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                              ABSTRACT 

 
 The iuse iof inew, iactive ibuilding iblocks iis ifavoured ifor ihigher ifrequency irange. 

iSeveral iactive ibuilding iblocks ihave irecently ibeen ipresented iin iwhich ia ipowerful iand 

iversatile iactive ibuilding iblock iis ia iVDCC i(Voltage iDifferencing iCurrent iConveyor). i 

 It ihas ifeatures iof iboth ian ioperational itransconductance iamplifier iand icurrent 

iconveyor isuch ias ilow isupply ivoltage iand ipower, itransferring iboth icurrent iand 

ivoltage ito ithe irespective iterminals, iwell-developed iIC itopology iand ihaving 

ielectronically itunable itransconductance. iThe iVDCC iis iused iin imany iapplications iin 

isignal iprocessing icircuits, iin iparticular iin imany ioscillators iand ifilters. 

 The iwork ipresented iincludes igrounded iand ifloating isimulators iof iinductors, iand itheir 

iuse iin ifilter idesign. iIn iaddition, iboth igrounded iand ifloating iinductance isimulators 

iuse ionly ione icurrent iconveyor i(VDCC) idifferentiating ivoltage iand ifew ipassive 

ielements. iIt ihas ibeen iused iin inumerous ifilter-to-oscillator iapplications. 

 Multiplier icapacitor icircuit ibased ion iVDCC iin iwhich ia igrounded icapacitance 

imultiplies iby ia ivariable ituning ifactor. iThe ivalue iof ithis ituning ifactor iis iattuned iby 

igrounded iVDCC iresistances ior itransconductances. 

 New iarbitrary igeneral igrounded iimpedance iscaling iconfiguration iusing itwo iVDCCs 

iand ithree igrounded iresistances iwas iintroduced. iThe icircuit ipresented imay iincrease ior 

idecrease ithe ivalues iof iany igeneralized igrounded iimpedance iby ivariation iin ivariation 

iof ibias icurrent ior igrounded iresistance. 

 Current-mode iuniversal ibiquadratic ifilter icomposed iof ione iVDCC iand ithree igrounded 

ipassive icomponents ibased ion iVDCC. iIt irealized iall ithe ifive istandard ifiltering 

ifunction iusing isame icircuit istructure iwith isome ichanges iin iposition iof iinput icurrent. 

IThis icircuit iis ialso icapable iof isetting iorthogonal icontrol iover iQ i(Quality ifactor) iand 

iꞶ0 i(Centre ifrequency). 

In ithis iproject, iI ialso ianalysed ithe iworking iof ithree ioscillator icircuit iand ifinally     

proposed ione ioscillator icircuit ibase ion iVDCC. iAll ithree ioscillators iare iquadrature 

oscillator. iFirst ioscillator icircuit iarchitecture, ithere's ijust ione iVDCC, itwo iresistors and 

two icondensers. iIt iis iregulated iin icurrent imode iby isingle-resistance icontrolled     



 
 

sinusoidal ioscillators i(SRCOs). iIt ioffers iindependent icontrol iof iFO i(Frequency of  

Oscillationi) iand iCO (Condition of  Oscillationi) iacross ivarious iresistances. iHence, ihave 

independent iCO iand iFO. i 

In isecond idesign iof ioscillator, ithe iused iVDCC iblock ihas isome imodification isuch ias 

instead iof iWn iterminal icopy iof iWp iis iused. iThis iis iquadrature isinusoidal ioscillator 

which iconsists iof ione iVDCC, itwo icapacitors iand ithree iresistors. CO iand iFOi iare 

iindependent iof ione ianother. 

In ithird idesign iof ioscillator itwo iVDCCs iare iused ialong iwith itwo iresistors iand 

capacitors. iThis ioscillator iproduces isinusoidal iquadrature ioscillation iin iboth icurrent 

and ivoltage imode. iCO iand iFO iare iindependent iof ieach iother. 

In imy iproposed idesign iof ioscillator iused itwo iVDCC, ithree iresistors iand itwo 

capacitors. iAll ipassive icomponents iare igrounded iwhich iis iperfect ifor iIC imonolithic 

manufacture. iThe ioscillation ifrequency iand ithe ioscillation icondition iare iindependent of 

one ianother. iOscillators iare iused iin inumerous iapplications iin ithe iarea iof 

communications, icontrol isystem, isound isystem, iinstruments ietc. 

All ithe isimulation iin ithis iproject iand iresult iverification iis idone ion iPSPICE isoftware 

using i180nm itechnology. 
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       CHAPTER 1 
 

 Introduction 
 

1.1 Overview 

 
For idevelopment iof imicroelectronic icircuits, ithe iprimary irequirement iis iof iextremely 

low isupply ivoltage iand ilower ipower iconsumption. iExtreme ispeed iand iaccuracy iare 

must ibe ineeded iin imany iapplications, ito ifulfill ithe iabove irequirement imany itrade ioff 

solutions iare iused iin ipractice. i 

Current imode icircuits iare iadded iin ithe iprocess iof idevelopment iof itechnologies iwhich 

are iused iin ianalog isignal iprocessing. iAll ithe iinformation iis iin ithe iform iof icurrent iin 

current imode icircuits, iwhereas iin ivoltage imode iall iinformation’s iare iavailable iin ithe 

form iof ivoltage. iCurrent imode icircuits ihave ivarious iadvantages ias icompared ito 

voltage imode icircuits isuch ias iit iis iless iaffected iby ivoltage ifluctuations, ipower 

consumption iis ilow iat ihigher ifrequency, ilow icross italk, iswitching inoise iis ialso ilow, 

speed iof ioperation iis ihigh iand iit iworks iwell ifor ilow ivoltage iand ilow ipower 

applications. 

Active ielements iare irequired ifor ivarious iapplications iof ianalog isignal iprocessing, 

therefore idevelopment iof iactive ielements iare ivery isignificant iaspect iin ianalog isignal 

processing. iIn iliterature ithere iare imany iactive ielements iwhich iis ihaving ielectronically 

controllable iproperty iare iintroduced. iThey iprovide icapability ito isingle iparameter 

control ilike ivoltage igain, iinput iresistance, itransconductance, itransresistance iand icurrent 

gain. iBut irecently imulti iparameter icontrol imethodologies iof idifferent itypes iare 

introduced. iGeneral iapproach iof ivoltage idifference ivoltage iat iinput iis irectify ito 

present iVDCC i(Voltage iDifferencing iCurrent iConveyor). iIt iis ivery iuseful idevice 

which iis icombination iof iOTA i(Operational itransconductance iamplifier) ias ifirst istage 

and isecond igeneration iof icurrent iconveyors i(CCII) ias isecond istage, iboth iof ithem acts 

like isub iblocks iof iVDCC iactive ibuilding iblock. iOTA itransconductance iand iinput 

resistance iof icurrent iinput iterminal iof isecond-generation icurrent iconveyor i(CCII) 

offers iindependent icontrolling iof itwo iparameters. iBut iall ithe ifacts iin ithe iVDCC iare 

theoretical iand ionly isimulation ibased. iIt iis iused iin inumerous iapplications iseveral 

times. iThe iCMOS ibased istructure iof iVDCC iblock iis ias ishown iin iFig.1.3. iDifferent 

applications iuse iCMOS ibased istructure iof iVDCC. 
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Two iactive iblocks iform iVDCC iblock ione iis ioperational itransconductance iamplifier 

(OTA) iand isecond ione iis iMO-CCII i(multiple ioutput icurrent iconveyor iII). iVDCC 

structure ifrom iinside iis ishown iin iFig.1.1. 

 

 

                                        Fig.1.1 VDCC block with activated elements [1] 

 

1.2 Current Conveyor Differentiated Voltage (VDCC) 
 

TheiactiveiVDCCiDescriptionibuildingiblockiisiasishowniiniFig.i1.2,ihasisixiterminals,iinputi 

terminalsiPiandiNiareiinputiterminalsiandiWp,iWn,iZ,iXiareioutputiterminalsiandialliterminalsi 

haveiaihighiinputiimpedanceiexceptiforiXiterminal. 

