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Abstract— A novel function generator is realized using a multi 
output current controlled current conveyors (MOCCCIIs) based 
current mode band-pass filter, which can simultaneously provide 
four phase sinusoidal quadrature current outputs, square and 
triangular voltage outputs. The circuit basically uses only  four 
MOCCCIIs and four grounded capacitors. The function 
generator enjoys attractive features such as use of grounded 
capacitors, wide range electronic tunability, low sensitivity 
figures and load insensitive current outputs. Moreover  due to 
the absence of external resistors the circuit is  very much  
suitable for monolithic implementation. The proposed function 
generator is designed and verified with excellent results. 

Index Terms—Current conveyors, current-mode circuits, 
function generators, oscillators 

I. INTRODUCTION

NOW-A-DAYS the second  generation current controlled 
current conveyor (CCCII) has become a popular active device 
in the design of current mode (CM) analog  circuits. It enjoys 
attractive realization features and broad frequency range of 
operation without any external resistor. Such class of circuits 
are referred to as translinear-C circuits. Many translinear-C 
current mode filters and oscillators are reported in technical 
literature [1] – [9]. 
 Moreover, like filters and sinusoidal oscillators, triangular / 
square wave generators are also widely used in a wide range 
of applications in instrumentation and measurement systems, 
due to which a large number of triangular / square wave 
generators have been developed using a wide variety of active 
devices [10], [11]. However not much work is available in 
technical literature on good quality current mode function 
generators, especially on current mode translinear-C function 
generators.
 In this paper, a novel and versatile translinear-C function 
generator (TCFG), using a multi-output current controlled 
current conveyors (MOCCCIIs) based  band pass filter (BPF) 
as its basic building block has been proposed. The basic 
building block i.e., the current mode BPF is realized using 
three MOCCCIIs and grounded capacitors. The TCFG is 
realized simply by providing a direct feedback from the 
output to the input of this BPF. The realized  function 
generator uses only four MOCCCIIs and only four grounded 
capacitors. The versatility of the circuit justifies the use of the 
number of these devices. The realized function generator 

exhibits four phase sinusoidal quadrature current outputs, a 
square and two opposite phase triangular output voltages. It 
also provides sufficiently wide range independent electronic 
control of its operating frequency, attractive sensitivity 
figures and is compatible for monolithic implementation in 
contemporary IC technologies. The realized TCFG was 
designed and verified using PSPICE with excellent results. 

II. THE PROPOSED CIRCUIT 

The electrical symbol of the MOCCCII used in the 
realization of the proposed circuits is shown in Fig. 1. 

Fig. 1.  Electrical symbol of the MOCCCII. 

The port relations of this MOCCCII, can be given by the 
following matrix  
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where, Rx is the parasitic resistance at the x-input terminal of 
the MOCCCII and i = 1,2,3. Vzi and Vzi- are the voltages at 
zi and zi-  terminals respectively. 
 The band-pass filter used as the basic building block  for 
the realization of the TCFG, was realized using three 
MOCCCIIs as shown in Fig. 2. This band-pass filter is in 
fact a modified version of  the current mode universal filter 
available in literature[ 12]. 

Routine analysis yields the transfer gain of the current 
mode band-pass filter as follows: 
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Fig. 2.  Current mode translinear-C band pass filter. 
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where, Rxi [= VT / (2 IBi) , i = 1,2,3, …] is the parasitic 
resistance at the x-input terminal of the MOCCCIIs,  VT is the 
thermal voltage and IBi is the bias current of the ith MOCCCII, 
which is tunable over several decades [ 5]. 

Fig. 3.  Translinear-C function generator (TCFG) circuit. 

 The TCFG is realized by providing a direct feedback from 
the output (Io1) to the input of the basic building block as 
shown in Fig. 3.  For obtaining the various currents and 
voltages, additional appropriate output (z) terminals  from the 
MOCCCIIs are included[6].  It is to be noted that Io1 = - Io2
and Io3 = - I04.
 The characteristic equation, from Fig. 3 can be analyzed as, 
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which yields the condition of oscillation as 

Rx2 = Rx1                                              (4) 

and the frequency of oscillation as 
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Hence, with IB1 = IB2 = IB3 = IB4 = IB ,  (5) reduces to 
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It is clear from (6) that the frequency of oscillation �o can be 
tuned electronically over a wide range by varying the bias 
current IB, which can easily be achieved by implementing all 
the MOCCCIIs on the same chip.  It is to be noted that in 
such oscillators �

B

o is temperature sensitive, hence 
temperature compensation of translinear current conveyors is 
essential under varying environmental conditions.  This can 
be accomplished using the technique available in 
literature[13].
 From Fig. 3., at oscillating frequency it can easily be 
shown that

Io3 = JIo2 (7)

which results in two quadrature outputs. The additional 
current outputs Io1 and Io4  in Fig. 3 form the four phase 
quadrature outputs as shown in the phaser diagram of Fig. 4. 

Fig. 4.  The phaser outputs of the TCFG. 

To obtain  the square and triangular voltage outputs, an 
MOCCCII based integrator is connected at the output(z)
terminal of the third MOCCCII as shown in Fig. 3. This is
achieved as the current  from this terminal flows  to the high 
impedance of  the y-terminal of the integrator’s MOCCCII, 
causing the voltage to saturate, thereby providing a square 
wave.   The   integration  of  this  square   wave  voltage   then 
provides the triangular voltage waveforms of the TCFG as 
shown in Fig. 3. 

