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Abstract : A improved bipolar multiplier using a high 
linear transconductors with wide dynamic range for 
accuracy instrumentation system was designed. The 
multiplier consists of two high linear transconductors, a 
multiplier core, and a differential to single-ended converter. 
The transconductor has high linear and wide dynamic input 
range because of adaptive bias circuits. For the verification 
of the performance for the proposed multiplier, we 
simulated with the circuit of the commercial device of the 
AD534. The simulation result shows that the AD534 has 
dynamic range of 10V and the proposed multiplier has 

13V at supply voltage 15V, respectively. The linearity 
error of the proposed multiplier was five times smaller than 
that of the AD534. The power dissipation of the multipliers 
were the same. 

1. Introduction 
A multiplier is an essential device for analog 

computations, signal modulation and demodulation, and 
voltage controlled oscillators and filters. Conventionally, 
the bipolar multiplier consists of two voltages to current 
converter (linear transconductor), multiplier core, and a 
differential to single-ended converter. For wide dynamic 
range of the multiplier, the design of the high linear 
transconductor with a wide dynamic range is very important. 

The commercial multiplier devices of the AD534 and 
MC1595 used laser trimming or external accuracy resistors 
in order to get linearity and wide dynamic range [2-4]. In 
the case, the device had high cost and inconvenience for the 
applications. 

In this paper, an improved bipolar multiplier using two 
high linear transconductors with wide dynamic range  was 
designed. We introduce a principle for the proposed 
multiplier, and then discuss the results of simulation in next 
sections 

2. Circuit descriptions 
2-1 The commercial multiplier AD534 

The circuit diagram of the AD534 is shown in Fig. 1[2]. 
The circuit consists of two transconductors, a multiplier 
core, and a differential to single-ended converter. The one 
transconductor composed with 1 2,Q Q , 4 5, ,R R and 8R ,

the other 3 4,Q Q , 6 7, ,R R and 9R . The multiplier core 
consists of 5 10~Q Q  and the differential to single-ended 
converter consists of operational amplifier, 16 17,Q Q ,

15 17~ ,R R and 18 20~R R .

Fig. 1 Circuit diagram of the commercial multiplier AD534
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The bias circuit composed with 11 19~Q Q , 10 14~ ,R R
and 21 22,R R . The output voltage ZV  for XV  and YV
of the AD534 can be written as follow [2] ; 

15 17

8 17

1 2
Z X Y

REF

R RV V V
I R R

          (1) 

The AD534 completed monolithic chip exhibits a total 
error or less than 0.5% of full scale over the entire 
operating temperature range, with a scale-factor 
temperature coefficient of + 75ppm/C. The nonlinearity 
errors are less than 0.15% of full scale. The circuit is 
designed to operate with 15V supplies and 10V input 
dynamic range [2].

2-2 A high linear transconductor with wideband input 
[1]  

The complete circuit diagram of a high linear 
transconductor with wideband input is shown in Fig. 2. 
Since the base-emitter junctions of 1BQ and 2BQ  are 
connected in parallel with those of 1AQ  and 2 AQ ,
respectively, we can write 1 1 1C B C A Ci i i  and 

2 2 2C B C A Ci i i  under the assumption that four 
transistors are identical. To bias transistor 3Q  with 
collector current of 1AQ , the collector current 1C Ai  is 
reproduced at the emitter of 3Q  through the basic current 
formed by 7Q  and 8Q . The output current 1 2O C Ci i i
can be taken by connecting a pnp current mirror between 
the collector terminals of 1BQ  and 2BQ  and the positive 
power supply. The resultant output current will be given by 

O IN Ei v R  for linear range of EE EI R  [V]. The 
expansible range of the input dynamic ( )INv DYM is given 
by 

           
3 1( ) ( ) ( )EE sat EE IN CC BE sat CV V I v DYM V V V i     (2)  

where ( )sat EEV I and 1( )sat CV i are saturation voltages for 
the output transistors of basic current mirrors realizing 
current sources EEI and 1Ci , respectively. The equation 
(2) notices that the input dynamic range can be widened for 
low supply voltage VEE.

