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INTEGRATED CIRCUIT IMPLEMENTING STANDARD CELLS WITH METAL
LAYER SEGMENTS EXTENDING OUT OF CELL BOUNDARY

BACKGROUND
Field of the Disclosure

The present disclosure relates generally to integrated circuit devices and, more

particularly, standard-cell based design and fabrication of integrated circuit devices.

Description of the Related Art

Cell-based design methodologies permit application-specific integrated circuits
(ASICs), Systems-on-a-chip (SoCs), and other complex integrated circuit (IC)
structures to be efficiently designed by abstracting a digital function of the IC
structure. In such methodologies, a standard cell is a collection of gate-level
elements and interconnection structures standardized at a functional level. There are
a number of standard cells providing different functions that typically are pre-
designed and pre-verified, and then collected into a library. Electronic design
automation (EDA) tools then may use this standard cell library in designing the
physical layout of an integrated circuit (IC). One such EDA tool is a place and route
tool, which builds the physical layout of an IC design from the cells represented by
the standard cell library. The place and route tool places the cells side-by-side and
uses a routing tool to electrically connect the cells in a specified way to implement

corresponding logic of the IC design.

To ensure that an IC design using standard cells can be manufactured by a
semiconductor foundry, the semiconductor foundry typically supplies the designer
with a set of design rules that apply to a specified technology process, whereby these
design rules specify various parameters pertaining to spacing, width, enclosure, and
extension for the physical elements within the physical layout of the IC design. A
design rule check (DRC) tool thus applies the specified design rules to the IC design
to verify that all design rules are met and thus the IC may be fabricated as designed

using the specified technology process.



10

15

20

25

WO 2018/013472 PCT/US2017/041349

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its numerous features
and advantages made apparent to those skilled in the art by referencing the
accompanying drawings. The use of the same reference symbols in different

drawings indicates similar or identical items.

FIG. 1 is a diagram illustrating an example two-cell layout with design rule check
violations and a corresponding conventional standard cell design to mitigate the

design rule check violations in accordance with some embodiments.

FIG. 2 is a diagram illustrating an example cell layout with metal tracks
permitting extension of metal segments beyond a cell boundary in accordance with

some embodiments.

FIG. 3 is a diagram illustrating an example layout of two abutting cells with

metal segments that overlap metal tracks in accordance with some embodiments.

FIG. 4 is a diagram illustrating expanded Metal 1 (M1) layer to Metal 2 (M2)
layer connections facilitated by the cell layout of FIG. 2 in accordance with some

embodiments.

FIG. 5 is a flow diagram illustrating a method for designing and fabricating an

integrated circuit structure in accordance with some embodiments.

DETAILED DESCRIPTION

The design and fabrication process of an IC structure using a cell-based
methodology typically entails the verification of the physical layout of the IC design in
view of various design rules provided by a semiconductor foundry for a specified
technology process. These design rules often include a subset of design rules
pertaining to the spacing and other interactions between metal segments of abutting
or adjacent cells at the Metal 1 (M1) layer. FIG. 1 illustrates examples of such design
rules, and the conventional approach to standard cell design so as to conform with

such rules.
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As depicted by the plan view diagram 100 of FIG. 1, the physical layout for an |IC
structure using cell-based methodology typically involves the placement of two or
more standard cells in a row, such as the depicted abutting standard cells 101, 102
(with the row having a vertical arrangement in relation to the orientation of FIG. 1).
Typically, each standard cell represents a corresponding function of the IC design
(e.g., a Boolean logic function or a storage function) and is formed of transistor
elements and the conductive interconnects that connect the various transistor
elements of the cell. As such, each cell has a cell boundary containing one or more
P-type or N-type active regions formed in a semiconductor substrate or, for a silicon-
on-insulator (SOI) implementation, an epitaxial layer of doped or undoped
semiconductor material. Formed over the substrate and the active regions contained
therein are polycrystalline silicon (“polysilicon”) segments (or metal gate segments),
which together with the active regions and other structures (not shown) form the

transistors or other circuit elements of the cell.

One or more metal layers are then formed over the active area and patterned so
as to form metal segments at one or more layers, whereby these metal segments
serve to interconnect circuit elements within the cell or to interconnect circuit
elements between cells. Each cell includes a plurality of metal tracks that define the
positions and dimensions the metal segments may occupy at a given metal layer. To
illustrate, as shown by diagram 100, for the Metal 1 (M1) layer the cell 101 includes
metal tracks 103, 104, 105, 106 that extend from edge 107 to opposing edge 108 of a
cell boundary 110 for the cell 101, whereas the cell 102 includes, for the M1 layer,
metal tracks 111, 112, 113 that extend from edge 114 to opposing edge 115 of a cell
boundary 116 for the cell 102.

