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(57) ABSTRACT 
A design tool for integrated circuits includes a placement 
tool Which places logic gates and interconnect components 
concurrently. Probabilistic interconnect models are used to 
represent the collection of possible interconnect routings 
that provide acceptable circuit performance and routing 
area. 
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SYSTEM AND METHOD FOR CONCURRENT 
PLACEMENT OF GATES AND ASSOCIATED 

WIRING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to integrated circuit 
design tools. In particular, the present invention relates to 
design tools that optimiZe area and performance for inte 
grated circuits. 

[0003] 2. Discussion of the Related Art 

[0004] The interconnection Wiring (“interconnect”) 
among circuit elements in an integrated circuit is eXpected to 
dominate signal delays and to limit achievable circuit den 
sity of an integrated circuit. Existing design methods, Which 
treat interconnect as “parasitics” and focus on optimiZing 
transistors and logic gates, are ill-equipped to provide a 
design Which delivers the necessary performance. Typically, 
in a conventional design method, the circuit elements of an 
integrated circuit are ?rst synthesiZed and placed. A global 
routing tool is then used to interconnect these circuit ele 
ments. Because placement and routing are performed rela 
tively independently, even though some tools take into 
consideration the connectivity among circuit elements in 
providing the placement, the global routing tool’s ability to 
address poWer, timing and congestion issues is severely 
limited. 

[0005] Concurrent placement and Wiring routing is dis 
closed in US. Pat. No. 4,593,363, entitled “Simultaneous 
Placement and Wiring for VLSI Chips” to Burstein et al. The 
’363 patent discloses an iterative method in Which a global 
router is invoked to route netWorks redistributed under a 
hierarchical placement algorithm. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a method and a 
design tool for designing integrated circuits With emphasis 
on circuit performance. One method of the present invention 
pertains to a placement algorithm for placing circuit ele 
ments onto a target area of a semiconductor substrate 
according to the folloWing steps: (a) providing an initial 
placement of the circuit elements onto a target area; (b) 
providing, for each of the nets interconnecting the circuit 
elements, a probabilistic model of interconnect Wiring based 
on required performance for the net; (c) optimiZing the cost 
function associated With the placement of the circuit ele 
ments and the corresponding Wiring using an iterative place 
ment algorithm; (d) updating the performance estimations 
during placement to facilitate continuous adjustments of the 
probabilistic Wiring model. Thus, in a method of the present 
invention, the probabilistic model of interconnect Wiring are 
provided according to performance requirements Which are 
updated continuously. 
[0007] The placement tool optimiZes gate placement using 
timing estimates based on a probabilistic Wiring model. The 
Wiring model represents the local, probabilistic Wiring den 
sity based on the continuously updated criticality of the net. 
The probabilistic Wiring model represents nets based on 
Where the Wiring should be routed to attain the necessary 
performance. The placement optimiZation then modi?es the 
placement to achieve aggregate Wiring that is globally 
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feasible. The present invention can be practiced in conjunc 
tion With any placement tool Which is based on iterative 
improvement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a How diagram of a method of optimiZing 
integrated circuit performance, in accordance With the 
present invention. 

[0009] FIG. 2a provides an eXample of a smear over a 
bounding boX 600 of a net. 

[0010] FIG. 2b provides a smear of the net of FIG. 2a, 
provided over localiZed bounding regions 601. 

[0011] FIG. 2c provides a smear of the net of FIG. 2a, 
provided over localiZed bounding regions 601, but With 
multiple Wire-smearing densities shoWn at areas 603 and 
604. 

[0012] FIGS. 3a and 3b shoW equally acceptable (from a 
performance point of vieW) Wiring con?gurations 503 and 
504 for interconnecting gates 501 and 502. 

[0013] FIG. 3c shoWs a probabilistic smear 505 represent 
ing equally acceptable Wiring con?gurations betWeen and 
including Wiring con?gurations 503 and 504. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0014] The present invention provides a method that per 
forms placement of circuit elements (eg gates) and inter 
connect Wiring concurrently. To ensure that routing space is 
not unduly restricted before placement is ?naliZed, the 
router of the present invention places interconnect Wires 
(“interconnect”) using a probabilistic representation 
(“smear”), rather than actual Wiring, until predetermined 
points in the optimiZation process. 