                

                                     Fig.1.2 Circuit symbol of the VDCC [5] 
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The ideal VDCC matrix for port is as shown below: 

                                

[
 
 
 
 
 

𝐼𝑁
𝐼𝑃
𝐼𝑍
𝑉𝑋

𝐼𝑊𝑃

𝐼𝑊𝑁]
 
 
 
 
 

 = 

[
 
 
 
 
 

0 0 0 0
0 0 0 0

𝘨𝑚 −𝘨𝑚 0 0
0 0 1 0
0 0 0 1
0 0 0 −1]

 
 
 
 
 

[

𝑉𝑃

𝑉𝑁

𝑉𝑍

𝐼𝑋

] 

 

From this matrix the equation of currents and voltages is obtained as:: 

 

   IZ = gm (VP-VN) 

 

   VX = VZ 

 

 IWP = IX 

 

 IWN = -IX 

 

Transconductance igain i(gm) iis iobtained ifrom iabove iequation iby iconverting idifferential 

iinput ivoltage i(Vp i- iVn) ito ioutput icurrent i(Iz) iand inext istage iis icurrent iconveyor iin iwhich 

ithe icurrent iis itransferred ifrom iX iterminal ito iWp iand iWn iterminals. iTransconductance igain 

ifor ibalanced iCMOS i(complementary isemiconductor iof imetal ioxides) iis ias ifollows: 

𝘨𝑚 = √μ𝑛𝐶𝑜𝑥𝐼𝐵(
𝑊

𝐿
) 

 

In ithis icase iμn iis ithe imobility iof ithe iNMOS itransistor icarrier, iL iand iW iare ithe ieffective 

ichannel ilength iand iwidth irespectively, iCox iis ithe ioxide icapacitance iper iunit iarea iand iIB iis 

ithe ibias icurrent. iAs ishown iin iFig i1.3, iVDCC iimplementation iusing iCMOS ihas i22 

itransistors iin iits icircuit ias ishown iwith isupply ivoltages ias iVDD iand iVSS, iand ibiasing 

icurrents iare iIB1 iand iIB2. iAspect iratios i(W iand iL iratio) iof ieach itransistor iare imodified ito 

imatch ithe iapplication irequirement. 



4 
 

 

   Fig.1.3 CMOS implementation of the VDCC [5] 
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    CHAPTER 2 

Simulation of inductance based on VDCC  

and design filter 

 

2.1 Introduction 

 

Inductance irealization iin iintegrated icircuits icreates ivarious iproblems iin isystems. iFor 

iseveral ireasons isuch ias ispreading ipassive iinductors imagnetic ienergy iand imore iparasitic 

ieffect icompared ito iother ielements iand ibulky iin iIC, ipassive iinductance iis inot iused iinstead 

iof iinductance isimulators iat ihigh ifrequency. iThere iare idifferent itypes iof igrounded iand 

ifloating iinductance isimulators ibeing iimplemented iusing iactive ibuilding iblocks isuch ias 

ioperational iamplifiers i(op-amps), icurrent iconveyors, ioperational ifeedback iamplifiers, 

icurrent icontrolled iconveyors, ioperational imirrored iamplifiers, icurrent idifferencing 

ibuffered iamplifiers i(CDBA), ietc. iInductance isimulators ipreviously iintroduced isuffer ifrom 

ithe ivarious idrawbacks: 

1. iNeeds ipassive icomponents ito imatch icondition. 

2. iUsage iof ithree ior imore iparticipating iactive inumbers. 

3. iUsage iof ipassive icomponents iin ilarge inumbers. 

4. iCurrently isimulators iof inegative iand ilossy iinductance ihave ibeen ilearned. 

 

Numbers iof iactive ibuilding iblocks ihave irecently ibeen iintroduced, ithe iVDCC i(Voltage 

iDifferentiating iCurrent iConveyor) iis ione iof ithe iactive ibuilding iblocks iproviding 

ielectronically itunable itransconductance igain ialong iwith itransfers iof iboth ivoltage iand 

icurrent ito itheir irespective iterminals, iand iis ialso iused iin ithe idesign iof imultiple itypes iof 

iinductance isimulators iand iactive ifilters iby iusing iminimums 

 

2.2 iThe istructure iof iVDCC-based iinductance isimulator 

 

The iinductance isimulator ibased ion iVDCC iis ithe iway ishown iin iFig.2.1. iIt iuses ione iVDCC 

istructure iwith ione igrounded icapacitor iand ione iresistor. iThe iVDCC's iP iand iWN iterminals 

iare igrounded ilike ishown. iThe igrounded iinductor iis iindicated iin iFig. i2.1 iand ithe 

iarrangement iof ithe ifloating iinductor iis ishown iin iFig. i2.2, iboth iusing ia isingle iVDCC 

istructure iwith ione iresistor iand ione icapacitor. 
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                           Fig. 2.1. Grounded inductance simulator [5] 
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                            Fig.2.2. Floating inductance simulator [6] 
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2.3 Impact on VDCC  of parasitic impedance in grounded inductor 

Influence iof iparasitic iimpedance iis iinspected iin iorder ito idetermine ithe iperformance iof ithe iinductance 

isimulator iin idifferent ifrequency iregions. iFig.2.1 ishows ithe ipure iinductance isimulator inow iconsidering 

imodified itopology iwith icertain iparasitic iimpedances iand ithe inon-ideal iequivalent icircuits ishown 

irespectively iin iFig.2.3. iContinuing ito ifollow ifrom iFig. i2.3(a), iRP3 iappears ion iZ iterminal iresulting iin 

ifirst istage ioutput iresistance iwhile iRP1, iRP2, iCP1 iand iLx iappear ion iWP iand iX iterminals iin isecond 

istage. iImpedance iof ithe iinductance isimulator ican ibe iformulated iin ithe ilight iof ithe iabove ieffects ias: 

 

 

                                  ZIN = RP1// 
1

𝑠𝐶1
 // [𝑠(

𝐶1(𝑅1+𝑅𝑃2)

𝘨𝑚
) + 

𝐿𝑋

𝘨𝑚𝑅𝑃3
+ 

(𝑅1+𝑅𝑃2)

𝘨𝑚𝑅𝑃3
 + 

𝑠2𝐶1𝐿𝑋

𝘨𝑚
 ] 

 

The circuit elements are derived from this equation as from Fig. 2.3(b) 

 

                                   LEqu = (
𝐶1(𝑅1+𝑅𝑃2)

𝘨𝑚
) + 

𝐿𝑋

𝘨𝑚𝑅𝑃3
 

 

          RS   =  
(𝑅1+𝑅𝑃2)

𝘨𝑚𝑅𝑃3
 - 

Ꞷ
2𝐶1𝐿𝑋

𝘨𝑚
 

 
                                   CP = CP1 

 
                      RP = RP1 

 

Parasitic iinductance iLx iis ithe ielement iinfluencing iLEqu. i iFrom iFig. i2.3[b], iit ican ibe ishown 

ithat ithe ilow ifrequency iregion iof ithe iinductance ilimits ithe iRS iseries iresistance, ithe ivalue iof 

iwhich idepends iprimarily ion ithe iRP2 iand iRP3 iparasitic iresistances. iAs ithe iRS iresistance 

ivalue idecreases, ithe ioutput iimpedance iat iport iZ i(RP3) iincreases. iCascade itechniques iare 

ibeing iused ito iimplement ithis. iNegative iresistance iachieved iby iactive ielements ican ibe 

iovercome iby iterminal iZ ibalancing ithe iRP3 iand iincreasing ithe iregion iof ithe ilow ifrequency 

ifield. iWhereas, ithe ihigh-frequency iperformance iof ithe icircuits iis igoverned iby iRP iand iCP, 

iwhich iare iequal ito iRP1 iand iCP1. iIn iaddition ito ithese ilower iCP1 ivalues iand ihigher iRP1 

ivalues, ithe ihigh ifrequency iperformance iof ithe icircuit iwill ibe iimproved. iAlso, ifrom ithe 

iabove iequations iin ihigh-frequency iregions, ithe ivalue iof iRS iresistance iis iaffected iby iboth 

iꞶ0 iand iLX. iIn ihigh ifrequencies, itherefore, ithe iRS iresistance ivalue imay ibe inegative, iwhich 

imay ieventually iresult iin ia istability iproblem. 
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In iorder ito iprevent ithis, iRS>0 ishould ibe isatisfied iwhich iresults iin ithe ifollowing iinequalities: 

 (
𝑅𝑃1 +𝑅𝑃2

𝑅𝑃3
)  > (2πf)2C1LX 

Where f is operating frequency and maximum operating frequency, without affecting stability 

fmax = 
1

2𝛱
√

𝑅1+ 𝑅𝑃2

𝐶1𝐿𝑋𝑅𝑃3
 

Now parasite inductance (Lx) must be reduced to increase X terminal fmax. 

