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What is DSA
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What is DSA (cont.)

 To print vias using the DSA process, we must be able to 
group all the vias into a set of feasible guiding templates.
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Redundant Via Insertion*

 Why do we need to insert redundant via? 
 Via failure has a critical impact on chip performance, 

functionality, and manufacturing yield. 
 Redundant via insertion is one of the most effective techniques 

recommended by foundries to provide via reliability.

 What is a redundant via?

* X. Jia, Y. Cai, Q. Zhou, and B. Yu. MCFRoute 2.0: A Redundant Via Insertion Enhanced Concurrent Detailed Router. 
In GLSVLSI’16
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Introduction

 Previous works show that there are still some 
unmanufacturable vias.
 We combine dummy via insertion to improve via 

manufacturability.

 Considering DSA with redundant via insertion and 
dummy via insertion may not solve the problem 
completely.
 Multiple patterning is necessary for successful manufacturing 

when technology node goes beyond 10nm.
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Guiding Template Assignment
 The goal of Guiding Template Assignment is to cover as 

many vias as possible by guiding templates. 

 Because guiding templates are printed by traditional 
lithography, if the distance between two different guiding 
templates is less than 𝑚𝑚𝑚𝑚𝑚𝑚_𝑙𝑙𝑚𝑚𝑙𝑙𝑙𝑙𝑙_𝑑𝑑𝑚𝑚𝑑𝑑, they need to be 
manufactured using different masks. 
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Redundant Via and Dummy Via insertion
 To ensure the same functionality and minimize the impact on 

the layout, the position of redundant via candidate is feasible 
when the following two conditions are satisfied. 
 It is at the grid point horizontally or vertically adjacent to the 

original via.
 There will be no short circuit or design rule violation if it is 

chosen.
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Redundant Via and Dummy Via insertion
 Due to the characteristic of DSA, vias must form some specific 

patterns so that they can be assigned to the same guiding 
template.

 Increase the choices to form guiding templates with the help 
of dummy via insertion.
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Problem Formulation
 Given a routing result, a pre-defined guiding template set, 

and the number of masks
 We want to find an optimal guiding template assignment 

with suitable dummy vias to 
 maximize the number of original vias patterned by 

DSA guiding templates, and
 maximize the redundant via insertion rate.
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Overview
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Generate guiding template candidates and dummy 
via candidates
 For each original via 𝑙𝑙, we check its immediate neighbors to see if it 

is feasible to form a vertical/horizontal 1 × 2 DSA pattern with 𝑙𝑙.
 all grid points covered by the pattern have an original via or a 

redundant via candidate
 if the pattern covers some empty grid points and they can all be 

inserted with dummy via candidates
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Conflicts between Via Candidates
 Via candidates at the same grid point will conflict.

 Inter-layer Conflicts
 The insertion of redundant via or dummy via at one 

layer will influence the insertion of redundant via or 
dummy via at adjacent layers.
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Inter-layer Conflicts
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Conflicts between Guiding Template Candidates 

 Distance-conflict
 The distance between two guiding template candidates is 

less than 𝑚𝑚𝑚𝑚𝑚𝑚_𝑙𝑙𝑚𝑚𝑙𝑙𝑙𝑙𝑙_𝑑𝑑𝑚𝑚𝑑𝑑 and they are not overlapping with 
each other. 

 Overlap-conflict
 Two guiding template candidates overlap.
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ILP Formulation
 After preprocessing, we get the information of redundant via 

candidates, dummy via candidates, guiding template 
candidates, and the conflicts between them.

 We propose an ILP formulation to get the optimal result that contains 
the maximum number of original vias and most number of 
redundant vias with no conflicts. 
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Speed-up Technique
 Since a huge amount of candidates are generated after 

preprocessing, it is impractical to consider the entire layout as 
a single ILP.

 To solve this problem in reasonable time, we divide it into sub-
problems without loss of optimality.
 If two original vias 𝑙𝑙 and 𝑙𝑙𝑜 are far away, then redundant 

via candidates belonging to them will not affect each other. 
Even the guiding template candidates covering them will 
not affect each other.
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Speed-up Technique (cont.)
 In our experiment, the average number of variables we generated in 

each sub-problem is less than 0.1% of that when we consider the 
entire layout as a single ILP.
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Experimental Results

[7] J. Ou, B. Yu, and D. Z. Pan. Concurrent guiding template assignment and redundant via insertion for dsa-mp hybrid 
lithography. In Proc. ISPD ’16.
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Experimental Results

[6] S. Y. Fang, Y. X. Hong, and Y. Z. Lu. Simultaneous guiding template optimization and redundant via insertion for 
directed self-assembly. In ICCAD ’15.



PDA Lab CS Dept., NTHU, Taiwan

Outline
 Introduction
 Preliminaries
 Problem Formulation
 Algorithm
 Experimental Results
 Conclusion



PDA Lab CS Dept., NTHU, Taiwan

Conclusion
 We present an effective and efficient optimal DSA-MP 

decomposition and redundant via insertion approach with dummy 
vias.

 We can see from the experimental results that DSA with double 
patterning can manufacture all of the original vias and insert optimal 
number of redundant vias.



Thank you for your attention.

Q&A
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