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1. Introduction

We present an intelligent simulation-based
optimization technique for transistor model parameter
extraction and circuit design optimization; in particular, for
design of high frequency and analog circuits [1-2]. The
prototype of optimization is mainly based on the hybrid
intelligent parameter extraction algorithm and SPICE
circuit simulation. The developed prototype is tested on
several circuits including low noise amplifier (LNA) circuit
and show very interesting results. This approach has
potential ~applications to integrated circuit design
automation. This CAD technique can be incorporated into
electronic computer-aided design (ECAD) software and
benefits the communities of design and fabrication.

2. Optimization Methodology

First of all, shown in Fig. 1, the equivalent circuit
model of transistors is extracted by using the hybrid
intelligent parameter extraction algorithm. The intelligent
technique has recently been proposed for nanoscale CMOS
and high frequency HBT model parameter extraction in our
recent work [3-5]. It mainly includes a data base of
empirical extraction rules, numerical optimization
algorithm, neural network algorithm, genetic algorithm, and
post-verification mechanism. After device base-band model
parameter extraction, a set of extracted device model
parameters are used to automatically form the SPICE net
list for a specified circuit to be optimized. Simulation of the
established net list is performed by using the SPICE circuit
simulator. The simulation results are evaluated with respect
to specified constrains and the specification of electrical
characteristics, where the fitness with respect to each
iteration process is computed. With the intelligent hybrid
optimization technique, evolution on the circuit parameters
and allowed design window, such as the device sizes, bias
conditions, and temperature, are performed. The obtained
newer parameters are used to generate the newer SPICE net
list for the next simulation.

3. Results and Discussion

Based on the optimization methodology discussed
above, a CAD prototype, shown in Fig. 2, is developed. We
have tested on several analog and radio frequency circuits,
such as the low noise amplifier, voltage control oscillator,
operational amplifier circuits. The inset of Fig. 2 is a pop
out window during optimization process. We first perform
the parameter optimization on the device model and then
the circuit level for the tested LNA circuit, as shown in Fig.
3. There are more than 15 parameters have to be extracted
in the designed LNA circuit. As shown in the table I, we
partially list the parameters to be optimized in the explored
LNA circuit. As shown in Tab. II, there are 7 constraints to
be considered in the optimal design of the LNA circuit. The
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time-domain results are used in the calculation of the
corresponding electrical constraints in frequency domain.
Each constraint consists of 15 parameters to be optimized.
The optimization is subject to minimization of error
between the extracted outputs and the specified targets. As
shown in Figs. 4, 5, and 6, the optimized S parameters, K
factor, the noise figure, and the noise of current are
obtained, where the range of frequency is from 2.11GHz to
2.17GHz. As shown in Figs. 4 and 5, the setting of initial
values of each circuit element leads to the initial state
(dotted lines). After the optimization process, the solid lines
show the final optimized results that satisfy the specified
targets as shown in Tab. II. Figure 6 shows the optimized
noise figure as well as the IIP3 result (it is computed with
DEFT data). As shown in the table II, we list the final reach
specification of the corresponding LNA circuit. We note
that the results are automatically obtained without any
empirical tuning process. In general, this approach can be
applied to other integrated circuit design automation.

4. Conclusions

We have successfully applied the intelligent
simulation-based optimization technique to perform circuit
design optimization. A LNA circuit with 0.25 and 0.13 pm
technologies has been verified. The results show that this
approach is accurate and computationally efficient. We
believe that this approach will benefit the design community;
in particular, for radio and analog circuit design
optimization.
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Figure 3. A low noise amplifier (LNA) circuit. There are figure and DFT. The original IIP3 is —12.575, and the
more than 15 parameters to be optimized. optimized IIP3 is -2.75.

Table I. A list of the LNA circuit parameters, unit, ranges, Table II. The specification of the designed LNA operated in

and optimal extracted values. the range of 2.11~2.17GHz and the final extracted results.
Parameter | Unit Range Extracted value Output Specification | Wanted Target | Extracted Result
Cmatchl F 500 ~ 700 657.738f S11 <-10dB -15dB
Cmatch2 F 1~10 5.05p S22 <-10dB -25dB
Cmatch3 F 1~10 4.551p S12 <-25dB -40dB
Lbond H 03 1.058n 521 > 10dB 13dB
K factor >1 10
Ldeg H 0~3 0.985n -
Lmatchl H 1-10 5057 Noise figure <2 0.9
matc ~ 22 /0 1P3 >-10 -2.75

-657-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	typ_page1: -657-


