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Abstract—Equations have been derived that describe the effect of the forward emitter—base voltage of a
bipolar narrow-base transistor on the current gain. The results make it possible to use the model for
calculating the processes of charge transfer.
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The growing integration density of microcircuits and the efforts undertaken to improve the frequency
properties of bipolar transistors necessitate the creation of a relatively narrow base with a gradient of the
concentration of doping impurities and a heavily-doped emitter [1, 2]. During the manufacture of transistors
it is necessary to monitor the density of embedded charge of main carriers in the quasi-neutral base. The
density of embedded charge of main carriers can be presented by the following equation:

X
Qb =4 [ Nap(x)dr, (1)
0

where ¢ is the electron charge, NV,;,(x) is the concentration of acceptor dopants in the base, x}, is the width of
the quasi-neutral area of base. It is also known that the lower is the embedded charge, the higher is the current
value at the fixed bias voltage [3, 4].

From equation (1) it follows that the O} value depends on the distribution law of acceptor dopants N, (x)
in the base and also on its width. In papers [3, 5] investigations were conducted proving that O}, does not
depend on the emitter—base forward bias, provided the base width does not exceed 0.5 um.

The purpose of this study is to carry out simulation of the impact produced by the emitter—base forward
bias (Uyp,) on the density of embedded charge O}, and the current gain of a transistor having the base width of
no more than 0.5 um.

THEORETICAL JUSTIFICATION OF THE MODEL

Let us consider a bipolar n—p—n transistor produced by the double diffusion technique. The distribution
profile of doping impurities in the transistor structure is presented in Fig. 1. The concentration of doping
impurities corresponds, respectively, to the following areas: 1—X,q, 2—X, 1, 3—X,, —Xop, 5—Xe0p, 6—
Xoo1, 7—Xe» X2

Due to the non-uniform distribution of impurities in the base there are flows of electrons and holes that
are moving in the opposite directions with respect to each other. They create an electric field in the base that
increases the velocity of carriers and the latter inject from the emitter to collector.

Let us assume that the collector is doped with donor impurities of constant concentration, i.e., Ny, =
const. Then, accordingly, the distribution of acceptor impurities in the base is described by the Gaussian
curve

2
Nap(x) =Ny exp(—:j ; 2

a

400




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


