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POWER ROUTING IN STANDARD CELLS

INVENTORS:

DEEPAK D. SHERLEKAR

VAHE HOVSEPYAN

BACKGROUND

1. FIELD OF ART

[0001] The disclosure generally relates to the field of electronic design automation (EDA),
and more specifically to routing of power supply voltages for a standard cell that is used to

design integrated circuits (ICs).

2. DESCRIPTION OF THE RELATED ART

[0002] Computer-aided cell-based design has been developed for quickly designing large
scale ICs such as application specific integrated circuits (ASICs) and gate arrays. The cell is a
circuit that has been pre-designed and pre-verified as a building block. Design technologies
known as standard cell and gate array use different types of such building blocks. In a standard
cell design, each distinct cell in a library may have unique geometrics of active, gate, and metal
levels. With gate arrays, however, each gate array cell shares the same building block, called a
core cell that includes fixed active and gate level gecometries. Different gate array cells are
implemented using only metal interconnections between the active and gate elements of one or
more core cells. Examples of a standard cell or gate array cell include an inverter, a NAND gate,

a NOR gate, a flip flop, and other similar logic circuits.

[0003] During the process of designing an integrated circuit, a designer may select particular
cells from a library of cells and use them in a design. The library includes cells that have been

designed for a given integrated circuit (IC) manufacturing process, such as complementary metal
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oxide semiconductor (CMOS) fabrication. The cells generally have a fixed height but a variable
width, which enables the cells to be placed in rows. Cells do not change from one design to the
next, but the way in which they are interconnected will, to achieve the desired function in a
given design. By being able to sclect the cells from the library for use in the design, the designer
can quickly implement a desired functionality without having to custom design the entire
integrated circuit from scratch. The designer will thus have a certain level of confidence that the
integrated circuit will work as intended when manufactured without having to worry about the

details of the individual transistors that make up cach cell.

[0004] Because a designer will use many copies (called instances) of a cell in a particular
design, it is important to optimize the cells to be as compact as possible. Otherwise, any
inefficiency will be replicated with every instance of the standard cell in the design. Advantages
of smaller cells include being able to fit complex circuits within a limited amount of space.
Having smaller cells also reduces the physical size of an integrated circuit, thereby reducing the

cost of manufacturing the integrated circuit.

[0005] It also important for cells to be designed so that routing connections can be made
efficiently. Routing in an IC design is accomplished through routing clements, such as traces in
one or more metal layers. Each metal layer is separated from other metal layers by insulating
layers, and vias connect one metal layer to another. These routing elements perform at least two
functions: they connect individual transistors that make up a cell, and they connect cells to cach
other globally (i.e., on a chip-level) to implement the desired functionality of the integrated
circuit. For example, clock signals, reset signals, test signals, and supply voltages may be
carried through these routing elements. A properly designed cell minimizes congestion in
routing global interconnections, which reduces the number of metal layers that need to be used in

manufacturing the integrated circuit.

[0006] Another concern is complying with various design rules. Restrictive design rules are
new design rules governing layouts of objects (such as metal, polysilicon, and vias) which are
more restrictive in nature than those imposed in older semiconductor processes. Some restrictive
design rules account for incvitable variations during the manufacturing of an integrated circuit
and are needed by the foundry to manufacture a chip. Examples of restrictive design rules

include requiring all gates in the layout to have the same pitch (i.c., be spaced at equal distances)
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or requiring all gates in the layout to be in the same direction. An example of a normal rule is a
rule that that metal wires must have a minimum spacing to other metal wires within the same
layer. Other design rules reflect best practices that enable efficient chip routing, but are not
absolute rules needed by the foundry to manufacture a chip. For example, it is preferred that
traces within some metal layers all run in the same direction to reduce chip level routing

congestion.

SUMMARY

[0007] Embodiments of the present disclosure relate to an integrated circuit, a computer-
readable medium storing instructions for creating a layout for an integrated circuit, and a method
for fabricating an integrated circuit. At least one cell in integrated circuit architecture includes a
first metal wire extending along a first boundary of the cell for carrying a first power supply
voltage. A second metal wire extends along an interior of the cell for carrying a second power
supply voltage. A cell pin corresponding to an input signal or output signal of the cell is located
between the second metal wire and a second boundary that is opposite from the first boundary.
By configuring the power supply voltages and cell pins in this manner, the layout for the

integrated circuit is more compact while still complying with various design rules.

[0008] One embodiment of the non-transitory computer readable medium stores instructions
for receiving a plurality of cells and generating a layout for an integrated circuit from cells. At
least one of the cells includes a first metal wire extending along a first boundary of the cell for
carrying a first power supply voltage. A sccond metal wire extends along an interior of the cell
for carrying a second power supply voltage. A cell pin corresponding to one of an input signal
or output signal of the cell is located between the second metal wire and a second boundary that

is opposite from the first boundary.

[0009] One embodiment of the method for fabricating an integrated circuit comprises
forming a cell pin corresponding to one of an input signal or output signal of a cell. A first
metal wire is formed along a first boundary of the cell for carrying a first power supply voltage.
A second metal wire is formed along an interior of the cell for carrying a second power supply
voltage. The cell pin and wires are formed such that the cell pin is located between the second

metal wire and a second boundary of the cell that is opposite from the first boundary.
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BRIEF DESCRIPTION OF DRAWINGS

[0010] The disclosed embodiments have other advantages and features which will be more
readily apparent from the detailed description, the appended claims, and the accompanying

figures (or drawings). A brief introduction of the figures is below.

