1 Methods for Cell Phasing and Placement in Dynamic Array Architecture and Implementation of the
Same by inventors 5Jonathan R. Quandt, Scott T. Becker, Dhrumil Gandhi BACKGROUND [0001] In
modern semiconductor chip ("chip") design, standard cells are placed on the chip to define a particular
logic function. To ensure that each standard cell will be manufacturable when arbitrarily placed on the
chip, each standard cell is defined to have an 10 edde exclusion zone sized equal to one-half of a
design rule (DR) spacing requirement between adjacent conductive features. In this manner, when any

two standard cells are phetodsiforegel PhersihginpenPliacernedt SipDyeransizes at their
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features. Thus, the exclusion zone enables features to be placed arbitrarily within a standard 15 cell
without concern for cell-to-cell interface problemﬁy HRWsYRE, when many standard cells are placed
together on the chip, the edge exclusion zones associated with the standard cells can combine to
occupyan expensive amount@fahan &<QuandioBegtinvReekarthehferaid §aagdit is of interest to optimize
cell layout and placement such that chip area gg\%{gawﬁﬁources can be most efficiently utilized,
particularly when cells 20are defined accordingtoa corrstramed layout architecture.

[0001] In modern semiconductor chip (“chip”) design, standard cells are placed on the chip

to define a particular logic function. To ensure that each standard cell will be
manufacturable when arbitrarily placed on the chip, each standard cell is defined to have an
10 edge exclusion zone sized equal to one-haf of a design rule (DR) spacing requirement
between adjacent conductive features. In this manner, when any two standard cells are
placed next to each other, their combined exclusion zone sizes at their interfacing
boundaries will equal at least the DR spacing requirement between adjacent conductive
features. Thus, the exclusion zone enables features to be placed arbitrarily within a standard
15  cell without concern for cell-to-cell interface problems. However, when many standard cells
are placed together on the chip, the edge exclusion zones associated with the standard cells
can combine to occupy an expensive amount of chip area.
[0002] In view of the foregoing, it is of interest to optimize cell layout and placement such
that chip area and routing resources can be most efficiently utilized, particularly when cells
20 aredefined according to a constrained layout architecture.
SUMMARY
[0003] In one embodiment, a semiconductor chip is disclosed. The semiconductor chip
includes a logic block area. The logic block area includes a first chip level in which layout
features are placed according to a first virtual grate. The logic block area also includes a
25  second chip level in which layout features are placed according to a second virtual grate. A
rational spatial relationship exists between the first and second virtual grates. A number of
cells are placed within the logic block area. Each of the number of cellsis defined according
to an appropriate one of a number of cell phases. The appropriate cell phase causes layout
features in the first and second chip levels of a given placed cell to be aligned with the first
30 and second virtual grates as positioned within the given placed cell.
[0004] In another embodiment, a method is disclosed for defining cell variants of different
cell phase to enable placement of cells within a designated area of a semiconductor chip.
The method includes an operation for identifying a phase space for the designated area of
the semiconductor chip. The phase space is defined as a distance extending perpendicularly



SUMMARY [0003] In one embodiment, a semiconductor chip is disclosed. The semiconductor chip
includes a logic block area. The logic block area includes a first chip level in which layout features are
placed according to a first virtual grate. The logic block area also includes a 25 second chip level in
which layout features are placed according to a second virtual grate. A rational spatial relationship
exists between the first and second virtual grates. A rumber of cells are placed within the logic block
area. Each of the number of cells is defined according to an appropriate one of a number of cell
phases. Théepmeopsiaieessibesercacesesf |aysandeatairondn phasfivebanessoo v il poleted that a
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15 by defining and storing a different phase of the subject cell at each possible location of the
left boundary of the subject cell within the phase space.
[0005] In another embodiment, a method is disclosed for placing cells within a designated
area of a semiconductor chip. The method includes an operation for defining respective
virtual grates for each of two phased chip levels within the designated area of the
20  semiconductor chip. The virtual grates of the two phased chip levels are defined to have a
rational spatial relationship. The method also includes an operation for placing cells within
the designated area of the semiconductor chip. The method further includes an operation for
determining a required cell phase for each placed cell within the designated area of the
semiconductor chip. For each placed cell within the designated area of the semiconductor
25  chip, an operation is performed to substitute a variant of the placed cell having the required
cell phase, such that layout features in each of the two phased chip levels within the
substituted variant of the placed cell align with the virtual grates of the two phased chip
levels.
[0006] In one embodiment, a computer readable storage medium is disclosed to include a
30 semiconductor chip layout recorded in a digital format. The semiconductor chip layout
includes a logic block area including a first chip level in which layout features are placed
according to afirst virtual grate. The semiconductor chip layout also includes a second chip
level in which layout features are placed according to a second virtual grate. A rationa



[0005] In another embodiment, a method is disclosed for placing cells within a designated area of a
semiconductor chip. The method includes an operation for defining respective virtual grates for each of
two phased chip levels within the designated area of the 20 semiconductor chip. The virtual grates of
the two phased chip levels are defined to have a rational spatial relationship. The method also
includes an operation for placing cells within the desi@nated area of the semiconductor chip. The
method further includes an operation for determining a required cell phase for each placed cell within
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is defined by a set of parallel equally spaced virtual lines extending across the cell layout.

Each different phase of the given cell is defined by a different spacing between a reference

cell boundary and a nearest virtua line of the virtual grate.

[0008] Other aspects and advantages of the invention will become more apparent from the

15 following detailed description, taken in conjunction with the accompanying drawings,
illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is an illustration showing a semiconductor chip defined to include alogic
block, in accordance with one embodiment of the present invention;

20 Figure 1B is an illustration showing placement of cells in the logic block, in
accordance with one embodiment of the present invention;

Figure 2A is an illustration showing the logic block area of the chip having two
separate virtual grates defined thereover, in accordance with one embodiment of the present
invention;

25 Figure 2B is an illustration showing the exemplary logic block in conjunction with
the gate level and M2 level virtua grates, which are indexed to the origin at the lower-left
corner of the logic block, in accordance with one embodiment of the present invention;

Figure 2C is an illustration showing the cell placement of Figure 2B, with an
appropriate cell variant substituted for each cell based on the required cell phasing for the

30 various cel placements within the logic block, in accordance with one embodiment of the

present invention;



storage medium is disclosed. The cell library includes a plurality of cell layouts corresponding to
different phases of a given cell. The given cell includes at least one chip 10 level in which layout
features are placed in accordance with a virtual grate. The virtual grate is defined by a set of parallel
equally spaced virtual lines extending across the cell layout. Each different phase of the given cell is
defined by a different spacing between a reference cdll boundary and a nearest virtual line of the

virtual grate.
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Figure 4 is an illustration showing Row 1 of the logic block of Figure 2C, with

exemplary gate level and M2 level layout shapes depicted for each cell therein, in
accordance with one embodiment of the present invention;

Figure 5 is an illustration showing a flowchart of a method for defining cell variants
of differing cell phase to enable placement of cells within an area on a semiconductor chip
defined according to a dynamic array architecture, in accordance with one embodiment of
the present invention;

Figure 6 is an illustration showing a flowchart of a method for placing cells within a
portion of a semiconductor chip defined according to a dynamic array architecture, in
accordance with one embodiment of the present invention;

Figure 7 is an illustration showing an example of different phasings in a second
interconnect level of adjacently disposed logic cells defined within a DAS, in accordance
with one embodiment of the present invention; and

Figure 8 shows an example of virtual lines defined within the dynamic array

architecture, in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

[0009] In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be apparent, however, to
one skilled in the art that the present invention may be practiced without some or all of these
specific details. In other instances, well known process operations have not been described
in detail in order not to unnecessarily obscure the present invention.

[0010] Figure 1A is an illustration showing a semiconductor chip (“chip”) 101 defined to
include alogic block 103, in accordance with one embodiment of the present invention. The
logic block 103 includes integrated circuit devices in the form of multi-level structures
defined on a silicon substrate of the chip 101. At a substrate level, transistor devices with
diffusion regions are formed. In subsequent levels, interconnect metallization lines are

patterned and electrically connected to the transistor devices to define a desired integrated



corner of the logic block, in accordance with one embodiment of the present invention; Figure 2C is
an illustration showing the cell placement of Figure 2B, with an appropriate cell variant substituted for
each cell based on the required cell phasing for the 30various cell placements within the logic block, in
accordance with one embodiment of the present invention; 4 Figures 3A-3H are illustrations
showing different cell phases that may exist for a cell®placed in the logic block of Figure 2A, in
accordance with one embodiment of the present invention; Figures 31-3P are illustrations showing
different celtipbaiselsvurceviAdcsoy patat npd tesdb etnecpiassetare iimsedatiecbt e witieo woadtuctiNee ddigprsng with
each other, in aceordance with one embodiment of the presentinventiop,. . Figure 4 i n.i#ustration
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[0011] A cell, as referenced herein, represents an abstraction of a logic function, and

10 encapsulates lower-level integrated circuit layouts for implementing the logic function. It
should be understood that a given logic function can be represented by multiple cell
variations, wherein the cell variations may be differentiated by feature size, performance,
and process compensation technique (PCT) processing. For example, multiple cell
variations for a given logic function may be differentiated by power consumption, signal

15 timing, current leakage, chip area, OPC (optical proximity correction), RET (reticle
enhancement technology), etc. It should also be understood that each cell description
includes the layouts for the cell in each level of a chip within the associated vertical column
of the chip, as required to implement the logic function of the cell. More specifically, a cell
description includes layouts for the cell in each level of the chip extending from the

20 substrate level up through a particular interconnect level.

[0012] In one embodiment, the logic block 103 is defined by placing a number of cells of
various logic function in rows within the logic block 103. For example, consider that a
number of cells A-Z are available for use within the logic block 103, where each of cells A-
Z is defined to perform a different logic function. In this exemplary embodiment, the logic

25 block 103 may be defined by placement of cells A-Z within rows 1-10 of the logic block
103, as shown in Figure 1B. In this exemplary embodiment, the width of the cells as
measured from left-to-right across a given row can vary from cell-to-cell. However, the
height of the cells as measured vertically within a given row is essentialy the same from
cell-to-cell, thereby allowing the logic block 103 to be populated by adjacently defined rows

30 of cellsof consistent height. Also, in some embodiments, the height of cells may vary from
row-to-row and/or within arow.

