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Abstract— As the complexity of layout design
grows, layout generation problem has been more chal-
lenging. This work features the bi-partition tree and
the selective stage for cell generation. With this bi-
partition tree, we speed up the layout generation flow
and minimize the wire length. With objective func-
tions in the placement selection stage and the routing
stage, a lithography-friendly layout with low conges-
tion, minimized area and high performance can be ac-
complished.

I. Introduction

Automated cell layout generation has been discussed
for decades since [1] solved it with Euler Path. However,
there is still no general solution for all kinds of layout de-
sign because of the difficulty and rapid development in
VLSI field. As technology node scales with highly com-
plex design rules, it is necessary to move on to 1-D GDR
(Gridded Design Rule) layout style [2] in more advanced
technology. 1-D GDR is better than traditional 2-D CDR
(Complex Design Rule) in area, power dissipation and
optical proximity correction, as shown in [2]. As demon-
strated in [3], 1-D GDR is better generated by placement
algorithms based on P/N stacks selection, because all the
layers in this style have only one direction. The placement
algorithm based on P/N stacks selection [4] [5] separates
transistors by their types at first. Then, P and N tran-
sistors do permutation individually, and we can finally
merge P and N stacks together to find the best solution.

II. Our Design Planning

A layout generation algorithm is proposed in this sec-
tion. In our algorithm, we first input a netlist. Then
we partition transistors into a bi-partition tree. After
the tree is constructed, we place transistors in the leaves.
With placements in leaves, we merge them into the final
placement. Finally, we perform symbolic routing to de-
termine if the placement is valid or not. If it is invalid, we
add one unit width at placement stage and redo the leaf
placement and symbolic routing. Otherwise, we perform
post simulation in the output.

A. Bi-Partition for P&N

In our algorithm, we bi-partition a set of transistors
into two subsets as a tree until the number of transistors
in leaves is less than 20. To choose the best bi-partition
result, we define DIFF (P ) as the difference of the num-
ber of transistors in subsets, Cut(P ) as the number of
the same nets cut, and the additional width estimation
W (P ) = 2 ·max{0, nodd − 2} with the bi-partition result
P . nodd is the number of nets with the same odd number
of terminals. For example, we have a subset with nets
1,1,1,2,2,4,7. Then, W (P ) is 2 with nodd is 2 for net 4,7
with one terminal.

Fig. 1. Routing Region. Region I,V are region for power, Region II
is P region, region IV is N region, and Region III is middle region.

Lemma II.1 We have the same wire length if Cut(P) is
less or equal to 2.

Based on Lemma.II.1, given a bi-partition result P , we
accept it only when Cut(P ) is the minimum number or
less than three. Then when the Cut(P ) is qualified, we
have W(P) as smaller as possible. Last, we update our
solution if the previous cost is acceptable and we have
smaller DIFF (P ).

B. Find the Best Placement of P/N stacks

In this stage, we define STp as P-type transistors stack,
STn as N-type transistors, and five regions as shown in
Fig. 1.

Definition II.1 For horizontal tracks in Region III, we
have two kinds of tracks in a hyperedge e ∈ E as shown
in Fig.1:

ggte: Longest tracke from gate to gate.

pnte: Shortest tracke from STp to STn.

With ggte and pnte, we have xr1, xl1, xr2 and xl2, and
we define:

trackIIIe : (min(xl1, xl2), max(xr1, xr2))

As shown in Definition II.1, after ggt and pnt are as-
signed, we merge them to be tracke in Region III. After
the tracks in Region III are decided, we assign tracks of
nets only on Region II or Region IV by simply connect-
ing from the leftmost position to the rightmost. Then we
define WL(P ) as total wire length of nets. To minimize
the congestions of the placement, we estimate the mini-
mum height of the tracks assignment H(PC) in Region
II, III and IV. Therefore, we find the solution that tran-
sistors in the same net are closer and are minimized the
congestions.
We still need to consider the I/O nets from outside the

cell and cut nets because of the bi-partition. To do so, we
define a cost function to determine how close they are to
the border. Given a hyperedge e ∈ E, we have two border
l and r, which are respectively represented the leftmost
and rightmost border. Take the leftmost border l as an
example, we define disle as the distance from a closest
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TABLE I
Performance comparison to Standard Cell Library.

Cell Name
Standard Cell Library Our work Compare

Area Tr/Tf Power Area Tr/Tf Power Time Area Tr/Tf Power
(μm2) (ps) (μW ) (μm2) (ps) (μW ) (s) (%) (%) (%)

AND4 1.827 10.4/3.6 1.82 1.6905 10.2/3.71 1.86 0 -7.47 -1.92/+3.05 +2.2
OAI222d2 1.974 7.38/12.9 0.634 1.827 7.31/12.1 0.649 0 -7.447 -0.949/-6.2 +2.37
AOI222d2 1.974 12.5/2.61 0.796 1.827 11.4/3.1 0.859 0 -7.447 -8.8/+18.77 +7.915
MAOI222 1.386 5.46/5.38 1.83 1.281 5.3/5.67 1.81 0 -7.576 -2.93/+5.4 -1.09