[0011] Figure (FIG.) 1 illustrates one embodiment of components of an example machine
able to read instructions from a machine-readable medium and execute them in a processor (or

controller).
[0012] FIG. 2A illustrates one embodiment of a logic symbol of a NAND gate.

[0013] FIG. 2B illustrates one embodiment of a schematic of four transistors used to create

the NAND gate of FIG. 2A.

[0014] FIG. 3 illustrates a conventional standard cell implementing the NAND gate of FIG.
2A and 2B.

[0015] FIG. 4 illustrates one embodiment of a compact standard cell implementing the
NAND gate of FIG. 2A and 2B.

[0016] FIG. 5 illustrates one embodiment of a compact standard cell implementing an

inverter.

[0017] FIG. 6A illustrates one embodiment of a layout that includes several standard cell

instances.

[0018] FIG. 6B illustrates another embodiment of a layout that includes several standard cell

instances.

[0019] FIG. 7 illustrates one embodiment of a high level overview of the process of

generating an integrated circuit from a standard cell library.

[0020] FIG. 8 illustrates one embodiment of a method for generating a layout for an

integrated circuit.

[0021] FIG. 9 illustrates one embodiment of a method for fabricating an integrated circuit.
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DETAILED DESCRIPTION

[0022] The Figures (FIGS.) and the following description relate to preferred embodiments by
way of illustration only. It should be noted that from the following discussion, alternative
embodiments of the structures and methods disclosed herein will be readily recognized as viable

alternatives that may be employed without departing from the principles of what is claimed.

[0023] Reference will now be made in detail to several embodiments, examples of which are
illustrated in the accompanying figures. It is noted that wherever practicable similar or like
reference numbers may be used in the figures and may indicate similar or like functionality. The
figures depict embodiments of the disclosed system (or method) for purposes of illustration only.
One skilled in the art will readily recognize from the following description that alternative
embodiments of the structures and methods illustrated herein may be employed without

departing from the principles described herein.

[0024] Embodiments of the present disclosure relate to a cell library of compact predefined
cells for use in designing and manufacturing an integrated circuit. In one embodiment, the cell
library includes a plurality of predefined cells with one power supply voltage routed along the
boundary of the cells and another power supply voltage routed along the interior of the cells. A
cell pin carrying an input or output signal of the predefined cell, or an internal connection
between transistors of the predefined cell, is positioned outside of the region between the two
power rails. By routing the power supply voltages and signals of the predefined cell in this
manner, the predefined cells, as well as the integrated circuit created from the predefined cells,

are more compact while still complying with design rules.

[0025] A cell described herein refers to predefined circuit unit or circuit element that is
provided, as part of a cell library of many different types of circuit units, to an integrated circuit
designer; the cell is re-used in multiple instances as needed to make up the integrated circuit.
For example, a cell may be an inverter, a NAND gate, a NOR gate, a flip flop, and other similar
logic circuits. Each cell has a boundary, typically consisting of four edges that form a
rectangular shape. As used herein, a standard cell refers to a cell with a predefined layout that is

used in conjunction with other standard cells to implement a desired functionality of an
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integrated circuit. Standard cells may have fixed active and gate level geometries. Standard
cells have a fixed height but variable width, which allows the standard cells to be placed side by
side in rows. Embodiments of this disclosure will be described with reference to standard cells,
but the principles described herein are applicable to both standard cells and other cells such as

gate array cells.

[0026] A cell pin described herein refers to metal wires within a cell that serve as connection
points for external connections to a cell (e.g., connections between one cell and another cell).
Cell pins are sometimes referred to as cell ports, although the term cell pin is meant to include
both cell pins and cell ports. There are several types of cell pins: input pins, output pins, and
power pins. Input pins are the connection points for the input signals of a standard cell. Output
pins are connection points for the output signals of a standard cell. Input pins and output pins
are collectively referred to herein as “signal pins.” Power pins are the connection points for
power supply voltages, for example, VDD and VSS voltages. The locations of the pins are
designated by the designer of the standard cell when creating the cell.

[0027] A gate, as described herein, may refer an electrode of a metal oxide semiconductor
field effect transistors (MOSFET). A gate may be located between the source and drain of a
MOSFET to control the flow of ¢lectrical current between the source and drain. In one
embodiment, gates are routed at a fixed pitch and are comprised of a polycrystalline silicon
(“poly”) or metal based material. A gate may also refer to dummy gates. Dummy gates arce
similar to regulator gates, but are non-functional and are not used to form a MOSFET. They are

typically used to maintain the regularity of a gate pattern required by restrictive design rules.

COMPUTING MACHINE ARCHITECTURE

[0028] FIG. (Figure) 1 is a block diagram illustrating components of an example machine
able to read instructions from a machine-readable medium and execute them in a processor (or
controller). Specifically, FIG. 1 shows a diagrammatic representation of a machine in the
example form of a computer system 100 within which instructions 124 (e.g., software) for
causing the machine to perform any one or more of the methodologies discussed herein may be
executed. In alternative embodiments, the machine operates as a standalone device or may be

connected (e.g., networked) to other machines. In a networked deployment, the machine may
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operate in the capacity of a server machine or a client machine in a server-client network

environment, or as a peer machine in a peer-to-peer (or distributed) network environment.