In many lithography fabrication processes, metal tracks that are to contain at
least one metal segment are filled with metal, and then one or more cut masks (or
“trim” masks) are used to pattern the metal within the metal tracks so as to form the
intended pattern of metal segments at the given metal layer. These cut masks also
are used to cut the metal at cell boundaries so as to prevent shorts or other
undesirable electrical interactions between metal segments of adjacent, or abutting,

cells. To illustrate, one or more cut masks may introduce metal cuts 117, 118 at the
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cell boundaries 110, 116 so as to electrically isolate the M1 metal segments of cell

101 from the M1 metal segments of cell 102, and vice versa.

In association with a particular technology process specified to be used to
fabricate an IC structure including cells 101, 102, a semiconductor foundry may
supply a set of design rules that includes design rules pertaining to the termination of
metal segments in relation to the location of various boundary metal cuts. To
illustrate, the design rule set may include a tip-to-tip minimum distance requirement
that specifies that unless the tips of two metal segments in the same track in abutting
cells are immediately adjacent to each other (that is, the metal runs continuously
across the abutting cell boundaries), the tips must be a minimum distance apart that
typically represents the width of the metal cut layer. Otherwise, if the tip spacing is
not generated by a metal cut, the designer must ensure the tips are spaced an
adequate distance apart which is typically larger — sometimes significantly larger —
than the cut layer's width. As noted, it is not always possible to guarantee the metals
can be continuous and therefore cut with the cut layer. So in those cases one must
ensure the normal tip-to-tip spacing is observed. To illustrate using diagram 100, a
metal segment 122 in metal track 104 of cell 101 would trigger a cell boundary design
rule violation 124 as the tip of the metal segment 122 terminates in the region of the
metal cut 118 while there is no abutting tip of a metal segment in the corresponding
metal track 111 of the cell 102. Likewise, the metal segment 126 in metal track 106
of cell 101 and the metal segment 128 in the metal track 113 of cell 102 together
would trigger a tip-to-tip minimum distance design rule violation 130 as the facing tips
of the metal segments 126, 128 are not separated by a minimum specified distance
(given that they are not immediately abutting so that a continuous metal segment is
formed across the metal cut 118). In contrast, even though the facing tips of metal
segment 132 in metal track 105 and metal segment 134 in metal track 112 both
terminate in the region of the metal cut 118, the tips of metal segments 132, 134
immediately abut each other and thus together form a continuous metal segment that
is continuous across the metal cut 118, and thus avoids violation of the design rules
pertaining to the dimensional relationships of the tips of metal segments and cuts at

the cell boundaries.
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These boundary-related design rules for the M1 layer have resulted in the
conventional M1 layer approach for standard cells as exemplarily illustrated by
diagram 140 of FIG. 1. As shown by the layout view represented by diagram 140,
conventional standard cell designs resolve the boundary-related design rules by
employing an abutment offset zone on each edge of a cell 142 that may abut another
cell in the same row (e.g., abutment offset zones 144, 146 at opposing edges 148,
150, respectively, of cell boundary 152). In this approach, a metal segment may
either terminate at the cell boundary (e.g., metal segment 154) or terminate short of
the abutment offset zone (e.g., metal segments 156, 158), but may not terminate
within the abutment offset zone. The length of the abutment offset zone is set to
approximately half the minimum tip-to-tip spacing required by the design rules. Thus,
assuming a minimum tip-to-tip spacing of 120 nanometers (nm), the length of the
abutment offset zone may be set to approximately 60 nm, and thus when two cells
are placed in adjacent locations, the two facing abutment offset zones together

provide the 120 nm minimum tip-to-tip spacing.

While addressing the boundary-related design rules, this conventional M1
design approach introduces various inefficiencies. For one, if the metal segment in
one metal track terminates at an edge of the cell boundary, the abutting cell at this
edge also must have a metal segment in the corresponding track that terminates at
the edge boundary so as to meet the design rule that metal must continuously extend
across a metal cut. This limits the flexibility of standard cell design. One solution is
to have all M1 metal segments extend from edge to edge on the cell boundary.
However, this prevents the use of any M1 routing within the metal tracks because all
of the metal segments will have to be cut on the cell boundary and thus fully occupy
the metal tracks. Conversely, while using shorter M1 metal segments that terminate
before the opposing abutment offset zones may avoid violation of boundary cut
design rules and adhere to tip-to-tip spacing design rules, these relatively short metal
segments have relatively limited pin access to higher metal layers (Metal 2 (M2) and
above) due to their relatively short length, as described in greater detail below with

reference to FIG. 4.