 

                                                   

 

                     Fig 2.3 (a) Parasitic-component inductance simulator [5] 
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                                Fig.2.3 (b) Parasitic impedances effect on VDCC [5] 

 

2.4 3rd order Butterworth High Pass filter 

 
To iiexamine iithe iiperformance iiof iithe iigrounded iisimulated iiinductor, iiwe iiform iithe iiHigh 

iiPass iibutterworth iifilter iiin iithird iiorder iias iishown iiin iiFigure ii2.4.In iipassive iistructure iiof 

iiHigh iiPass iibutterworth ii iifilter iiwe iireplace iigrounded iiinductor iiby iisimulated iiinductance 

iibased iion iiVDCC 

. 

 

 

 

      (a) 
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     (b) 

 
Fig 2.4 Butterworth third-order filter (a) Passive realization (b) VDCC-based simulation of 

inductance 

 

2.5 4th order Low Pass Butterworth filter ladder 
 

Figure i2.5(a) ishows ia ipassive iprototype iof ithe ifourth iorder iLow iPass ibutterworth ilader 

ifilter. iFloating iinductor iis iused iin ithis icircuit iwhich ican ibe ireplaced iby ithe isimulated 

iinductance. iFigure i2.2 ishows ithe isimulated ifloating iinductance ibased ion iVDCC iwhich iis 

iused ito idesign ia ifourth-order iLPF ias ishown iin ifigure i2.5(b).The itransfer ifunction ifor 

ifourth iorder ilow ipass ibutterworth ifilter iis igiven iby 

 

                           
Vo

Vin
=

1

L1L2C1C2

S4+S3(
RS
L1

+
1

RLC4
)+S2(

1

L1C3
+

1

L1C3
+

1

L1C3
+

RS
RLC4L1

)+S(
1

L1RLC4C3
+

RS
L1L2C4

+
1

L2RLC4C3
+

RS
L2C3L1

)+(
1

L1L2C1C2
+

RS
L1L2C3C4RL

)
 

 

 

Where  L1 = 
𝑅1𝐶1

𝘨𝑚1
       and      L2 = 

𝑅2𝐶2

𝘨𝑚2
 

 

gm1 and gm2 are transconductances of two VDCC blocks respectively. 
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(a) 

 

 

(b) 

                             Fig. 2.5.  Fourth order Butterworth Low Pass filter (a) Passive prototype 

                                          (b) floating inductor simulator based on VDCC[6]  
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2.6 Simulation and Results 

 
Simulation iis iperformed iusing iPSPICE isoftware ito iverify ithe ioperation iof ithe icircuit. iThe 

itechnology iparameter iused iis iof iTSMC i180 inm. iValue iof iWidth ito ilength i(W i/ iL) iratios 

iof ieach itransistor iused iin iVDCC iCMOS i[5] iis ishown iin iTable i5.1. iVDD= i−VSS=0.9V iare 

ithe isupply ivoltage ivalues iand ithe ibias icurrent iis iIB1=50μA iand iIB2=100μA irespectively, 

itherefore ithe itrans-conductance ivalue iobtained iis igm=277.833μA i/ iV. 

 

Simulation iof iinductance iis iperformed ion ithe icircuit ishown iin iFig.2.1 iwith ithe ipassive 

icomponent ivalues iR1=4K iand iC1=20 ipF icorresponding ito ithe iinductance ivalue 

iLeq=0.29mH. iThe ivalue iof iparasite ielements ias ishown iin iFig.2.3 iis iRP1=141 iK, iRP2=.043 

iK, iRP3=362k, iCP1=0.91pF iand iLx=2.2μH. 

 

The iinductor iand iideal iinductor ibased ion iVDCC iis isimulated, iand iits iimpedance ivs. 

ifrequency icharacteristics iare ishown iin iFig.2.9. iAnd iit iis iconcluded ithat, iwithin ithe 

ifrequency irange i30kHz ito i20MHz, ithe iideal iand iVDCC idependent isimulated iresponses 

iare ialmost iidentical. iBy iusing ithis iinductance isimulator iusing iVDCC iwe ibuild iHigh iPass 

ifilter iin ithird iorder iby ireplacing iinductor. iRS= iRL= i9K iand iC1= iC2= i16 ipF iand iL1= 

i.795mH iare ipassive ielement ivalues. iSimulation iand iresponse iof iit iis ishown iin iFig i2.20 

iand iFig i2.21. 

 

To ibuild ithird iorder iHigh iPass ifilter ias ishown iin iFig i2.4 ithe ivalue iof ipassive icomponents 

iare iRL i= iRS i= i9K iand iC1 i= iC2 i= i16pF iand iL1 i= i796.77uH i. iAnd ithe ivalue iof ipassive 

icomponent iused iin isimulation iof iinductor ibased ion iVDCC ias iR1= i4 ikΩ iand iC3= i20 ipF. 

iThat iresults iin ia i1MHz ifrequency iof i3dB. iFigure i2.19 iand iFigure i2.21 ishows ithe ioutput 

iof iboth ian iideal iand isimulated ithird-order ihigh ipass ifilter. 

 

To design the circuit of  4
th

 order butterworth filter as shown in Fig 2.4 (a), the passive 

elements are selected as RL = RS = 2KΩ and C1 = 0.1384nF, C2 = 0.03nF and L1 = L2 = 

0.2434mH and its response is shown in Fig 2.23. By using floating inductance simulator as 

shown in Fig 2.2 instead of inductor form fourth order low pass filter and its response is 

shown in Fig 2.25.  taking the value of passive components are as  R1 = 3.23KΩ , R2 = 8KΩ  

and C3 = C4 = 1n. 
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                                                            Table 2.1 

 

 

Transistors 

 

W/L(μm) 

 

M1-M4 3.6/1.8 

 

M5-M6 7.2/1.8 

 

M7-M8 2.4/1.8 

 

M9-M10 3.06/0.72 

 

M11-M12 9/0.72 

 

M13-M17 14.4/0.72 

 

M18-M22 0.72/0.72 

                      

 

 

                                 

                                     Fig.2.6 Schematic of Passive inductor [5] 
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                    Fig. 2.7 Schematic of inductance simulator [5] 

 

 

                        Fig   2.8 VDCC-based inductance simulator & passive inductor response 
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              Fig.2.9 Parasitic-element inductance simulator schematic [5] 

 

 

                                     Fig. 2.10 A simulator inductance response with 

                                                                    parasitics elements 
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          Fig. 2.11 Schematic of inductance simulator (L series with R) [5] 

 

 

 

 

 

      

                        Fig 2.12 Schematic of equivalent of inductance simulator [5] 
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                Fig 2.13 Response of inductance vs frequency VDCC based inductance simulator 
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                     Fig.2.14 Schematic of Floating inductance simulator [6] 

 

 

 

Fig 2.15 Plot of inductor of floating inductance simulator  
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Fig. 2.16 Impedance vs. Simulator frequency of floating inductance response 

           Fig.2.17 Third-order schematics High Pass Butterworth filter Passively realized [5] 
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Fig. 2.18 Third-order response of High Pass Butterworth filter Passively realized   
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Fig.2.19 Realization of third order High Pass Butterworth filter based on inductance                              

simulator schematic [5] 

 

 

Fig. 2.20 Simulator-based inductance response of third-order High Pass Butterworth filter   
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          Fig.2.21 Passively realized 4th-order Low Pass Butterworth filter schematic [5] 

 

 

Fig. 2.22 Passively realized fourth order response of Low Pass Butterworth filter  
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Fig.2.23 Realization of 4th-order High Pass Butterworth filter based on inductance simulator 

schematic [5] 

 

 

 

Fig.2.24 Simulator-based inductance response of the fourth-order Low Pass                    

Butterworth filter 
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                                      CHAPTER 3 

CAPACITOR MULTIPLIER CIRCUIT WITH 

VDCCs 

3.1 Introduction  

A icapacitance iis ia ipassive ielement ithat iin ialmost iall ielectronic isystems ihas idifferent 

iapplications. iLarge ivalue icapacitances iare ineeded iin imany ianalog icircuit iapplications ias 

ioscillator icircuits, iactive ifiltering icircuits, iand icircuit iparasite icancellation. iBut, iit iis inot 

ipossible ito iuse icondensers iof igreat ivalue iin iintegrated icircuits ias itheir imonolithic 

imanufacturing iis idifficult. iTherefore, iit iis ipreferable ito iuse ilow ivalue icondenser iand 

imultiply iit iby idesired ivalue iusing ia icapacitance imultiplier icircuit. 

