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(57) ABSTRACT 

Methods for routing in the design of integrated circuits (lCs) 
to simplify the routing task. The method includes dividing a 
given IC design into a limited number of non-overlapping 
tiles, and then routing all tiles in parallel, each tile being 
independently routed by a standard router. Thereafter, routed 
tiles are assembled to form a routing solution for the entire lC. 
Details of exemplary methods are disclosed. 
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METHODS FOR TILING INTEGRATED 
CIRCUIT DESIGNS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates generally to the design 
of integrated circuits (ICs), and more particularly to the rout 
ing phase of an IC design. 
[0003] 2. Prior Art 
[0004] Due to the ever increasing complexity of integrated 
circuit (IC) designs, IC designers become more and more 
reliant on electronic design automation (EDA) tools. An IC is 
fabricated by a series of lithographic steps that may be 
abstracted as a construction of a multilayered stack of mate 
rials, each layer consisting of a large set of simple geometries. 
In the related art, EDA tools that manipulate modular sets 
(e.g., component libraries, IP blocks, and so on) of simple 
geometries are provided. Each such modular set consists of 
geometries that exist on several or all lithographic layers of 
the IC and contains a logic function, ranging from a simple 
inverter library cell to an IP block module that may hold a 
microprocessor. 
[0005] Generally, the processing steps taken by an EDA 
tool to obtain an IC layout are: a) mapping of the logic for an 
IC to existing blocks and further partitioning the circuit into 
blocks of modules or circuits; b) ?oor planning, which ?nds 
the alignment and relative orientation of the circuit blocks; c) 
placement, which determines more precisely the positions of 
the circuit blocks and their component blocks; d) routing, 
which completes the interconnects among electrical compo 
nents; and e) veri?cation, which checks the layout to ensure 
that it meets design and functional requirements. 
[0006] Routing is a key operation in the physical design 
cycle. Routing consists of establishing a set of electrical con 
ductors that may be constructed on almost any of the geom 
etries and most of the lithographic layers. However, due to the 
ever-increasing electrical constraints, modern ICs bound all 
routing geometries to metal layers, wherever such layers have 
not been utiliZed by the connections within the library mod 
ules or IP building blocks. Given the fact that modern tech 
nology includes many metal layers, placement procedures 
construct a complete packing of the building IP modules or 
blocks with no space reserved for routing. All routing is then 
constructed from geometries that exist on the layers above the 
building blocks contents. 
[0007] A set of terminal points to be connected is com 
monly known as a net. Geometries that may have been uti 
liZed in the construction of the already placed building blocks 
are represented as a list of obstacles for the routing problem. 
Routing is usually performed in two phases: global and 
detailed. In the global routing, the routing of the nets of the 
circuit disregards the exact geometric details of each wire and 
terminal. For each wire, a global router ?nds a topology that 
represents the wires of a given net. That is, the global routing 
speci?es the loose route of a wire through the routing space, 
attempting to reconcile net demand on routing space. The 
global routing is followed by a detailed routing that completes 
the point-to-point connections, thereby realiZing the connec 
tivity of each net. Global routing usually includes detailed 
information, such as layer assignment of wire segments, 
widths of wires, and so on. The detailed routing is performed 
using a ?ne router. 
[0008] Due to the fact that a typical IC consists of millions 
of nets, a routing of a single net is a NP-hard problem. This 
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fact indicates a potential of extremely high demands on com 
putational resources. Therefore, it would be advantageous to 
provide a solution that simpli?es the routing of IC designs and 
allows routing tasks to be executed by standard computa 
tional resources. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a ?owchart describing a method for tiling 
an IC design in accordance with one embodiment of the 
present invention. 
[0010] FIGS. 2A, 2B, 2C and 2D are schematic diagrams of 
an IC design used to exemplify the techniques of the tiling 
method of FIG. 1. 
[0011] FIG. 3 is a ?owchart describing the execution of the 
bisection task in accordance with one embodiment of the 
present invention. 
[0012] FIG. 4 is a ?owchart describing the process for 
partitioning the IC connectivity. 
[0013] FIG. 5 is a ?owchart describing the task of identi 
fying exact positions of exit locations in accordance with one 
embodiment of the present invention. 
[0014] FIG. 6 is a block diagram of an exemplary distrib 
uted multi-processing system used to carry out the techniques 
disclosed in accordance with the present invention. 
[0015] FIGS. 7A and 7B are exemplary layouts before and 
after the execution of the tiling method of the present inven 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] The present invention comprises a method that 