[0029] The machine may be a server computer, a client computer, a personal computer (PC),
or any machine capable of executing instructions 124 (sequential or otherwise) that specify
actions to be taken by that machine. Further, while only a single machine is illustrated, the term
“machine” shall also be taken to include any collection of machines that individually or jointly

execute instructions 124 to perform any one or more of the methodologies discussed herein.

[0030] The example computer system 100 includes a processor 102 (e.g., a central
processing unit (CPU), a graphics processing unit (GPU), a digital signal processor (DSP), one
or more application specific integrated circuits (ASICs), a main memory 104, a static memory
106, and a storage unitl 16 which are configured to communicate with each other via a bus 108.
The storage unit 116 includes a machine-readable medium 122 on which is stored instructions
124 (e.g., software) embodying any one or more of the methodologies or functions described
herein. The instructions 124 (e.g., softwarc) may also reside, completely or at least partially,
within the main memory 104 or within the processor 102 (e.g., within a processor’s cache
memory) during execution thereof by the computer system 100, the main memory 104 and the

processor 102 also constituting machine-readable media.

[0031] While machine-readable medium 122 is shown in an example embodiment to be a
single medium, the term “machine-readable medium” should be taken to include a single
medium or multiple media (e.g., a centralized or distributed database, or associated caches and
servers) able to store instructions (e.g., instructions 124). The term “machine-readable medium”
shall also be taken to include any medium that is capable of storing instructions (¢.g.,
instructions 124) for execution by the machine and that cause the machine to perform any one or
more of the methodologies disclosed herein. The term “machine-readable medium” includes,
but not be limited to, data repositories in the form of solid-state memories, optical media, and

magnetic media.

STANDARD CELL LAYOUT

[0032] In the following description, numerous specific details are set forth, such as examples
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of specific data signals, components, transistors, ctc. Specifically, a two input NAND gate and
an inverter will be used as examples of a standard cell for illustrating the layout of a compact
standard cell. However, this example is given only for the purposes of illustration, and many
other standard cells for other logic gates can be formed using the disclosed techniques. Thus, the

specific details and implementations set forth are merely exemplary.

[0033] FIG. 2A illustrates a logic symbol of a two input NAND gate. The NAND gate
includes two inputs, Al and A2. The NAND gate generates an output X based on the logic level
of its inputs, Al and A2, according to a pre-defined truth table.

[0034] FIG. 2B illustrates one embodiment of a schematic of four transistors used to create
the NAND gate of FIG. 2A. The NAND gate includes two p-channel metal oxide semiconductor
ficld-cffect transistors (PMOS) and two n-channel metal-oxide-semiconductor field-cffect
transistors (NMOS). Both PMOS transistors 205 and 210 are coupled to a positive supply
voltage VDD. NMOS transistor 220 is coupled to negative supply voltage VSS. In one
embodiment, the VSS supply voltage is equivalent to ground. Input A2 is coupled to the gate of
transistor 205 and transistor 220 and controls the on/off status of these transistors. Input Al is
coupled to the gate of transistor 210 and transistor 215 and controls the on/off status of these
transistors. The transistors generate an output X based on the logic levels of the two inputs Al

and A2.

[0035] FIG. 3 illustrates a conventional standard cell 300 implementing the two input NAND
gate of FIGS. 2A and 2B. The cell 300 can be conceptually divided into sections that correspond
to the four individual transistors 205, 210, 220, and 215 needed to implement a NAND gate. The
cell 300 includes four gates 305, 310, 315, and 320 that are spaced at a fixed pitch. Gate 315
corresponds to the gate of transistors 205 and 220. Gate 310 corresponds to the gate of
transistors 210 and 215. Gates 305 and 320 are dummy gates that are not used to form any

transistors.

[0036] The cell 300 further includes a plurality of cell pins. For example, wire 325 is an
input pin for accessing input signal A1 and wire 330 is an input pin for accessing input signal
A2. Wire 335 is an output pin for accessing output signal X. The signal pins (¢.g., wire 325) arc
placed on a lower level metal 1 (“M17) layer. Other internal connections within the cell, such as

connections between the VSS/VDD and the transistors, are also routed on the M1 layer. In other
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embodiments, the signals pins and internal connections may be placed on a layer other than the
M1 layer. Integrated circuits use several metal layers for routing wires. The metal layer closest
to the substrate is referred to as the metal 1 (“M17) layer. The next closest layer is referred to as
the metal 2 (“M2”) layer, and the next closest layer after the M2 layer is referred to as the metal
3 (“M3”) layer. In one embodiment, metal layers are routed according to an alternating
horizontal-vertical-horizontal (HVH) or vertical-horizontal-vertical (VHV) topology. In other
words, all wires in a metal layer run predominantly in one direction, and the wires in the adjacent
metal layer run predominantly in an orthogonal direction. For example, if the wires in the M1
layer run vertically, the wires in the M2 layer run horizontally, and the wires in the M3 layer run

vertically. Additionaly, wires in different metal layers are connected to each other using vias.