FIG. 2 illustrates an improved standard cell design approach that conforms to

boundary cut design rules and tip-to-tip spacing design rules while also facilitating M1
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routing and increased pin access to higher metal layers in accordance with some
embodiments. As shown in the physical layout depicted by FIG. 2, a cell 200
includes one or more active regions (e.g., active regions 202, 204), polysilicon
segments (e.g., polysilicon segments 206, 207, 208, 209, 210, 211), and other circuit
elements formed on a semiconductor substrate 201 (or SOI substrate) and contained
within a cell boundary 212, with the cell layout extending in both the orthogonal X and
Y directions as shown. The cell 200 further includes, at the M1 metal layer, a plurality
of metal tracks extending along the Y direction, such as metal tracks 221, 222, 223,
224, 225,

As with conventional cell design approaches, each metal track either is devoid
of metal segments, or contains one or more metal segments that extend within the
corresponding metal track. However, unlike conventional cell design approaches, the
design of cell 200 does not incorporate abutment exclusion zones that require
termination of metal tips at either the cell boundary or a minimum distance from the
cell boundary. Rather, as shown in the example of FIG. 2, the design of cell 200
provides that the tip of a M1 metal segment must either (1) terminate at least a
specified minimum distance 226 from the corresponding edge of the cell boundary
212, or (2) extend beyond the corresponding edge of the cell boundary 212 by a
specified distance 228. That is, rather than using an abutment offset zone contained
entirely within the cell boundary of a cell, the design approach for cell 200 is to
employ, at each opposing edge 230, 232 of the cell boundary 212, a corresponding
tip exclusion zone 234, 236 that extends from within the cell boundary 212 to beyond
the cell boundary to a plane that is the specified distance 228 from the corresponding
boundary edge. For each tip exclusion zone, a metal segment is specified so as to
terminate at or before the in-boundary edge 240, or the metal segment must

terminate outside of the cell boundary 212 at the out-of-boundary edge 242.

To illustrate, the depicted example implementation of cell 200 includes four
metal segments: metal segment 252 in track 222, and having a tip terminating at out-
of-boundary edge 242 of the tip exclusion zone 234 and a tip terminating at out-of-
boundary edge 242 of the tip exclusion zone 236; metal segment 253 in track 223,
and having a tip terminating at out-of-boundary edge 242 of the tip exclusion zone

234 and a tip terminating at or before the in-boundary edge 240 of the tip exclusion
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zone 236; metal segment 254 in track 224, and having a tip terminating at out-of-
boundary edge 242 of the tip exclusion zone 234 and a tip terminating at out-of-
boundary edge 242 of the tip exclusion zone 236; and metal segment 255 in track
225, and having a tip terminating at or before the in-boundary edge 240 of the tip
exclusion zone 234 and a tip terminating at or before the in-boundary edge 240 of the
tip exclusion zone 236. Thus, as illustrated by the four metal segments 252-255, the
metal segments of the cell 200 either terminate at or before the in-boundary edge

240, or extend out of the cell boundary 212 to the out-of-boundary edge 242.

This design approach has a number of advantages. By ensuring that the tip of a
metal segment either terminates at least the minimum distance 226 from the cell
boundary edge or extends beyond the cell boundary edge by the distance 228, two
adjacent cells employing this design approach will result in a physical layout for the
two cells in which, for any given metal segment in one cell, the distance between the
tip of this metal segment is at least the minimum specified tip-to-tip distance from the
facing tip of the metal segment in the corresponding track of the other cell, or the tip
of the metal segment of one cell extends into the corresponding track of the other
cell, and thus complies with the design rule that specifies that M1 metal must either
completely absent from a set of abutting tracks within a metal cut region, or the M1
metal must extend entirely across the metal cut region for the set of abutting tracks.
Further, in at least one embodiment, the distances 226, 228 are set to be
approximately equal, such that a metal segment in one cell that has a tip that
terminates at the distance 226 from an edge of the cell boundary of that cell will abut
the tip of a metal segment that extends the distance 228 from the corresponding

edge of the cell boundary of an adjacent cell, as illustrated in greater detail below.

FIG. 3 illustrates an example of the beneficial implementation of the cell design
approach outlined above in accordance with some embodiments. In this example, an
IC structure 300 (e.g., an ASIC or system on a chip (SOC)) includes two cells 301,
302 placed in abutting locations in a physical layout of the IC structure 300 such that
the cells 301, 302 form part of a row of standard cells (this row being vertical in the
orientation of FIG. 1). The cell 301 comprises circuit elements defined within a cell
boundary 304, and the cell 302 likewise comprises circuit elements defined within a

cell boundary 306, wherein the cell boundaries 304, 306 abut at boundary edges 308,
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310, respectively. The cell 301 includes metal tracks 311, 312, 313, 314, 315 at the
M1 layer, and the cell 302 includes corresponding metal tracks 321, 322, 323, 324,
325 at the M1 layer.

