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X-Archltectu re Clock Routing Synthesis Associated with Design for Manufacturability to the
Application of Multi-Voltage Island Environment (I1)
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Abstract--- In the modern VLSI design environment, the voltage-island placement is a universal technique which can
save the power consumption. In this paper, we propose an X-clock tree construction with considering double via
insertion for each via as possible for reliability in process. An X-clock tree construction with different combination of
multiple voltage islands associates level shifter insertion for minimizing power consumption. Experimental results for
10 benchmarks show that the X-clock tree with considering double vias increases 17.88% and 0.04% in power
consumption and clock delay, respectively. The X-clock tree on multi-voltage islands has reductions of 3.56% on
average in power consumption than that of one voltage island, but respectively increase 2.13%%2 51.56% in clock delay
and running time.

Keywords: clock tree, multi-voltage island, power consumption, double via.
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Algorithm: XCTMVI ()

Input: Given a set of n voltage-islands and each voltage-island has
achieved sub-clock tree construction.

Output: Complete a system clock tree construction with power
minimization.

1. Set SV is a set of voltages for supplying multi-voltage islands, then
determine the system supply voltage.

2. Construct X-clock tree for each voltage island and set each
sub-X-clock tree as the system clock tree’s leaf node.

3 Find all the orders of n leaf nodes, SL.

5 For all element sli of SL

6 { Calculate LSi

7 Match the objective:
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Voltage B
Voltage B Vdd=1.1
Vdd=1. 2
Voltage A
Vdd=1.0
Voltage C
Vdd=1.2
(a) (b
F15@= TRELO)ZTRY D6 AT LW

232 274N G ETRLA2V) - Xph? @2 = TRE (0V/I2V) ~ Yiud @s T2 - TR
(1.OV/1.2V)~LAj*» 22 = § & & (1.0V/1.2V)2 T2, 22 = B 2 & & (1L.OV/LIV/I2V)E 4 fick ¥ BiE ~ 75
PR TR 2 EA F e B A R R IER 3 o b » BT IV PRAREE E RA Y RIE A BT
F R e Fou BPEF A B 40 17.88 (7(0.0715%+15.9145%+18.6636%+26.163%+28.6247%)/5)£2 0.04%
(7 (0.0849%+0.0258%+0.0298%+0.0473%+0.021%)/5) » ¥ L4c » BEF 34 & P AT S K 4o 7 o) 2 0 (e 4P

BB o

%3 HEREA2V)Y BE 43 A double via 2 i 425 & fois B pE

Benchmark Power(W) Delay (us)

Without double via With double via Without double via With double via
rl 0.078951 0.07906(1.001381) 0.309868 0.310001(1.000429)
2 0.186046 0.186174(1.000688) 1.361085 1.361734(1.000477)
3 0.259575 0.259717(1.000547) 1.792491 1.793355(1.000482)
4 0.599519 0.599856(1.000562) 4.792936 4.795621(1.00056)
5 0.994431 0.995018(1.00059) 6.883625 6.887553(1.000571)
prl 0.175772 0.175772(1) 0.058598 0.058663(1.001109)
pr2 0.416744 0.416809(1.000156) 0.25293 0.253039(1.000431)
s1423 0.006842 0.006848(1.000877) 0.00742 0.007431(1.001482)
$5378 0.017390 0.0174079(1.001029) 0.016805 0.016825(1.00119)
s15850 0.06472967 0.064815404(1.001324) 0.054149 0.054244(1.001754)
Average (1.000715) (1.000849)

4 H2-TREHAOVI2V)Y g A4 g double via 2 i 27 F fras B pE 7
Power(W) Delay (us)

Benchmark Without double via With double via Without double via With double via
rl 0.061434 0.071740(1.167757) 0.480054 0.480128(1.000154)
r2 0.156596 0.175625(1.121517) 1.38732 1.387562(1.000174)
r3 0.229733 0.256625(1.117058) 1.961540 1.961886(1.000176)
r4 0.523940 0.597544(1.140482) 5.644529 5.645674(1.000203)
5 0.835854 0.967952(1.15804) 8.882311 8.884294(1.000223)
prl 0.137849 0.159067(1.153922) 0.074138 0.074159(1.000283)
pr2 0.334432 0.402085(1.202292) 0.253733 0.253778(1.000177)
s1423 0.005510 0.006344(1.151361) 0.010909 0.010913(1.000367)
$5378 0.014117 0.016392(1.161153) 0.022255 0.022263(1.000359)
s15850 0.049966 0.060852(1.217868) 0.073125 0.073159(1.000465)
Average (1.159145) (1.000258)

%5 T RE0V/II2V)Y {2 A+ g double via 2 i 4L 34 F frat B pER
Power(W) Delay (ps)