[0015] The present invention can be applied to an inte 
grated circuit design system, such as any of those disclosed 
in copending patent applications (“Copending Applica 
tions”): (a) a patent application, entitled “Performance 
Driven Design OptimiZation Using Logical and Physical 
Information” by D. Boyle et al., Ser. No. 09/021,973, ?led 
Feb. 11, 1998, and (b) a patent application, entitled “Method 
for Design OptimiZation Using Logical and Physical Infor 
mation,” by L. Pileggi et al., Ser. No. , ?led on or 
about the same day as the present application. Both Copend 
ing Applications are assigned to Monterey Design Systems, 
Inc., Which is also the Assignee of the present application. 
The disclosures of the Copending Applications are hereby 
incorporated by reference in their entireties. 

[0016] FIG. 1 is a How diagram of a method for optimiZ 
ing integrated circuit performance in accordance With the 
present invention. The method operates on an input net list 
(e.g., a logic gate-level net list synthesiZed from a behavioral 
description of an integrated circuit or a portion of an 
integrated circuit), from Which circuit elements are clustered 
according to connectivity. At step 1 of FIG. 1, the clusters 
are mapped as an initial placement onto a 2-dimensional 
representation of the chip area. Any placement algorithm 
Which is capable of placing non-uniform circuit elements 
can be used for the initial placement. 

[0017] At step 2, having mapped all circuit elements to 
individual 2-dimensional locations of the chip, each net Wire 
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placement is modeled in a probabilistic manner. At this step, 
all nets are considered equally critical. Each probabilistic 
Wire placement (“smear”) represents a set of best routes of 
minimum or close to minimum cost (e.g., interconnect 
delay). The smear can be represented, as shoWn in FIG. 6a, 
by the average routing length for a predetermined number of 
best routes over a bounding boX (i.e., bounding boX 600) 
covering the net. Alternately, and more accurately, a smear 
for a net can be represented (as shoWn in FIG. 2b) by the 
average interconnect length of the best routes averaged over 
relevant localiZed bounding regions indicated by shaded 
regions 601. The representation for the smear can be further 
re?ned, if necessary, to alloW regions Where more favorable 
routes are achievable to be identi?ed. For eXample, FIG. 2c 
shoWs a smear representing the net of FIG. 2a, including 
areas 603 and 604 of different Wiring densities. The darker 
shadings (i.e., areas 604) indicate regions Where more favor 
able routes can be achieved. 

[0018] At step 3, using the initial placement of the circuit 
elements and the smears, the delays for the nets and asso 
ciated circuit elements are calculated. Since the smears are 
probabilistic, the delays calculated from the smears are 
necessarily probabilistic. In one embodiment, both the best 
case delay and the Worst case delay are approximated over 
each smear. 

[0019] Depending on the placement algorithm and the 
circuit element clusters, a statistical estimate of delay is 
provided for each net Within a cluster. Such a statistical 
estimate of delay can be provided, for eXample, based on the 
fan-out at a driver of the net. A delay based on estimates of 
the resistance and the capacitance in a net (“RC calcula 
tions”) can be provided for a net betWeen circuit elements of 
different clusters. Where a net has a non-negligible portion 
of delay Within a cluster and a non-negligible portion of 
delay betWeen clusters, an estimate based on both the 
statistical estimate of delay and the RC calculations can be 
provided. 
[0020] In this embodiment, the expected performance at 
each net is represented by a “slack graph”. A slack graph 
includes, for each net, a “slack” value Which is represented 
by the time difference betWeen the arrival time and the 
required time of a signal on the net. The propagation delay 
of any logic gate can be estimated by conventional tech 
niques, such as using Thevenin equivalent or effective load 
(Ceff) models. 
[0021] At step 4, each net Which lies along a critical path 
and Which has either a negative slack or a small positive 
slack is identi?ed. Since it is advantageous to minimiZe the 
delays in these nets, the smears of these nets are restricted 
to encompass only those routes producing the minimum 
delay, or close to minimum delay. 