[0013] A dynamic array architecture represents a semiconductor device design paradigm in
which layout features are defined along a regular-spaced virtual grate (or regular-spaced



20Figure 8 shows an example of virtual lines defined within the dynamic array architecture, in
accordance with one embodiment of the present invention. DETAILED DESCRIPTION [0009] In the
following description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to 25 one skilled in the art that
the present invention may be practiced without someér all of these specific details. In other instances,
well known process operations have not been described in detail in order not to unnecessarily obscure
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as a cell. thelogic block 103 for the second interconnect level (M2 level) of the chip 101.
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10 [0014] In one embodiment, the virtual grate of a given level is oriented to be substantially
perpendicular to the virtual grate of an adjacent level. For example, in this embodiment, a
virtua grate for the first interconnect level (M1 level) (not shown) extends in a direction
perpendicular to both the gate level and M2 level virtual grates. However, it should be
appreciated, that in some embodiments, the virtual grate of a given level may be oriented

15 either perpendicular or parale to the virtua grate of an adjacent level.

[0015] In one embodiment, each virtual grate within various levels of the chip isindexed to
an origin of asingle coordinate system. Therefore, the coordinate system enables control of
a spatia relationship between the virtual grates within the various levels of the chip. For
example, in the exemplary embodiment of Figure 2A, each of the gate level and M2 level

20 virtual gratesisindexed to an origin (0,0) of a coordinate system, where the origin (0,0) is
located at a lower-left corner of the logic block 103 area on the chip 101. It should be
understood that the origin (0,0) of the coordinate system can be located at any location on
the chip 101, and is not required to be located at a particular position of a logic block in
which cells are to be placed (e.g., at the lower-left corner of the logic block 103). Also, it

25 should be understood that indexing of a virtual grate to a given spatial location means that
the virtual grate is defined such that one of its virtua lines passes through the given spatial
location.

[0016] The spatia relationship between virtual grates in various levels of the chip can be
defined in essentially any number of ways. However, the spatial relationship between

30 commonly oriented (i.e., parallel in direction of extent across the chip) virtual grates can be
defined by arational number, such that the virtual grates align with each other at a particular
gpatial frequency. Specificaly, for any two virtual grates that are indexed to the origin of
the same coordinate system, aratio of their virtual grate pitches can be defined by a rational



[0011] A cell, as referenced herein, represents an abstraction of a logic function, and 10 encapsulates
lower-level integrated circuit layouts for implementing the logic function. It should be understood that a
given logic function can be represented by multiple cell variations, wherein the cell variations may be
differentiated by feature size, performance, and process compensation technique (PCT) processing.
For example, multiple cell variations for a given logic function may be differentiated by power
consumption, signal 15 timing, current leakage, chip area, OPC (optical proximity correction), RET
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measured pdfpesoiciegidps 86dcand £ffaceadefined Imedifisonilaval fetow, B gritinedthABanhl virtual
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20 801A through 801E, respectively. It should be understood that each virtua line has a

corresponding feature layout channel. Also, for virtual lines positioned adjacent to an edge
of a prescribed layout space, e.g., adjacent to a cell boundary, the corresponding feature
layout channel extends as if there were a virtua line outside the prescribed layout space, as
illustrated by feature layout channels 801A-1 and 801E-1. It should be further understood
25 that each feature layout channel is defined to extend along an entire length of its
corresponding virtua line.
[0019] Figure 8 further shows a number of exemplary layout features 809-823 defined in
accordance with the feature layout channels 801A-1 through 801E-1 corresponding to
virtual lines 801A through 801E, respectively. Within the dynamic array architecture, layout
30 features associated with a given virtual line are defined within the feature layout channel
associated with the virtual line. Also, physical contact is prohibited between layout features
defined in feature layout channels that are associated with adjacent virtual lines.



15either perpendicular or parallel to the virtual grate of an adjacent level. [0015] In one embodiment,
each virtual grate within various levels of the chip is indexed to an origin of a single coordinate system.
Therefore, the coordinate system enables control of a spatial relationship between the virtual grates
within the various levels of the chip. For example, in the exemplary embodiment of Figure 2A, each of
the gate level and M2 level 20 virtual grates is index&d to an origin (0,0) of a coordinate system,
where the origin (0,0) is located at a lower-left corner of the logic block 103 area on the chip 101. It
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maintain design rule spacing requirements with layout features 811 and 813 defined within
adjacent feature layout channel 801B-1. Similarly, layout features 811-823 are defined

within their respective feature layout channel, and include portions substantially centered

20  uponthevirtua line corresponding to their respective feature layout channel. Also, it should
be appreciated that each of layout features 811-823 maintains design rule spacing
requirements with layout features defined within adjacent feature layout channels, and
avoids physical contact with any other layout feature defined within adjacent feature layout
channels.

25 [0022] As illustrated by the example feature layout channels 801A-1 through 801E-1 of
Figure 8, each feature layout channel is associated with a given virtual line and corresponds
to a layout region that extends along the given virtua line and perpendicularly outward in
each opposing direction from the given virtua line to a closest of either an adjacent virtual
line or a virtual line outside a layout boundary. Also, it should be understood that each

30 layout feature is defined within its feature layout channel without physically contacting
another layout feature defined within an adjoining feature layout channel.

[0023] Some layout features may have one or more contact head portions defined at any
number of locations along their length. A contact head portion of a given layout feature is



15 example and in no way represent any limitation on diffusion region size, shape, and/or placement
within the diffusion level relative to the dynamic array architecture. [0018] Within the dynamic array
architecture, a feature layout channel is defined about a given virtual line so as to extend between
virtual lines adjacent to the given virtual line. For example, feature layout channels 801A-1 through
801E-1 are defined about virtual lines 20 801A through 801E, respectively. It should be understood
that each virtual line has a corresponding feature layout channel. Also, for virtual lines positioned
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15 changes in direction of layout features within their feature layout channels are acceptable
when corresponding lithographic interactions are predictable and manageabl e.

[0025] In one embodiment, each layout feature of a given level is substantially centered
upon one of the virtual lines of the virtual grate associated with the given level. A layout
feature is considered to be substantially centered upon a particular line of a virtual grate

20 when a deviation in alignment between of the centerline of the layout feature and the
particular line of the virtual grate is sufficiently small so as to not reduce a manufacturing
process window from what would be achievable with a true alignment between of the
centerline of the layout feature and the line of the virtual grate. Therefore, in this
embodiment, layout features placed in different chip levels according to virtual grates of

25 rationa spatia relationship will be aligned at a spatial frequency defined by the rational
gpatial relationship. In one embodiment, the above-mentioned manufacturing process
window is defined by a lithographic domain of focus and exposure that yields an acceptable
fidelity of the layout feature. In one embodiment, the fidelity of alayout feature is defined
by a characteristic dimension of the layout feature.

30 [0026] In the dynamic array architecture, variations in a vertical cross-section shape of an
as-fabricated layout feature can be tolerated to an extent, so long as the variation in the
vertical cross-section shape is predictable from a manufacturing perspective and does not
adversely impact the manufacture of the given layout feature or its neighboring layout



[0021] As shown in Figure 8, the layout feature 809 is defined within the feature layout 15 channel
801A-1 associated with virtual line 801A. Some portions of layout feature 809 are substantially
centered upon the virtual line 801A. Also, other portions of layout feature 809 maintain design rule
spacing requirements with layout features 811 and 813 defined within adjacent feature layout channel
801B-1. Similarly, layout features 811-823 are definelDwithin their respective feature layout channel,
and include portions substantially centered 20 upon the virtual line corresponding to their respective
feature layolgatiivasni. thisaegatptihe versipareraestthianeswdpe fdayesioieds e s 814 -2 henattains
design rule gpaci uirements with layout features defined within adjacent feature layqut channels,
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should be understoo
features defined along a common line of a virtual grate are separated by an end gap, and

such end gaps within the level associated with the virtual grate may be defined to span a
substantially uniform distance. Additionaly, in one embodiment, a size of the end gaps is
20 minimized within a manufacturing process capability so as to optimize filling of a given
level with linear-shaped layout features.
[0029] Also, in the dynamic array architecture, a level can be defined to have any number
of virtual grate lines occupied by any number of layout features. In one example, a given
level can be defined such that all lines of its virtua grate are occupied by at least one layout
25 feature. In another example, a given level can be defined such that some lines of its virtual
grate are occupied by at least one layout feature, and other lines of its virtua grate are
vacant, i.e., not occupied by any layout features. Furthermore, in a given level, any number
of successively adjacent virtual grate lines can be left vacant. Also, the occupancy versus
vacancy of virtual grate lines by layout features in a given level may be defined according
30 toapattern or repeating pattern across the given level.
[0030] Additionally, within the dynamic array architecture, vias and contacts are defined to
interconnect a number of the layout features in various levels so as to form a number of
functional electronic devices, e.g., transistors, and electronic circuits. Layout features for the



15 changes in direction of layout features within their feature layout channels are acceptable when
corresponding lithographic interactions are predictable and manageable. [0025] In one embodiment,
each layout feature of a given level is substantially centered upon one of the virtual lines of the virtual
grate associated with the given level. A layout feature is considered to be substantially centered upon
a particular line of a virtual grate 20 when a deviatiofilin alignment between of the centerline of the
layout feature and the particular line of the virtual grate is sufficiently small so as to not reduce a
manufacturiviggoand esstasteizan beahi griedttovawvicitba gaoltiewabie wils@edriieatibgrohéms vetwalegridf the
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layout feature or its n ayout features.
placement of layout features on a regular-spaced grate (or regular-spaced grid) in a number

of levels of a cell, such that layout features in a given level of the cell are confined within
15 their feature layout channel, and such that layout features in adjacent feature layout
channels do not physically contact each other. Furthermore, it should be understood that the
dynamic array architecture can be applied to one or more chip levels. For example, in one
embodiment, only the gate level of the chip is defined according to the dynamic array
architectures. In another embodiment, the gate level and one or more interconnect levels are
20  defined according to the dynamic array architecture.
[0032] With reference back to Figure 1B, the exemplary logic block 103 is defined by
placement of cells A-Z within rows 1-10. Figure 2B is an illustration showing the
exemplary logic block 103 in conjunction with the gate level and M2 level virtual grates,
which are indexed to the origin (0,0) at the lower-left corner of the logic block 103. In one
25 embodiment of the dynamic array architecture, in order for each of cells A-Z to be placeable
within the logic block 103, each of cells A-Z should be defined based on use of the gate
level and M2 level virtual grates of the logic block 103. However, depending on where a
cell is placed in the logic block 103, a position of the gate level and M2 level virtua grates
may vary within the boundaries of the cell, and relative to the boundaries of the cell. For
30 example, a distance between the left boundary of the cell and the nearest gate level virtual
grate line within the cell can vary between different positions of the cell in the logic block
103. Similarly, a distance between the left boundary of the cell and the nearest M2 level