  

Throughout iliterature, iresearchers ihave idocumented ivarious icapacitance imultiplier icircuits 

ifrom idifferent iactive icomponents. iAlso ireported iwere icapacitance imultipliers ibased ion 

ioperational itransconductance iamplifier i(OTA), iwhich ihave ithe iadvantage iof ielectronic 

itunability ibut ithe iproblem iis ithat idynamic irange iis ipoor. iSimilarly, ifloating iimpedance 

iinverter icapacity imultiplier iwas ipresented ithat ihas ielectronic icontrol ifacilities ibut ilimited 

ihigh ifrequency ibehaviour. 

 

Voltage idifferencing icurrent iconveyor i(VDCC) igenerates ia inew imultiplier icapacitance 

icircuit. iThe idesign ipresented iis icomposed iof itwo iVDCCs iand ithree igrounded iresistors. 

 

The icircuit ihas ithe iadvantages: i 

1. iElectronic i/ iresistance iadjustable imultiplication ifactor 

2. Grounded iresistors iare iused iwhich imake ithis iconfiguration isuitable ifor iimplementation 

ion ithe ichip. 

3. iThis idoes inot irequire imatched iresistors ior iVDCCs. 

4. iUnder inon-ideal iconditions ithe ibehavior iand ithe ilow isensitivity iindexes iof ithe ituning 

ifactor ihave inot ichanged. 
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3.2 Capacitive multiplier based on VDCC 

 
Fig.3.1 shows the VDCC based capacitance multiplier. It consists of two VDCC and three 

grounded resistance and one grounded capacitance to be multiplied in order to obtain desired 

large capacitor value.        

                     

                         Fig. 3.1 VDCC based capacitance multiplier [16] 

 

 

 From the analysis of  above circuit we get equivalent impedance of circuit as follows: 

 

𝑍𝐸𝑄 = 
1

𝑠𝐶1𝑅2𝑅3𝘨𝑚1𝘨𝑚2
 

            

            

                 =  
1

𝑠𝐶1𝑅2𝑅3𝘨𝑚1𝘨𝑚2
 

      

     = 
1

𝑠𝐶1𝐾
                                                          ...(3.1) 

 

   Where,                                     K = 𝑅2𝑅3𝘨𝑚1𝘨𝑚2                                              …(3.2) 
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Hence, From Eq. (3.1) we evident that the circuit acts as a capacitance multiplier for 

capacitance C1 and the factor of multiplication is 'K'.  The Eqation (3.2) represent that the 

multiplication factor value ‘K’ varies by R2 and R3 (grounded resistances). Electronic 

tunability of ‘K’ can be done through transconductance gm1 and gm2. Thus, one can increase 

or decrease the value of grounded capacitance C1 by using the circuit through multiplication 

factor, which is an adjustable resistor / electronic. 

 

3.3 Analysis of Non Ideal 

 

The matrix for VDCC's non-ideal mathematical model can be defined as VDCC's current 

transfer errors (γwp, γwn), voltage transfer error (β) and transconductance gain error (α). 

 

                               

[
 
 
 
 
 
𝐼𝑁
𝐼𝑃
𝐼𝑍
𝑉𝑋

𝐼𝑊𝑃

𝐼𝑊𝑁]
 
 
 
 
 

 = 

[
 
 
 
 
 

0 0 0 0
0 0 0 0

𝛼𝘨𝑚 −𝛼𝘨𝑚 0 0
0 0 𝛽 0
0 0 0 γ𝑤𝑝

0 0 0 −γ𝑤𝑛]
 
 
 
 
 

[

𝑉𝑃

𝑉𝑁

𝑉𝑍

𝐼𝑋

] 

 

The matrix equations are for currents and voltages: 

 

   IZ = αgm (VP-VN) 

 

   VX = βVZ 

 

 IWP = γ𝑤𝑝IX 

 

 IWN = -γ𝑤𝑛IX 

 

 

To analyse multiplier circuit impedance as shown in Fig. 3.1 Using the non-ideal VDCC 

mathematical model we obtain: 

 

 

𝑍𝐸𝑄 = 
𝛽1𝛽2

𝑠𝐶1𝑅2𝑅3𝘨𝑚1𝘨𝑚2𝛼1𝛼2𝛾𝑤𝑝1
 

            

            

           =  
𝛽1𝛽2

𝑠𝐶1(𝑅2𝑅3𝘨𝑚1𝘨𝑚2𝛼1𝛼2_𝛾𝑤𝑝1)
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     =  
1

𝑠𝐶1𝐾𝑁𝑂𝑁 𝐼𝐷𝐸𝐴𝐿
                                             ...(3.3) 

 

 

Where ,                            𝐾𝑁𝑂𝑁 𝐼𝐷𝐸𝐴𝐿 =  
𝑅2𝑅3𝘨𝑚1𝘨𝑚2𝛼1𝛼2𝛾𝑤𝑝1

𝛽1𝛽2
                                   ...(3.4) 

 

Where 𝛼1,𝛼2 are error in transconductance, 𝛽1, 𝛽2 are errors in voltage transfer errors of two 

VDCC first and second and 𝛾𝑤𝑝1 is error in current of first VDCC. 

 

On iconsideration iof iVDCC's inon-ideal imodel, ifrom iEq. i(3.3) iand i(3.4) iit ishould ibe inoted 

ithat ithe iconfiguration istill iacts ias ia igrounded iimpedance imultiplier iwith ithe i"KNON-IDEAL" 

iscaling ifactor, iwhich iis islightly ilower ithan i"K". iIt iis itherefore ievident ithat iin iboth iideal 

iand inon-ideal icondition, icircuit ibehaviour iremains ithe isame, iwhich iis ia ivery iimportant 

iadvantage iof ithe icircuit ipresented. 

3.4 iApplication i i 

A ilow ipass ifilter iis ibuilt iusing ia igrounded icapacity imultiplier iVDCC ibaesd ias ia igrounded 

icapacitance. iThe ilow ipass ifilter icircuit iof ithe ifirst iorder iRC ibuilt ifrom ipassive ielements 

iis ishown iin iFig. i3.2 iand iits iuse iof ia igrounded icapacitance icircuit ibased ion iVDCC iis 

ishown iin ifigure i3.3 

 

                             
                      Fig. 3.2 first order Low Pass filter with passive component 
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           Fig. 3.3 Implementation of filter using VDCC based capacitance multiplier circuit [16] 
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3.5 Simulation and Results 
 

SPICE simulations must be conducted using CMOS VDCC [5] to verify the presented circuit 

and low pass filter circuit made with the aid of the presented circuit. For configuration value 

of passive component as shown in Figure 3.1 are as C1=0.1nF and R2 = R3 = R4=1 K together 

with supply voltage of ±0.9VDC. The results of the simulations for the amplitude and phase 

response are shown in Figure 3.5 and 3.6 respectively. Now to study the effect of scaling 

factor resistance control is shown in Fig.3.9 and it indicates the input impedance for different 

values of resistance R3. Similarly, Fig.3.10 shows the effect of electronic tuning factor 

change with bias currents Ib1 of both VDCC. The response of filter circuit can be seen in 

Fig.3.12 and take the value of passive elements during simulation as R2=R3=R4=1K, Rs= 10k 

and C1=0.1nF. 

