form multiple redundant
connections respectively with the two MLI rails 250 and 255 and respectively couple
the two MLI rails 250 and 255 to UML power delivery network (not shown in Fig.
2). The details of the semiconductor device 200 will be described with reference to

Figs. 3-5.

16052} Fig 3 shows a top view 300A and a cross-sectional view 300B of the power
tap cell 222 and the power tap cell 223, according to some embodimenis of the
disclosure. The cross-sectional view 300B is taken along a line B-B’ in the top view

300A.

[0053] In the Fig. 3 example, the BPRs 292-294 are disposed to extend in the east-
west orientation, and the MLI rails 250 and 255 are disposed in the north-south

orientation that is perpendicular to the BPRs 292-294.

{6054] The MLI rail 250 is formed by a top LI structure 251, a strap structure 252
and a bottom LI structure 253. The MLI rail 250 is connected to the BPRs 293 by a
short via structure 261. The MIL rail 250 is connected to the MO rails 231 for the

Ypp by top CD structures 241,

{0085] In the Fig. 3 example, each power tap cell includes connections from MO
ratls to a BPR for Vpp. When the power tap cells that are disposed in the cell rows

are connected in a manner as shown in Fig. 2, the power tap cells can redistribute the
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current load across the BPRs, and redundani connections can reduce the overall

resistance,

[0056] Fig 4 shows a top view 400A and a cross-sectional view 400B of the power
tap cell 221 and the power tap cell 222, according to some embodiments of the
disclosure. The cross-sectional view 4008 is taken along a line C-C’ in the top view

400A.

[6057] In the Fig 4 example, the BPRs 291-293 are disposed to extend in the east-
west orientation, and the MLI rails 250 and 255 are disposed in the north-south

orientation that is perpendicular to the BPRs 291-293.

[0038] The MLI rail 255 is formed by a top LI structure 256, a strap structure 257
and a bottom LI structure 258, The MLI rail 255 is connected to the BPR 292 by a
short via structure 262, The MIL rail 255 is connected to the MO rails 232 for the

Vs by top CD structures 242,

[0059] 1In the Fig. 4 example, each power tap cell includes connections from MO
rails to a BPR for VS8, When the power tap cells that are disposed in the cell rows
are connected as shown in Fig. 2, the power tap cells can redistribute the current

foad across the BPRs, and redundant connections canreduce the overall resistance.

[0060] Fig 5 shows a top view S00A and two cross-sectional views 500B and 500C
of the logic cell 286 according to some embodiments of the disclosure. The cross-
sectional view SO0B is taken along a line D-D’ in a source/drain area of a CFET and

the cross-sectional view 500C is taken along a Hne E-F’ in a gate area of the CFET.

[6061] In the Fig. 5 example, an N-type device is formed above a P-type device in
an active structure 599. The source of the N-type device is connected to the BPR
294 for VSS by a top LI structure 259 and a tall power via 265, and the drain of the
P-type device is connected to a MO rail 233 by a bottom LI structure 254 and a

bottom CID 245,

[0062]Fig. 6 shows a flow chart outlining a process example for fabricating a
semiconductor device, such as the semiconductor device 100, the semiconductor

device 200 and the like. The process startsat 8601 and proceeds to S610.

13



10

30

WO 2021/080673 PCT/US2020/047135

[8063]At 5610, buried power rails are formed in rail openings within isolation
irench on a substrate. The buried power rails form a BPR power delivery network in
an example.

[00641At 5620, active devices and MOL power delivery network are formed In
some examples, the MOL power delivery network includes MIL rails and MO rails.
inn an example, a MIL rail includes a top LI structure, a bottom LI structure and a
strap structure that merges the top LI structure and the bottom LI structure. The
MIL rails are connected with the BPRs by short power vias, and the MIL rails and
the MO rails are connected by top CI) structures.

[0065] At 5630, upper metal layers are formed, via structures that connect wires in
different metal layers are also formed. An UML power delivery network is formed
in the upper metal layers. In an example, power input pads are formed in the top
metal layer. Then, the process proceeds to 8699 and terminates.

[6066] In the preceding description, specific details have been set forth, such as a
particular geometry of a processing system and descriptions of various compounents
and processes used therein. It should be understood, however, that technique s herein
may be practiced in other embodiments that depart from these specific details, and
that such details are for purposes of explanation and not limitation. Embodiments
disclosed herein have been described with reference to the accompanying drawings.
Similarly, for purposes of explanation, specific numbers, materials, and
configurations have been set forth in order to provide a thorough understanding.
Nevertheless, embodiments may be practiced without such specific details.
Components having substantially the same functional constructions are denoted by

like reference characters, and thus any redundant descriptions may be omitted.

[0067] Various techniques have been described as multiple discrete operations o
assist in understanding the various embodiments. The order of description should
not be construed as to imply that these operations are necessarily order dependent.
indeed, these operations need not be performed in the order of presentation.
Operations described may be performed in a different order than the described
embodiment.  Various additional operations may be performed and/or described

operations may be omitted in additional embodiments.
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[6068] "Substrate” or "target substrate” as used herein generically refers to an
object being processed in accordance with the invention. The substrate may include
any material portion or structure of a device, particularly a semiconductor or other
electronics device, and may, for example, be a base substrate structure, such as a
semiconductor wafer, reticle, or a layer on or overlying a base substrate siructure
such as a thin film. Thus, substrate is not limited to any particular base structure,
underlying layer or overlying layer, patterned or un-patterned, but rather, is
countemplated to include any such layer or base structure, and any combination of
layers and/or base structures. The description may reference particular types of

substrates, but this is for illustrative purposes only.

j0069) Those skilled in the art will also understand that there can be many
variations made to the operations of the techniques explained above while still
achieving the same objectives of the invention. Such variations are intended to be
covered by the scope of this disclosure. As such, the foregoing descriptions of
embodiments of the invention are not intended to be limiting.  Rather, any

limitations to embodiments of the invention are presented in the following claims.



