International Journal of Scientific & Engineering Research, Volume 5, Issue 11, November-2014 538
ISSN 2229-5518
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Routing in Physical Design Automation
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Abstract— Routing is one of the most complex stage in physical design. Detailed routing determines the exact place of tracks and via. The main
objective ofdetailed routing is to reduce the area of an integrated chip . Minimization of wire length,number of tracks, channel length, congestion
factor is the key problem in physical design. Routing is a process to interconnect all the nets within the channel considering all
constraints(horizontal and vertical constraints) of that channel. Unlike traditional routing schemes ,all the traffic is along a single path, multipath
routing scheme splitthe traffic among several paths in order to reduce the congestion. In this paper, we analyze different single-layer algorithms,
two-layer algorithms and three layer algorithms and conclude that the objective of the routing problems like crosstalk, wire length, channel length,
no of tracks and vias.

Index Terms— Algorithm, Detailed routing, Physical design, VLSI CAD

I. Introduction

The most important step in the physical design of VVLSI circuits is detailed routing. Detailed routing determines the exact tracks and
via for nets. The two most popular types of detailed routing: channel routing and full-chip routing. In earlier process technologies
when the maximum number of available metal layers was only two or three, channel routing was pervasively used, because most wires
were routed in the free space(i.e. routing channel) between a pair of logic blocks. In modern technologies, a chip typically contains six
to ten metal layers, and the number of available metal layers is expected to increase steadily in the near future. With more metal lay-
ers, routing over the logic block is common. As a result, routing regions become more like channel-less regions. This trend drives the
need of a full-chip routing.

Channel routing plays a important role in a physical design of VLSI chips. Many algorithms have been proposedin the past few years,
for single-layer routing [15] and two-layer routing and three-layer routing. Recent studies shows that the network would be more effi-
cient and robust if routers could flexibly divide traffic over multiple paths. Distributed multipath routing algorithm solve the question
of path selection and minimize congestion[20]. Crosstalk minimization is done by bubble sorting based manhatten channel router and
rerouting algorithm in four-layer non-manhattan channel routing[28].

The remainder of the paper is organized as follow: section Il describes the evolution tree of detailed routing and algorithms in detailed
routing. In Section 11, we present our survey work.Finally , we conclude our work in section IV.

I1. Detailed Routing - The Evolution Tree

Detailed routing problem is solved by solving one routing region at a time. The routing area is first partitioned into smaller regions.
Since, the global router only assign wires to different regions, the detailed routing problem is to find the actual geometric path for each
wire in a region. Shape of the region is the most important factor.
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The algorithm was designed to route array-based two layer PCBs. It uses a reserved layer modelit doesnot allow
doglegs and any vertical constraints.

Drawback of LEA is overcome by this algorithm. The dogleg router isthatit allows multiterminal netsand vertical
constraints.

This algorithm explain how vertical constraints violation are handled and define the concept of verticaloverlap fac
tor, which indicate the total number of tracks that a vertical constraint violation spans.

It is based on net merging. It include both horizontal and vertical constraints graphs and assign tasks to nets so as to
minimize the effect of vertical constraint chain in the vertical constraint

A grid-less variable-width channel router called glitter. Glitter can utilize multiple layer technology.

The algorithm start from the left most column and place all the nets and segments of a column beforeproceedings to
the next right column. In each column, the router assigns net segments to tracks in a greedy manner.
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Routing" simple - channel ing model | is there.
Achira instances) could  be
Pal,Debojit b) Track inter- devised
Kundu, et .

change(for sim-
al. [29]