           

                                    TABLE 3.1  

                                               

 

 

Transistors 

 

W/L(μm) 

 

M1-M4 3.6/1.8 

 

M5-M6 7.2/1.8 

 

M7-M8 2.4/1.8 

 

M9-M10 3.06/0.72 

 

M11-M12 9/0.72 

 

M13-M17 14.4/0.72 

 

M18-M22 0.72/0.72 
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                         Fig. 3.4 Schematic of capacitance multiplier [16] 
 

 
 

                            Fig 3.5 Capacitive multiplier circuit magnitude response 
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                                Fig 3.6 Capacitive multiplier circuit phase response 
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               Fig. 3.7 Schematic of capacitance multiplier with R3 as variable [16] 
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Fig. 3.8 Magnitude response of Capacitance multiplier circuit by varying 

grounded resistance R3 

 

 
 

Fig.3.9 capacitance multiplier phase response with variable resistance R3 
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1114  
 

Fig. 3.10  Impedance response of capacitance multiplication on varying bias currents 

Ib1 of both VDCCs 
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                                                   (a) 

 

            

                                                  (b) 

 

 

                Fig.3.11 Implementation of filter on schematic (a) with two VDCC 

                                         (b) with passive component 
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          Fig.3.12. Response of Low Pass filter design. 
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                          CHAPTER 4 

 
Grounded Impedance Scaling Configuration with 

VDCC 
 

4.1 Introduction 

 
From ithe ipoint iof iview iof iefficient irealization ichip iarea, iit iis inot isuitable ifor ichip ilarge 

ivalue icapacitors, iinductors, iand iresistances, ias ilarge iimpedances iconsume imore iarea ion 

ithe ichip. iFor isuch iapplications, iimpedance iscaling icircuits ior imultipliers ithat iemploy 

iactive ielements ibecome iuseful. iIn iliterature, iseveral iresearchers i[1-14] ipresented 

isignificant ino. iof iimpedance isimulation icircuits. iFew iof ithose isimulation iimpedance 

icircuits iare icapable iof imultiplying igrounded iimpedance. iBut ithere iare ione ior imore 

ifollowing idisadvantages ito ithese icircuits, iwhich iare: 

1. iFloating ipassive ielements iare iemployed iin icircuit iconfiguration 

2. iNon-electronic iscaling. 

3. iNeed iof imatched iactive/passive ielements. 

Thus, iimpedance iscaling icircuit ibased ion iVDCC iwith ielectronic iand iresistive iscaling. iThis 

icircuit iconfiguration iconsists iof ionly itwo iVDCCs iand ithree igrounded iresistors. iUnder 

iideal iand inon-ideal iconditions, ithe iworking iof ithis icircuit iremains ithe isame iand iis ialso 

ifree ifrom ithe iconstraints ithat imatch iactive iand ipassive ielements. 

 

4.2 VDCC BasediGrounded IMPEDANCEiSCALINGiCONFIGURATION i 

The iimpedance imultiplier icircuit iconfiguration iconsisting iof itwo iVDCCs itogether iwith 

ithree igrounded iresistances iis ishown iin iFig i4.1. 
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          Fig.4.1 Configuration of Grounded Impedance scaler [17] 

 
From the analysis of configuration of Fig 4.1, the impedance is obtained as : 

 

𝑍𝐸𝑄 =
𝑉𝑖𝑛

𝐼𝑖𝑛
= (

1

𝑅2𝑅3𝘨𝑚1𝘨𝑚2
) 𝑍 

            

            

               =K*Z                                                               ...(4.1) 

 

Where                                       K = 
1

𝑅2𝑅3𝘨𝑚1𝘨𝑚2
                                                         …(4.2) 

 

 

Where igm1 iand igm2 iare itransconductance igains iof iVDCC-1 iand iVDCC-2. iNow, ifrom 

iequation i4.1 iit iis ievident ithat ipresented icircuit iconfiguration ican iscale iup ior iscale idown 

ithe iimpedance iof i“Z” iby ia imultiplication ifactor i‘K’. iFrom iequation i(4.2), iit iis iobserved 

ithat ithe ivalue iof i‘K’ ican ibe ivaried iby ivarying ithe ivalue iof iR2/R3/gm1/gm2. iHence, iboth 

ielectronic iand iresistive iscaling iis ipossible. i‘Z’ iis ieither ia isingle ipassive ielement ior ia 

icombination iof ipassive ielements. 
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On considering non ideal current and voltage transfer constants among different terminal of 

VDCC, characteristics equations of VDCC have to be modified. On considering the voltage 

transfer error(β), current transfer errors (γwp, γwn) and transconductance gain error (α) of 

VDCC, the non – ideal mathematical model of VDCC can be define as: 

 

                               

[
 
 
 
 
 
𝐼𝑁
𝐼𝑃
𝐼𝑍
𝑉𝑋

𝐼𝑊𝑃

𝐼𝑊𝑁]
 
 
 
 
 

 = 

[
 
 
 
 
 

0 0 0 0
0 0 0 0

𝛼𝘨𝑚 −𝛼𝘨𝑚 0 0
0 0 𝛽 0
0 0 0 γ𝑤𝑝

0 0 0 −γ𝑤𝑛]
 
 
 
 
 

[

𝑉𝑃

𝑉𝑁

𝑉𝑍

𝐼𝑋

] 

The matrix equations are for currents and voltages: 

 

                 IZ = αgm (VP-VN) 

 

                 VX = βVZ 

 

               IWP = γ𝑤𝑝IX 

 

               IWN = -γ𝑤𝑛IX 

 

 

Analyzing the multiplier circuit impedance shown in Fig. 4.1 We obtain the non-ideal VDCC 

mathematical model as follows: 

 

𝑍𝐸𝑄 = 
𝛽1𝛽2

𝑅2𝑅3𝘨𝑚1𝘨𝑚2𝛼1𝛼2𝛾𝑤𝑝1
 

            

            

                 =  
𝛽1𝛽2

(𝑅2𝑅3𝘨𝑚1𝘨𝑚2𝛼1𝛼2_𝛾𝑤𝑝1)
 

      

     = 
1

𝑠𝐶1𝐾𝑁𝑂𝑁 𝐼𝐷𝐸𝐴𝐿
                                                ...(4.3) 

 

Where,                            𝐾𝑁𝑂𝑁 𝐼𝐷𝐸𝐴𝐿 =   
𝛽1𝛽2

(𝑅2𝑅3𝘨𝑚1𝘨𝑚2𝛼1𝛼2_𝛾𝑤𝑝1)
                                 ...(4.4) 

 

Where, 𝛼1 ,𝛼2  are error in transconductance, 𝛽1, 𝛽2  are error in voltage transfer for two 

VDCC and 𝛾𝑤𝑝1 is the error in current transfer of VDCC-1. 
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From Eq. it is noted (4.3) and (4.4) that the configuration still acts as a grounded impedance 

multiplier with a "KNON-IDEAL" scaling factor that is slightly lower than "K." It is also clear 

that in both ideal and non-ideal situation the circuit behaviour remains the same, which is a 

very significant benefit of the presented circuit. 

 

4.4 Application: 

Active filter architecture is used to check the functioning of impedance scaling circuit 

configuration. A High Pass filter is constructed using a grounded resistor based on the VDCC 

configuration. The conventional filtering circuit for the RC High Pass is given in Fig.4.4. 

  

 
                              Fig 4.2 Conventional High Pass filter [17] 

 

 

Fig.4.2 illustrates the active equivalent of the filtering configuration by replacing passive 

resistance with the impedance scaling circuit based on VDCC working in grounded resistance 

mode. 
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Fig.4.3. High Pass filter using VDCC based grounded impedance scaling circuit [17] 
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4.5  Simulation and Results 

 
To iverify ithe ifunctioning iof ithe iestablished icircuit iconfiguration ias ia iscaling icircuit iof 

igrounded iresistance, iassume iZ1 ias ia ivalue iresistance iof i1K. iThe iscaling iresponse iof ithis 

igrounded iresistance ithrough iR2 iis ishown iin iFig.4.5 ishowing ithe iinput iimpedances iwith 

ivarying iR2 iand ithe ivalue iof iR3 iis i1 iK iwhile inow iassume ithe iscaling iof iZ ias iCo=0.01nF 

ithrough iR2 iis ishown iin iFig. i4.7. iSuppose iZ i= isLo iis ishown iin iFig i4.8 ito iscale iZ iby iR2. 

Now, ito ireflect ithe ielectronic iscaling iof iimpedance iby ibias icurrents iof iusing iVDCC, ithe 

isimulations ifor idifferent ivalues iof ibiasing icurrents ihave ito ibe icarried iout. iTo ishow ithe 

ielectronic iscaling iin iplace iof iZ1 iwe iattach i1KΩ iresistor iand ithen isimulations ihave ibeen 

idone ifor iIb1of iboth iVDCCs iequal ito i10μA, i30μA, i50μA ikeep iIb2 iremain isame ias i10μA. 

iFig.4.11 ishows ithe iresponse iof ithe ifrequency iplots. 

