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Abstract - A method of modeling the Smart Power IC is presented in this 
paper, which is based on the IC's typical operation characteristics and 
small signal frequency response data. Using the least square identification, 
the IC's dynamic mathematical model, which is expressed as transfer 
function, can be synthesized from the experimentally obtained gain and 
phase data. The practicability and effectiveness of the method are verified 
by means of experiments.  

1. Introduction

  A major trend in today's Power Integrated Circuit (IC) development is 
to create Smart Power ICs [1]. Considering the large application potential 
of Power ICs [2], an enormous growth is expected in high-density 
consumer applications of monolithic Smart Power ICs' solutions. With 
more needs of flexibility and model predictive control to Smart Power 
ICs, there are more demands for the correct parameters and dynamic 
response of a single Smart Power IC. Therefore, it is important to identify 
the IC's dynamic mathematic model. 

A typical switch-mode power supply (SMPS) with a Smart Power IC is 
shown in Fig. 1. The switching converter can be a Flyback or a Forward 
converter. The control circuit can be a feedback or a forward control 
circuit. The three most popular pins of the Smart Power IC shown in Fig.1 
are Drain pin, Control pin and Source pin (or power ground pin). The IC, 
as a pulse-width modulation (PWM) controller, converts a voltage or a 
current at the Control input to a duty cycle at the Drain output of the 
power MOSFET.

A main problem of obtaining the Smart Power IC's transfer function in 
a direct way is due to the high voltage of the Drain output. Even though 
the analog signal through Control input is a continuous function of time, 
there can be only one discrete value of the duty cycle during every 
switching period, and the voltage amplitude of Drain also varies greatly. 
So it is difficult to measure the duty cycle directly.

The purpose of this paper is to obtain the Smart Power IC's frequency 
response indirectly and to model its transfer function via a set of small 
signal experimental frequency response data.
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Fig. 1. Simplified SMPS circuit diagram with a Smart Power IC. 

2. Small Signal Modeling

  To analyze the SMPS frequency response, let us perturb and linearize 
the average signals about the quiescent operation points [3].  The small 
signal block diagram shown in Fig.2 contains: ′ ′ -Smart 
Power IC transfer function, ′ ′  -converter control-to-output 

transfer function,    -converter line-to-output transfer 
function,    -converter output impedance. The transfer 
function from the Control input  to the power supply output   in 
the open-loop converter becomes:
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Fig. 2. Small signal block diagram of the SMPS with a Smart Power IC. 

    Then the Smart Power IC is replaced by a traditional PWM and power 
MOSFET circuit at the same quiescent operation points, as shown in 
Fig.3, and the corresponding small signal block diagram is shown in 
Fig.4, containing 
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 -converter output impedance. Considering about 
′   for the power MOSFET, the transfer function from the Control 
input 


 to the power supply output 


 in the open-loop converter 

becomes:
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As the same converter is operated at the same quiescent operation points, 
thus
                                         ′  ′  .                                         (3)

With the known 
  and the measured  and 

 , 
substitution of Eq.(2) and Eq.(3) into Eq.(1) leads to the following 
expression for the measured Smart Power IC transfer function:

                                 ′   
    .                                 (4)

    The experimental data will be suffered from many kinds of noise. 
Based on Central Limit Theorem, the sum of all the independent and 
identically-distributed random noise will tend to be approximately 
normally distributed. So the experimental frequency response data are 
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then processed by using Monte Carlo method. And the polynomial 
coefficients for this Single-Input Single-Output (SISO) transfer function 
are identified with the least square technique [4]. 
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Fig. 3. Simplified SMPS circuit diagram with a traditional PWM and 
power MOSFET circuit replacing the Smart Power IC for the 
same switching converter. 
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Fig. 4. Small signal block diagram corresponding to SMPS with the 
traditional PWM circuit.

 Fig. 5. Experiment data of the Smart Power IC's frequency response 
and the traditional PWM circuit's frequency response.

3. Experimental Results

To verify the above principle, a 200V/12V, 2A, 100 kHz Flyback 
power supply is used as an experimental prototype. A device TOP224 [5] 
is used as the Smart Power IC in Fig.1, and a circuit including a 
PWM-control IC TL494 and a MOSFET FQP6N60 works as the 
traditional PWM and power MOSFET circuit in Fig.3. 

The frequency responses,  in Eq.(1) and 
  in Eq.(3), are 

measured 50 times respectively. Then we get the average results of the 
measured frequency responses, as shown in Fig.5. The line curve in Fig.5 
indicates , the transfer function from the Control input of the Smart 
Power IC TOP224 to the power supply output, and the dashed line curve 
indicates 

 , the transfer function from the Control input of the 
PWM-control IC TL494 to the power supply output. 

Based on the well-known PWM-control IC TL494's transfer function 

 , we can get the Smart Power IC's frequency response ′ 

through Eq.(4), with the measured  and 
 . Using the least 

square technique [4], we can identify the Smart Power IC TOP224's 
model′, as Eq.(5). It shows that the measured TOP224's DC gain is 
153 (43.7dB) and the dominant pole in the transfer function is 7.37 kHz.  
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  According to TOP224 data sheet [5], its DC gain for reference is 160 
(44.0dB) and its transfer function pole is 7 kHz. The comparison between 
the experimental results and the reference characters has been made in 
Fig.6, which shows the identified model's transfer function curves (line) 
are well accorded with the reference model's curves (dashed line). When 
the signal frequency was higher than 10 kHz, there was some difference 
between the experimental phase-frequency response (dot line) from the 
identified model transfer function (line) and the reference transfer 
function (dashed line). This was because the 100 kHz switching frequency 
caused much noise to the measured phase-frequency response data [3].

Fig. 6. Comparison of the frequency responses of experimental data, 
identified model and reference model.

4. Conclusion

This paper demonstrated an indirect modeling method to obtain a 
Smart Power IC's transfer function via experimental frequency response 
data. The whole process is as follow: first measuring the control-to-output 
transfer functions of the power supply with the Smart Power IC and those 
with the PWM and MOSFET circuit respectively, then calculating the 
Smart Power IC's frequency responses, and at last identifying the IC's 
model. The experimental results were presented to show that the small 
signal modeling method to identify the Smart Power IC dynamic 
mathematic model is feasible. Although the results of the given case were 
shown for one simple first order device, it does not seem to have any 
restriction to other higher order ones. 

[Reference]

[1] Gene Heftman, "PWM: From a single chip to a giant industry", Power 
Electronics Technology Mag., Oct. 2005, pp.48, 50-53.
[2] B. J. Baliga, "An Overview of Smart Power Technology", IEEE Trans. on 
Electronic Devices, Vol. 38, No.7, July 1991, pp.1568-1575.
[3] R. W. Erickson and D. Maksimovic, Fundamentals of Power Electronics, 2nd ed. 
Norwell, Ma: Kluwer, 2001.
[4] L. Ljung, System Identification-Theory for the User, 2nd ed. Upper Saddle River, 
N.J., : Prentice Hall PTR, 1999.
[5] Power Integrations INC, TOP221-227 TOPSwitch-II Family data sheet 
[Online]. Website: www.powerint.com/PDFFiles/top221-227.pdf



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