For this example, the cell 301 includes metal segments 331, 332, 335 in tracks
311, 312, 315, respectively, and metal tracks 313, 314 are unused by the cell 301.
The cell 302 includes metal segments 342, 343, 344, 345 in tracks 322, 323, 324,
325, respectively, and metal track 321 is unused by the cell 302. The cells 301, 302
employ the tip exclusion zones at their opposing row boundaries, as described
above. Accordingly, in compliance with this cell design, the metal segment 331 has
one tip that terminates within the cell boundary 304 at, or before, the distance 226
(FIG. 2) from the boundary edge 316 (that opposes boundary edge 308) and an
opposite tip that extends beyond the cell boundary 304 to the distance 228 (FIG. 2)
from the boundary edge 308; the metal segment 332 has one tip that that terminates
within the cell boundary 304 at, or before, the distance 226 from the boundary edge
308 and an opposite tip that extends beyond the cell boundary 304 to the distance
228 from the boundary edge 316; and the metal segment 335 has opposing tips that
terminate within the cell boundary 304 at, or before, the distance 226 from the
boundary edges 308, 316, respectively. Turning to cell 302, the metal segment 342
has one tip that terminates outside of the cell boundary 306 at the distance 228 from
the boundary edge 310 and an opposing tip that terminates outside the cell boundary
306 at the distance 228 from a boundary edge 318 (that opposes boundary edge
310); the metal segment 343 has one tip that terminates within the cell boundary 306
at, or before, the distance 226 from the boundary edge 310 and an opposing tip that
terminates outside of the cell boundary 306 at the distance 228 from the boundary
edge 318; the metal segment 344 has one tip that terminates outside of the cell
boundary 306 at the distance 228 from the boundary edge 310 and an opposing tip
that terminates outside the cell boundary 306 at the distance 228 from the boundary
edge 318, and the metal segment 344 has opposing tips that terminate within the cell
boundary 306 at, or before, the distance 226 from the boundary edges 310, 316,

respectively.

Given the above-described configuration of the metal segments of the cells 301,

302, when the cells 301, 302 are placed in adjacent locations of a layout of the IC
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structure 300 as shown by FIG. 3, the metal segment 331 extends from the boundary
edge 308 into a portion of the track 321 of the cell 302, and thus complying with the
boundary cut design rule that would be applied for a metal cut 350 that would be
employed to electrically isolate metal segments of the cells 301, 302 from each other.
Likewise, the metal segment 342 extends from cell 302 into the unoccupied region of
the metal track 312 of cell 301, thus complying with the boundary cut design rule
applied for the metal cut 350. Further, in this example the distances 226 and 228 are
equal, and thus the out-of-boundary tip of the metal segment 342 abuts or overlaps
the facing in-boundary tip of metal segment 332, thereby forming a single metal
segment that spans both tracks 312, 322 until the metal cut 350 is performed.
Additionally, the metal segment 343 terminates outside of the metal cut 350, and thus
complies with the boundary cut design rule. The metal segment 344 has a tip that
extends from cell 302 into the corresponding track 314 of cell 301, and to an extent
that spans the breadth of the metal cut 350, and thus ensuring that the metal
segment 344 complies with the boundary cut design rule. Metal segments 335, 345
each terminate at least the distance 226 before their respective abutting boundary
edges 308, 310. Thus, assuming that the distance 226 is set to be at least one-half
of the minimum tip-to-tip distance specified by the design rules, the spacing between
the tip of the metal segment 335 and the facing tip of the metal segment 345
complies with this minimum tip-to-tip spacing. Thus, the cell design approach
outlined above and employed in the example of FIG. 3 facilitates compliance with the

boundary-related design rules described above.

Moreover, this cell design approach has additional benefits pertaining to inter-
cell routing and intra-cell routing. To illustrate, because metal segments 335, 345 are
not cut at either boundary, other M1 segments (not shown) of the cells 301, 302,
respectively may be routed so as to connect to these segments in the unused
portions of the metal tracks 315, 325, respectively. Further, while output pin routing
may require corresponding M1 segments to reach one boundary for pin hookup, the
other side of the metal track may be used for M1 stub routing. To illustrate, tracks
311, 313, 314, 315, 321, 325 have unused regions 351, 353, 354, 355, 361, 365,
respectively, available for M1 stub routing (e.g., metal stub 356 in region 353). As
such, a benefit of this cell design is that the M1 layer can be used to connect to the

cell's M1 pins, as opposed to being forced to use the M2 layer to hook up to the pins.
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So for example, if one wants to connect segments 335 and 345, one M1 segment
can be used to form the connection. In the absence of this design approach, the M1
segment would have been extended and cut on the boundary so the connection
would be forced to go up to the M2 layer (horizontal) and then a segment of vertical
M3 metal would have connected the two horizontal M2 segments. This adds
resistance and capacitance to the pins in addition to blocking precious M2 and M3

routing resources.