[0027] Additionally, different layout features within a given level can be designed to have 10 the same
width or different widths. Also, the widths of a number of layout features defined along adjacent lines of
a given virtual grate can be designed such that the number of layout features contact each other so as
to form a single layout feature having a width equal to the sum of the widths of the number of layout
features. [0028] Within a given level defined accordiri@ to the dynamic array architecture, proximate

15 ends of adjacent, co-aligned linear-shaped layout features may be separated from each other by a
substantiallyiutidb graigd meviathi s e idi b lban adyydasttvend siidfdineippasiiapebiaye di featoed 5 diemed
along a corrfm?nt)linﬁl&of&virtual grate are separated by an end gap, and such end gaps within the
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Additi%allyhé(y%gl\i)iqrmg g?’éf&@f:tﬁg?oéjﬁrﬁm&%q5§’ vias and contacts are defined to interconnect a
e rous

number of the Tayout teatures in va evels so as to form a number of
[0034] Generally speaking, each cell is defined to have awidth that is an integer multiple of

either avirtual grate pitch, or one-half of avirtual grate pitch, to enable alignment of the cell
boundaries to either avirtual grate line or a midpoint between adjacent virtual grate lines. In
one embodiment, each cell is defined to have a width that is an integer multiple of one-half

15 of the gate level virtual grate pitch. In another embodiment, each cell is defined to have a
width that is an integer multiple of the gate level virtual grate pitch. Additionally, each cell
can be placed in the logic block 103 such that its left cell boundary is aigned with either a
gate level virtual grate line or a midpoint between adjacent gate level virtua grate lines.
Therefore, when the cell width is an integer multiple of one-half of the gate level virtual

20  grate pitch, the right cell boundary will aso be aligned with either a gate level virtual grate
line or a midpoint between adjacent gate level virtual grate lines. For ease of discussion,
placement of a cell such that its left cell boundary is aligned with either a gate level virtua
grate line or a midpoint between adjacent gate level virtual grate lines is referred to as
placement of the cell on the gate level virtual grate half-pitch.

25 [0035] Placement of cells on the gate level virtua grate half-pitch in combination with the
rational spatial relationship between the gate level and M2 level virtua grates enables
creation of a finite number of layout variations for a given cell, such that a suitable layout
variation for the given cell is available for each possible combination of gate level and M2
level virtual grate placements that may occur within the given cell, depending upon where

30 the given cedll is placed in the logic block 103. In this regard, each layout variation for a
given cell defines a cell phase, wherein each cell phase is defined by a different
combination of gate level and M2 level virtual grate placements within the given cell



functional electronic devices, e.g., transistors, and electronic circuits. Layout features for the 11 vias
and contacts can be aligned to a virtual grid, wherein a specification of this virtual grid is a function of
the specifications of the virtual grates associated with the various levels to which the vias and contacts
will connect. Thus, a number of the layout features in various levels form functional components of an
electronic circuit. Additionally, some of the layout 5 f&&tures within various levels may be
non-functional with respect to an electronic circuit, but are manufactured nonetheless so as to
reinforce mael afiet tioi sy efiererigh botindpigyofutife givenscdd 08 4], It dlabuédtb eherlddr bmodiahavthibe
dynamic array, ar%féltecture is defined to enable accurate prediction of semiconductor device
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M2 level virtuakgriaiss, YA¥Aithin the boundaries of the cell, and relative to the boundaries of the
cell. For 30 exampﬁg §1 |stanc<§%etween the left boundary of the cell and the nearest gate level

virtuall§rate I@né-WiTHﬂﬁ oed cisll prasachrybanhagie difekediefiositicimsatitng dell ety negitCotRy103.
Similarly, a distance heERR gl e raray Shihe GRlABAINE BeATESh MR M eve and gate

level virtual gratesis defined by a M2 level-to-gate level virtual grate pitch ratio of
4/3;
2. Thecdll isplaced on the gate level virtual grate half-pitch; and

20 3. Thecell width is an integer multiple of one-half of the gate level virtual grate pitch.
[0038] It should be understood that the cell phasing principlesillustrated in Figures 3A-3H
can be applied to any combination of commonly oriented chip levels (i.e., beyond the
illustrated gate and M2 levels) having any rational spatia relationship (i.e., beyond the 4/3
M2-to-gate pitch ratio), so long as the virtual grates of the logic block that are associated

25 with the cell phasing are indexed to a common spatial |ocation.

[0039] Figure 3A shows a first phase (phl) of a cell 300. The cell 300 includes a left cell
boundary 301. The cell 300 isdefined by a gate level virtual grate represented by commonly
oriented solid lines, and by a M2 level virtual grate represented by commonly oriented
dashed lines. The pitch ratio between the M2 level and gate level virtua grates is 4/3.

30 Therefore, the M2 level and gate level virtual grate will align with each other at every fourth
gate level virtua grate line. The number of gate level virtual grate lines between alignment
of the gate level and M2 level virtual grates defines a phase space 303. Generally speaking,
a phase space is defined as a distance extending perpendicularly between successive



12 virtual grate line within the cell can vary between different positions of the given cell in the logic
block 103. [0033] Each cell placed within the logic block 103 should have its cell-based gate level and
M2 level virtual grates aligned with the gate level and M2 level virtual grates of the logic 5 block 103.
Because the position of the gate level and M2 level virtual grates of the logic block 103 can vary within
a given cell depending on where the given cell is pladdd in the logic block 103, it is necessary to have
different versions of the given cell available for placement in the logic block 103, such that at least one
version of tleegirrencesibisadalimead! thi beared isehateridie hand ivtDdegret esrtioa| petes ab spactpatigl align
with the gatézl vel 2)8 10level virtual grates of th icﬁgl K . [0034] Generally speaking,
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is available Yor each possible combination of gat virtual grat cements that may
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cell 15 respective arrow labeled phl-ph8. Because the gate level and M2 level virtua grates are
associated with the logic block 103, their respective positions remain unchanged in each of
Figures 3A-3H as the left cell boundary 301 is shifted through the eight possible phases
(ph1-ph8).
[0041] It should be understood that the eight possible cell phases of Figures 3A-3H are a

20 result of the particular specifications of the exemplary embodiment. For example, in another
embodiment, if the phase space 303 covered four gate level virtual grate pitches, but the cell
could only be placed on the gate level virtua grate (whole) pitch, the number of possible
cell phases would be four instead of eight, and would correspond to cell phases (phl, ph3,
ph5, ph7) as shown in Figures 3A-3H.

25 [0042] Generdly speaking, a cell phase is defined by a combination of index values for
each of the chip levels associated with the phasing. The index value for agiven chip level as
used in defining a cell phase represents a distance measured perpendicularly between the
left boundary of the cell and the nearest virtual line of the given chip level’ s virtual grate. It
should be understood that each phased chip level of a given cell has a corresponding index

30 value. Also, it should be understood that a phased chip level of acell isany chip level of the
cell defined by avirtua grate that has arational spatial relationship with avirtual grate of at
least one other chip level of the cell. Also, as previously discussed, a rationa spatial
relationship exists between two chip levels when each of the two chip levels is defined by



13 relative to a reference boundary of the given cell, e.g., relative to the left boundary of the given cell.
[0036] It should be understood that in the above-described embodiment, the width of each cell is an
integer multiple of the gate level virtual grate half-pitch, but not necessarily an 5 integer multiple of the
M2 level virtual grate pitch. Therefore, although the left and right cell boundaries will align with the gate
level virtual grate, the left and right cell boundaries niy not always align with the M2 level virtual grate.
However, the cell phasing methods described herein allow for placement of active M2 level layout
shapes on tbenvidyariartiedl ¢raal. diabeetbst aied mddk pthasiaga@nchoe | spdéiek oesi onetmoldsave
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The pitch rafg; beWe SR INCAMPIENEARNH IRFS |eVE! YA STAIEP VR A grates is 4/3, and in which
the M2 level virtual grate is indexed in an offset relationship with the gate level virtua
grate, such that the M2 level and gate level virtual grates do not align with each other at any
15 phase. The same concepts described with regard to Figures 3A-3H also apply to Figures 3I-
3P. Generally speaking, it should be understood that the phase space 303’ in Figures 31-3P
is defined over an area between extending successive occurrences of a same relationship
between the phased virtual grates. Specificaly, at phase (phl’) the index value for the gate
level is given by Gie=0, and the index vaue for the M2 level is given by
20  M2inge=(1/6)* Gpiten. Therefore, the phase space 303’ extends to a location where the phase
(phl’) reoccurs, i.e., where Gingex=0 and M2ingex=(1/6)* Gpitcn. FOr ease of discussion, the
remainder of the description herein is provided with reference to the phasing asillustrated in
Figures 3A-3H.
[0044] In one embodiment, a cell library is compiled to include a number of different cells
25 defined in accordance with the dynamic array architecture, and further defined based on a
particular rational spatial relationship between particular chip levels. For example, with
respect to the logic block 103 embodiment of Figures 2A-2B, a cell library can be compiled
to include cells A-Z, where each of cells A-Z is defined in accordance with the dynamic
array architecture, and is further defined based on a rational spatia relationship of 4/3
30 between thevirtual grate pitches of the M2 level and the gate level. To ensure that gate level
and M2 level layouts of each cell in the library can be aligned with the gate level and M2
level virtual grates of the logic block 103, regardless of cell placement within the logic
block, the cell library should include variants of each cell that respectively correspond to