allows the simpli?cation of the routing phase in the design of 
integrated circuits (ICs). Using the disclosed method, the 
time expended on the routing task is signi?cantly reduced. 
The method includes dividing a given IC design into a limited 
number of non-overlapping tiles, and then routing all tiles in 
parallel, each tile being independently routed by a standard 
router. Thereafter, routed tiles are assembled to form a routing 
solution for the entire IC. 
[0017] FIG. 1 shows an exemplary and non-limiting ?ow 
chart 100 describing a method for tiling an IC design in 
accordance with one embodiment of the present invention. At 
110, the ?les of an IC design to be tiled are received. The input 
design may be a result of a placement or routing tool. Input 
from a global router can be utiliZed to tile the design and then 
routing the tiles using ?ne routers. Input from a ?ne router can 
be utiliZed for tiling the design for the purpose of optimiZa 
tion, calculating delays, and RC extraction. 
[0018] FIG. 2A shows an exemplary IC design 200 used to 
describe the techniques of the disclosed method. IC 200 
includes four cells 210-1 through 210-4. Each cell 210 may 
represent a single logic element, such as a gate, or several 
logic elements interconnected in a standardized manner to 
perform a speci?c function. Each of cells 210 has at least one 
port (or a terminal points) 220, each of which may be con 
nected, by wires, to one or more other ports 220 of IC 200. 
The wires connecting the ports of the IC are also formed on 
the surface of the IC. IC 200 includes two nets 230-1 and 
230-2. Net 230-1 is a two-port net comprising ports 220-4 and 
220-5 and net 230-2 is a three-port net consisting of ports 
220-2, 220-6, and 220-8. A cell may further include one or 
more input and output ports (not shown in FIG. 2A). 
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[0019] At 120, a routing capacity of each metal lithographic 
layer is determined. Speci?cally, layers are sorted into verti 
cal and horizontal metal tracks. Then the capacity of the 
horizontal and vertical metal tracks is computed. This is per 
formed by examining each layer’s properties from data pro 
vided by an IC manufacturer (foundry). At 125, the method 
constructs a model of the connectivity for each net With 
respect to its horiZontal and vertical routing resource 
demands. This is done by constructing a set of horiZontal and 
vertical Wire segments to be realiZed on the IC area. The 
construction is based on the input IC provided in 110 and the 
routing resources determined at 120. Speci?cally, if the input 
IC is provided by a global routing tool, the horiZontal and 
vertical segments are the resultant Wiring of this tool. If the 
nets of the IC Were ?ne routed, the segments generated by the 
?ne router are utiliZed. If the input IC provided by a place 
ment tool, i.e., no routing (global or ?ne) data is available, for 
each net an enclosing rectangle including all ports of a net is 
constructed. The tWo opposite (parallel) sides of such a rect 
angle is the Wire segment. FIG. 2B shoWs the IC 200 Where a 
vertical Wire segment 240-1 and a horiZontal Wire segment 
240-2 are constructed. The vertical and horiZontal segments 
240-1 and 240-2 include nets 230-1 and 230-2, respectively. 
[0020] At 130, potential tiles in the input IC design are 
determined by bi-sectioning the input design. FIG. 3 shoWs 
the execution of the bisection process in greater detail.At 310, 
a ?rst parameter (Tiles_Num) and a second parameter (N ets_ 
Num) are set to their initial values. At 320, a rectangle to be 
divided is received as an input. A rectangle is a part or the 
entire IC design and includes its respective horiZontal and 
vertical Wire segments. At 330, the longer side of the rect 
angle is found, and then, at 340, a cut line is perpendicularly 
positioned to that side. This is performed in order to generate 
a rectangle tile With an aspect ratio close to one. The cut line 
is also perpendicular to a direction of given horiZontal or 
vertical sets of segments. At 350, the process looks for a cut 
line position Where the cut line Will cut a minimum number of 
Wire segments running in the orthogonal direction. In order to 
achieve tiles With a reasonable siZe, the position of the cut line 
should be Within a prede?ned range (e. g., betWeen 30% and 
70%) of the perpendicular dimension of the rectangle being 
cut. At 360, in the position determined at 350, the original 
rectangle is divided into tWo rectangles. FIG. 2C shoWs IC 
200 that includes a cut line 260 that is perpendicular to hori 
Zontal segment 240-2. As can be shoWn, cut line 260 crosses 
segment 240-2 in one location, i.e., only one net is divided. As 
a result, cut line 260 is the partition of IC 200 and forms tWo 
rectangles 270-1 and 270-2. At 370, a check is made to deter 
mine if the number of rectangles equals to the value of the 
Tiles_Num parameter, and if so execution terminates; other 
Wise, execution continues With 380. At 380, another check is 
performed to determine if the number of nets in each rect 
angle is beloW the value of the Nets_Num parameter, and if so 
execution ends; otherWise, execution returns to 320 Where the 
execution is repeated With the rectangles constructed at 360. 