[0022] Even though the nets along a critical path are most 
constrained in Wiring placement, a smear of one of these nets 
still represents a set of routes of best performance. FIGS. 3a, 
3b and 3c shoW equally acceptable (from a performance 
point of vieW) Wiring routes 503 and 504 for interconnecting 
gates 501 and 502. Routes betWeen routes 503 and 504 are 
also acceptable. (As shoWn, routes 503 and 504 are preferred 
routes, since any route betWeen routes 503 and 504 incurs at 
least one additional via). Hence, a smear indicated by 
bounding boX 505 represents the collection of best accept 
able routes betWeen and including routes 503 and 504, 
assuming via costs are negligible. 
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[0023] At step 5, an iterative placement algorithm based 
on minimiZing a cost function is invoked. In this embodi 
ment, the cost function has congestion, gate area, total 
Wiring, poWer and delay components. One eXample of a 
suitable placement algorithm is the Fidduccia-Matheyses 
(FM) algorithm knoWn in the art. Another eXample is any 
placement algorithm based on simulated annealing. 

[0024] According to the present invention, smears associ 
ated With a circuit element are concurrently placed When the 
circuit element is placed. With each iterative placement 
move (step 5a), smears are derived based on eXisting slack 
information and the location change of the each circuit 
element involved in the iterative move. The delays and 
smears of each net are further re?ned in steps 5b and 5c. 
Speci?cally, at step 5b, the delays and slacks are incremen 
tally updated. Then, at step 5c, the smears are updated based 
on the changes in slacks and circuit element placements. 

[0025] In step 5d, a decision is made as to Whether or not 
to keep the iterative placement move, according to the cost 
function and the acceptance criteria for the move. Typically, 
not only moves Which improve the cost are accepted. For 
eXample, in simulated annealing-based algorithms, some 
uphill cost moves are accepted to avoid local minima, so as 
to achieve better global solutions. 

[0026] As mentioned above, a “smear” represents a col 
lection of best possible routes of less than a predetermined 
cost. One representation of a smear, referred to as a “bound 
ing boX smear” or a “localiZed bounding boX smear”, 
provides a Wiring density calculated from a set of best routes 
over the associated area. The Wiring density can be used to 
provide the congestion component of an overall cost func 
tion. The bounding boX also provides a measure of the total 
interconnect Wiring lengths, Which can be used to estimate 
the total load capacitance driven by a driving circuit ele 
ment, and hence the poWer dissipation of the driving circuit 
element. With Wiring density and total interconnect Wiring 
lengths, the bounding boX smear thus estimates the inte 
grated circuit area necessary for implementing the intercon 
nect represented by the smear that achieves the required 
timing performance. 

[0027] Since the Wiring density is determined Without 
regard to the smears associated With other circuit elements, 
the present invention provides a congestion measure that is 
based on the preferable position of the Wire, rather than the 
constrained maXimiZed route attached to a particular place 
ment of the circuit elements to Which the Wire is associated. 
For a given location, the local Wiring density, and hence 
congestion, is the sum of all smears at the location. During 
an iterative placement move, a gate and nets associated With 
the gate can be moved to reduce the local Wiring density. A 
neW smear is then calculated for each net at the neW gate 
location. If the net has a large positive slack (i.e., the arrival 
time is much earlier than the required time), higher delay 
routes can be included in the smear. Conversely, Where the 
placement of additional smears increase the congestion at a 
particular location, the cost estimate (e.g., the slack) on each 
net related to the smears at the location should be updated. 
In the present embodiment, an update to a slack is provided 
only after the cost difference eXceeds a predetermined 
threshold. 

[0028] The placement cost function considers a combina 
tion of the costs associated With area, poWer dissipation, 
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delay, total Wirelength, and Wiring congestion. Placement 
moves are accepted or rejected based on changes in these 
costs. If a placement move is accepted (5L0, the placement 
algorithm returns to step 5a. If the placement move is not 
accepted, the algorithm undoes the changes and executes 
step 5a to obtain a neW placement move. 