[0037] Wires 350 and 355 are the power pins for connecting the cell to VDD and VSS power
supply voltages. Wire 350 is configured to carry a VDD voltage and wire 355 is configured to
carry a VSS voltage. Both power pins are routed in the M2 layer in a direction that is orthogonal
to the gates (e.g., gate 310). Both power pins are also routed along the boundaries of the cell
300. Placing the power pins at the cell boundaries enables a single horizontal power route/rail to
be shared by vertically flipped cells in adjacent cell rows. By reducing the width of power rails,
congestion in routing global interconnects between the various cells of a circuit design can be
reduced. However, in the presence of certain restrictive design rules such as fixed gate pitch,
uni-directional gates, etc., this type of cell layout is not ideal because it results in a large cell
300. For example, the width of the two input NAND gate of FIG. 3 is approximately four gate
pitches in order to accommodate all the metal connections between transistors within the cell and
signal pins for accessing the cell signals. Further, due to the placement of the power pins 350
and 355, all the signal pins (¢.g., wire 325) in the standard cell 300 are located between the two

power pins 350 and 355.

[0038] FIG. 4 illustrates one embodiment of a compact standard cell 400 implementing the
two input NAND gate of FIG. 2A and 2B. As shown, the cell layout in FIG. 4 routes one power
pin at the boundary of the cell 400, while routing another power pin inside the cell 400, resulting
in a cell that is more compact than the conventional cell layout in FIG. 3. This is accomplished
while still complying with restrictive design rules and keeping overall routing congestion to a

minimum.



WO 2012/118668 PCT/US2012/026177

[0039] The cell 400 can be conceptually divided into sections corresponding to the four
individual transistors 205, 210, 220, and 215 needed to implement a NAND gate. Transistors
205 and 210 are formed in diffusion area 480. Transistors 215 and 220 are formed in a different
diffusion area 485. The cell also includes four gates 405, 410, 415, and 420 that are spaced at a
fixed pitch. Gate 415 corresponds to the gate of transistors 205 and 220. Gate 410 corresponds
to the gate of transistors 210 and 215. Gates 405 and 420 are dummy gates that are not used to

form any transistors.

[0040] The cell 400 includes a plurality of signal pins. For example, wire 425 is an input pin
for accessing input signal Al and wire 430 is an input pin for accessing input signal A2. Wire
435 is an output pin for accessing output signal X. As shown, the signal pins (c.g., wire 425) are
placed in the M1 layer. Other internal connections within the cell, such as connections between

the VSS/VDD and the transistors, are also routed on the M1 layer.

[0041] The cell includes a first power pin 450 for carrying a VDD voltage that is routed
along the interior of the cell. The cell also includes a second power pin 455 for carrying a VSS
voltage that is routed at the boundary of the cell. Both power pins are substantially parallel to
cach other and routed as wires in the M2 layer in a direction that is orthogonal to the gates (e.g.,
gate 410). Although the VDD pin 450 is shown as being inside the cell and VSS pin 455 is
shown as being at the boundary of the cell, in other embodiments VSS is routed inside the cell
and VDD is routed at the boundary of the cell. In other embodiments, one or both of the power
pins may be routed on a metal layer other than the M2 layer. For example, the VDD power pin
450 may be in the M2 layer while the VSS power pin 455 is in the M1 layer.

[0042] The placement of the power pins 450 and 455 divides the cell into two regions 460
and 465. One region 460 is bounded by and is located between the two power pins. The other
region 465 is not bounded by the two power pins, but is bounded by one power pin 450 and the
top cell boundary. The placement of the power pins 450 and 455 allows some of the signal pins
330 and 335 and diffusion arecas 435 to be placed in a region 460 of the cell that is between the
two power pins. The placement of the power pins 450 and 455 also allows other signal pins 425
and diffusion arcas 480 to be partially or totally located in a region 465 that is not between the
two power pins. In some embodiments, internal metal routing connections between the

transistors of a cell are also partially or totally located in region 465 (not shown).

10
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[0043] Routing one power pin at the boundary of a cell while routing another power pin
along the interior of the cell is beneficial for a number of reasons. One of many advantages is
that the routing technique creates compact and efficient cells. By placing one of the power pins
inside the cell, the routing within the cell is greatly simplified, for example, by reducing the
length of metal traces within the cell and simplying the source and drain connections to VDD
and VSS. As aresult, the NAND gate cell in FIG. 4 has a width of only three gate pitches,
whereas the conventional NAND gate cell of FIG. 3 has a width of four gate pitches. Although
the standard cells in both FIG. 3 and FIG. 4 include four poly lines, the standard cell in FIG. 3 is
actually wider because it includes the regions that extend past the outside poly lines. Thus, the
cell size for a NAND gate is reduced by 25%. Other standard cells implementing other logic
devices can also benefit from this type of cell layout. For example, inverters are 33% smaller
and flip-flops are 5-10% smaller. As a result, an integrated circuit created with these standard

cells is estimated to be approximately 5-15% smaller.

[0044] The illustrated cell layout also maintains compliance with design rules which enable
efficient chip routing, but are not absolute rules needed by the foundry to manufacture a chip.
For example, in standard cell designs, it is preferable to route traces in the M2 layer orthogonal
to the gates to maintain consistency with memory cells, which route traces such as bit lines in the
M2 layer orthogonal to the gates. The cell layout in FIG. 4 complies with this design rule by
routing the power pins in the M2 layer orthogonal to the gates. Further, in the cell layout of FIG.
4, all the internal routing for the cell is located in the M1 layer. None of the internal cell routing
is located in the M2 layer. By minimizing the use of the M2 layer for internal routing, global
routing congestion is also minimized. For example, to access the cell pin 425 for the Al input
signal, a single trace on the M2 layer can be routed across the cell 400 in a direction that is

orthogonal to the gates and connected to the pin 425 with a single via.