Benchmark Without double via With double via Without double via With double via
rl 0.061181 0.073014(1.19341) 0.498788 0.498859(1.000142)
2 0.147363 0.176637(1.198652) 1.304789 1.30502(1.000177)
3 0.20886 0.257736(1.234013) 1.576861 1.577136(1.000174)
r4 0.494263 0.596035(1.205907) 4.533315 4.534197(1.000195)
5 0.816948 1.03959(1.272529) 6.787453 6.789054(1.000236)
prl 0.13298 0.156508(1.176929) 0.076883 0.076906(1.000299)
pr2 0.342338 0.406263 (1.186731) 0.273225 0.273273(1.000176)
s1423 0.005592 0.006123(1.094957) 0.009134 0.009138(1.000438)
$5378 0.014114 0.016211(1.148576) 0.017232 0.017242(1.00058)
s15850 0.053686 0.061989(1.154659) 0.063832 0.063868(1.000564)
Average (1.186636) (1.000298)




%6 LA-% &5 (1.0V/12V)? 52 A % & double via 2. i 427 F {out B pF T

Power(W) Delay (us)
Benchmark Without double via With double via Without double via With double via
rl 0.058921 0.075957(1.289133) 0.328906 0.32896(1.000164)
2 0.143735 0.179237(1.246996) 0.86712 0.867301(1.000209)
3 0.209628 0.253652(1.21001) 1.700054 1.700396(1.000201)
r4 0.491209 0.613066(1.248076) 3.988848 3.989559(1.000178)
5 0.81266 0.992837(1.221713) 8.781566 8.783222(1.000189)
prl 0.128913 0.16325(1.266358) 0.051935 0.051953(1.000347)
pr2 0.322462 0.410137(1.271893) 0.182228 0.182269(1.000225)
s1423 0.005257 0.006628(1.260795) 0.007008 0.007016(1.001142)
$5378 0.014809 0.01899(1.282328) 0.015518 0.015526(1.000516)
s15850 0.047869 0.063139(1.318996) 0.053734 0.053818(1.001563)
Average (1.26163) (1.000473)

%7 TA-TRE(LOV/IV/I2V)F 22 & ¥ % double via 2 i 4% 74 F frus V& pf

Power(W) Delay (us)
Benchmark Without double via With double via Without double via With double via
rl 0.060079 0.078481(1.306297) 0.343070 0.343107(1.000108)
2 0.137971 0.177894(1.289358) 0.966694 0.966846(1.000157)
r3 0.200669 0.251410(1.252859) 1.711020 1.711253(1.000136)
4 0.471934 0.604090(1.280031) 4.271209 4.271923(1.000167)
r5 0.768818 0.983427(1.279141) 7.550839 7.552208(1.000181)
prl 0.124627 0.158676(1.273207) 0.065419 0.065433(1.000214)
pr2 0.308248 0.403409(1.308716) 0.219751 0.219784(1.00015)
s1423 0.005263 0.006631(1.259928) 0.009405 0.009408(1.000319)
$5378 0.012722 0.016522(1.298695) 0.017751 0.017756(1.000282)
s15850 0.047995 0.063077(1.314241) 0.051677 0.051697(1.000387)
Average (1.286247) (1.00021)

281 A 114w A Xhe S r2 = TR E(LOV/I2V)~ Ydh? 84 F T2 = & E(1.OV/1.2V)~ L3555 2] 2
S EREAOV/I2V)Z T 22 = B3R E(LOV/.IV/12V) HETRE(N2V)E Y BIEr EFTTRE Y
A BFEFER AR MR EE T FRRG LIRS E RE TR F SR
3.56% (((5.15675%+4.5003%+1.3439%+3.2718%)/4) » v fif ¥& p B 47 34 (7 pF AP A u) B 40 2.13% (7

(25.3646%+12.0105%-7.8159%- 21.0327%)/4)£2 51.56% (¥ (38.5163%+174.707%+ 40.4581%+ 52.793%)/4) °

%8 Hr-TRE(LOV/I2V)$E T &R § (1.2V)F & double via 2 i 427 F frut & pr

Power(W) Delay (us) Running time (s)
Benchmark Single #7 -type Single 7 -type | Single 7 -type
rl 0.07906 0.071740(0.907412) 0.310001 0.480128(1.548795) 32704 7514(0.229758)
2 0.186174 0.175625(0.943338) 1.361734 1.387562(1.018967) 31203 17766(0.569368)
3 0.259717 0.256625(0.988095) 1.793355 1.961886(1.093975) 38313 244218(6.374285)
r4 0.599856 0.597544(0.996146) 4.795621 5.645674(1.177256) 190360 172125(0.904208)
5 0.995018 0.967952(0.972798) 6.887553 8.884294(1.289906) 978906 1057937(1.080734)
prl 0.175772 0.159067(0.904962) 0.058663 0.074159(1.264153) 20094 6296(0.313327)
pr2 0.416809 0.402085(0.964674) 0.253039 0.253778(1.00292) 16703 10015(0.559593)
s1423 0.006848 0.006344(0.926402) 0.007431 0.010913(1.468578) 3157 5235(1.65822)
$5378 0.0174079 0.016392(0.941641) 0.016825 0.022263(1.32321) 3359 5907(1.758559)
s15850 0.0648154 0.060852(0.938851) 0.054244 0.073159(1.348702) 38250 13907(0.363582)
Average (0.948432) (1.253646) (1.385163)