30 Therefore, the M2 level and gate level virtual grate will align with each other at every fourth gate
level virtual grate line. The number of gate level virtual grate lines between alignment of the gate level
and M2 level virtual grates defines a phase space 303. Generally speaking, a phase space is defined
as a distance extending perpendicularly between successive 14 occurrences of a same relationship
between the two virtual grates that have a rational sgdial relationship. In the exemplary embodiment
of Figures 3A-3H the successive occurrences of a same relationship between the two virtual grates
that have a eatiopabspbeiedighass shiferebore sprothd égesd doetbs \eenblighmesih tsf i guees@AvRBiaihgrates
that have the ratipnal spatial Srelationship..[0040] Each cell se is associated with a differen
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matching cell phase. The matching cell phase of the placed cell is then substituted for the
20 placed cell.
[0047] For example, in the embodiment of Figure 2B, each cell phase is defined by the
combination of the gate level index value (Gingex) and the M2 level index value (M2ingex)-
Therefore, in order to determine the appropriate cell phase to be used for a given cell
placement, the Gingex and the M2ingex Values for the placed cell are calculated. Then, the
25 caculated Gingex and M2ingex Values for the placed cell are compared to the Gingex and M 2ingex
values of the various cell phases to identify the matching cell phase. Then, the matching cell
phase of the placed cell is substituted for the originally placed cell.
[0048] To illustrate further, consider the leftmost placed cell A of Row 1 in the logic block
103 of Figure 2B as the subject cell. The Ginqex Value of the subject cell is calculated to be
30  zero, i.e, theleft cell boundary 301 is aligned with the gate level virtual grate. The M2ingex
value of the subject cell is calculated to be zero, i.e., the left cell boundary 301 is aligned
with the M2 level virtual grate. The calculated index values of the subject cell (Gpiten=0, and
M2ingex=0) match the index values of cell phase 1, as shown in Figure 3A. Therefore, cell



15 commonly oriented virtual grates that are indexed to a common spatial location, and have the ratio
of their virtual grate pitches defined by a rational number. In the exemplary embodiment of Figures
3A-3H, each cell phase (phi-ph8) is defined by two index values: 1) index, and 2) M2index, where
index is the index value for the gate level and M2index is the 5 index value for the M2 level. As shown
in Figures 3A-3H, each phase is defined by a uniquel@ombination of Gindex and M2index values.
[0043] The cell phasing example illustrated by Figures 3A-3H is based on a virtual grate phasing
relationshipphasdnicshtubdve ubetliBord retesbpeet ivetle e dnth qgaseibiolyozolyesigndivithcet - pitthen &xmerding
to their ratio:['ug* ]gﬁ)al}ir%lgelationship. It should be understood, however, 10 that in some embodiments,
virtual grates Can Pe phased with each other without actually aligning with each other. For example,
Figures 3I-3P0HAkFatd | astoatestuetimyo domsdei they higiht thestyitehechtd | e tof dowt e MBd éegilcabhdogate
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Additionally, the rational spatial relationship between any two chip levels can be based on

essentialy any virtual grate pitch ratio between the two chip levels. For example, while the
exemplary embodiments of Figures 2A-4 are based on aM2 level-to-gate level pitch ratio of
20 4/3, the M2 level-to-gate level pitch ratio in other embodiments may be 3/2, 5/3, 5/4, 2/3,
3/5, 4/5, etc.
[0052] It should be appreciated that the cell phasing methods described herein provide for
maximum packing of cells within a given chip area, eg., logic block 103, without
comprising adherence to the dynamic array architecture. In other words, the cell phasing
25 methods described herein allow cells to be placed cell boundary-to-cell boundary within the
given chip area, while ensuring that the layout shapes within the phased chip levels of the
cells align with virtual grates of the phased chip levels. Therefore, the cell phasing methods
described herein aleviate the need to expand a width of a cell to accommodate alignment of
layout features within the cell to multiple virtual grates, thereby providing for optimized
30 chip areautilization in conjunction with use of the dynamic array architecture. Additionally,
the cell phasing methods described herein alleviate the need to leave unoccupied chip area
between adjacently placed cells to accommodate alignment of layout features within the cell



each possible cell phase. Therefore, with regard to the embodiment of Figures 2A-2B, the cell library
should include eight different cell variants (one for each cell phase) for each of cells A-Z. Variants of
cells A-Z for cell phases 1 through 8 may be identified as A-phi, Aph2, Z-ph7, Z-ph8. 5[0045] In one
embodiment, cells may be first placed in the logic block 103 without regard to cell phasing, as shown
in Figure 2B. Then, each placed cell can be replacedlBy an appropriate variant corresponding to the
required cell phase based on its exact position in the logic block 103, relative to the gate level and M2
level virtual torated gl heridga bdpates] Othehetan qire dimd ddimepti raigpdomiigie aelh vatiiazason in
corresponding to tl}e rengHed cell 10qihasin%r|?§nabr8hﬂ[ee% rmined when the cells are initially placed in
pla nto
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grates that have arational spatial relationship. For example, if first and second virtual grates
have arational spatial relationship such that the first and second virtual grates align at every
15 fourth virtua line of the first virtual grate, then the phase space spans a distance of four
times the pitch of the first virtual grate extending between successive alignments of the first
and second virtual grates.
[0054] The method continues with an operation 503 in which a left boundary of a subject
cell is aigned with a left edge of the phase space. Therefore, following operation 503, the
20 left boundary of the subject cell is simultaneously aligned with a virtual line of each virtual
grate of the phased chip levels. Figure 3A shows an example of alignment between the left
boundary 301 of the cell 300 and the left edge of the phase space 303. Thus, in the example
of Figure 3A, the left boundary 301 of the cell 300 is simultaneously aligned with a virtual
line of each virtual grate of the phased chip levels (i.e., the gate level and the M2 level).
25 [0055] With the left boundary of the subject cell aligned with the left edge of the phase
space, the method continues with an operation 505 for defining a first phase of the subject
cell based on locations of the virtual grates of the phased chip levels relative to the left cell
boundary. The first phase of the subject cell represents afirst variant of the subject cell that
is suitable for placement on the semiconductor chip at a location where the first phase of a
30 given cdl is required. The first phase of the subject cell can be characterized by index
values for each phased chip level, where the index value for a given phased chip level is
defined as the distance measured perpendicularly between the left boundary of the cell and
the nearest virtual line of the given chip level’s virtual grate within the phase space. Figures



30 zero, i.e., the left cell boundary 301 is aligned with the gate level virtual grate. The M2index value of
the subject cell is calculated to be zero, i.e., the left cell boundary 301 is aligned with the M2 level
virtual grate. The calculated index values of the subject cell (Gpnnn=0, and M2index=0) match the
index values of cell phase 1, as shown in Figure 3A. Therefore, cell 17 phase 1 should be used for the
subject cell, as indicated by corresponding cell A-phili# Row 1 of Figure 2C. [0049] To illustrate further,
consider the rightmost placed cell U of Row 4 in the logic block 103 of Figure 2B as the subject cell.
The Gmdex3/aiBid didhecsulagpindeig sncieicubited @ ke abd (1/2)35 Potdihg gahesainh b plobsesl itremate
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architecture. In other words, the cell phasing
[0057] If the particular dynamic array architecture embodiment for the area of the

semiconductor chip allows for cell widths that are an integer multiple of the gate level
15 virtua grate half-pitch, then the possible locations of the left cell boundary within the phase
space correspond to each gate level virtua grate line within the phase space and to each
midpoint between each adjacent pair of gate level virtual grate lines within the phase space.
This situation is exemplified in Figures 3A-3H. If the particular dynamic array architecture
embodiment for the area of the semiconductor chip only alows cell widths that are an
20 integer multiple of the gate level virtual grate (whole) pitch, then the possible locations of
the left cell boundary within the phase space correspond to either a gate level virtual grate
line or a midpoint between an adjacent pair of gate level virtual grate lines within the phase
space.
[0058] With the left boundary of the subject cell aigned with the next possible location of
25 theleft boundary of the cell within the phase space, the method continues with an operation
509 for defining a next phase of the subject cell based on locations of the virtual grates of
the phased chip levels relative to the left cell boundary. This next phase of the subject cell
represents another variant of the subject cell that is suitable for placement on the
semiconductor chip at a location where this next phase of a given cell is required. This next
30 phase of the subject cell can aso be characterized by index values for each phased chip
level. Operation 509 includes storage of this next phase of the subject cell in the cell library
for future recall and use.



25 methods described herein allow cells to be placed cell boundary-to-cell boundary within the given
chip area, while ensuring that the layout shapes within the phased chip levels of the cells align with
virtual grates of the phased chip levels. Therefore, the cell phasing methods described herein alleviate
the need to expand a width of a cell to accommodate alignment of layout features within the cell to
multiple virtual grates, thereby providing for optimized030 chip area utilization in conjunction with use
of the dynamic array architecture. Additionally, the cell phasing methods described herein alleviate the
need to leay80n8p ddepradtiobipties phmseds nvit) acdedy miacpet atets 53 oo oeteocatenglighatissnt of
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grate pitches defined by a rational number are considered to have a rational spatial
relationship. In one embodiment, the two phased chip levels correspond to a gate level and a
second interconnect level. However, it should be understood that in other embodiments, the
two phased chip levels can correspond to any two chip levels.

20 [0061] The method then proceeds with an operation 603 for placing cells within the portion
of the chip. In one embodiment, the two phased chip levels are indexed to a lower-left
corner of the portion of the chip, and the cells are placed in rows extending from left to right
across the portion of the chip. Also, in one embodiment, the cells can be placed such that
their boundaries, which are commonly oriented with the virtual grates of the two phased

25 chip levels, aign with the half-pitch of the virtual grate of the phased chip level having the
smaller virtual grate pitch.