Additionally, the cell design approach utilizing metal segments that extend
beyond the cell boundary also results in metal segments that have greater in-
boundary lengths, and thus may intersect a greater number of horizontal (X direction)
metal segments at the M2 layer, and thus provide greater pin access to the M2 layer.
To illustrate, FIG. 4 depicts an example standard cell 400 for which the M2 layer
includes a plurality of M2 metal segments 401, 402, 403, 404, 405, 406, 407 that run
horizontally within a cell boundary 408 of the cell 400. Further, cell 400 includes
metal segments 410, 411, 412, 413 extending along the vertical direction (Y
direction) and thus orthogonally intersecting one or more of the M2 metal segments
from the perspective of the illustrated plan view of the cell 400. The metal segments
410-413 adhere to the cell design approach described above, and thus the metal
segments 410, 411, 412 extend a set distance beyond the respective edges of the
cell boundary 408. In contrast, metal segment 413 terminates at both ends at least
the distance 226 before the respective edges of the cell boundary 408, and thus
represents a metal segment as typically found in a conventional approach to M1
metal design for a standard cell. As illustrated, due to the relatively short length of
the metal segment 413 and minimum dimension requirements between M1 and M2
metal segments for via formation, the metal segment 413 is capable of connecting to
only one M2 metal segment (M2 metal segment 404) using a via (e.g., via 414),
whereas metal segment 411, by virtue of its extension beyond the bottom edge of the
cell boundary 408, can connect to up to three M2 metal segments (M2 metal
segments 404, 405, 406) using corresponding vias and metal segments 410, 412, by
virtue of their extensions beyond both the top edge and the bottom edge of the cell
boundary 408, can connect to up to five M2 metal segments (M2 metal segments
402, 403, 404, 405, 406) using corresponding vias. Thus, by virtue of the overall

greater length afforded by permitting metal segments to extend beyond the cell
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boundary, the cell design approach described herein enables an M1 metal segment
to run under a greater number of M2 metal segments, and thus facilitates greater M1-

M2 routing resources.

FIG. 5 is a flow diagram illustrating an example method 500 for the design and
fabrication of an ASIC, SoC, or other IC structure implementing one or more aspects
in accordance with some embodiments. As noted above, the code generated for
each of the following processes is stored or otherwise embodied in non-transitory
computer readable storage media for access and use by the corresponding design

tool or fabrication tool.

At block 502 a functional specification for the IC structure is generated. The
functional specification (often referred to as a micro architecture specification (MAS))
may be represented by any of a variety of programming languages or modeling
languages, including C, C++, SystemC, Simulink, or MATLAB.

At block 504, the functional specification is used to generate hardware
description code representative of the hardware of the |C structure. In some
embodiments, the hardware description code is represented using at least one
Hardware Description Language (HDL), which comprises any of a variety of computer
languages, specification languages, or modeling languages for the formal description
and design of the circuits of the IC structure. The generated HDL code typically
represents the operation of the circuits of the |IC structure, the design and
organization of the circuits, and tests to verify correct operation of the IC structure
through simulation. Examples of HDL include Analog HDL (AHDL), Verilog HDL,
SystemVerilog HDL, and VHDL. For IC structures implementing synchronized digital
circuits, the hardware descriptor code may include register transfer level (RTL) code
to provide an abstract representation of the operations of the synchronous digital
circuits. For other types of circuitry, the hardware descriptor code may include
behavior-level code to provide an abstract representation of the circuitry’s operation.
The HDL model represented by the hardware description code typically is subjected

to one or more rounds of simulation and debugging to pass design verification.

After verifying the design represented by the hardware description code, at

block 506 a synthesis tool is used to synthesize the hardware description code to
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generate code representing or defining an initial physical implementation of the
circuitry of the IC structure. In some embodiments, the synthesis tool generates one
or more netlists comprising circuit device instances (e.g., gates, transistors, resistors,
capacitors, inductors, diodes, etc.) and the nets, or connections, between the circuit
device instances. Alternatively, all or a portion of a netlist is generated manually
without the use of a synthesis tool. As with the hardware description code, the netlists
may be subjected to one or more test and verification processes before a final set of

one or more netlists is generated.

Alternatively, a schematic editor tool is used to draft a schematic of circuitry of
the IC structure and a schematic capture tool then is used to capture the resulting
circuit diagram and to generate one or more netlists (stored on a computer readable
media) representing the components and connectivity of the circuit diagram. The
captured circuit diagram may then be subjected to one or more rounds of simulation

for testing and verification.