In iorder ito istudy ithe ielectronic iscaling iof ithe igrounded icapacitor, ireplace ithe iZ1 iwith 

igrounded icapacitance iC1 iof ithe ivalue i0.01mF, isimulations ihave ito ibe imade iagain ifor 

idifferent ivalues iof ibiased icurrents i(Ib1 iof iboth iVDCCs iequal ito i10μA, i30μA, i50μA ikeep 

iIb2 ithe isame ias i10μA iremain). iThe iresults iof ithe isimulation iare iset iout iin iFig.4.13. 

iLikewise, isubstitute ithe iZ1 iwith igrounded iinductor iof ivalue i0.1mH ifor ielectronic iscaling 

iof igrounded iinductance, iand ithe ianswer iis ishown iin iFig.4.15. 

The iHigh iPass ifilter iis ialso irealized iin iPSPICE iusing ithe iVDCC-based iimpedance iscaling 

icircuit iconfiguration i(given iin ifig i5.3). iThe ipassive ielement ivalues iof ipassive ielements 

iare ichosen ias iR1 i= iR3=1 iK, iC2=0.01nF. iFigure i4.17 ishows ithe ifrequency iresponse iof ithis 

ifilter ifor idifferent iR2 ivalues. 
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  Table 4.1 

                                                   

 

 

Transistors 

 

W/L(μm) 

 

M1-M4 3.6/1.8 

 

M5-M6 7.2/1.8 

 

M7-M8 2.4/1.8 

 

M9-M10 3.06/0.72 

 

M11-M12 9/0.72 

 

M13-M17 14.4/0.72 

 

M18-M22 0.72/0.72 
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Fig 4.4 Schematic of scaling grounded impedance configuration for Z=R1 and vary                               

resistance R2 

 

 

            Fig.4.5. Response of resistive scaling of Z=R1 through resistance R2.   
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Fig 4.6 Schematic of scaling grounded impedance configuration for Z=1/sC1 by vary                                          

resistance R2 

 

            Fig.4.7. Response of resistive scaling for Z=1/sC1 through resistance R2.   
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Fig 4.8: Schematic of scaling grounded impedance configuration for Z= sL1 by varying 

resistance R2 

 

                   Fig.4.9. Response of resistive scaling for Z=sL1 through resistance R2. 
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         Fig 4.10: Schematic of scaling grounded impedance configuration for Z=R1  

 

 

 

Fig.4.11.Response of resistive scaling of Z=R1 for different values of  Ib1(bias currents) of 

Both VDCC. 
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Fig 4.12 Schematic of scaling grounded impedance configuration for Z=1/sC1 

                                                               

 

 

Fig.4.13. Response of impedance scaling of Z=1/sC1  for different bias currents (Ib1)                             

values of both VDCC                                             
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               Fig 4.14 Schematic of grounded impedance scaling configuration for Z=sL1 

 

Fig.4.15. Response of impedance scaling of  Z = sL1 through differen values of t bias currents 

(Ib1) of VDCC -1 and VDCC-2 
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                   Fig 4.16 Schematic of active implementation of RC High pass filter circuit 

 

          

     Fig.4.17 High Pass-Filter response 
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         CHAPTER 5 

              Universal Biquadratic Filter in Current-mode 
 

5.1 Introduction 

Analog filters are widely used in many electronics system as in three-way loudspeaker as a 

cross-over network and phase locked loop (PLL) FM stereo demodulator [19]. Mainly, the 

universal circuit is required as they reduce the chip area, cost, consumption of power and they 

are suitable to integrate on chip. Hence the many no. of universal circuits are introduced [20]-

[29]. Some of them function as mode of current [19]-[24] and others as voltage [20]-[23], 

current mode has advantage over the voltage mode like greater linearity, operate at higher 

frequency, wider dynamic range, circuitry is simple, power dissipation is less. One input and 

three-output structure of Low Pass, Band Pass and High pass types are presented [26]–[27]. 

But has disadvantage as some output current flow by the capacitor and driving the load is also 

very difficult. In [27]–[28], universal filters having one output and three inputs have been 

presented. All these filter generate five standard filtering functions but they are complicated 

as they are using two active building blocks along with it passive component matching 

condition is also required for filtering function achieved successfully.  

The presented circuit using one VDCC, grounded one resistor and grounded two capacitor 

overcome all the above disadvantages. It realized all the five standard filtering function using 

same circuit structure with some changes in position of input current. This circuit also set 

orthogonal control over Q and Ꞷ0. 

5.2 VDCC based current mode universal filter 

The structure presented here is shown in fig. 5.1 Universal biquadratic filter with three input 

terminals and one terminal output in current mode. 
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                                  Fig 5.1 Circuit of biquadratic filter in current mode [18] 

 

From analysis of above circuit we obtained following current transfer: 

 

                                      IOUT =
D(S)Iin3+(S R1C1

⁄ )Iin2 +(
𝗀m

R1C1C2
⁄ )Iin1  

D(S)
                                         …5.1 

                 where,       𝐷(𝑆) =  𝑆2 +  𝑆 (𝑅1𝐶1)
⁄  +  

𝘨𝑚
(𝑅1𝐶1𝐶2)

⁄  

 

From equation 5.1 it is clear that presented circuit provide the variation in current 

transfer function by attaching the input current at different terminals. Standard five 

filter can be obtained as : 

 Low Pass filter – Iin1 = Iin and Iin2 = Iin3 = 0 

 Band Pass filter – Iin2 = Iin and Iin1 = Iin3 = 0 

 High Pass filter – Iin3 = Iin and Iin1 = Iin2 = 0 

 Band Stop filter – Iin1 = 0 and Iin2 = Iin3 = Iin 

 All Pass filter – Iin1 = Iin and Iin2 =2Iin3 and Iin1 = 0. 
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From the circuit presented, we can achieve all five standard quadratic filtering functions by 

using the same circuit topology. The value of the Q and Ꞷ0 parameters of these universal 

filter are as follows: 

                  Ꞷ0 = √
𝘨𝑚

𝑅1𝐶1𝐶2
                                                             … 5.2 

                     𝑄 =  √
𝘨𝑚𝑅1𝐶1

𝐶2
                                                            … 5.3 

From the above two equation 5.2 & 5.3 it is noted that Ꞷ0 can be tuned from the value of 

capacitor C1 and C2 and keep the value  
𝘨𝑚

𝑅1
⁄  to be same whereas value of Q is controlled 

by the 𝘨𝑚𝑅1 and maintaining ratio of capacitors 
𝐶1

𝐶2
⁄  to be constant. From all this we 

conclude that presented circuit of filter provides orthogonal control of the filters parameter Q 

and Ꞷ0. 

Sensitivity of the parameter Ꞷo relative to values of trans-conductance gain and passive 

components are equal to half only. 

 

                                  S𝗀m

Ꞷ0   =  - SR1

Ꞷ0  = -   SC1

Ꞷ0  =  - SC2

Ꞷ0  = 
1

2
 

 

Sensitivity of the parameter Q relative to values of trans-conductance gain and passive 

components are equal to half only. 

 

                               S𝗀m

Q   =  SR1

Q  =  SC1

Q  =  - SC2

Q  = 
1

2
 

 

Therefore, presented circuit of universal filter exhibits a satisfactory value of a sensitivity. 
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5.3 Simulation and results 

Presented circuit  shown in fig 5.1 has  value of passive component as resistor R1 = 4.4K and 

the value of capacitors as C1 = C2 =30pF.All these setting has done to obtain universal 

biquadratic filter with Q = 1 and f 0 = 1 2π⁄ .  Simulated frequency response of standard filters, 

LP, HP, BP and BS filters, shown respectively in Figures 5.3, 5.4, 5.5 and 5.6. From the 

simulation results we realize that the natural frequency is 1.22MHz. Therefore, the average 

frequency deviation is around 0.82 percent. Figure 5.7 shows simulated filter response of the 

Band Stop (BS) at different capacitor values of 50 pF, 30 pF and 10 pF. From simulated 

response we conclude that natural frequency is tuned at capacitor value is varied.   