[0045] FIG. 5 illustrates one embodiment of a compact standard cell 500 for an inverter. As
shown, the inverter is a standard CMOS inverter that comprises one PMOS transistor, one
NMOS transistor, and has one input signal A and one output signal X. The standard cell
includes two power pins 550 and 555. The VDD pin 550 is routed inside the cell 500 and the
VSS pin 555 is routed at the boundary of the cell 500. Both power pins 550 and 555 are routed
on the M2 layer orthogonal to the gates. Due to the placement of the power pins 550 and 555,

11
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the input pin 505 for signal A is placed above VDD and the output pin 510 for signal X is routed
in the region between VDD and VSS. Additionally, diffusion arca 585 is located between VDD
and VSS, whereas a portion of diffusion region 580 is located above VDD. This cell layout
results in a compact inverter that is only two pitches wide. By contrast, a conventional standard
cell of the same height with power pins routed along the boundary of the cell has a cell layout
that is three pitches wide.

[0046] FIG. 6A illustrates one embodiment of a integrated circuit layout that includes several
standard cell instances. As shown, there are several standard cell instances 610, 612, 614, and
616 that have VSS pins routed at the boundary of the cell and VDD pins routed along the interior
of the cell. The standard cells have signal pins, such as signal pin 620, for inter-connecting the
various cells to implement the desired functionality of a circuit design. Cell 614 represents a
vertically flipped version of cell 610 and cell 616 represents a vertically flipped version of cell
612.

[0047] In one embodiment, standard cells within a cell library are generally configured to
have similar characteristics. Standard cells within a single library may have a fixed height,
which allows the cells to be placed in rows. For example, cells 610 and 612 have the same

height. Cells 610 and 612 form one row, while cells 614 and 616 form a second row.

[0048] In one embodiment, standard cells within a library may be designed to have power
pins of fixed width placed at fixed heights. By fixing the width and heights of the power pins,
the pins of the cells form a common power rail that is shared amongst the cells when placed into
a layout. For example, cell 610 and cell 612 share common VDD 630 and VSS 632 power rails.
As used herein, a power rail is defined as a wire structure that is primarily used to carry a power
supply voltage, such as VDD, VSS, ground, etc. to the cells of an integrated circuit. The VDD
power rail 632 is routed along the interior of the cells 610 and 612, while the VSS power rail 630
is routed along the boundary of the cells 610 and 612. In one embodiment, the VDD 632 and
VSS 630 power rails are routed on an M2 layer. In other embodiments, the VDD 632 or VSS

630 power rails may be routed on a metal layer other than the M2 layer.

[0049] Additionally, as the cell library may only support a fixed maximum P width and a
fixed maximum N width for all standard cells, the n-well boundary within all standard cell rows

is fixed. Fixed maximum P widths and N widths enable a continuous n-well across the entire

12
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standard cell row, simplify cell layout and reduce variability in performance of transistors from
uneven n-well boundaries in the vicinity of the transistors. The ratio of the maximum P width to
the maximum N width for a cell library is called the library P:N ratio. The library P:N ratio
affects the relative drive of single PMOS and NMOS transistors in the library, and can be
adjusted to account for particular process technologies depending on whether their P transistor

has stronger drive per unit size or the N transistor has stronger drive per unit size.

[0050] In one embodiment, the optimal placement for the power pins of standard cells in a
cell library depends on the P:N ratio of the cell library. If the P:N ratio is greater than one, this
indicates that the PMOS transistors in cach cell are generally (but not always) larger than the
NMOS transistors. As a result, VDD should be routed across the interior of the cells to simplify
the connections to the PMOS transistors while VSS is routed on the boundary of the cells. On
the other hand, if the P:N ratio is less than one, VDD should be routed on the boundary of the
cells while VSS is routed across the interior of the cells to simplify the connections to the NMOS

transistors.

[0051] FIG. 6B illustrates another embodiment of an integrated circuit layout that includes
several standard cell instances. FIG. 6B is similar to FIG. 6A, except that cach row of cells also
includes a additional power rails 650 and 652 routed along the top and bottom boundaries of the
cell rows for carrying a Vx voltage potential. The Vx power rails 650 and 652 may be shared
with cells in adjacent and abutting rows (not shown), similar to how the VSS power rail 630 is

shared between two rows of cells.

[0052] In one embodiment, VX is a voltage that may be turned on or off separately from the
primary source supplies (VDD/VSS) and / or has a different level of voltage potential compared
to the primary source supplies. For example, Vx may represent one of the following: (1) a
retention voltage (VDDR/VSSR) that stays on when the primary source supplies, VDD/VSS, are
turned off during a standby mode (2) a switchable on/off source of power to components in the
cells when the integrated circuit is in operation (3) a voltage for biasing the well substrate of a
transistor higher than the source voltage potential of that transistor to reduce power loss due to
leakage (4) a voltage for connecting to some of the cells in a row of cells to allow the cells to
operate with different voltage potential requirements than neighboring cells, or (5) a voltage that

provides other similar functions. In one embodiment, the power rails (e.g., 650, 632, and 630)
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all have the same width. For example, the power rails may all have a width that is equal to a
minimum width for metal wires set by process design rules. In one embodiment, sharing the Vx
power rail 650 between adjacent cell rows is beneficial because the Vx power rail 650 occupies
less space. The Vx power rail 650 does not carry a high amount of current, and hence, it is

efficient to reduce the width of the Vx power rail 650.