[0062] The method then proceeds with an operation 605 for determining the cell phase
required for each cell placed in operation 603. In one embodiment, the required cell phase
for a given cell is identified by index values for the phased chip levels within the placed

30 cdl. Again, theindex value for a given phased chip level within the placed cell is defined as
the distance measured perpendicularly between the left boundary of the placed cell and the
nearest virtual line of the given phased chip level’s virtua grate within the placed cell, i.e,,
the nearest virtua line of the given phased chip level virtua grate that is to the right of the



25 [0055] With the left boundary of the subject cell aligned with the left edge of the phase space, the
method continues with an operation 505 for defining a first phase of the subject cell based on locations
of the virtual grates of the phased chip levels relative to the left cell boundary. The first phase of the
subject cell represents a first variant of the subject cell that is suitable for placement on the
semiconductor chip at a location where the first phas&lof a 30 given cell is required. The first phase of
the subject cell can be characterized by index values for each phased chip level, where the index
value for a dgefebqoindasdatHipelesiél Gattelisied asithes distarioe theepisasertigheppevel e afcedgibptacedn the
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and second virtual grates as positioned within the given placed cell. It should be understood

that agiven cell defined in accordance with either of the number of cell phasesis defined to
perform a same logic function associated with the given cell. Moreover, in one embodi ment,
it is of interest to define each variant of a given cell, corresponding to the various cell
20 phases, to have similar eectrical characteristics. Also, in one embodiment, some of the
number of cellsinclude at least one layout feature placed in either the first chip level or the
second chip level in a substantially centered manner along a cell boundary that is parale to
virtua lines of the first and second virtual grates.
[0064] In one embodiment, the number of cells are placed in rows within the logic block
25 area, such that interfacing cell boundaries are co-aligned. Also, in one embodiment, a height
of each of the number of cells is uniform. The height of each of the number of cells is
measured in a direction paralel to virtua lines of the first and second virtua grates.
Additionally, in one embodiment, a width of each of the number of cells is an integer
multiple of a pitch of the first virtua grate, and each boundary of each placed cdll (that is
30 pardld to virtua lines of the first virtual grate) is aligned with a virtua line of the first
virtual grate. In another embodiment, a width of each of the number of cells is an integer
multiple of a pitch of the first virtual grate, and each boundary of each placed cell (that is
paralel to virtual lines of the first virtual grate) is aligned with a midpoint between adjacent



25 the left boundary of the cell within the phase space, the method continues with an operation 509 for
defining a next phase of the subject cell based on locations of the virtual grates of the phased chip
levels relative to the left cell boundary. This next phase of the subject cell represents another variant of
the subject cell that is suitable for placement on the semiconductor chip at a location where this next
phase of a given cell is required. This next 30 phase2# the subject cell can also be characterized by
index values for each phased chip level. Operation 509 includes storage of this next phase of the
subject cell unrtha ¢eibdilmfatipefdrrfiituineua ogdsten dnuget. aR0t[EDEDHNduenesthadiicitin pir@eek ds With a
decision operation 511 for determining whether ther ppssi Ie.hc]) ation of.the left boundary of the
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architecture in which the features present in each verticaly delineated level of the
subdivision are defined with consideration of other features in the subdivision according to
aset of rules, wherein the rules are established to govern relationships between featuresin a

20 given leve of the subdivision and between features in separate levels of the subdivision. A
DAS can be defined to occupy a substrate area of arbitrary shape and size. A DAS can aso
be defined to occupy an area of arbitrary shape and size above the substrate.

[0067] Also, as discussed in co-pending U.S. Patent Application No. 12/013,342,
conductive featuresin agiven level of alogic cell, i.e,, in agiven level of aDAS containing

25 thelogic cell, can be indexed relative to an origin of the logic cell. For example, the origin
of thelogic cell in agiven level is considered to be located at alower |eft corner of the logic
cell when viewed in a direction perpendicular to the plane of the substrate. Because logic
cell widths are variable, alogic cell boundary in the width direction may not always fall on
a conductive feature pitch or half-pitch within a given DAS level. Therefore, depending on

30 the origin of the logic cell relative to the virtua grate of the given DAS level, the
conductive features in the given DAS level of the logic cell may need to be shifted relative
to the logic cell origin in order to align with the virtua grate of the given DAS level when
the logic cell is placed on the chip. As discussed above, the shifting of conductive features



required for each cell placed in operation 603. In one embodiment, the required cell phase for a given
cell is identified by index values for the phased chip levels within the placed 30 cell. Again, the index
value for a given phased chip level within the placed cell is defined as the distance measured
perpendicularly between the left boundary of the placed cell and the nearest virtual line of the given
phased chip level's virtual grate within the placed celg3.e., the nearest virtual line of the given phased
chip level virtual grate that is to the right of the 21 left boundary of the cell. Calculated index values for
the phased ichigp deverisl ef e aathgplaged aatlll retaiie obitineanedito aothesioyndiod|inseallal ydwshgariants
of the same_placed cell within a cel| library, to identify a particular. variant. of the same pl cell
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embodiment, the num cells are placed in rows within the logic S area, s _
interfating deiituesiddad apshceciRjasHOWBE/Peronposatbanibagac@rptiodedat ednbbativeber of
cells is unif dn+] ;lag%g@prgf Ac ftipﬁen b &9{ I}%iﬁmﬁg i iH- %&p{ﬁ{: fan parale! irtual
lines of the?irstuand secon.doéﬁua grates. A ditﬁ)nal y, in one emwg)@ﬁnelnt, a wigt% ol? eacﬁ cos%t%ge
number of caBstiodghaiegjéshmultiple of a pitch of the first virtual grate, and each boundary of each

placed cell {i58dF It should be understood that the M2 level-to-gate level virtual grate pitch ratio of 4/3

as used in the examples of Figures 2A-4 to illustrate the cell phasing principles is one

20 example of many possible virtua grate pitch ratios that can be applied between different
chip levels. For instance, in the exemplary embodiment of Figure 7, an M2 level-to-gate
level virtual grate pitch ratio of 3/4 is used, such that four second interconnect level
conductive feature pitches are provided for every three gate electrode level conductive
feature pitches.

25 [0070] Theorigin of each cell isshown to reside at the cell's lower |eft corner. Each phasing
of Cel 1 for the second interconnect level is defined by an indexing of the second
interconnect level conductive features to the origin of the cell. As shown in the example of
Figure 7, the index, i.e., spacing, of the second interconnect level conductive features
relative to the origin is consecutively reduced for each of Phases A, B, and C. By defining

30 each level of each logic cell to have an appropriate phase, it is possible to place logic cells
next to one another in a common DAS such that conductive features defined within the
various logic cells within a given DAS level can be aligned to a common virtual grate
associated with the given DAS level. Additionally, it should be appreciated that in one



30 parallel to virtual lines of the first virtual grate) is aligned with a virtual line of the first virtual grate. In
another embodiment, a width of each of the number of cells is an integer multiple of a pitch of the first
virtual grate, and each boundary of each placed cell (that is parallel to virtual lines of the first virtual
grate) is aligned with a midpoint between adjacent 22 virtual lines of the first virtual grate. In yet
another embodiment, a width of each of the number &4 cells is an integer multiple of one-half of a pitch
of the first virtual grate, and each boundary of each placed cell (that is parallel to virtual lines of the first
virtual grategrishatignent veiieedtiiecalsinvithiime d AR fest Vet def gredeandaphackobist Bstie esnadjacent
Svirtual lines of the.first virtual grate, [0065] Additionally, whjlethe above-descri mhodi ts are
ciscussed LY L e O R I e R SR E RS
understood ithetrinesnddlt©etbativ d rerfigpoené narehdepeti ¢sh asirsiar ath ad sebesdribear bameaat mMayebe
applied to a porti f lIs placed within a given logic block, with a remainder of the cells in the

10 logic bloéﬁéﬁ%ﬁﬁgrﬁ%@(@ For instance, if a first group of cells in a given logic block are defined
according t¢aBélfiyhahaid diibayuadersteotltbatmal soilieecaodipréats theadimaimicemrplaasdhi Eatlie
second groyp
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[0072] As an alternative to the above-mentioned embodiment, other embodiments can exist
in which multiple chip levels are defined according to the dynamic array architecture. It
should be understood that the phasing techniques disclosed herein are equally applicable to
20 any embodiment that uses the dynamic array architecture, regardless of the number of chip
levels that are defined according to the dynamic array architecture.
[0073] It should be understood that the cell phasing techniques as disclosed herein can be
defined in a layout that is stored in a tangible form, such as in a digital format on a
computer readable medium. For example, the cell phasing layouts as disclosed herein can be
25 dtored in a layout data file of one or more cells, selectable from one or more libraries of
cells. The layout data file can be formatted as a GDS 1l (Graphic Data System) database
file, an OASIS (Open Artwork System Interchange Standard) database file, or any other
type of data file format suitable for storing and communicating semiconductor device
layouts. Also, multi-level layouts utilizing the cell phasing techniques can be included
30 within a multi-level layout of a larger semiconductor device. The multi-level layout of the
larger semiconductor device can aso be stored in the form of a layout data file, such as
those identified above.



30 the origin of the logic cell relative to the virtual grate of the given DAS level, the conductive features
in the given DAS level of the logic cell may need to be shifted relative to the logic cell origin in order to
align with the virtual grate of the given DAS level when the logic cell is placed on the chip. As
discussed above, the shifting of conductive features 23 in a given level of a logic cell relative of the
origin of the logic cell is called phasing. Therefore, pl2asing provides for alignment of conductive
features in a given level of a logic cell to the virtual grate of the DAS for the given chip level, depending
on the locatjoa7a tAdasor'lgminvmédngj@cébeﬁdnemkarmqnié]dmm«ﬁadeasmum g=tisldle codelervirtual
grate 5 extends across | a%cell Eé)undaﬁ anngtWeaX be r? u're%#a& mglrdtaln?gh%nlmgeng of
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over a network of coupled computer systems so that the computer readable code is stored

and executed in a distributed fashion.

15 [0076] Any of the operations described herein that form part of the invention are useful
machine operations. The invention also relates to a device or an apparatus for performing
these operations. The apparatus may be specially constructed for the required purpose, such
as a specia purpose computer. When defined as a special purpose computer, the computer
can aso perform other processing, program execution or routines that are not part of the

20  specia purpose, while still being capable of operating for the special purpose. Alternatively,
the operations may be processed by a genera purpose computer selectively activated or
configured by one or more computer programs stored in the computer memory, cache, or
obtained over a network. When data is obtained over a network the data maybe processed
by other computers on the network, e.g., a cloud of computing resources.