2-3 Design of the improved multiplier 

The circuit diagram of the proposed multiplier is shown 
in Fig. 3. The circuit consists of two proposed 
transconductors shown in Fig. 2, a multiplier core, and a 
differential to single-ended converter. 

Fig. 2 A high linear transconductor with 
wideband input[1] 

The one transconductor composed with 1 12~Q Q  and 

1R , the other 13 24~Q Q  and 2R . The multiplier core 

consists of 25 30~Q Q  and 3 5~R R  The differential to 
single-ended converter consists of operational amplifier, 

33 37~Q Q , and 6 14~R R . The bias circuit of the 
transconductors composed with 2BI  and 31 32~Q Q . This 
circuit has same as construction with AD534 but the main 
block of linear transconductors was different configuration 
than AD534. 

The principle of the operating also was same as AD534. 
Therefore, the output voltage ZV  for the input XV  and 

YV  shown in Fig. 3 can be written as follow; 

          6 8

2 1 8

1 2
Z X Y

B

R RV V V
I R R

          (3)          

3. Simulation results and Discussion 
The operation of the proposed multiplier shown in Fig. 3 

was simulated by using PSPICE with commercial transistor 
mode parameters of Q2N3404(npn) and Q2N3406(pnp). 
The supply voltage CCV = 15V, EEV = 15V, 

B B1I =I =300 A , B2I =350 A . The amplifier A was 
LM741. For the verification of the performance for the 
proposed multiplier, we simulated with the circuits of the 
commercial device of AD534. 
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Fig. 3 Circuit diagram of the proposed multiplier using the transconductors 
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Fig. 4 Multiplication characteristics of Vx versus Vy 
shown in Fig. 1 
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Fig. 5 Multiplication characteristics of Vx versus Vy 
shown in Fig. 3 
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Fig. 6 Amplitude modulation characteristics shown in 
Fig. 1 

Fig. 4 shows the multiplication characteristics of input 
voltage VX versus output VZ at input voltage VY

= 10V~10V shown in Fig. 1. It notices that the linearity 
was good the input voltage range 10V to 10V. 

Fig. 5 shows the multiplication characteristics of input 
voltage VX versus output VZ at input voltage VY

= 13V~13V for the proposed circuit shown in Fig. 3. It 
notices that the linearity was good for the input voltage 
range -13V to 13V. The linearity error of the proposed 
multiplier was five times smaller than that of the AD534. 

The amplitude modulation (AM) characteristics of the 
AD534 for VX= 10sin 2 1kt [V], VY= 10sin 2 10kt [V] 
shows in Fig. 6. It notices that the magnitude signal of AM 
80% for the ideal value.  

The amplitude modulation (AM) characteristics of the 
proposed multiplier for the same condition shows in Fig. 7. 
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It notices that the magnitude signal of AM 100% for the 
ideal value.  
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Fig. 7 Amplitude modulation characteristics shown in 
Fig. 3 

4. Conclusions and future subject 
An improved bipolar multiplier using a high linear 

transconductors with wide dynamic range for accuracy 
instrumentation system was presented. Simulation has 
demonstrated that the circuit has good characteristics of 
linearity and multiplication. Therefore, the proposed 
multiplier will be useful for building block of accuracy 
instrumentation measurement and communication systems. 
Now, we optimize the circuit of the proposed multiplier 
using fabrication model parameters. In the future, we will 
fabricate chip by bipolar process. 

This work was supported by Common Technology Development 
Task of MICE by Region Industry Technology Development 
Project (70000815-2007-01) and IDEC Korea.

5. References 
[1] W.-S. Chung, H.-W. Cha, and S.-H. Son, "A 

low-voltage low-power bipolar transconductor with 
high-linearity," IEICE Trans. Fundamentals, vol. 
E88-A, no. 1, pp. 384-386, January 2005  

[2] A. B. Grebene, Bipolar and MOS analog integrated 
circuit design, Wiley Interscience, chap. 9, 2003. 

[3] Data sheet AD534, Analog Devices 
[4] Data sheet MC1595, Motorola 

532



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /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 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 1.00000
  /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
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /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.)
    /JPN <>
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