At block 508, one or more EDA tools use the netlists produced at block 506 to
generate code representing the physical layout of the circuitry of the IC structure.
This process includes, for example, a place and route tool using the netlists to
determine or fix the location of each element of the circuitry of the IC structure.
Further, a routing tool builds on the placement process to add and route the wires
needed to connect the circuit elements in accordance with the netlist(s). The resulting
code represents a three-dimensional model of the IC structure. The code is
represented in a database file format, such as, for example, the Graphic Database
System Il (GDSII) format. Data in this format typically represents geometric shapes,

text labels, and other information about the circuit layout in hierarchical form.

At block 510, the physical layout code (e.g., GDSII code) is provided to a
semiconductor foundry, which uses the physical layout code to configure or otherwise
adapt fabrication tools of the semiconductor foundry (e.g., through mask works) to
fabricate the IC structure. That is, the physical layout code is programmed into one or
more computer systems, which may then control, in whole or part, the operation of
the tools of the manufacturing facility or the manufacturing operations performed

therein.
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Returning to block 508, sub-process 512 illustrates the generation of the
physical layout code using a standard cell methodology that employs the tip
exclusion zone approach for the M1 layer as described above. For sub-process 512,
at block 514 a place and route tool uses the netlist to identify a function (e.g., logic or
storage) to be performed by the represented design and at block 516 the place and
route tool accesses one or more standard cell libraries to identify a standard cell
corresponding to the identified function. The standard cell includes a cell design
incorporating the tip exclusion zones. Accordingly, at block 518 the place and route
tool identifies a location in a row of the physical layout of the IC design to place the
selected standard cell and places the standard cell in this selected location in the
physical layout. As part of this placement, metal segments extending beyond the cell
boundary of the standard cell may extend into the empty/unused portions of the
corresponding metal tracks of the standard cells abutting the cell on either side in the
row, as described above. The process of 514-518 then may repeat for each
identified function in the netlist or a portion thereof. After placement of standard cells
is complete, at block 520 the place and route tool may then perform intra-cell routing
within the standard cells and inter-cell routing between the standard cells, wherein
the unused portions of the metal tracks having metal segments that extend beyond

the cell boundaries is used for M1 stub routing, as described above.

A computer readable storage medium may include any non-transitory storage
medium, or combination of non-transitory storage media, accessible by a computer
system during use to provide instructions and/or data to the computer system. Such
storage media can include, but is not limited to, optical media (e.g., compact disc
(CD), digital versatile disc (DVD), Blu-Ray disc), magnetic media (e.g., floppy disc,
magnetic tape, or magnetic hard drive), volatile memory (e.g., random access
memory (RAM) or cache), non-volatile memory (e.g., read-only memory (ROM) or
Flash memory), or microelectromechanical systems (MEMS)-based storage media.
The computer readable storage medium is embedded in the computing system (e.g.,
system RAM or ROM), fixedly attached to the computing system (e.g., a magnetic
hard drive), removably attached to the computing system (e.g., an optical disc or
Universal Serial Bus (USB)-based Flash memory), or coupled to the computer

system via a wired or wireless network (e.g., network accessible storage (NAS)).
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In some embodiments, certain aspects of the techniques described above may
implemented by one or more processors of a processing system executing
software. The software comprises one or more sets of executable instructions stored
or otherwise tangibly embodied on a non-transitory computer readable storage
medium. The software can include the instructions and certain data that, when
executed by the one or more processors, manipulate the one or more processors to
perform one or more aspects of the techniques described above. The non-transitory
computer readable storage medium can include, for example, a magnetic or optical
disk storage device, solid state storage devices such as Flash memory, a cache,
random access memory (RAM) or other non-volatile memory device or devices, and
the like. The executable instructions stored on the non-transitory computer readable
storage medium is in source code, assembly language code, object code, or other
instruction format that is interpreted or otherwise executable by one or more

processors.

Note that not all of the activities or elements described above in the general
description are required, that a portion of a specific activity or device may not be
required, and that one or more further activities may be performed, or elements
included, in addition to those described. Still further, the order in which activities are
listed are not necessarily the order in which they are performed. Also, the concepts
have been described with reference to specific embodiments. However, one of
ordinary skill in the art appreciates that various modifications and changes can be
made without departing from the scope of the present disclosure as set forth in the
claims below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to

be included within the scope of the present disclosure.