[0021] At 140, the IC connectivity is partitioned, based on 
the constructed rectangles, and thereby forming an overlay of 
the IC area. FIG. 4 shoWs the execution of the partitioning 
task in greater detail. At 410, all nets in the input IC design are 
sorted into tWo groups: Local and Global. A Local net is 
entirely bounded in a single tile, Whereas Global nets reside in 
tWo or more tiles. At 420, exact positions of exit locations of 
each Global net on the boundaries of each tile are identi?ed. 
This is performed to alloW the separation of a routing task of 
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the entire IC into multiple independent tasks. The execution 
of the process performed at 420 is described in greater detail 
beloW With reference to FIG. 5. At 430, Global nets are 
fragmented into fragments, Where exit locations and terminal 
points of a given net inside a tile form a neW net (hereinafter 
“tile net”). At 440, terminals of Local nets are copied as a 
single tile net into a tile that the Local nets belong to. At 450, 
for each tile, obstacle and ?xed geometries that are in the area 
of the tile are copied to the tile. That is, a tile includes all 
information of the piece of an IC that it covers. At 460, for 
each tile, one track obstacle of a guard band is generated. This 
is performed to communicate existence of features inside 
adjacent tiles that may be near the boundaries of the tile. The 
result of the partitioning process is a set of tiles that together 
form an overlay of the IC area. In a typical IC, but not by Way 
of limitation, the desired number of such tiles is between 1 
and 100. FIG. 2D depicts IC 200 after the partitioning the 
connectivity. As shoWn, tWo tiles 270-1 and 270-2 are con 
structed Were the tiles boundaries are on top of cells 210. The 
net 230-2 has connection points inboth tiles 270, and thus this 
net is divided to form the adjacent abutting exit locations 
280-1 and 280-2. 

[0022] It should be noted that all data on tile boundaries is 
de?ned as ?xed and any changes made to this data requires the 
reconstruction of the respective tile and its neighbor tiles. The 
reconstruction of tiles can be carried out by repeating the 
execution of the partitioning task discussed With reference to 
FIG. 4. 

[0023] Upon completion of the tiling of the input IC design, 
each tile is sent to a router. This alloWs the routing of up to all, 
or at least tWo tiles, on a set of distributed routers simulta 
neously. At 150, once the routing of each tile is completed, its 
resulting Wires are assembled (i.e., copied and merged) 
together to form a routing solution for the entire IC. It should 
be appreciated by a person skilled in the art that by routing the 
tiles independently and simultaneously, the time required for 
completing the routing phase is reduced typically by an order 
of magnitude. 
[0024] FIG. 5 is a non-limiting ?owchart 430 describing the 
process of identifying positions of exit locations in accor 
dance With one embodiment of the present invention. The 
exact positions of exit locations are identi?ed for all Global 
nets on the boundaries of all tiles. At 510, an additional 
routing tile (hereinafter a “Globaltile”) having a siZe of the 
entire IC is generated. The Globaltile includes all Global nets 
and building block geometries that are in the vicinity of tile 
boundaries that Global nets reside in. The Globaltile does not 
contain any information on the tiles. At 520, the Globaltile is 
routed as a ?rst tile of the parallel routing and the result is a 
?ne routing of all Global nets included in the Globaltile. 
Common Wisdom of the art shoWs that the Global nets 
account for betWeen ten (10) and ?fteen (15) percent of the 
total nets presenting the IC design. Generally, this sparse 
problem can be easily routed by any ?ne router. At 530, upon 
completion of the routing of the Globaltile, each Wire of each 
of the Global nets is extracted, and then, at 540, intersection 
points Where the extracted Wires intersect the boundaries of 
all the tiles are identi?ed. These intersection points are the 
exit locations of Global nets from the tiles. 