25 [0077] The embodiments of the present invention can also be defined as a machine that
transforms data from one state to another state. The data may represent an article, that can
be represented as an electronic signal and electronically manipulate data. The transformed
data can, in some cases, be visually depicted on a display, representing the physical object
that results from the transformation of data. The transformed data can be saved to storage

30 generdly, or in particular formats that enable the construction or depiction of a physical and
tangible object. In some embodiments, the manipulation can be performed by a processor.
In such an example, the processor thus transforms the data from one thing to another. Still
further, the methods can be processed by one or more machines or processors that can be



of Cell 1 for the second interconnect level is defined by an indexing of the second interconnect level
conductive features to the origin of the cell. As shown in the example of Figure 7, the index, i.e.,
spacing, of the second interconnect level conductive features relative to the origin is consecutively
reduced for each of Phases A, B, and C. By defining 30 each level of each logic cell to have an
appropriate phase, it is possible to place logic cells &t to one another in a common DAS such that
conductive features defined within the various logic cells within a given DAS level can be aligned to a
common virtoahgetde agaoeiskeidovkh BaclyivearideSoav eladstiotitro datéy fiosh onéd ateapptboigted that in
one 24 embadiment adjacent cells within.a DAS can be defined and placed so as to share copductive
features in gﬁgtﬁérm%'?e evefasisc% R{gcﬁsd r%%(grrqp g,tt eSi Bﬁagsgé é?]aﬁalebqsﬁie}aoﬁé%sao? Vé’f?rf in
Figure 7 aradplagtie eesdlbaoimmp@vecortkitite resu hr tievedromadoickyve feature. 5[0071] It should be
understood In SO, i s th |c art rehitectt or applied to a portion
of one onp |CULE e oy s e her G HRR  F AEEE RRRea
array afchitbetare castoe tivansif &dvrexsas pit of ereerambudiintendesheegatehie dtrobe fidvetdas aretihed to
comply with {lig dYRRiG é%&r %Ugﬁcéé’ﬁﬁtey&é!}%i%ﬂ? tHEGR 8%'%}[4)8' He' ,fg@&i' Kol
unconstrained manner, 1.e., In"a non-dynamic array manner. Iri this émbodiment,’the gate
electrode lenenisfaefiriag bpenatiionsadigratsf andatstoalet spdedings et edaycandtictmmeB evithirewhich
gate electro vel | t ar ine i S bay N Jhis« iment,
the layout fé%l%{}:'rgels% 8 t eLrif(i){rbiVgﬁ ynar%{'?@?ré%gfﬁgﬁgﬁFrﬁé@?ﬁr@cﬁ%@e&%ﬁbﬁé%&dr%hﬁg%&?{ vrﬁth
regard to a siticen gubattrairdAisasuiztsddd avetettanastatidevieds Wit thifushoe regivrs a6 fosntiedilar

embodiment, | res jgany.i e ethe.g leyal '
bendsqgjg asﬁ%o%%%#r;%)fgm%-gﬁn%%@ﬁ%%Iy s%f%ﬁg%ﬁl%oﬁg %a%?e?%@%%%?é@n%ﬂrﬁ%% e to the
above-mengoneetachodinse ianstier eltevoeinientsioam axissireavhitegnated pter aliip devisis adsdefined
according t i ifecture. d t e ing techniqgyes
b i T R R S e L e
architecturemagaatfiess of the number of chip levels that are defined according to the dynamic array

architectur AhiT M ReHRER TSI RAdN ﬁﬁ&f'iﬂ'ﬂéﬂ%%f?x‘é@f?@ﬁédﬂﬁ&@?ﬁvﬁﬂr%@ can

be defined in a layout that is stored in a tangible form, such as in a digital format on a computer

readaBfe meppiaei ded ehaniphsetissided phabim@aypars teodinglde drespsing sapesefications and
studying the drawings will redlize various dterations, additions, permutations and
equivaents thereof. Therefore, it is intended that the present invention includes all such
alterations, additions, permutations, and equivalents as fall within the true spirit and scope
of the invention.
20 What isclaimed is:



25 stored in a layout data file of one or more cells, selectable from one or more libraries of cells. The
layout data file can be formatted as a GDS Il (Graphic Data System) database file, an OASIS (Open
Artwork System Interchange Standard) database fijg, or any other type of data file format suitable for
storing and communicating semiconductor device layouts. Also, multi-level layouts utilizing the cell
phasing techniques can be included 30 within gmailiiflgvel layout of a larger semiconductor device.
The multi-level layout of the larger semiconductor device can also be stored in the form of a layout
data file, such as those identified above. 25 [0074] Also, the invention described herein can be
embodied as computepnreadriiedeRts el@ eampideigreadable medium. For example, the computer
readable code can include the layout data file within which one or more layouts including the cell

phasing technicf¢ Qe ieSke A SPHECHANE R HSL EMRe| B4d e R VAU RS §PaRFE R ECtions for
selectingzpaerdngrionarieriaypttidbgpsieSsaaHEesHS EhRs Ieellge RHRYOIH blilizizeLtee gelbpitesing

techniques as defined therrejﬁ The layout libraries and/or cells can also be stored in a digital format on

a compuCREAGHR HEEM V{5Y3s VORI BRE ARNELROFHEHEN ANSAR RYTRORNIPRARS data
storage dedcshthaiconn wieal dpted/igh can thereafter be read by a computer system. Examples of

the computer 10 readable medium include hard drives, network attached storage (NAS), read-onl
memory. ranciof AAEESS ThBFL5 265 KRR EIHE BB TR L R e Sl and
non-optiagd daite seprrgieadeuith®y Thercepropeaeasiabis retitbecat alsp pragis!ribhéadroves a
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useful meapipne\epewitianpyarhpl iueentidntalse r4gtesl twishden dirarapa apgetiatvistie! pesfesnaing these

operations. The apparatus may be specially constructed for the required purpose, such as a special
purpose 88%‘&8%\}!?%%%%3&&8‘ Qi%egﬁgﬁial purpose computer, the computer can also perform other

processing, program execution or routines that are not part of the 20 special purpose, while still being

capable of operating foy the special purpase. Alternatively, the operations, m e processed.by a
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of equally spaced, parallel virtual lines extending across the second chip level in the logic

block area.

3. A semiconductor chip as recited in clam 1, wherein the rational spatial
relationship between the first and second virtual grates denotes that the first and second
virtual grates are commonly oriented, are indexed to a common spatial location, and have a

ratio of thelir virtual grate pitches defined by arational number.

4, A semiconductor chip as recited in clam 3, wherein the first and second

virtual grates periodically align with each other according to the rational spatial relationship.

5. A semiconductor chip as recited in clam 3, wherein the first and second

virtual grates do not align with each other in any of the number of cell phases.

6. A semiconductor chip as recited in claim 1, wherein a given cell defined in
accordance with either of the number of cell phases is defined to perform a same logic

function associated with the given cell.



transforms data from one state to another state. The data may represent an article, that can be
represented as an electronic signal and electronically manipulate data. The transformed data can, in
some cases, be visually depicted on a display, repsgsenting the physical object that results from the
transformation of data. The transformed data can be saved to storage 30 generally, or in particular

formats that engple thencasnitapioBer Eifpieticachka RiGa AndHaRIIRaRIAHel bSeANS are
embodiments, the manipulation can be performed by a processor. In such an example, the processor

thus tranBlBPRY hEYRNHEIR She tRENG RIotKoBFeR. BN rial AT HSHs RAM BRI I5R0R%E558d by one

or more rgagheaes or processors that can be 26 connected over a network. Each machine can
transform data from one state or thing to another, and can also process data, save data to storage,
transmit data over a network, display the result, or communicate the result to another machine. [0078]

It should be furtBer undersiensbiivattoe#fl Bbasiteemhgdimantyias disel erfsht ohetet shthée
manufactured as part of a semiconductor device or chip. In the fahrication of semjconductor devices
i o o oS T Br T AN B e b A T REL o s T S
performeith odiritnierieriures wvatsaMinesoueiofiveipi Sheafetiachdes integrated circuit devices
in the form of multi-level structures defined on a silicon substrate. At a substrate level, transistor

devices with diffusion regions are formed. 10 In subsequent levels, interconnect metallization lines are
patterned and eectricallysepneseiactdp thipteansidted deviremto, defiaeia desidi istteasates tiecuit
device. Also, patterned conductive layers are insulated from other conductive layers by dielectric
ater it T O VLRI TLUE, Tl I Qb GREL A B ATREREH Wil be
15 apprebiiedbihaif tbaseptaiéactin thetas papaier eadingisht et tindi spetificatipas andisiwdying the
drawings will realize variouts}ﬁllst rations, additions, permutations and equivalents thereof. Therefore, it

is intendéY] ﬁtvfﬁté’%ljé%ﬂ HHoH iHEELal such alterations, additions, permutations, and
equivalents as fall within the true spirit and scope of the invention. 20What is claimed is: 27

10. A semiconductor chip as recited in clam 1, wherein a width of each of the
number of cellsis an integer multiple of a pitch of the first virtual grate, and wherein each
boundary of each placed cell that is paralel to virtua lines of the first virtual grate is aligned

with amidpoint between adjacent virtual lines of the first virtua grate.

11. A semiconductor chip as recited in claim 1, wherein a width of each of the
number of cells is an integer multiple of one-half of a pitch of the first virtual grate, and
wherein each boundary of each placed cell that is parallel to virtua lines of the first virtua
grate is aligned with either a virtual line of the first virtual grate or a midpoint between

adjacent virtua lines of thefirst virtual grate.

12. A semiconductor chip as recited in claim 1, wherein each of the number of cell
phases is defined by afirst index value for thefirst chip level and by a second index value for
the second chip level, wherein the first index value is equa to a first distance extending
perpendicularly in a rightward direction from a left boundary of the given placed cell to a
nearest virtual line of the first virtua grate, and wherein the second index value is equal to a
second distance extending perpendicularly in the rightward direction from the left boundary

of the given placed cell to anearest virtual line of the second virtual grate.