  

Table 5.1 

 

 

Transistors 

 

W/L(μm) 

 

M1-M4 3.6/1.8 

 

M5-M6 7.2/1.8 

 

M7-M8 2.4/1.8 

 

M9-M10 3.06/0.72 

 

M11-M12 9/0.72 

 

M13-M17 14.4/0.72 

 

M18-M22 0.72/0.72 
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                                                        Fig 5.2 Schematic of VDCC using CMOS [18] 
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                                     Fig 5.3 Current biquadratic filter schematic for Low Pass filter [18] 

 

 

 

                     Fig 5.4 Frequency response of current biquadratic filter for Low Pass filter 
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                      Fig 5.5 Current biquadratic filter schematic for High Pass filter [18] 

 

 

                           Fig 5.6 Response of current biquadratic filter for Hgh Pass filter 
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                           Fig 5.7  Current biquadratic filter schematic for Band Pass filter [18] 

 

 

                      Fig 5.8  Response of current biquadratic filter for Band Pass filter 
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                         Fig 5.9 Current biquadratic filter schematic for Band Stop filter 18] 

 

 

 

                     Fig 5.10 Response of current biquadratic filter for Stop Band filter 
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Fig 5.11 Current biquadratic filter schematic for Band Stop filter with varying                         

capacitor [18] 

 

 

                Fig 5.12 Frequency response of current biquadratic for Band Stop filter 
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                 CHAPTER 6 

          Single VDCC-based Explicit Current- Mode SRCO 

6.1 Introduction 

Special attention is now given to a single active block based on single resistance controlled 

sinusoidal oscillators (SRCOs)[31-43] that operate mainly in SRCOs current mode. There are 

no. of advantages of using single resistance ABB like it save chip area, manufacturing cost 

and power dissipation in comparison of two ABBs. Because of larger bandwidth and higher 

linearity, current mode operation is more used as compared to voltage mode.  

6.2 VDCC- based SRCO   

The VDCC transfer voltage and current to its relevant terminals along with it provide 

electronically tunable transconductance gain.VDCC provides many applications. It has 6 

terminals  in which  only X terminal has low impedance as compared to other terminals. 

                                       

                                       Fig 6.1 VDCC block diagram representation 

The ideal VDCC matrix for port is as shown below: 

        

[
 
 
 
 
 
𝐼𝑁
𝐼𝑃
𝐼𝑍
𝑉𝑋

𝐼𝑊𝑃

𝐼𝑊𝑁]
 
 
 
 
 

 = 

[
 
 
 
 
 

0 0 0 0
0 0 0 0

𝘨𝑚 −𝘨𝑚 0 0
0 0 1 0
0 0 0 1
0 0 0 −1]

 
 
 
 
 

[

𝑉𝑃

𝑉𝑁

𝑉𝑍

𝐼𝑋

] 

 

A new explicit current mode SRCO oscillator is presented using single VDCC and with 

minimum number of passive elements. Figure 6.2 shows configuration. The present circuit 

has the benefits of: 
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1. Independent condition of oscillation and frequency of oscillation with explicit. 

2. Having good stability in terms of frequency. 

3. Low passive and active sensitivities. 

                      

 

                                                    Fig. 6.2 SRCO circuit [30] 

From the above circuit analysis characteristic equation obtained is as follows: 

                                                           𝑆2 + 𝑆1 1

𝐶1
(

1

𝑅1
− 𝘨𝑚) +

𝘨𝑚

𝑅2𝐶1𝐶2
= 0                               …5.1 

From equation 5.1 we obtained oscillation condition and frequency of oscillation of 

frequency as  follows: 

                                                                    
1

𝐶1
(

1

𝑅1
− 𝘨𝑚)  ≤  0                                                  …5.2 

 

And                                                      Ꞷ0 = √
𝘨𝑚

𝑅2𝐶1𝐶2
                                              …5.3 

 

From equation 5.2 & 5.3 we conclude that CO is controlled by R1 where as FO is controlled 

by R2. Therefore both FO and CO are independent to each other. 
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The following two open loops transfer function are also obtained from the presented circuit: 

                                                   

                                                           
I01

Vin
= 

𝑆(
𝐶2𝘨𝑚

𝑅2
)

𝑆2+𝑆1(
1

𝑅1𝐶1
)+

𝘨𝑚
𝑅2𝐶1𝐶2

                             …5.4 

 

                                                    
I04

 Vin
= 

𝑆2𝘨𝑚

𝑆2+𝑆1(
1

𝑅1𝐶1
)+

𝘨𝑚
𝑅2𝐶1𝐶2

                            …5.5 

 

We obtained the natural frequency and bandwidth from above equations 5.4 and 5.5 as 

follows: 

Ꞷ0 = √
𝘨𝑚

𝑅2𝐶1𝐶2
 

 

                   B.W. = 
1

𝑅1𝐶1
 

 
Now we can see that both Ꞷ0 and B.W. are independent tunable. 

 

From the 3rd mode of operation, current transfer functions for fig. 5.2 given as: 

 
𝐼01(𝑠)

𝐼04(s)
=  −

1

𝑆𝑅2𝐶1
 

 
𝐼02(𝑠)

𝐼04(𝑠)
=  

1

𝑆𝑅2𝐶1
 

 
𝐼03(𝑠)

𝐼04(𝑠)
=  −

1

𝑆𝑅2𝐶1
 

 
𝐼05(𝑠)

𝐼04(𝑠)
=  −

1

𝑆𝑅1𝐶1
 

 
 
 
For sinusoidal state above equations become as follows: 
 

          
𝐼01(jꞶ)

𝐼04(𝑗Ꞷ)
=  

1

Ꞷ𝑅2𝐶1
𝑒𝑗900

 

        

          
𝐼02(𝑗Ꞷ)

𝐼04(𝑗Ꞷ)
=  

1

Ꞷ𝑅2𝐶1
𝑒−𝑗900
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𝐼03(𝑗Ꞷ)

𝐼04(𝑗Ꞷ)
=  −

1

Ꞷ𝑅2𝐶1
𝑒−𝑗900

 

 
                                   

        
𝐼05(𝑗Ꞷ)

𝐼04(𝑗Ꞷ)
=  −

1

Ꞷ𝑅1𝐶1
𝑒−𝑗900

 

 
Now we conclude there is 90

0
 phase difference between I01 and I04 and that of -90

0
 between 

I02 and I04, I03 and I04, I05 and I04.  

Therefore, there is a quadrature form between the currents I01 and I04, I02 and I04, I03 and I04, I05 

and I04. Hence the circuit working is similar to quadrature oscillator. 

 

6.3 Simulation and Results 

The passive component value is set to C1 = C2 = 0.01nf, R1 = 3.675 K and R2 = 10K. 

Following the output waveform results, verify the validity of the presented configuration and 

we obtained an oscillation frequency of 2.56MHz and a total harmonic distortion of 1.65%. It 

is clear from fig.5.7 phase shift between two current waveforms is 89.49
0 

i.e. quadratic in 

nature. 
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Table 6.1 

                                                         

 

 

Transistors 

 

W/L(μm) 

 

M1-M4 3.6/1.8 

 

M5-M6 7.2/1.8 

 

M7-M8 2.4/1.8 

 

M9-M10 3.06/0.72 

 

M11-M12 9/0.72 

 

M13-M17 14.4/0.72 

 

M18-M22 0.72/0.72 
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                                          Fig 6.3 Schematic of SRCO [30] 

 

 

 

                                                                  

 

  (a) 
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                                                                (b)  

 

                Fig 6.4 (a) Output of transient (b) Output of steady state response 

                             

 

                                                              (a) 
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                                                             (b) 

 

                     Figure 6.5 (a) Transient output (b) Steady-state response output                             
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                                                                                    (a) 
 

 
                                                                              
                                                                               (b) 
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                                                                                        (c) 
 
 

 
 
                                                                               (d) 
 
                                   Fig 6.6 Quadratic wave forms between currents 
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                                                 CHAPTER 7 

Sinusoidal Quadrature Oscillator with Independent                         

Control 

7.1 Introduction 

Quadrature oscillators are those having 90 degree phase difference between two sinusoidal 

signals. Oscillators are used for signal processing that have different types of solicitations in 

the area of communications, control system, sound system, instruments etc. [1]. Special 

attention has recently been given to electronically tunable active building blocks as using 

them in analog circuits means we get more fine tuning compared to adjusting the passive 

device value. Recently it was reported that VDCC [5] is a versatile active building block that 

is used to create analog signal processing circuits. This is because VDCC has electronic 

controllability. 

The quadrature sinusoidal oscillator consists of single VDCC, two grounded capacitors and 

three resistors which are suitable for chip implementation. FO and  CO are independent of 

each other.  

7.2 Voltage differencing current conveyors (VDCC) 

The VDCC transfer voltage and current to its relevant terminals along with it provide 

electronically tunable transconductance gain. Symbolic VDCC notation is displayed in fig. 

7.1 has five terminals. Only X terminal has low impedance as compared to other terminals. 