OR4 0.798 2.42/7.42 1.72 0.735 2.53/7.37 1.75 0 -7.895 +4.54/-0.67385 +1.744
XOR4 3.454 6.04/11 3.32 4.598 5.95/10.5 3.52 0 +33.121 -1.49/-4.545 +6.024
Decoder 3.591 9.74/8.04 11.9 2.97 9.24/8.13 11.6 0 -17.29 -5.133/+1.12 -2.52
Latch 2.268 5.17/4.44 3.28 2.91 5.16/4.53 3.45 0 +28.3 -0.95/-6.2 +2.37
XNR4 3 7.42/7.02 3.23 3.192 6.52/6.43 3.45 0 +6.4 -12.13/-8.405 +6.81
DFF 2.268 5.42/6.13 4.74 2.919 5.69/6.68 5.18 0 +28.703 +4.982/+8.97 +9.28
Avg. - - - - - - - +4.14 -2.578/+1.128 +3.51

position of terminal e to the leftmost side of the layout
design. Then, we have two cost functions for I/O edge
defined in netlist file and Cut edge defined in bi-partition,
they are respectively regarded as the distance to the left-
most border and the rightmost border.

Definition II.2 Cut edge distance and I/O edge dis-
tance. Given a set of cut nets C and a set of I/O nets I,
we define:

CutDis(PC) =
∑

c∈C

dislc

IODis(PC) =
∑

i∈I

disri

As shown in Definition II.2, we can shorten the dis-
tance between the transistors that are divided into differ-
ent groups by the bi-partition process with CutDis(P)
and pull transistors with I/O nets to the border for inter-
cell routing with IODis(P). After defining the objective
function, we introduce how to select our best placement
based on the definition above. To find the best solution,
we choose among all the possible combination of P/N
stacks with the objective functions.
In the selection stage, we accept the solution that have

better cost in objective function with high priority first.
For example, if a placement has better cost in the high-
est priority objective function. First we find the place-
ment with the smallest gate matching numbersGM(PC).
With the same GM(PC), we choose a placement with
the minimum H(P). Second, with the same cost men-
tioned above, to make shorter wire length in nets cut in
bi-partition process, we choose the smallest CutDis(P).
To have closer diffusion terminals and gate terminals,

we want to find the minimum WL(P). After the above
objective functions, positions of transistors are roughly
determined. For the last priority, IODis(P) will be con-
sidered since the IO net is considered for inter-cell routing
process. Finally, with stacks enumeration algorithm, we
can find the solution with the minimum area. Moreover,
based on Definition II.1, we have high performance and
routability by minimizing capacitance and wire length.

C. Lithography Aware Symbolic Routing

To handle multiple nets routing problem, we apply the
maximum independent set (MIS) algorithm. However, it
is not appropriate to apply greedy MIS algorithm listed
in [6] because the solution is not valid for a real layout
sometimes. To make sure the solution available to be
assigned onto the layout canvas in commercial tools, we
enumerate all possible routing and select the solutions

with the minimal area that satisfy stage-like line end gap
problem demonstrated in [7].

III. Experimental Results

In this section, we present experimental results of the
proposed algorithm. We test our algorithm based on
28nm process 12 tracks SVT Standard Cell Library and
PDK in TT mode. To demonstrate the performance of
our final layout, we compare our result with the leading
foundry 28nm Standard Cell Library layout with area,
power dissipation and Tr/Tf in Table I. In these values,
area is calculated by the width of a layout multiplying
the height of a layout. Power dissipation is calculated by
the average current I multiplying the power voltage V .
Tr/Tf is the skew of the layout.

IV. Conclusion

In this short paper, we present an efficient and deter-
ministic algorithm to solve 1-D layout generation prob-
lem with high printability. In the algorithm, we speed up
the process by applying bi-partition tree and minimize
the congestion of the placement result with proper objec-
tive functions. Eventually, we optimize the layout perfor-
mance in area, timing and power dissipation and eliminate
stage-like line end gaps at the same time. Results show
that we can handle standard cells in only few seconds and
the post-simulation result is considerably good in area,
timing and power dissipation.

References

[1] T. Uehara and W. M. vanCleemput, “Optimal layout of cmos
functional arrays,” IEEE Trans. CAD, vol. 30, no. 5, pp. 305–
319, 1981.

[2] M. Smayling, “Gridded design rules: 1d approach enables scal-
ing of cmos logic,” Nanochip technology, vol. 6, no. 2, pp. 33–37,
2008.

[3] P.-H. Wu, M. P.-H. Lin, T.-C. Chen, T.-Y. Ho, Y.-C. Chen, S.-
R. Siao, , and S.-H. Lin, “1-d cell generation with printability
enhancement,” IEEE Trans. CAD, vol. 32, no. 3, pp. 419–432,
2013.

[4] A. Ziesemer and C. Lazzar, “Transistor level automatic layout
generator for non-complementary cmos cells,” in IFIP Interna-
tional Conference on Very Large Scale Integration, 2007, pp.
116–121.

[5] A. Ziesemer, R. Reis, M. T. Moreira, M. E. Arendt, and N. L. V.
Calazans, “Automatic layout synthesis with astran applied to
asynchronous cells,” in Latin American Symposium on Circuits
and Systems, 2014, pp. 1–4.

[6] T. H. Cormen, C. E. Leiserson, R. L. Rivest, and C. Stein,
Introduction to Algorithms. The MIT Press, 2009.

[7] H. Zhang, M. D. Wong, and K.-Y. Chao, “On process-aware 1-d
standard cell design,” in Proc. DAC, 2010, pp. 838–842.

- 81 -



<<
  /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 1.6
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /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.)
    /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)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