ple channel

instances)
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"Channel 2006 JAVA ChAOS ("chan- | 0.6% increase in | Concen- No two | a) three or | Aligned Terminals
Based IEEE nel assignment | wirelength trate  in | pins in | more layer | RoutingModel
Routing in 0.35u toward full- develop- same row | together (ATRM) in which
Channel- tech- OTS synthesis") | 7-2% increase in | jng tools | can have | with some | channel  routing
less  Cir- nology | router area that run | the same | optimiza- | algorithms can be
cuits” Glau- very fast | x coordi- | tion in data | used to make con-
GlaucoBor- and can be | nate structures nections.
coBor- used in a
gesValim straight b) fast stei-
dos Santos, forward ner ftree
etal. [30] conver- heuristics
gent be consid-
methodol- ered  at
ogy for global
layout planning
generation for  wire
length re-
duction
"Via Mini- | 2014 -- a) Two layer | Reduction of | Reduce -- Develop an | a) Based on
mization IEEE channel: vias the num- algorithm breadth first search
For Multi- ber of vias for via
layer Chan- Fourth - genetic algo- | Layout modifica- | \yithout minimiza- | ©) no specific rule
nel Routing Interna- rithm tion : 34% increasing tion prob- for layering.
i tional
:; . \,{LSI Confer- - with layout | Using BFS :more the roug lem.
esign . ing area.
ence  on modification than 12% nd less
Bhaskar Commu- b)Three layer | than 55%
Das, Ashim | nication channel:
Kumar and | Systems - with layout
Ajoy Ku- | and Net- e
modification
mar work
Khan[31] T_echnolo- -with three lay-
gies. er channel rout-
ing
-using BFS
"Digital 2012 SoC a) floor plan- | Setup slack: | No DRC -- -- Helps physical
Implemen- Encoun- | ning 0.034ns violations. designer to assess
tation  of | Interna- ter partition the logical
16-bit Syn- tional b) power stripes | Hold  slack hierarchy and ana-
chronous Journal of | 130 0.016ns lyzing the optimal
Counter !Engineer- tech- €) placement Densi pin  assignments
with ~SoC | NG Re- | nology | o vion of | o0 arer, time  budgeting,
Encounter | Search and clock tree. ' power grids
for Place- | Applica-
ment and | tion (E- e) detailed rout-
Routing™ RA) ing.
Pillem
Ramesh
and Venka-
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taAravindB
ezawa-
da[32]
"Restorable | 2014 -- Routing algo- Blocking proba- | Blocking -- -- Number of light
Routing rithms: bility : probabil- paths is becoming
Algorithm IEEE ity of the the main factor in
in  optical Proceed- a) WLCR- -proposed algo- | network determining  the
Networks | FF(weighted rl'(t)hgf; 8.6431x | for  pro- cost of WDM net-
0

ibr:/g gﬁgl;li RAECS Least angest- _ zr;(ffithm work.
ing Proba- UIET eq Rogtlng- Conventional increased
. Punjab First fit) algorithm 4x10° | .
bil- . . 2 with  the
. University % . .
ity"Raman Chandi- b)shortest path increase In
Kumar and garh routing algo- the of-
Navneet- rithm fered load
Kaur[33] per  unit

c)genetic algo- link.

rithm

d) Minimum

marginal cost

routing algo-

rithm.
"A Hierar- | 2004 -- Hierarchical Parameter ~ was | Algorithm -- - This is the algo-
chical Ge- Genetic  Algo- | incremented utilized rithm which is ap-
netic Algo- IEEE rithm. from initial value | the multi- plicable for multi-
rithm  for of 2 to a final | ple layers layers.
Multi- value 11. to remove
Layer vertical (2Lyr,
Chan_nelu conf HVH,
Routing straints
Mark and over- VHV)
P.Cloyed come the
and vertical
Hesham H. con-
Ali[34] strained

cycles.

"Chan- 1991 Pascal Comparison of : | No of Switch- | No of - Better algo- | Computation time
nel/Switchb lan- boxes is at most | switch- rithms can | for large examples
ox Defini- | IEEE guage. | Greedy algo- | 2 more than the | boxes be devel- | are only a few se-
tion  for | Transac- rithm and optimal value generated oped  to | conds.
VLSI tions on . by  our minimize
Building- | computer- Minimum feed- algorithm the number
Block Lay- | aided de- back vertex set is  only of L-
out" Yang | S19n- algorithm. about half shaped
Cai and as greedy channels
D.F.Wong algorithm used
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[35]

"High Per- | 2004 -- MCCI Routing | Crosstalk is re- | Minimize -- Reduce Amount of cross-
formance solutions: duced from 9 | routing total wire | talk between wire
Multi- IEEE unit to 7 unit . area and length re- | segments is propor-
Layer Rout- a) two layer VH reduce quired in a | tional to the cou-
ing for total routing pling capacitance.
VLSI Cir- E/)It—:]\r/le:gyS(/H crosstalk solution

cuit  Syn- in compu- that may

thesis" c) four layer ting a optimize

Sangram- VHVH routing signal de-

jitBhowal , solution. lays.

rajat K. Pal

[36]

1V. CONCLUSION

In this paper a comparison on routing problems likeNP-hard andNP-complete based on different algorithms is done. We conclude that
if the layers are increased than the number of tracks are reduced so that the NP-complete problem is solved and crosstalk is reduced.
50% ,reduction in number of tracks, 30.77% reduced crosstalk[29]Gridless routing algorithm is much faster than grid routing algo-
rithm(i.e around 10x speedup)[9]. These are the categories of manhattan channel routing. In channel-less circuits, channel based rout-
ing increase in wirelength and area.
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