13. A semiconductor chip as recited in claim 1, wherein the first chip level is a

gate level of the chip and the second chip level is a second interconnect level of the chip.



CLAIMS 1. A semiconductor chip, comprising: a logic block area including a first chip level in
which layout features are placed according to a first virtual grate, and a second chip level in which
layout features are placed according to a second vigual grate, wherein a rational spatial relationship
exists between the first and second virtual grates; and a number of cells placed within the logic
block area, wherein each of the number of cells is defined according to an appropriate one of a
number of cell phases, wherein the appropriate one of the number of cell phases causes Ie%out

features in the fit8t and"sSEBHEPRAHSIRAY SRS GRASSPILL SRS pENSigRe G kAR A second
virtual graéRgi aasARsidReeHE firtherel secontertligelrates i3 defRRi iopadiEIRT gfieapteachad in claim
1, wherein the first virtual %_rate is defined by a first set of egauﬁ?jl%spaced, parallel virtual lines

extending QUL S HTEoRNGeLIRY fo gl Hsgaie &y fherein the second virtual grate is

defined by a second set of equally spaced, parallel virtual lines extending across the second chip level
in the logic block area. recited in claim 1, wherein the rational spatial

3.As micong,uctor chip as
relationship bethaen (b TR CARFUSIOR S DA AP SR FABRCL WA AP 2 L BRRROA! grates
are comnadisy rligiset | @it theasgoutd arpapneechataliggaiitnlaoshieeae adiate gl sartual

grate pitches defined by a ratignal mﬂ%ﬁ r. 4. A semiconductor chip as recited in claim 3, wherein
the fret SO %3 Y ) S0 OB SR Ui AR ey LR A RS R Bt
relationshigher thefifsiseiptend ustthekitoas cagiteeén claim 3, wherein the first and second virtual
grates do not align with each other in any of the number of cell phases. 6. A semiconductor chip as

recited in claim 1, wherein a given cell defined in accordance with either of the number of cell phases
is defined to perferm a/saneehtsebiorfdeihin asHogidtetswitilither givea icalas@ & enalle’piearemnductor

chip asre itgﬁéﬂ claim 1, wherein the number of cells are placed in.rows within the logic block area,
AT e b y

such thatin SR @Osqanp uctor R, LORREAR ctor chip as recited in claim 1,

wherein a heigh#)ofdsntifyofighe phssbesmebedils ishendesinmacd weareinttive seiitvrofeashapiphe
U Qe e AR a2 S BB " Al L % HaL "OER i Hhe S CaRe R huliieg) orates:
successive occurrences of a same relationship between the two virtual grates that have a
rational spatial relationship within the designated area of the semiconductor chip;
b) aligning aleft boundary of a subject cell with aleft edge of the phase space;
c) with the left boundary of the subject cell aligned with the left edge of the phase
space, defining a first phase of the subject cell based on locations of the two virtual grates
relative to the left boundary of the subject cell;
d) operating a computer to store the first phase of the subject cell in acell library on a
computer readable storage medium;
€) moving the left boundary of the subject cell from its current position across the
phase space to a next possible location of the left boundary of the subject cell within the
phase space;
f) with the left boundary of the subject cell aigned with the next possible location,
defining a next phase of the subject cell based on locations of the two virtual grates relativeto
the left boundary of the subject cell;
g) operating the computer to store the next phase of the subject cell in the cell library
on the computer readabl e storage medium; and
h) repeating operations €) through g) for each possible location of the left boundary of

the subject cell within the phase space.



9. A semiconductor chip as recited in claim 1, wherein a width of each of the number of cells is an
integer multiple of a pitch of the first virtual grate, and wherein each boundary of each placed cell that
is parallel to virtual lines of the first virtual grate is aligned with a virtual line of the first virtual grate.
10. A semiconductor chip as recited in claim 1, wherein a width of each of the number of cells is an

integer multiple pf a pitshraéth fistruiteal ioraieiranb WhRERiMeaeh kpuhdayoolrash Bfaged sell that
is parallel tg virtual lines of the first virtual grate is aligned wijth a midpoint between adjacent virtual

lines of tAETHREE VLA FrsRective gat AT SERHRbh FheesH o Alehodiisiglin ISP Y APQRidth of
each of thesmuomaeeinptelid is aneintegpiaray bipteoptianexhatbadiacitahigf the first virtual grate, and

wherein each boundary of each placed cell that is parallel to virtual lines of the first virtual grate is
aligned with either a virtual line of the first virtual grate or a midpoint between adjacent virtual lines of

the first virtual grate. A hietRogesiceciEurion chiPmasaeoiiedldan aleemationtcspili gacd iohgipumber of
cell phases is defined by a first index yalue for the first chip leyel and by a seconij index value for the
second CRNERRING ALY Braton dEa0tenibats oe o) AU T AER AECORIRAN SDERIEh alEutarly in

a rightwaiithelier tioa somnaole ddaaentisatiohtbe diverdmiacedler)t thibhaadasinariigdimerofride first

virtual grate, and wherein th eé:ﬁgd indeéﬁ/ﬁlue iEequal to a second distance extending
perpenditll 9%84%&%@“ KRR HEMBH boundary of the given placed cell to a nearest

virtual line of the second virtual grate. 13. A semiconductor chip as recited in claim 1, wherein the
first chip level is a gate level of the chip apd the second chip level js a second jnterconnect leyel of the
chip. 20 140N serAiABFUGESP LG KRt EIAEEE i aNa P o SRS SRtonship
between iiggrdisitand acaonet vhitualpeetesl isitefioeafned fortpriognasat prichd akis fretee ercthef second
interconnect level and the gate level of 3/4. 5. A semiconductor chip as recited in claim.1,
whorein S HEHGoL by CORE LR, 8 5t FIZSP L, Gl P (S cl 1 b Sy
centered eadnpiessalontha sitijdeo sad dsyidhakts tparatletiv o Ibaps fohthieii tsisoti dtes on it thistual
grates, an%iéﬁrrgiﬁnt in either the first chip level or the second chip level. 16. A method for

|

defining et s of different cell phase to enable placement of cells within a designated area of a
semiconductor chip, comprising: a) identifying a phase space for the designated area of the

semiconductor ¢hip, wherein the phase space is. defined as a distance extendin rpendicularly
between succegé\'/e ogtdn%nﬂggs%frgcg @rQQ% Q\IE‘V S'i%e%aﬂe%ﬁ%e\ﬁ?%h? &t Have a
rational sgiatiattesiatid byhasevithimtiex delsighaiclddirepactthectiomindoxveioe ¢bimach objhaligvong a left
boundary of a subject cell with a left edge of the phase space; with the Jeft boundary of the
cubjoct N e e 1 L P e e o e S APV L Bl
based orelqesticuisrophiasctwbd tiualljeateselieliatidef inethededt Histsrdarynebshred ugaunoibtl arly
between the left boundary of the subject cell and a nearest virtual line of the particular virtua

grate within the phase space.

21. A method as recited in claim 16, wherein a set of possible locations of the left
boundary of the subject cell within the phase space includes each allowable cell boundary

position relative to one of the two virtua grates within the phase space.

22. A method as recited in claim 16, wherein afirst virtua grate of the two virtual
grates is defined for a gate level of the semiconductor chip, and wherein a second virtual
grate of the two virtual gratesis defined for a second interconnect level of the semiconductor

chip.

23. A method as recited in clam 22, wherein the rational spatial relationship
between the first and second virtual gratesis defined by avirtual grate pitch ratio between the

second interconnect level and the gate level of 3/4.



d) operating a computer to store the first phase of the subject cell in a cell library on a computer
readable storage medium; e) moving the left boundary of the subject cell from its current position
across the phase space to a next possible locationsgf the left boundary of the subject cell within the
phase space; f) with the left boundary of the subject cell aligned with the next possible location,
defining a next phase of the subject cell based on locations of the two virtual grates relative to the left
boundary of the subject cell; g) operating the computer to store the next phase of the subject cell

in the cell librarn?%n thé\ POt Eeitsr iRy d Sridinersin he cell Ty aah SR pR A

through ghfriaeasa pespile lkeatbre aidfieneft boundary of the subject cell within the phase space. 30
17. A method as recited in claim 16, wherein each of the two virtual grates is defined by a respective

set of equally spaced, parallel virtual lines extending across a respective chip level in the designated

area of the semgmndugtanaitigd for pléti Ay oa18ed tAmraciteriiethired of whermicotitRicasiogapspatial

relationship between the two virtual grates denotes that the two virtual grates are commonly oriented,
are indefé%'l@'z?egmmon spatial location on the semiconductor chip, and have a ratio of their virtual

grate pitches dedisgadriey @gadinng pitoleGrates 16r Adtietbpdvas eeited chitaievds, wiigireirha given

phase of the subject cell fepresents a variant of the subject cell that is defined for placement.in the
oaionatQHRa S Fe Gl TEHAICROR LAY Bk PRGN JHEAE 6 35 S Dol R aNE, and
wherein ¢agiisanasiefitidd eosiieatlraedrial dphingddepeiébrp a same logic function associated with the

subject cell. 0. A method as recited in clajm 16, wherein. each phase. of the subject cell is
characterized b?%cé%g B?ﬁﬁdé'mm&éﬁt%aﬁﬁé%%gb WW&QQQ%%@ b} each of the two virtual

grates that defingtérenhiingeaspaaiectivbe rephasintiexeeotiipl foed ¢unrticithan Wheuadateeh adgeasficular
phase of E}?e subg'}ect cell is E.efjned as a distance measured perpendicularly between the left boundary
of the su ch'PEE %{WH%%& Hst virtual line of the particular virtual grate within the phase space.

21. A method asoiegisttpiacidion! L thiretieiniesispiatidoasaibiehecatinosndlitier et aubstating the
subject cell within hase includes each allowable cell boundar ition relative to one of
the o IR R DA G 0 st e Fhehort G (R BIEH LR RISl = frst
virtual grétte oithprsredythiyall gvate svishiiefihe dilibstagedeviavaitobitiibes pracedneilicwigehipitantevherein
a second Vg%ﬁlgﬁrateo?ftﬁg V\t/\(/)v%r\]nrtufaéﬁlroa]tgvs ellg %(negned for a second interconnect level of the

semicondlf
operating a computer to store the layout features in each of the two phased chip levels

in alayout datafile on a computer readable storage medium.