CREATING AN INTEGRATED CIRCUIT FROM STANDARD CELLS

[0053] FIG. 7 illustrates one embodiment of a high level overview of the process of
generating an integrated circuit from a standard cell library. Initially, a compiler 715 receives a
hardware description file 710 for an integrated circuit (IC) design and a standard cell library 705.
The compiler 715 represents various software tools that are part of an Electronic Design
Automation (EDA) toolset, such as synthesis tools and place and route tools. The compiler 715
includes instructions that are stored in a machine-readable medium, similar to that described in
conjunction with FIG. 1. The instructions can be executed by a processor, which causes the

processor to perform the functionality described herein.

[0054] In one embodiment, the hardware description file 710 is a register transfer level
description that describes the desired functionality of a circuit. For example, the hardware
description file 710 may be in a hardware description language such as Verilog or VHDL. The
hardware description file 710 may describe an entire integrated circuit or a portion of a larger
integrated circuit. In one embodiment, the hardware description file 710 is stored in a machine-

readable medium, which is then loaded by the compiler for processing.

[0055] The standard cell library 705 includes a plurality of standard cells for use in creating
the layout of an integrated circuit. In one embodiment, the standard cells are configured to have
one power rail routed inside the standard cells, and another power rail routed at the boundary of
the standard cells, similar to the standard cells in FIGS. 4 and 5. Additionally, the standard cell
library 705 may include other information describing characteristics of the standard cells, such as
simulation models and power models. In one embodiment, the standard cell library 705 is stored

in a machine-readable medium, which is then loaded by the compiler 715 for processing.

[0056] Using the hardware description file 710 and the standard cell library 705, the
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compiler generates a physical layout 720 for the integrated circuit. In one embodiment, the
compiler 715 converts the hardware description file 710 into a netlist. The netlist is the
standard-cell representation of the integrated circuit design at the logical view level. It consists
of instances of the standard cell library gates and port connectivity between the gates. The
compiler 715 then creates the physical implementation of the integrated circuit by assigning
locations for cach gate in the netlist and drawing the interconnections between the cell pins of
the gates. The resulting data is converted into a standardized format, such as Graphic Database
System II (DSS 1II) that represents the layout of the integrated circuit with geometric shapes, text

labels, and other information.

[0057] The fabrication facility 725 receives the layout 720 from the compiler and forms the
shapes (e.g., metal wires, gates, vias, etc) defined by the layout. In one embodiment, the facility
625 generates a lithographic mask and uses the lithographic mask to fabricate the IC.
Fabrication facilities 725 may use a standard CMOS logic process having minimum line widths
such 90 nm, 65 nm, 45 nm, 32 nm, 22 nm, etc. The size of the CMOS logic process employed
typically defines the smallest lithographic dimension that can be fabricated on the chip using the
lithographic masks, which in turn determines minimum component size. In an embodiment,
light is transmitted through these lithographic masks onto a silicon wafer to transfer the layout

for the integrated circuit onto the wafer.

[0058] The end result of the process is a cell-based integrated circuit 730 built from standard
cells that performs the functionality desired by the circuit designer. Because the integrated
circuit is designed and manufactured from compact standard cells having one power pin routed
along the inside the standard cell and another power pin routed along the boundary of the cell,
the resulting integrated circuit is more compact than an integrated circuit made from
conventional standard cells. In some cases, the integrated circuit may be up to 15% smaller than

an integrated circuit made from conventional standard cells.

[0059] FIG. 8 illustrates one embodiment of a method for generating a layout (i.c.
representation of) for an integrated circuit. In one embodiment, the method is performed by the
compiler 715. In one embodiment of the method, the compiler 715 receives 810 one or more
standard cells. For example, the cells may be stored in a computer readable medium of computer

100 as part of a standard cell library and loaded into memory by the compiler 715, or the cells
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may be retrieved by the compiler 715 from another computer 100 over a network. One or more
of the cells are configured in a manner similar to that shown in FIG. 4, 5, 6A or 6B. For
example, a cell may include a metal wire at one boundary of the cell for carrying a VSS voltage
and a second metal wire located along an interior of the cell for carrying a VDD voltage. One or
more cell pins are located between VDD and an opposite boundary of the cell. In some
embodiments, a third metal wire carrying a Vx voltage potential is also located at the opposite

boundary of the cell.

[0060] The compiler 715 generates 820 a layout (i.e. representation of) for a block of an
integrated circuit by arranging instances of the standard cells into rows of cells. In one
embodiment, the resulting layout resembles the layout shown in FIG. 6A or 6B. For example,
the cells are arranged so that some adjacent and abutting rows of cells share a common power
rail, and cach row of cells has a power rail routed across the interior of the row. The layout of
the cell block is then output 630, which can include storing the layout to a non-transitory

computer readable medium.

[0061] FIG. 9 illustrates one embodiment of a method for fabricating an integrated circuit.
For example, the integrated circuit may be fabricated by following a layout generated by a
compiler 715. In one embodiment of the method, a cell pin for carrying an input or output signal
of a cell of the integrated circuit is formed 910 in a metal layer. A metal wire for carrying a
power supply voltage (e.g., VDD) is formed 920 along a first boundary of a cell of the integrated
circuit. A second metal wire for carrying a second power supply voltage (¢.g., VSS) is formed
930 along an interior of the cell. The metal wires are formed such that the cell pin is located
between the second metal wire and a boundary of the cell that is opposite the first boundary. In
onc embodiment, the fabricated integrated circuit appears similar to the illustrations in FIG. 6A

and 6B.