III.   SENSITIVITY ANALYSIS

The incremental sensitivity measure on the TCFG’s 
frequency of oscillation was analyzed and given as follows: 
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where i = 1, 2,3,4. Equation (8) shows that the proposed 
function generator exhibits low sensitivity properties, i.e. less 
than unity in magnitude. 

IV. SIMULATION RESULTS 

 The proposed oscillator circuit of Fig. 3 was designed 
initially for an oscillating frequency, fo = 122.46KHz using 
(6).  The designed values were found as C1 = C2 = C3 = C4 =
100 pF.  At room temperature of 270C, (6) yields IB = 1 �A.
The MOCCCII circuit used is obtained from the circuit 
available in technical literature[6].The output waveforms 
obtained through PSPICE simulation are given in Fig. 5 and  
Fig. 6. 

B

Fig. 5.  Four phase quadrature current output waveforms of the TCFG. 

Fig. 6.  Various voltage output waveforms of the TCFG. 

 It is to be noted that all the outputs are of almost equal 
magnitudes.  The TCFG was then tuned by varying the bias 
current IB and results obtained are shown in Fig. 7, which 
illustrates the electronic tuning of  the frequency.  Thus, the 
results of Fig. 5 through Fig. 7, justify the theory. 

B

   Amplitude variation of the various currents and voltages 
with IB were carried out and the observations given in Fig. 8 
and Fig. 9 indicate that the current amplitudes remain almost 
equal throughout the entire tuning range. The voltage 
amplitude initially increases and then becomes constant for 
the rest of the tuning range. These properties further enhance 
the qualities of the TCFG. 

B

Fig. 7.  Frequency variation with bias current (IB).

Fig. 8.  Variation of output currents with (IB).

Fig. 9.  Variation of output voltage with bias current (IB).

V.  CONCLUSION 

 A novel versatile translinear-C function generator is 
realized using a multi output current controlled second 
generation current conveyor (MOCCCIIs) based band-pass 
filter. The realized function generator uses only four 
MOCCCIIs and only four grounded capacitors. The circuit 
possesses attractive sensitivity performance and electronic 
frequency control over a wide range, and is compatible for 
monolithic implementation in contemporary IC technologies. 
The simulation results of the function generator verify the 
theory.

81

The 18th International Confernece on Microelectronics (ICM) 2006



REFERENCES

[1] S. Minaei, D. Kaymak  and H. Kuntman,  “ New high performance 
realization for current controlled conveyor (CCCII)”, J. Elect. and   
Electron., vol. 2, no. 2,  pp. 547-553, 2002. 

[2] S. Maheshwari  and I. A. Khan,   “Simple first order translinear–C 
current mode all pass sections”,  Int. J. Electron., vol. 90, no. 2,  pp. 
79-85, 2003. 

[3] N. A. Shah and S. Z. Iqbal, “Current mode active only  universal  
filter”, Int. J. Electron. , vol. 90, no. 6,  pp. 407 – 411, 2003. 

[4] M. T. Abuelma’atti and N. A. Tasadduq, “Universal current controlled 
current mode filter using the multiple-output translinear current 
conveyor”, Frequenz, vol. 52,   pp. 252-254, 1998. 

[5] W.  Kirnon, J. Kesarn and  N. Kamprasert, “ Electronically tunable 
multifunctional translinear–C filter and oscillator”, Electron. Lett., vol.
32 (15),  pp. 1330 -1331, 1996. 

[6] M. T. Abuelma’atti and M. A. Al-Qahtani, “A new current controlled 
multiphase sinusoidal oscillator using translinear  conveyors”, IEEE 
Trans. Cricuits Syst.II, vol.45 (7),  pp. 881- 885, 1998. 

[7] I. A. Khan and M. H. Zaidi, “Multifunctional translinear–C current 
mode filter”, Int. J. Electron., vol. 87, no. 9,  pp. 1047-1051, 2000. 

[8] B. Srisuchinwong, “Fully balanced current-tunable sinusoidal 
quadrature oscillator”, Int. J. Electron., vol. 87, no. 5, pp. 547-556, 
2000. 

[9] J. W. Horng, “Sinusoidal oscillator using CCCIIs”, Int. J. Electron., 
vol. 88, no. 6, pp. 658-664, 2001. 

[10] I. A. Khan, M. T. Ahmed and S. Hasan, “Integrable wide-range 
electronically tunable OTA-C function generator”, Modelling, 
Simulation and Control, A, AMSE Press, vol. 36, no. 3, pp. 13-22, 
1991. 

[11] M. T. Abuelma’atti and M. K. Alabsi, “ A low cost dual slope 
triangular / square wave generator”, Int. J. Electron., vol.91, no. 3, pp. 
185 – 190, Mar., 2004. 

[12] A. Toker and S. Ozoguz, “ Insensitive current mode universal filter 
using dual output current conveyors’’, Int. J. Electron., vol. 87, no. 6, 
pp. 667-674, 2000. 

[13] W. Surakampontron, V. Riewruja, K. Kumwachara and C. Fongsamut, 
“Temperature compensation of translinear current conveyor and 
OTA”, Electron. Lett. , vol. 34(8),   pp. 707-709, 1998. 

82

The 18th International Confernece on Microelectronics (ICM) 2006



<<
  /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 1.7
  /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 true
  /OPM 1
  /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.)
    /JPN <>
    /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	Button2: 
	Button3: 