[0025] It should be noted that the tiling of an IC design is a 
valuable asset for handling of engineering changes to a com 
pleted IC. That is, the tiling approach restricts the Work of 
realiZing the change only in tiles that are affected While pre 
serving the rest of the completed design. This is particularly 
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important for very large designs, Where a change may affect 
only a small part of a design, often contained in a single tile. 
[0026] FIG. 6 shoWs a diagram of an exemplary distributed 
multi-processing system 600 that can be utiliZed to execute 
the tiling process in accordance With one embodiment of the 
present invention. System 600 comprises a main computing 
node 610 and a plurality of distributed remote processing 
nodes 630. The main computing node 610 includes a main 
database 611 for holding design information, a script engine 
612 for propagating scripts to be executed by remote process 
ing nodes 63 0, a data streamer 613 for transferring binary data 
streams to remote processing nodes 630, and a multi-process 
ing agent (MPA) 620. MPA 620 is the infrastructure that 
enables the distributed parallel processing. Speci?cally, MPA 
620 manages the distributed processing resources and the 
transfers of pluralities of data streams to and from remote 
processing nodes 630. In addition, main computing node 610 
preferably includes a central processing unit (CPU) 615 for 
executing various of the processing tasks. 
[0027] Each of the remote processing nodes 630 includes a 
remote script engine 631, a remote data streamer 632 for 
receiving and transforming data streams, a remote database 
633 for maintaining block information, and a third party 
interface 634. The third party interface 634 interfaces With at 
least a router 640. A remote processing node 130 preferably 
includes a CPU 635 having its oWn operating system and 
being capable of performing various processing tasks. 
Remote processing nodes 630 are part of a computer farm 
Where Workload management for achieving the maximum 
utiliZation of computing resources is performed by MPA 620. 
The communication betWeen main computing node 610 and 
a remote processing node 630 is performed over a netWork 
605. The architecture and the operation of system 600 is 
described in greater detail in US. patent application Ser. No. 
l l/3 15,892 entitled “System for Performing Parallel Distrib 
uted Processing for Physical Layout Generation” assigned to 
the common assignee and is hereby incorporated by reference 
for all that it contains. 

[0028] In accordance With the present invention, the tiling 
method discussed in greater detail above is executed by main 
computing node 610. That is, main computing node 610 
breaks an IC design, saved in main database 611, into non 
overlapping tiles. Each tile is transferred as a data stream to 
remote processing nodes 630 and saved in remote databases 
633. Each of nodes 630 receives the data stream that encap 
sulates tile information and routes the tile using router 640. In 
fact, geometries on all layers are copied into the tiles that are 
sent to routers. The distribution of tasks to remote processing 
nodes 640 is performed by MPA 620 in a Way that ensures 
optimiZed performance and load balancing. Once the routing 
of a tile has completed, only incremental routed data is sent 
back to main computing node 610 as a data stream. The pieces 
of incremental routed data received from remote processing 
nodes 630 are merged and saved in main database 611. 

[0029] It should be emphasiZed that the tiling method dis 
closed herein is a geometric algorithm that divides the physi 
cal layout into non-overlapping tiles, the tiles may or may not 
be of equal siZe. The number of tiles is preferably on an order 
often (10). FIG. 7A shoWs an exemplary layout 700 of an IC 
after placement. Executing the tiling method on layout 700 
Would result layout 710, shoWn in FIG. 7B, that includes 17 
tiles. As can be shoWn these tiles are not overlapped and of 
different tile sizes. In accordance With one embodiment of the 
present invention, each generated tile can be further used for 
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the purposes of mask analysis and mask generation. This is 
possible, as a tile represents a small fraction of the complex 
full IC nevertheless still having the ability to have mask 
operations performed on it in seclusion from the rest of the 
tiles. Furthermore, each tile can be used as a data unit that 
incrementally adjusts routing and mask generation tasks With 
minimum perturbation to the entire IC. 

1. A method for tiling an integrated circuit (IC) design, said 
method comprising: 

computing a routing capacity of each metal lithographic 
layer of said IC design; 

constructing a set of horiZontal and vertical Wire segments; 
bi-sectioning said IC design for identifying a set of tiles; 

and 
partitioning the connectivity of said IC design based on the 

identi?ed tiles. 
2. The method of claim 1, further comprising: 
distributing said tiles to a plurality of distributed routers; 
simultaneously routing said tiles on the plurality of distrib 

uted routers; and 
assembling the routed tiles to form a routed IC design. 
3. The method of claim 1, Wherein said IC design is pro 

vided by at least one of: a placement tool, a global router; and 
a ?ne router. 

4. The method of claim 1, Wherein constructing said set of 
horiZontal and vertical Wire segments comprises: 

receiving said IC design data from a placement tool; 
for each net in said IC design, constructing an enclosing 

rectangle, Wherein said enclosing rectangle includes all 
ports of said net; and 

setting tWo opposite sides of said enclosing rectangle as a 
Wire segment. 