Benefits, other advantages, and solutions to problems have been described
above with regard to specific embodiments. However, the benefits, advantages,
solutions to problems, and any feature(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be construed as a critical,
required, or essential feature of any or all the claims. Moreover, the particular
embodiments disclosed above are illustrative only, as the disclosed subject matter

may be modified and practiced in different but equivalent manners apparent to those
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skilled in the art having the benefit of the teachings herein. No limitations are
intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments
disclosed above may be altered or modified and all such variations are considered
within the scope of the disclosed subject matter. Accordingly, the protection sought

herein is as set forth in the claims below.
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WHAT IS CLAIMED IS:

1. An integrated circuit structure comprising:

10

15

20

25

a first cell [200] extending along orthogonal first and second directions of a
semiconductor substrate and having a cell boundary [212], the first cell
comprising:

a first metal segment [252] at a first metal track [222] of a metal layer,
the first metal segment extending along the first direction and
terminating a specified first distance [228] beyond a first edge
[242] of the cell boundary.

. The integrated circuit structure of claim 1, wherein the first cell further comprises:

a second metal segment [253] at a second metal track [223] at the metal layer,
the second metal segment extending along the first direction and
terminating at least a specified second distance [226] before the first

edge.

. The integrated circuit structure of claim 2, wherein the first distance and the

second distance are substantially equal.

. The integrated circuit structure of claim 2, wherein:

the first metal segment terminates at least the second distance before a
second edge of the cell boundary, the second edge opposite the first
edge.

. The integrated circuit structure of claim 4, wherein:

the second metal segment terminates at least the specified second distance

before the second edge of the cell boundary.

. The integrated circuit structure of claim 5, wherein the first distance and the

second distance are substantially equal.

. The integrated circuit structure of claim 1, further comprising:
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a second cell [302] extending along the first and second directions and having
a cell boundary [306] with a second edge [310] adjacent to the first
edge of the cell boundary of the first cell; and

wherein the first metal segment extends into a first metal track of the second

cell at the metal layer.

8. The integrated circuit structure of claim 7, wherein the second cell further
comprises:

a second metal segment [344] at a second metal track [324] at the metal layer,
the second metal segment extending along the first direction and
terminating the specified first distance beyond the second edge; and

wherein the second metal segment extends into a second metal track [354] of

the first cell at the metal layer.

9. The integrated circuit structure of claim 7, wherein:
a remaining portion of the first metal track of the first cell is devoid of metal at

the metal layer.

10. The integrated circuit structure of claim 7, wherein:
a remaining portion of the first metal track of the second cell comprises stub

routing at the metal layer.

11. A computer-implemented method of fabricating an integrated circuit structure

using a standard cell library, the method comprising:

selecting a first cell [200] from the standard cell library, the first cell having a
cell boundary [212] extending along orthogonal first and second
directions and comprising a first metal segment [252] at a first metal
track [222] at a metal layer, the first metal segment extending along a
first direction and terminating a specified first distance [228] beyond a
first edge [242] of the cell boundary; and

placing the first cell at a first location of a physical layout for the integrated

circuit structure.

12. The method of claim 11, wherein the first cell further comprises:
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a second metal segment [253] at a second metal track [223] at the metal layer,
the second metal segment extending along the first direction and

terminating a specified second distance [226] before the first edge.

13. The method of claim 12, wherein:
the first metal segment terminates the second distance before a second edge

of the cell boundary, the second edge opposite the first edge.

14. The method of claim 13, wherein:
the second metal segment terminates the specified second distance before the

second edge of the cell boundary.

15. The method of claim 14, wherein the first distance and the second distance are

substantially equal.

16. The method of claim 11, further comprising:
selecting a second cell [302] from the standard cell library;
placing the second cell at a second location of the physical layout such that a
second edge [310] of a cell boundary [306] of the second cell abuts the
first edge of the cell boundary of the first cell; and
wherein the first metal segment extends into a first metal track of the second

cell at the metal layer.

17. The method of claim 16, wherein:
the second cell comprises a second metal segment [344] at a second metal
track [324] at the metal layer, the second metal segment extending
along the first direction and terminating the specified first distance
beyond the second edge; and
wherein placing the second cell at the second location comprises placing the
second cell at the second location such that the second metal segment

extends into a second metal track of the first cell at the metal layer.

18. The method of claim 16, further comprising:
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routing a stub at the metal layer using a remaining portion of the first metal

track.

19. A non-transitory computer readable medium embodying a set of executable

instructions, the set of executable instructions to manipulate a computer

system to perform a portion of a process to design at least a portion of an

integrated circuit structure, the set of executable instructions including

instructions to manipulate the computer system to:

select a first cell [200] from a standard cell library, the first cell having a cell
boundary [212] extending in orthogonal first and second directions and
comprising a first metal segment [252] at a first metal track [222] at a
metal layer, the first metal segment extending along a first direction and
terminating a specified first distance beyond a first edge [242] of the cell
boundary; and

placing the first cell at a first location of a physical layout for the integrated

circuit structure.