29 P T2 REOV/I2V)HE 7R §(1.2V)% & double via 2_if 42 F fras EpF R

Power(W) Delay (us) Running time (s)
Benchmark Single T -type Single T -type Single + T -type
rl 0.07906 0.073014(0.923526) 0.310001 0.498859(1.609217) 32704 23891(0.730522)
2 0.186174 0.176637(0.948774) 1.361734 1.305020(0.958352) 31203 14375(0.460693)
3 0.259717 0.257736(0.992372) 1.793355 1.577136(0.879433) 38313 28890(0.754052)
r4 0.599856 0.596035(0.99363) 4.795621 4.534197(0.945487) 190360 599656(3.150116)
5 0.995018 1.039590(1.044795) 6.887553 6.789054(0.985699) 978906 17318876(17.69207)
prl 0.175772 0.156508(0.890403) 0.058663 0.076906(1.31098) 20094 6032(0.300189)
pr2 0.416809 0.406263(0.974698) 0.253039 0.273273(1.079964) 16703 14063(0.841945)
s1423 0.006848 0.006123(0.89413) 0.007431 0.009138(1.229713) 3157 5281(1.672791)
$5378 0.0174079 0.016211(0.931244) 0.016825 0.017242(1.024785) 3359 5281(1.572194)
s15850 0.0648154 0.061989(0.956393) 0.054244 0.063868(1.177421) 38250 11327(0.296131)
Average (0.954997) (1.120105) (2.74707)




%10 LA-% &5 (LOV/L2V)$E & & (1.2V)% /& double via 2 i j£ 76 & ~ 1 AP & AUl pr 7

Power(W) Delay (ps) Running time (s)
Benchmark Single L-type Single L-type Single L-type
rl 0.07906 0.075957(0.960751) 0.310001 0.328960(1.061158) 32704 10297(0.314854)
r2 0.186174 0.179237(0.962739) 1.361734 0.867301(0.636909) 31203 18297(0.586386)
r3 0.259717 0.253652(0.976648) 1.793355 1.700396(0.948165) 38313 18593(0.485292)
r4 0.599856 0.613066(1.022022) 4.795621 3.989559(0.831917) 190360 525374(2.759897)
r5 0.995018 0.992837(0.997808) 6.887553 8.783222(1.275231) 978906 2668922(2.726433)
prl 0.175772 0.163250(0.92876) 0.058663 0.051953(0.885618) 20094 6766(0.336717)
pr2 0.416809 0.410137(0.983993) 0.253039 0.182269(0.72032) 16703 20000(1.19739)
51423 0.006848 0.006628(0.967874) 0.007431 0.007016(0.944153) 3157 5203(1.648084)
s5378 0.0174079 0.018990(1.090884) 0.016825 0.015526(0.922793) 3359 12250(3.646919)
515850 0.0648154 0.063139(0.974136) 0.054244 0.053818(0.992147) 38250 13124(0.343111)
Average (0.986561) (0.921841) (1.404508)

#11 TA-%&EA0V/LIVA2V)$E $ & § (1.2V)4F & double via 2 5 4274 & ~ st Eps P 2 o pr Y

Power(W) Delay (us) Running time (s)
Benchmark Single T-type Single T-type Single T-type
rl 0.07906 0.078481(0.992676) 0.310001 0.280819(0.905865) 32704 24921(0.762017)
2 0.186174 0.177894(0.955525) 1.361734 0.716377(0.526077) 31203 18063(0.578887)
3 0.259717 0.251410(0.968015) 1.793355 1.395267(0.778021) 38313 43047(1.123561)
r4 0.599856 0.604090(1.007058) 4.795621 3.857338(0.804346) 190360 158953(0.835013)
15 0.995018 0.983427(0.988351) 6.887553 6.471790(0.939636) 978906 4052219(4.139538)
prl 0.175772 0.158676(0.902738) 0.058663 0.048778(0.831495) 20094 7422(0.369364)
pr2 0.416809 0.403409(0.967851) 0.253039 0.174655(0.69023) 16703 15469(3.267026)
s1423 0.006848 0.006631(0.968312) 0.007431 0.006522(0.877675) 3157 10314(3.267026)
s5378 0.0174079 0.016522(0.949109) 0.016825 0.012720(0.756018) 3359 8344(2.484073)
515850 0.0648154 0.063077(0.973179) 0.054244 0.042710(0.787368) 38250 30359(0.793699)
Average (0.967282) (0.789673) (1.52793)
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1. Propose DVI-X algorithm based on bipartite graph construction for X-clock layout
and integrate both jumper insertion and layer assignment techniques to effectively
reduce inserted dual vias.

2. Implement an algorithm of XCTMVI (X-Clock Tree construction on Multi-Voltage

[slands) associated with DVI-X algorithm to minimize power consumption.