5. The method of claim 1, Wherein bi-sectioning said IC 
design comprises: 

receiving a rectangular portion of said IC design, said 
rectangular portion includes at least one horiZontal Wire 
segment and at least one vertical Wire segment; 

positioning a cut line perpendicularly to a longer side of 
said rectangular portion; 

searching for a location that said cut line cuts a minimum 
number of Wire segments; and 

dividing said rectangular portion in the location With mini 
mum cuts of Wire segments, and thereby forming tWo 
smaller rectangular portions. 

6-13. (canceled) 
14. A machine-readable medium that provides instructions 

to implement a method for accelerating the generation of a 
physical layout of an integrated circuit (IC) design, Which 
instructions, When executed by a set of processors, cause said 
set of processors to perform operations comprising: 

computing a routing capacity of each metal lithographic 
layer of said IC design; 

constructing a set of horiZontal and vertical Wire segments; 
bi-sectioning said IC design for identifying a set of tiles; 

and 
partitioning the connectivity of said IC design based on the 

identi?ed tiles. 
15. The machine-readable medium of claim 14, further 

comprising: 
distributing said tiles to a plurality of distributed routers; 
simultaneously routing said tiles on a set of distributed 

routers; and 
assembling the routed tiles to form a routed IC design. 
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16. The machine-readable medium of claim 15, wherein 
said IC design is provided by at least one of: a placement tool, 
a global router, and a ?ne router. 

17. The machine-readable medium of claim 15, Wherein 
constructing said set of horizontal and vertical Wire segments 
comprises: 

receiving said IC design data from a placement tool; 
for each net in said IC design, constructing an enclosing 

rectangle, Wherein said enclosing rectangle includes all 
ports of said net; and 

setting tWo opposite sides of said enclosing rectangle as a 
Wire segment. 

18. The machine-readable medium of claim 14, Wherein 
bi-sectioning said IC design comprising: 

receiving a rectangular portion of said IC design, said 
rectangular portion includes at least one horizontal Wire 
segment and at least one vertical Wire segment; 

positioning a cut line perpendicularly to a longer side of 
said rectangular portion; 

searching for a location that said cut line cuts a minimum 
number of Wire segments; and 

dividing said rectangular portion in the location With mini 
mum cuts of Wire segments, and thereby forming tWo 
smaller rectangular portions. 

19-26. (canceled) 
27. A distributed system for accelerating the routing of an 

integrated circuit (IC) design, said system comprising: 
a main computing node having at least a multi-processing 

agent for tiling said IC design; 
a plurality of remote processing nodes coupled to said main 

computing node and programmed for simultaneously 
executing the routing of the tiles on a set of distributed 
routers; and 

a communication netWork for communication betWeen 
said main computing node and said plurality of remote 
processing nodes. 

28. The distributed system of claim 27, Wherein each of 
said distributed routers is at least one of: a global router, a ?ne 
router. 
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29. The distributed system of claim 27, Where said multi 
processing agent is further capable of: 

distributing said tiles to said plurality of remote processing 
nodes; and 

assembling the routed tiles by said main computing nodes. 
30. The distributed system of claim 29, Wherein tiling said 

IC design comprises: 
computing a routing capacity of each metal lithographic 

layer of said IC design; 
constructing a set of horizontal and vertical Wire segments; 
bi-sectioning said IC design for identifying a set of tiles; 

and 
partitioning the connectivity of said IC design based on the 

identi?ed tiles. 
31. The distributed system of claim 30, Wherein construct 

ing said set of horizontal and vertical Wire segments com 
prises: 

receiving said IC design data from a placement tool; 
for each net in said IC design, constructing an enclosing 

rectangle, Wherein said enclosing rectangle includes all 
ports of said net; and 

setting tWo opposite sides of said enclosing rectangle as a 
Wire segment. 

32. The distributed system of claim 31, Wherein bi-section 
ing said IC design comprising: 

receiving a rectangular portion of said IC design, said 
rectangular portion includes at least one horizontal Wire 
segment and at least one vertical Wire segment; 

positioning a cut line perpendicularly to a longer side of 
said rectangular portion; 

searching for a location that said cut line cuts a minimum 
number of Wire segments; and 

dividing said rectangular portion in the location With mini 
mum cuts of Wire segments, and thereby forming tWo 
smaller rectangular portions. 

* * * * * 