[0062] The disclosed embodiments are thus beneficial for creating more compact integrated
circuits. By routing a power rail along an interior of the cell and another power rail along a
boundary of the cell, the source and drain connections within a cell can be greater simplified. By
allowing cell pins to be distributed both above and below the internal power rail, the internal
routing within the cell is also simplified. As a result, the size of a standard cell and the

integrated circuit created from the standard cell are both significantly reduced.
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ADDITIONAL CONFIGURATION CONSIDERATIONS

[0063] Throughout this specification, plural instances may implement components,
operations, or structures described as a single instance. Although individual operations of one or
more methods are illustrated and described as separate operations, one or more of the individual
operations may be performed concurrently, and nothing requires that the operations be
performed in the order illustrated. Structures and functionality presented as separate components
in example configurations may be implemented as a combined structure or component.
Similarly, structures and functionality presented as a single component may be implemented as
separate components. These and other variations, modifications, additions, and improvements

fall within the scope of the subject matter herein.

[0064] The various operations of example methods described herein, such as those
performed by the compiler, may be performed, at least partially, by one or more processors that
are temporarily configured (c.g., by software) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured, such processors may constitute
processor-implemented modules that operate to perform one or more operations or functions.
The modules referred to herein may, in some example embodiments, comprise processor-

implemented modules.

[0065] Similarly, the methods described herein may be at least partially processor-
implemented. For example, at least some of the operations of a method may be performed by
one or processors or processor-implemented hardware modules. The performance of certain of
the operations may be distributed among the one or more processors, not only residing within a
single machine, but deployed across a number of machines. In some example embodiments, the
processor or processors may be located in a single location (e.g., within a home environment, an
office environment or as a server farm), while in other embodiments the processors may be

distributed across a number of locations.

[0066] The one or more processors may also operate to support performance of the relevant
operations in a “cloud computing” environment or as a “software as a service” (SaaS). For
example, at least some of the operations may be performed by a group of computers (as

examples of machines including processors), these operations being accessible via a network
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(c.g., the Internet) and via one or more appropriate interfaces (¢.g., application program

interfaces (APIs).)

[0067] The performance of certain of the operations may be distributed among the one or
more processors, not only residing within a single machine, but deployed across a number of
machines. In some example embodiments, the one or more processors or processor-implemented
modules may be located in a single geographic location (e.g., within a home environment, an
office environment, or a server farm). In other example embodiments, the one or more
processors or processor-implemented modules may be distributed across a number of geographic

locations.

[0068] Unless specifically stated otherwise, discussions herein using words such as

kN9 2% CC 2% CC

“processing,” “computing,” “calculating,” “determining,” “presenting,” “displaying,” or the like
may refer to actions or processes of a machine (e.g., a computer) that manipulates or transforms
data represented as physical (¢.g., electronic, magnetic, or optical) quantitics within one or more
memorics (¢.g., volatile memory, non-volatile memory, or a combination thercof), registers, or

other machine components that receive, store, transmit, or display information.

[0069] As used herein any reference to “one embodiment” or “an embodiment” means that a
particular element, feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. The appearances of the phrase “in one
embodiment” in various places in the specification are not necessarily all referring to the same

embodiment.

[0070] Some embodiments may be described using the expression “coupled” and
“connected” along with their derivatives. For example, some embodiments may be described
using the term “coupled” to indicate that two or more elements are in direct physical or electrical
contact. The term “coupled,” however, may also mean that two or more elements are not in
direct contact with cach other, but yet still co-operate or interact with each other. The

embodiments are not limited in this context.

kN9 9% Cey 9% s

[0071] As used herein, the terms “comprises,” “comprising,” “includes,” “including,” “has,”
“having” or any other variation thercof, are intended to cover a non-exclusive inclusion. For

example, a process, method, article, or apparatus that comprises a list of clements is not
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necessarily limited to only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. Further, unless expressly stated to the

contrary, “or” refers to an inclusive or and not to an exclusive or. For example, a condition A or
B is satisfied by any one of the following: A is true (or present) and B is false (or not present), A

is false (or not present) and B is true (or present), and both A and B are true (or present).

[0072] In addition, use of the “a” or “an” are employed to describe elements and components
of the embodiments herein. This is done merely for convenience and to improve the clarity of
this disclosure. This description should be read to include one or at least one and the singular

also includes the plural unless it is obvious that it is meant otherwise.

[0073] Upon reading this disclosure, those of skill in the art will appreciate still additional
alternative structural and functional designs for a system for creating an integrated circuit from a
standard cell library of compact standard cells through the disclosed principles herein. Thus,
while particular embodiments and applications have been illustrated and described, it is to be
understood that the disclosed embodiments are not limited to the precise construction and
components disclosed herein. Various modifications, changes and variations, which will be
apparent to those skilled in the art, may be made in the arrangement, operation and details of the
method and apparatus disclosed herein without departing from the spirit and scope defined in the

appended claims.
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CLAIMS

WHAT IS CLAIMED IS:

1. An integrated circuit implementing a cell-based architecture, at least one cell in the
integrated circuit comprising:

one or more gates oriented in a first direction;

a first metal wire extending along a first boundary of the cell for carrying a first power
supply voltage, the first metal wire oriented in a second direction that is
orthogonal to the first direction;

a second metal wire extending along an interior of the cell for carrying a second power
supply voltage, the second metal wire oriented in the second direction;

a first cell pin for carrying one of an input signal or an output signal of the cell and
located between the second metal wire and a second boundary of the cell that is
opposite from the first boundary; and

a second cell pin for carrying one of an input signal or an output signal of the cell and

located between the first and second metal wires.