26. A method as recited in claim 25, wherein each of the virtual grates is defined
by a respective set of equally spaced, parallel virtual lines extending across its corresponding
phased chip level in the designated area of the semiconductor chip, and wherein the rational
gpatial relationship between the two phased chip levels denotes that the virtual grates of the
two phased chip levels are commonly oriented, are indexed to a common spatial location on
the semiconductor chip, and have a ratio of their virtual grate pitches defined by a rationa

number.

27. A method as recited in clam 25, wherein the two phased chip levels

respectively correspond to agate level and a second interconnect level.

28. A method as recited in claim 25, wherein the two phased chip levels are both
indexed to alower-left corner of the designated area of the semiconductor chip and have their
virtual grates oriented to extend vertically across the designated area of the semiconductor

chip, and wherein cells are placed in rows extending horizontally across the designated area



23. A method as recited in claim 22, wherein the rational spatial relationship between the first and
second virtual grates is defined by a virtual grate pitch ratio between the second interconnect level and
the gate level of 3/4. 31 24. A method as reciteghin claim 16, wherein the cell library is stored in a
digital format on a computer readable medium. 25. A method for placing cells within a designated

area of agiefRICRRAHICHREGEI: CAPPEEI that EleHidRg tFseagiiveityahasatesifaneach retiwp phased
chip levels within the designated area of the semiconductor chip, wherein the virtual grates of the two

phased PRPRVLRLISFIQIMARYE FEFESPEAB hPQharel IRIGHEp: placing cells within the

designated area of the semiconductor chip; determining a required cell phase for each placed cell
within the designated area of the semiconductor Cgéi%d‘f' for each placed cell within the desjgnated

area of the semfcondu€tdPEPr SEHSHHFHE 1AM RREE 08 Y CLiPh Ay hé 1OWE & BB phase,
such thataypHbdediHips dpaabfivic e e pitase drekipdey eibetdhiadirecstistiefiedd/ ayinaied the

placed cell align with the virtual grates of the two phased chip levels; and erating a computer to
Srore the GRS, PBd PSR lE B BHERA L8 B0 A SEAE ERE B Shipiser
readable ste0R MW cell bdondariettieg as iwelrd Withintdd, Nvieereinirashsel/ thearigraeé grates
is defined by a respective set of equally spaced, parallel virtyal lines extending across its

correspofll Wé&k%’%iﬂm'é\%éﬁﬂv fe @F&ﬁ'&i’éﬂlﬁgﬁ‘ﬁ ?r@‘fegﬁ?‘@d’ﬁﬁﬂ?ﬁgf%ﬁip, and wherein the
rational spatial relationship between the two phased chip levels denotes that the virtual grates of the
two phased chi%bevels are commonly ori nteéi,.are' dexed to a common spatial location on the
semiconductor Shtp, arkt MEIPA FRBHFR U AL r AR DS RHA S Gh R R 27,
A methoavas peaiterchi sl el 28efivies rebatb @invelpirats drehiphereaisceehpeitivalyfomdasiend to a gate
chip evelb T3 DBt ROLHEHR DR AR ALY e AT e AL B AL BT chip
chip leve i r-le chip
and .hava:tlﬂeiis pldgc@i WM&WMEQGQMMM(MwaMM@ei daaigﬁ@d ahedaidhértual '

O LS Sl en W th SRS B AR E Btivsen Aty Seent ViFEL e O Rk SH0RR e 67 9naed

avirtua line of the base virtual grate.

31. A method as recited in claim 25, wherein the required cell phase for a given
placed cell isidentified by respective index values for the two phased chip levels, wherein an
index value for a particular phased chip level within the placed cell is defined as a distance
measured perpendicularly rightward between a left boundary of the placed cell and a nearest

virtual line of the virtual grate of the particular phased chip level.

32. A method asrecited in claim 25, further comprising:

for each placed cell, calculating index values for the two phased chip levels of the
placed cell; and

comparing the calculated index values to corresponding index values of variants of
the placed cell within a cell library to identify a particular variant of the placed cell that has
matching index values, wherein the particular variant of the placed cell is substituted for the

placed cell in the designated area of the semiconductor chip.

33. A computer readable storage medium, comprising:
a semiconductor chip layout recorded in a digital format, wherein the semiconductor
chip layout includes alogic block areaincluding afirst chip level in which layout features are

placed according to afirst virtua grate, and a second chip level in which layout features are



of the semiconductor chip, such that a width of each cell is measured in a direction perpendicular to
the virtual grates of the two phased chip levels. 29. A method as recited in claim 25, wherein the
virtual grate of a lower of the two phased chip levelgdefines a base virtual grate, and wherein each

cell is defined to have a width that is an integer multiple of a pitch of the base virtual grate, and

wherein epgiadelbididirge bt haverits vell gogndariamenahaser apsate|yyiiayiFual dnespdhadase
virtual grate aligned with a midpoint between adjacent virtual lines of the base virtual grate. 30. A

method LEPWERRINRHigliANS 8e<hRE il ISt ate of a lower of the two phased chip levels
defines a base vitigad g1aEs@nitonaacedn eaph lissieflirerd ded@averabudih taas |9 ledniggmn multiple

of one-half a pitch of the base virtual grate, and wherein each cell is placed to have its cell boundaries

that are paFalfdift ik AP L HE BRle Qirflis PHIREEiGh&PRtFSeFENeY AFIEHRI S RvERN

adjacent yifirisieDeé e PaRthuBIdrpirges AR he phiopriasendrtiaharimber oBdelA
method aj recited in ¢ airgp%ﬁ, wherein the required cell phase for a given placed cel| is jdentified by

respecti Y4 EREHHR DS L el BFEOUeh ek 2168l OLER R g |ctl9£19phased
chip levebngtua Withpraediceitissdeninorasl yeisieassodrasaied pRipeagicatasirdigivarard between

a left boundary of the placed cell and a nearest virtual line of the virtual grate of the particular phased
chip level. 32. A method as recited in claim 25, further comprising: for each placed cell,

calculating indeg4/alues fesrifitavor edabhsl Sbipdevieksdnirihediaeradcel; @ath 33cormpaiingrbe
calculat?)a. index values to corre%:ondin%index.value(i of variants of the%)laced cell within a cell library

to identiff"@ RIS G AARSH FIOTRELEY L S AN SOMMMLISEHAE QRS AlURST SREHA R rticular

variant ofithécplegedtsell is substituted for the placed cell in the designated area of the semiconductor
chip. 33. A computer readable storage medium, comprising: a semiconductor chip layout
recorded in a digital format, wherein the semiconductor chip layout includes a logic block area
including a first 8Bip leveldormyhieh layddblteatorageansedianedsacedtdinintelaifirss3jriviadrgateheind a
second chip level in which layqut features are 33 placed according to a second virtual grate, wherein a
ational <P PN AT, i pe OO S P B SNBSS e
semicondgetigontigtoy etiplsydotiodes portionbigleadot eifs laadidiwitioriiee vgm bheckarnpatavherein
each of the number af cells is defined according to an appropriate one of a number of cell phases,
wherein {I‘f’gdzf% ergﬁ%lt'g'me of the number of cell phases causes layout features in the first and

second chip levels of a given placed cell to be aligned with the first and second virtual grates as

itioned within the gi laced cell. 34. A dab ' jted i
Ciam 35, whereifthe o i BVEa R SIS, MBI et 43 o B EANUE APnore

semiconquctpardéngtritaiymtor accessing and retrieving include program instructions for selecting a
library, a cell, or both library and cell including a selectable portion of the semiconductor

chip layout in the digital format.

37. A cdl library stored in a digital format on a computer readable storage
medium, comprising:

a plurality of cell layouts corresponding to different phases of a given cell, wherein
the given cell includes at least one chip level in which layout features are placed in
accordance with a virtual grate, wherein the virtual grate is defined by a set of pardle
equally spaced virtual lines extending across the cell layout, and wherein each different phase
of the given cell is defined by a different spacing between a reference cell boundary and a

nearest virtual line of the virtual grate.

38. A cdl library stored in a digital format on a computer readable storage
medium as recited in claim 37, wherein any given layout feature placed in accordance with

the virtual grate is defined within a feature layout channel that extends lengthwise along a



35. A computer readable storage medium as recited in claim 33, wherein the computer readable
medium includes program instructions for accessing and retrieving the semiconductor chip layout or a
portion thereof in the digital format from the compuigr readable medium. 36. A computer readable
storage medium as recited in claim 35, wherein the program instructions for accessing and retrieving
include pengsRIv ingaTUGHENST fansaJpaiinagidibrans armlwrsbeimMibsanagRberhinshdiag meslectable
portion of the semiconductor chip layout in the digital format. 37. A cell library stored in a digital
format ol EMAEYNEANIE LI NG medium, comprising:  a plurality of cell layouts
corresponding to different phases of a given cell, wherein the given cell includes at least one chip level
in which layout features are placed in accordance with a virtual grate, wherein the virtual %rate is

defined by a setSf parQIEqURME LpeE i AIH9EE e IQEREing L & SO IERARN R, SREPEMerein

each differeaiuphased téeiaivearnelBisiedierdyral giiiererbaapaciegeatweemaa giecartea aedl
boundar)i and a nearest virtu%ne of the viE[uaI ate. 38. A cell library stored in a digjtal format on

a comput@Y PHL GBS PO NRILRH "9 BENS GV C IERRToSH NG R ARty TaX Feitierdat Pplaced

in accordanbf\aity dheevfaaatgrajeus atefined within a feature layout channel that extends lengthwise
along a 34 given virtual line of the virtual grate and widthwise between neighboring virtual lines

adjacent to the given virtual line. 39.A cell library stored in a digital format on a computer readable
storage medium as recited in claim 38, wherein each layout feature defined within a given feature
layout channel is prohibited from physically contacting any other layout feature defined within any
other feature layout channel.



