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Redundant ViaRedundant Via
�� Yield loss caused by via failure becomes critical and Yield loss caused by via failure becomes critical and 

requires a good controlrequires a good control

�� A good solution is to add a redundant via adjacent to A good solution is to add a redundant via adjacent to 
a single normal via as a backupa single normal via as a backup
�� The extra via enables a single via failure to be toleratedThe extra via enables a single via failure to be tolerated

�� Redundant via insertion can be considered in the Redundant via insertion can be considered in the 
routing stage or postrouting stage or post--routing stagerouting stage
�� We only consider postWe only consider post--routing redundant via insertionrouting redundant via insertion
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Double ViaDouble Via

�� Feasible double viaFeasible double via
�� A double via is said to be feasible if it will not violate A double via is said to be feasible if it will not violate 

any design rule, assuming none of the other single any design rule, assuming none of the other single 
viasvias has a redundant single via inserted in the designhas a redundant single via inserted in the design

Violating Violating 
design rulesdesign rules InfeasibleInfeasible
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Problem FormulationProblem Formulation
�� InputInput
�� A routed design and a set of design rulesA routed design and a set of design rules

�� GoalGoal
�� To replace single To replace single viasvias on signal nets with double on signal nets with double viasvias

as many as possible as many as possible 
�� ConstraintsConstraints
�� Do not reDo not re--route any signal netroute any signal net
�� Each single via either remains unchanged or is Each single via either remains unchanged or is 

replaced by a double viareplaced by a double via
�� After double via replacement, no design rule is After double via replacement, no design rule is 

violated. violated. 
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Maximum Bipartite Matching Maximum Bipartite Matching 
FormulationFormulation

�� We showed that the maximum bipartite We showed that the maximum bipartite 
matching formation may not formulate the postmatching formation may not formulate the post--
routing redundant via insertion problem routing redundant via insertion problem 
correctlycorrectly

H. Yao, Y. Cai, X. Hong and Q. Zhou, “Improved Multilevel 
Routing with Redundant Via Placement for Yield and 
Reliability”, Proc. of GLSVLSI, 2005.
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MIS Formulation MIS Formulation ––
Conflict GraphConflict Graph
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MIS Formulation MIS Formulation ––
Problem TransformationProblem Transformation

�� The postThe post--routing redundant via insertion routing redundant via insertion 
problem can be reduced into the problem can be reduced into the maximum maximum 
independent set problemindependent set problem
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Our MISOur MIS--based Approachbased Approach

Routed DesignRouted Design

Conflict Graph Construction
(GCA)

Conflict Graph Construction
(GCA)

Heur istic for  an MIS Solution
(H2K)

Heur istic for  an MIS Solution
(H2K)

Refined DesignRefined Design
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Conflict Graph Construction (contConflict Graph Construction (cont’’d)d)

�� In this work, we use RIn this work, we use R--trees for indexing the 2D trees for indexing the 2D 
information of layout objectsinformation of layout objects

‧‧‧

‧‧‧

‧‧‧

R-tree
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RR--treetree

Conflict Graph Construction (contConflict Graph Construction (cont’’d)d)
-- Our approach GCAOur approach GCA
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Heuristic for Solving the MIS Problem Heuristic for Solving the MIS Problem ––
Our algorithm H2KOur algorithm H2K

�� H2K solves the MIS problem in an iterative H2K solves the MIS problem in an iterative 
mannermanner

� In each iteration, a subgraph is extracted from 
the conflict graph, a maximal independent set 
solution to the subgraph is sought and added to 
the final solution, and the conflict graph is 
updated
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H2K (contH2K (cont’’d)d)
� For the conflict graph G(V ,E), we construct a 

priority queue Q of V  by using the feasible 
number and degree of a vertex as the first 
and second keys.
� We give a vertex a higher priority if it has smaller

feasible number and degree.

�� Feasible numberFeasible number
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H2K (contH2K (cont’’d)d)
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OnOn--/Off/Off--Track Redundant Via Track Redundant Via 
�� OnOn--track redundant track redundant viasvias

are more preferable since are more preferable since 
they they 
�� take less routing resourcetake less routing resource
�� have better electrical have better electrical 

characteristicscharacteristics

� If two solutions contain the 
same number of redundant 
vias, we prefer the one with 
more on-track redundant 
vias

On-track redundant via

Off-track redundant via



24

OOnn--/Off/Off--Track Redundant Via (contTrack Redundant Via (cont’’d)d)
�� H3KH3K
� We add the third key to each vertex in the priority 

queue. If a vertex corresponds to an on-track double 
via, it will have a higher priority on this key.

� PPH (a post processing heuristic)
� To increase the amount of on-track double vias as 

many as possible while at the same time without
decreasing the total number of double vias.
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Experimental ResultsExperimental Results
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Experimental Results Experimental Results ––
GCA+H2KGCA+H2K
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Experimental Results Experimental Results ––
H3K and PPHH3K and PPH
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Experimental Results Experimental Results ––
H3K and PPH (contH3K and PPH (cont’’d)d)

ModifiedOriginalModifiedOriginal

0.05%0.05%2051920519205082050828506285062850628506H3K+PPHH3K+PPH

----2050820508--2850628506H3KH3K

19.7%19.7%1604716047134061340628507285072850728507H2K+PPHH2K+PPH

Imp
#On-track RV#Total RV

C2C2



30

Experimental Results Experimental Results ––
H3K and PPH (contH3K and PPH (cont’’d)d)
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Experimental Results Experimental Results ––
H3K and PPH (contH3K and PPH (cont’’d)d)
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Experimental Results Experimental Results ––
H3K and PPH (contH3K and PPH (cont’’d)d)
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ConclusionsConclusions
� We study the problem of post-routing redundant 

via insertion and discuss two possible formulations
� Maximum bipartite matching (which might not work)
� Maximum independent set (MIS)

� We present an MIS-based approach to solve the 
problem

� We also present two approaches to increase the 
amount of on-track redundant vias

� The experimental results are provided to support 
all our approaches
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Thank You!Thank You!

Q&AQ&A
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Experimental SetupExperimental Setup
Gate-level NetlistGate-level Netlist
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Experimental Setup (contExperimental Setup (cont’’d)d)

� The commercial tool was executed on a Sun Fire V440 
machine with 4CPUs and 8GB memory

� All our algorithms were implemented in C++ language 
running on a Linux based machine with 2.4G processor 
and 2GB memory

� We directly used the R*-tree package for indexing 2-
dimensional information of each metal layer

� The qualex-ms was utilized as our MIS solver
� A subgraph can consist of 1500 vertices at most
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The experimental result The experimental result –– CPU timesCPU times
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