20. The non-transitory computer readable medium of claim 19, wherein the set of

instructions further include instructions to manipulate the computer system to:

select a second cell from the standard cell library;

place the second cell [302] at a second location of the physical layout such
that a second edge [310] of a cell boundary [306] of the second cell
abuts the first edge of the cell boundary of the first cell; and

wherein the first metal segment extends into a first metal track at the metal

layer of the second cell.



PCT/US2017/041349

WO 2018/013472

INJNOIS VL3N LN &

INJAD3S NODIMISA1O0d

NOID3d JAILOVY

[ "OId

Gl

| m 0
T = - -- NOILYTOIA O¥@
) o
13e90 || | dIL-OL-dIL
ETE
_ _
_ _ Ne\_
To) 85 $osi|
= _
= _
_ piL
_ _
[~
m |
138440 _
INIWLNEY __||| = T zwmw%és
| |
4 el SRR S
871
o —" NOISIA TT30 LA TYNOILNIANOD Lo "
o—" 0

[~—o1

i
NOILYI0IA
Jdad AdvANNOd




/7/////// N

e ///////////////////////////////////////%W//////

. f Z (p.rfr.a(p.rfr.a(p.rfr.a(p.rfr.a(p.rfra(

15/4)4.}4//..}4)

|-|-I-|-|

////.

FIG. 2



POLYSILICON SEGMENT

M1 METAL SEGMENT

ACTIVE REGION

3/5

!4}!4}!4}. *




PCT/US2017/041349

WO 2018/013472

4/5

~401

402

403

405

~406

407

e
-
&”414 ~404
s

%//////

Bl
A -
_N_V \[X¢ /

22

M2 METAL SEGMENT

FIG. 4



PCT/US2017/041349

WO 2018/013472

5/5

S "OId

ONILNOY 1139
“YHINITTIO-HILINI WHO44Td | =028
7 Y 30IA3A D1 3LVOIdavS ~—0lS
A
1NOAVT
WOISAHANI T30 30v1d | 848 3009 |
a 1NOAVY1 VOISAHd J1VHINIO 805
A
SNOILONNA Q3IHLINIAI | NOILONNA HO4 AdvNEIT 1130 | ol
404 1v3d3y QYYANVYLS WOY4 113D 193713
a S1SI1L3N 3LYHINID ~—905
NOILONN4 A4IIN3dI ‘/L%\ a
» 3009 NOILdI¥0S3a |
JUYMAYYH LYHINTD ¥05
21—" ﬁ
NOILYQI103dS
TYNOILONNA 31vyaNgs [ 20§




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/041349

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 27/06(2006.01)i, HO1L 27/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOI1L 27/06; GO6F 17/50;, HO1L 21/8232; HOIL 23/50; HO1L 27/10; HO1L 29/73; HO1L 25/07; HO1L 27/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: IC, design, library, metal, segment

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 8742464 B2 (SHERLEKAR et al.) 03 June 2014 1-20
See columns 2-3, claims 1,12 and figures 4-5.

Y US 6351841 Bl (TICKLE) 26 February 2002 1-20
See claim 1 and figure 1.

A US 2013-0234212 A1 (TAIWAN SEMICONDUCTOR MANUFACTURING CO., LTD.) 1-20
12 September 2013
See paragraphs [0023]-[0026] and figures 1,5.

A US 6903389 Bl (TAI et al.) 07 June 2005 1-20
See claim 13 and figures 2a—2f.

A US 2010-0155783 A1 (LAW et al.) 24 June 2010 1-20
See paragraphs [0047]-[0060] and figure 7.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
29 September 2017 (29.09.2017) 29 September 2017 (29.09.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office KANG, Sung Chul
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8405

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2017/041349

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 8742464 B2 03/06/2014 TW 201240015 A 01/10/2012
TW 1538095 B 11/06/2016
US 2012-0223368 Al 06/09/2012
US 2014-0229908 Al 14/08/2014
US 8941150 B2 27/01/2015
WO 2012-118668 Al 07/09/2012

US 6351841 B1 26/02/2002 None

US 2013-0234212 Al 12/09/2013 US 2012-0025273 Al 02/02/2012
US 2015-0248517 Al 03/09/2015
US 8431968 B2 30/04/2013
US 9035361 B2 19/05/2015
US 9558312 B2 31/01/2017

US 6903389 Bl 07/06/2005 TW 200541011 A 16/12/2005
TW 1248157 B 21/01/2006

US 2010-0155783 Al 24/06/2010 CN 101752368 A 23/06/2010
CN 101752368 B 16/11/2011
US 2011-0177658 Al 21/07/2011
US 7919792 B2 05/04/2011
US 8173491 B2 08/05/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