2. The integrated circuit of clam 1, wherein the first cell pin is in a first metal layer and the

second metal wire is in a second metal layer above the first metal layer.
3. The integrated circuit of clam 2, wherein the first metal wire is in the second metal layer.

4. An integrated circuit implementing a cell based architecture, at least one cell in the

integrated circuit comprising:

a first metal wire extending along a first boundary of the cell for carrying a first power
supply voltage;

a second metal wire extending along an interior of the cell for carrying a second power
supply voltage; and

a first cell pin for carrying one of an input signal or output signal of the cell and located
between the second metal wire and a second boundary of the cell that is opposite

from the first boundary.
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The integrated circuit of claim 4, wherein the cell further comprises one or more gates
oriented in a direction orthogonal to a direction in which the first and second power rails

extend.

The integrated circuit of clam 4, wherein the first cell pin is in a first metal layer and the

second metal wire is in a second metal layer above the first metal layer.
The integrated circuit of clam 6, wherein the first metal wire is in the second metal layer.

The integrated circuit of claim 4, wherein the cell further comprises a second cell pin
corresponding to one of an input or an output signal of the cell and placed between the

first and second metal wires.

The integrated circuit of claim 4, wherein the cell is selected from a library of cells when
creating a layout of the integrated circuit, the library having a P:N ratio indicating that a
maximum PMOS transistor width for the cell library is greater than a maximum NMOS
transistor width for the cell library, and wherein the second power supply voltage has a

higher voltage potential than the first power supply voltage.

The integrated circuit of claim 4, wherein the cell is selected from a library of cells when
creating a layout of the integrated circuit, the library having a P:N ratio indicating that a
maximum NMOS transistor width for the cell library is greater than a maximum PMOS
transistor width for the cell library, and wherein the first power supply voltage has a

higher voltage potential than the second power supply voltage.

The integrated circuit of claim 4, further comprising a third metal wire extending along

the second boundary of the cell for carrying a third power supply voltage.

The integrated circuit of claim 4, further comprising internal metal routing connecting a
first transistor of the cell to a second transistor of the cell, wherein at least a portion of
the internal metal routing is located between the second metal wire and the second

boundary of the cell.

A non-transitory computer readable medium configured to store instructions, the
instructions when executed by a processor cause the processor to perform steps

comprising:
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15.

16.

17.

18.

19.
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receiving a plurality of cells, at least one of the cells comprising:

a first metal wire extending along a first boundary of the cell for carrying a first
power supply voltage;

a second metal wire extending along an interior of the cell for carrying a second
power supply voltage; and

a first cell pin for carrying one of an input signal or output signal of the cell and
located between the second metal wire and a second boundary of the cell that
is opposite from the first boundary; and

generating a layout for an integrated circuit from the plurality of cells.

The computer readable medium of claim 13, wherein the cell further comprises one or

more gates that are orthogonal to the first and second power rails.

The computer readable medium of clam 13, wherein the first cell pin is in a first metal

layer and the second metal wire is in a second metal layer above the first metal layer.

The computer readable medium of clam 15, wherein the first metal wire is in the second

metal layer.

The computer readable medium of claim 13, wherein at least one of the cells further
comprises a second cell pin corresponding to one of an input or output signal of the cell

and located between the first and second metal wires.

A method for fabricating an integrated circuit comprising:

forming a first cell pin for carrying one of an input signal or output signal of a cell of the
integrated circuit;

forming a first metal wire for carrying a first power supply voltage, the first metal wire
formed along a first boundary of the cell; and

forming a second metal wire for carrying a second power supply voltage, the second
metal wire formed along an interior of the cell,

wherein the first cell pin is formed between the second metal wire and a second boundary

of the cell that is opposite from the first boundary.

The method of claim 18, further comprising forming one or more gates that are

orthogonal to the first and second power rails.
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The method of clam 18, wherein the first cell pin is formed in a first metal layer and the

second metal wire is formed in a second metal layer above the first metal layer.
The method of clam 20, wherein the first metal wire is formed in the second metal layer.

The method of claim 18, further comprising forming a second cell pin, the second cell pin
corresponding to one of an input or output signal of the cell and formed between the first

and second metal wires.

A computer readable medium storing a standard cell library, at least one cell in the

standard cell library comprising:

a first metal wire extending along a first boundary of the cell for carrying a first power
supply voltage;

a second metal wire extending along an interior of the cell for carrying a second power
supply voltage; and

a first cell pin for carrying one of an input signal or output signal of the cell and located
between the second metal wire and a second boundary of the cell that is opposite

from the first boundary.

The computer readable medium of claim 23, wherein the cell further comprises one or
more gates oriented in a direction orthogonal to a direction in which the first and second

power rails extend.

The computer readable medium of clam 23, wherein the first cell pin is in a first metal

layer and the second metal wire is in a second metal layer above the first metal layer.

The computer readable medium of clam 25, wherein the first metal wire is in the second

metal layer.

The computer readable medium of claim 23, wherein the cell further comprises a second
cell pin corresponding to one of an input or an output signal of the cell and placed

between the first and second metal wires.
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