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A study on the Power Distribution Synthesis and Area
Optimization of VLS! Circuits
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Abstract

The area optimization of the power distribution network is an important problem in the
layout design of VLSI systems. In this paper we propose noval methods to solve the
problem of designing minimal area power distribution nets, while satisfying voltage drop
and electromigration constraints. We propose two novel greedy heuristics for power net
design-one based on bottom—up tree construction using greedy merging and the other
based on top-down linearly separable partitioning.
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8 1. Geometric &ale| 23
Fig 1. Insufficiency of geometric formulations
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Current Estimation

Input : A family F of sets of time interval
Qutput : The worst case current estimate
begin

For each interval in a set belonging to F
increment bins corresponding to times
contained in the interval
worst case estimate = size of largest bin
end
worst, currents

Estimating the case

given a family of time interval sets

a3 3. 3R F£Y gE
Fig 3. Algorithm of current estimation

IV. Greedy heuristics
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Algorithm TD(Top-Down topology design)
Input : sink position, current information
electromigration & voltage drop
constraints, technology information
Output : power distribution topology
begin
if 2 sinks say I, r
return binary tree as topology with 1
and r as children for each linearly
separable partition
find_cost(partition)
choose partition (L, R) of smallest cost
embed root at smallest x-, y- coordinate
TD(L)
TD(R)
end

find_cost(partition : L, R)
begin
return(I(L)*sqrt|L|*diameter (L) +I(R)*

sqrt|R|*diameter(R) +root_branch_area)
end

O% 4. Top-down HAICIRIR) YRR
Fig 4. Algorithm of top-dowm design

2. Bottom-up greedy merging
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Algorithm GM(Greedy Merging)
Input : Sink position {Zi}
Voltage drop &

constraints Technology

electromigration

Qutput : Sized topology of minmal area
begin

repeat {
minimum_cost_merge()
} n~1 times
end

minimum_cost_merge()
begin
find min{cost of sub-tree merges
for pairs of sub-trees}
merge the sub-trees

end

12l 6. Greedy Merging Y21
Fig 6. Algorithm of greedy merging
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1. 7]F Mol=
Table 1. Benchmark sizes
Name Sinke| Sink H5e] #HA)
R.LL 72 0.274
R.LR 76 0.282
R.UL 87 0.325
R.UR 32 0.119
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H2 H¥u|m
Table 2. Area comparison
Unit : 106 gride(1 gride=0.1u X 3u)

50mvV 500mV
1S |STR{GM| TD [ NS |STR| GM| TD
R.LL {18.68|15.21{5.40215.401|3.672(5.772| 1.819{1.622

R.LR [21.94|14.56}4.674|5.548|3.843(5.716(1.6564{ 1.604

R.UL|19.53{15.55|5.5662(5.022|4.176|6.243( 1.935]2.002

R.UR(7.722{6.942|2.189]2.228{1.529|2.481{0.753(0.705

9 vm 4y Fvks ¥204 HoEth Sized
iterated 1-steiner trees(6), Sized star routing, =
B4 Aetel Greedy merging Algorithm¥ Top-
down Heuristice] H&E vlwch Iterated 1-
steiner Heuristic® 2} YE 4ol§ Z+= Efz A
g 2 E 44 daRle] tig £F 94 wid HH3 &
AHeske  #lololrd] AMgEd. #F  A(Standard
cells)ol AMEEE= Star routing2 €& 7|Eo2aA
A RS e 9tk 99 Gridg d@Al2gAE g
WRzel: H) AFYUEE 1mA/micron2e]th. zHz}e]
Sinkell Yehtes AFel] gt A7F 77 Boolean Ml
ENA Levele 34 sk Agdd. 7 &2
LevelolA] Sink®l & 7P Level Bt dwizo=
Ak 27K(50mV. 500mV)el t& 43 A<t 7 Al
ool TJ3 HAR H 20 AFFct UEHo|= & 394
BoFn] JE ol Iterated 1-steiner tree’} 7F3
3 Star routes’t 7P A & UG ey
Greedy Merging @xue|gol ol €=l Ezle] ®
A FAl dofvke 94 dARIT wid =271 o &l
g2 dnzZect Ags]

E 3. HIE o} tju
Table 3. Net length comarison Unit : 106 grid(0.1u)

Net 20}

Benchmark ™5™ TSt | oM i)
R.LL 0.241 3.371 0.446 0.5642
R.LR 0.233 3.483 0.425 0.495
R.UL 0.252 3.809 0.423 0.568
R.UR 0.150 1.601 0.220 0.261

500mV 43| A2kl digiA Leveldl 471 A& o
dAld FHE I=(Temporal information granula-

rity)®l #Z4AE  Top-downd Bottom-up Greedy

Heuristics& BlaaiA] Aol ojd g F=A&E &
A3k A= & 494 AEFL Root AFE H 5ol
A BoZth AAE AF FHL BAS M sI9E
fFoEthe A ¢ St

B 4. He Ui HA ejzel Ful
Table 4. Effect of smaller temporal
information granularity

Bench!| 2 levels 4 levels 7 levels

mark | GgM| TD | GM | TO | GM | T
R.LL | 3.180] 3.103 | 2.362 | 2.020 | 1.844 | 1.727
RLR | 3.022| 2850 | 2.196 | 2.614 | 1.654 | 1.873
R.UL | 3.700 | 3680 | 2517 | 2.598 | 1.935 | 2.489
RUR | 1.372( 2.132} 1.118 | 1.000 | 0.753 | 0.840

H 5. Root 7 FHof| st 7K (mA)
Table 5. Improverment in root current(mA)

Benchmark 2 levels | 4 levels | 7 levels
R.LL 147 107 70.4
R.LR 160 112 68.1
R.UL 188 139 89.0
R.UR 63.8 53.3 29.6

V.ZE

VLSIZ|2e] A Fuf MEAIE ] A A
2 Heuristics& A3 o]2]3t Heuristics& 71&
o Wby B} #2 HAE A7) sl Sinkel oig o
AlA AR (Temporal information)& AT 7129
Iterated 1-sterner tree, Sized star routing, ‘123

=84 A9t} Greedy merging <ndEH
Top-down 94 Heuristics®] WA& wlzglon

Greedy merging <€78%# Top-down ¢4
Heuristics®l 8414 X = (Granularity)® 354
< vt B =824 AgE dalEge F= 4
AHQ 8ol ojdxlold Roln HITYL HE A
A BolE AAE LE HAEo FH2d€ Foju},
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