[0029] The above detailed description is provided to illus 
trate the speci?c embodiments above and is not intended to 
be limiting of the present invention. Numerous variations 
and modi?cations Within the scope of the present invention 
are possible. For example, the present invention is appli 
cable to not only to design of logic circuits With conven 
tional signaling on conventional interconnects, but to design 
of other circuit technologies also, such as high speed miXed 
mode signals on RF transmission lines, or circuits using 
copper interconnect. The present invention can also provide 
a system useful not only in the design of electronic inte 
grated circuits, but also to micromachine With a signi?cant 
electronic circuit portions. The present invention is set forth 
in the folloWing claims. 

I claim: 
1. A method for placing circuit elements onto a target area 

of a semiconductor substrate, comprising: 

providing an initial placement of said circuit elements 
onto said target area; 

providing, for each of a plurality of selected nets inter 
connecting said circuit elements, a probabilistic model 
of interconnect Wiring; 

providing a second placement of said circuit elements by 
reassigning selected ones of said circuit elements; and 

updating said probabilistic model of interconnect Wiring 
for each of said selected ones of said circuit elements, 
according to said second placement. 

2. Amethod as in claim 1, Wherein said second placement 
being provided in accordance With timing estimates of said 
probabilistic model. 

3. A method as in claim 2, Wherein said probabilistic 
model represents local Wiring density. 

4. A method as in claim 1, Wherein said probabilistic 
model is provided independently of said initial and second 
placements. 

5. Amethod as in claim 1, Wherein said initial placement, 
circuit elements are placed Within bins, and Wherein said 
probabilistic models are provided for interconnect Wiring 
betWeen circuit elements of different bins. 

6. A method as in claim 5, Wherein a statistical routing 
estimate is provided for a signal path betWeen circuit ele 
ments Within the same bin. 
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7. A method as in claim 5, Wherein said bins are subdi 
vided into successively smaller bins and Wherein said steps 
of providing a second placement and adjusting the proba 
bilistic models are repeated for said successively smaller 
bins. 

8. A method as in claim 7, further comprising, When said 
smaller bins reach a predetermined siZe, transforming each 
of said probabilistic model into an actual interconnect Wir 
ing. 

9. Asystem for placing circuit elements onto a target area 
of a semiconductor substrate, comprising: 

a placement tool for placing an initial placement of said 
circuit elements onto said target area; and 

means for providing, for each of a plurality of selected 
nets interconnecting said circuit elements, a probabi 
listic model of interconnect Wiring; Wherein 

said placement tool, upon completion by said means for 
providing of said probabilistic model, provides a sec 
ond placement of said circuit elements by reassigning 
selected ones of said circuit elements; and thereupon, 
said means for providing a probabilistic model updates 
said probabilistic model of interconnect Wiring for each 
of said selected ones of said circuit elements, according 
to said second placement. 

10. Asystem as in claim 9, Wherein said second placement 
being provided in accordance With timing estimates of said 
probabilistic model. 

11. A system as in claim 9, Wherein said probabilistic 
model represents local Wiring density. 

12. A system as in claim 9, Wherein said probabilistic 
model is provided independently of said initial and second 
placements. 

13. A system as in claim 9, Wherein said placement tool 
places said circuit elements Within bins, and Wherein said 
probabilistic models are provided for interconnect Wiring 
betWeen circuit elements of different bins. 

14. A system as in claim 13, Wherein a statistical routing 
estimate is provided for a signal path betWeen circuit ele 
ments Within the same bin. 

15. A system as in claim 13, Wherein said bins are 
subdivided into successively smaller bins and Wherein said 
steps of providing a second placement and adjusting the 
probabilistic models are repeated for said successively 
smaller bins. 

16. Asystem as in claim 15, further comprising, When said 
smaller bins reach a predetermined siZe, transforming each 
of said probabilistic model into an actual interconnect Wir 
mg. 


