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Abstract—To reduce interconnect delay and improve chip
performance, three-dimensional chip emerges with the rapid
increasing of chip integration as well as chip power density.
Therefore, the thermal optimization issue is one of the most
serious challenges in 3D IC designs. With some low power
technologies such as multi-supply voltage designs, the thermal
management and the layout optimization becomes even more
complex for 3D designs. In this paper, an ILP formulation is
proposed to optimize not only the temperature distribution, but
also power-network routing resources and the timing constraint.
Experimental results show that, compared with original
algorithm, our algorithm can obtain a lower chip temperature
and the decrease of temperature exceeds performance overhead
distinctly.
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# 1 amid9 (cycletime Y [H]: 94.975 -- 115.425 (ms) )

[10]

Cyele |After voltage assignment (P | After voltage assigiment (T) | Improvement (B-A) JA
titrie LA o

0E P () | TN [RT(ms)| Déms)| P imwd | T0¢0| RT (s |Déms)| Pimowd | T¢C |RTME) D ms)
Layer I | 9755690 | 357033 16344200 | 34.743 67535 | -2.69
Layer | [ 13309100 |33.4860 | 10 |97949| 14144600 | 37.3063| 15 |[9763| 5363z | -3062 | 50 | -0.304
Layer 2 | 13979900 | 405405 13979900 | 391771 1 -3.364
Layer3 | 16721000 |41.5363 14179000 |39 9013 1520 | 303
Total | 53855600 | 763802 | 10 |07040 | 52647700 |41.5363 | 15 |0765| 57894 | -4562 30 0304

#* 2 n100 Ccycletime 5[ :142.195 -- 204.695 (ms) )
Cyele 150 (ms) 180 (ms) Improvement (B-A) /A
time (&) (B (%)
Lawer |P(mw) | TCC) RIS | Dims)| P (mw) | TOC)  |RTmS)| Dims) | P (o) | TOT) | RTms) | Dims)
Layer 0 | 161953 (141002 161953 | 767 585 0 4556
Layer 1 | 203420 |233554 | 347 1408 | 23420 138501 IT3 | 17265 1] 0T | 74928 | 1525
Layer2 | 258564 |2152.73 f21602 | 1609 65 -216 | -2511
Lrver3 | 102206 | 2241.0%8 SEE00 1728 25 -2 E05 | 2288
Total | 410153 |277225 | 347 1498 | 27988 21269 3T (17265 | 70405 | -2328 | 74928 | 1525
REFERENCES

Guoliang Zhu,Heming Zhang,Huiyong Hu, Faning Li,Bin Shu.Three-
dimensional CMOS integrated circuit technology.Electronic Science and
Technology 2004 No.7 (Total 178), pp. 21-26,2004. (In Chinese)

Y. Cheng, C. Tsai, C. Teng, S. Kang. Electrothermal Analysis of VLSI
Systems. Kluwer Academic Publishers. 2000.

K. Usami and M. Horowitz, “Clustered Voltage Scaling Technique for
Low-Power Design,” Proc. ISLPED, pp. 3-8, 1995.

Ying Cui..IC Low-power methods and reseach of application:[Master
thesis].Shanghai:Information Science and Engineering
Department,Fudan University,2008 (In Chines)

W.P. Lee, HY. Liu, and Y.W. Chang, “An ILP Algorithm for Post-
Floorplanning Voltage-Island Generation Considering Power-Network
Planning, in Proc. of IEEE/ACM International Conference on Computer
Aided Design, 2007, pp. 650-655.

Hung-Lung Lin. A Multiple Power Domain Floorplanning in 3D
IC :[PhD thesis]. Taiwan:Department of Computer Science,National
Tsing Hua University,2010

P. Wilkerson, M. Furmanczyk, and M. Turowski. Compact Thermal
Modeling Analysis For 3D Integration Circuits. In: Proceedings of
International Conference Mixed Design of Integrated Circuits and
Systems. 2004: 24-26

J.Cong and Y. Zhang, "Thermal via planning for 3-D ICs," in Proc.
Int.Conf. Comput.-Aided Des., Nov. 2005, pp. 745-752.

J. Cong and Y. Zhang, "Thermal-Driven Multilevel Routing for 3-D
ICs," in Proceedings of the Asia South Pacific Design Automation
Conference, Shanghai, China, January 2005.

Ning Xu,Xianlong Hong.VLSI Physical Design Theory
Algorithms.Beijing:Tsinghua University Press,2009 (In Chinese)

and

[11]

[12]

[13]
[14]

[15]

[16]

[17]

Y. Cheng, C. Tsai, C. Teng, S. Kang. Electrothermal Analysis of VLSI
Systems. Kluwer Academic Publishers. 2000.

C.-H. Tsai and S.-M. S. Kang, "Cell-Level Placement for Improving
Substrate Thermal Distribution," IEEE Trans. on Computer-Aided
Desing of Integrated Circuits and Systems, vol. 19, pp. 253-266, Feb.
2000.

S. P. Larcombe and P. A. Ivey. An ultra high density technology for
microsystems. Microelectronics International. 1996: 15-18.

2001 Vol. 89 No.5: 602-633R. Ching, E. Young, K. Leung, and C. Chu,
“Post-Placement Voltage Island Generation,” Proc. ICCAD, 2006.
W.-K. Mak, and J.-W. Chen, “Voltage Island Generation under
Performance Requirement for SoC Designs,” Proc. ASP-DAC, pp. 798—
803,2007.

H. Wu, L.-M. Liu, M. Wong, and Y. Wang, “Post-Placement Voltage
Island Generation under Performance Requirement,” Proc. ICCAD,
pp-309-316, 2005.

W.-P. Lee, H.-Y. Liu, and Y.-W. Chang, “Voltage Island Aware
Floorplanning for Power and Timing Optimization,” Proc. ICCAD, pp.
389-394, 2006.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