              

                                        Fig 7.1 VDCC block representation [44] 



72 
 

Matrix for ideal VDCC is: 

        

[
 
 
 
 
𝐼𝑁
𝐼𝑃
𝐼𝑍
𝑉𝑋

𝐼𝑊𝑃]
 
 
 
 

 = 

[
 
 
 
 

0 0 0 0
0 0 0 0

𝘨𝑚 −𝘨𝑚 0 0
0 0 1 0
0 0 0 1]

 
 
 
 

[

𝑉𝑃

𝑉𝑁

𝑉𝑍

𝐼𝑋

] 

Current and Voltage equation from matrix can be obtained as: 

 

                          IZ = gm (VP-VN) 

 

                         VX = VZ 

 

                       IWP = IX 

 

7.3 VDCC-based Sinusoidal  Quadrature Oscillator 

The oscillator presented is composed of a single VDCC, two grounded capacitors and three 

resistors. I generate two sinusoidal waveforms that differ in phase 90
0
. The presented circuit 

is shown in fig 7.2, the quadrature output voltages are described respectively as Vo1 and Vo2. 

 

      

VDCC

  

N

Wp

Z X

      
 

P

Wp

V01 V02

R1

C1 C2

R2

R3

 

                                 Fig 7.2 Quadrature sinusoidal oscillator [44] 
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Characteristic equation is obtained for the above oscillator quadrature as: 

                                                    S2 C1C2R3 + SC2(R1 − R2) + 𝗀m = 0                               …7.1 

From equation 7.1 we obtained CO and FO as follows: 

                                                                  R1    ≤   R2                                                             …7.2 

 

And                                                  Ꞷ0 = √
𝗀m

R3C1C2
                                                        …7.3 

From equation 7.2 & 7.3 we infer that the oscillation state and the oscillation frequency are 

independent of one another. With the aid of gm you can tune FO 

From the analysis of fig 7.2 circuit the voltage transfer function of the output voltages Vo1 

and Vo2 is derived as follows: 

                                                              
V01

 V02
= 

1

SC1R3
                                     …7.4 

From Eq. 7.4, it is observed the phase difference of Vo2 and Vo1 is 90
0 

7.4 Simulation and Results 

To verify the presented oscillator in Fig 7.2, we have to designed and simulated VDCC in Fig 

7.1 using CMOS TSMC 180nm technology [22] as shown in Fig 7.3.  Aspect ratio of each 

transistor in CMOS VDCC is according to table 7.1 , supplied voltages as ±0.9 VDC, biasing 

currents Ib1 is 42μA and IB2 is 100μA respectively, Hence the value of trans-conductance 

obtained is gm=262.65μA/V.  

Values of passive component of presented circuit are resistor R1 = 1.18K, R2 = 2.2K, R3 = 2K   

and the value of capacitors as C1 = C2 = .08nF. 

From the results of simulation we come to know that frequency of oscillation f 0 is 340KHz. 

But theoretical frequency of oscillation is 323KHz. So there is 5% deviation in frequency of 

oscillation  because of some parasitic elements and current/ voltage tracking error. From Fig 

7.5 it is obtain that oscilltor circuit generate two sinusoidal waveform which have 90
0
 phase 

between them, hence it is verified that prsented circuit is quadratic sinusoidal oscillator 

circuit. 
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                                                                     Table 7.1 

 

Transistors  W/L(µm)  

M1-M4 3.6/1.8  

M5-M6 7.2/1.8  

M7-M8 2.4/1.8  

M9-M10 3.06/0.72  

M11-M12 9/0.72  

M13-M15 14.4/0.72  

M18-M20 0.72/0.72  
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                                      Fig 7.3 CMOS based VDCC schematics 

 

 

                                         Fig 7.4 Quadrature sinusoidal oscillator schematics 
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                                                     (a) 

 

                                                            (b) 

                            Fig 7.5 (a) Output of transient (b) Output of steady state response                             
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                              Fig 7.6 Output spectrum of voltage V01 & V02  
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         CHAPTER 8 

                                  Dual Mode Quadrature Sinusoidal 

                      Oscillator 
 

8.1 Introduction 

Oscillator has several communications, signal processing, measurement, instrumentation and 

control applications. An oscillator which provides two sinusoidal waves having 90
0 

phase 

shift known as quadrature sinusoidal oscillator. Dual mode quadrature sinusoidal oscillator 

generates oscillation in both voltage and current mode and generated waves are sinusoidal 

having 90
0
 phase. 

In literature, by employing various active building block dual-mode quadrature sinusoidal 

oscillators has been presented in [47] - [51]. But they do have one or more drawbacks:  

(i) Not good for monolithic integration 

(ii) FO and CO depend on each other  

(iii) Both FO and CO has dependent resistive control  

 (iv) Explicit quadrature Current Mode outputs are also not available that is desirable for 

additional current followers to take out currents and for sensing. 

VDCC overcomes all these disadvantages and reported a new sinusoidal quadrature oscillator 

Current Mode and Voltage Mode consisting of two VDCCs, two capacitors and two resistors 

with the following advantages: 

1. All passive components are grounded. 

2. Both the FO and CO are electronically autonomous controls. 

3. Independent FO and CO tuning is unique, even under a non-ideal configuration. 

4. Explicit Current Mode quadrature outputs are available with high impedance. 

5. Low impedance quadrature Voltage Mode outputs are available. 

6. Low active / passive, and low active sensitivity. 
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7. Frequency stability is fine. 

8.2 Dual mode Oscillator quadrature based on VDCC 

Dual mode sinusoidal oscillator quadrature consisting of two active voltage differentiating 

current conveyors (VDCCs) building blocks, two condensers and two resistors as shown in 

Fig 8.1 This concept circuit uses only passive elements that are grounded and have isolated 

resistor or electronic tuning for Oscillation Condition as well as for Oscillation Frequency. 

VDCC

  

N

Wp

Wn
Z X

      
 

P

VDCC

    I1
  

N

Wp

Wn
Z X

Vp

      
 

P

C2

R2
C1

R1

    I2    I3

    V1    V2

 

                            Fig 8.1 circuit of dual mode quadrature oscillator [46] 

 

From the above circuit analysis characteristic equation obtained is as follows: 

                                                           S2 + S
1

C2
(

1

R2
− 𝗀m2) +

𝗀m1

R1C1C2
= 0                               …8.1 

From equation 8.1 we obtained CO and  FO as follows: 

                                                                    (
1

R2
− 𝗀m2)  ≤  0                                                  …8.2 

 

And                                                    Ꞷ0 = √
𝘨𝑚2

𝑅1𝐶1𝐶2
                                                       …8.3 

 

From equation 8.2 & 8.3 we conclude that CO is controlled by R2 or 𝘨𝑚2 where as FO is 

controlled by R2. Therefore both FO and CO are independent to each other. 

Following current transfer functions for fig. 8.1 given as :  
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𝐼2(𝑠)

𝐼1(s)
=  

1

𝑆𝑅1𝐶1
 

 
𝐼2(𝑠)

𝐼3(𝑠)
=  

𝘨𝑚𝑅2

𝑆𝑅1𝐶1
 

 
 
For sinusoidal state above equations become as follows: 
 

𝐼2(jꞶ)

𝐼1(𝑗Ꞷ)
=  

1

Ꞷ𝑅1𝐶1
𝑒−𝑗900

 

 
𝐼2(𝑗Ꞷ)

𝐼3(𝑗Ꞷ)
=  

𝘨𝑚𝑅2

Ꞷ𝑅2𝐶1
𝑒−𝑗900

 

 

Now we conclude there is -90
0
 phase difference between I2 and I1, I2 and I3. Therefore, there is 

a quadrature form between the currents I2 and I1, I2 and I3.  

We also obtain Voltage transfer functions from the analysis of Fig 8.1 as Follows :  

 

V1(s)

V2(s)
=  

𝘨𝑚1

sC1
 

 
For sinusoidal state above equations become as follows: 
 

𝑉1(jꞶ)

𝑉2(𝑗Ꞷ)
=  

𝘨𝑚1

sC1
𝑒−𝑗900

 

 

Now we conclude there is -90
0
 phase difference between voltages. Therefore, there is a 

quadrature form between the voltages V1 and V2.  

 

8.3 Non – Ideal VDCC model analysis of oscillator 

When considering constants of non-ideal current and voltage transfer between different 

VDCC terminals, the characteristics of VDCC equations must be changed. Taking into 

consideration VDCC's voltage transfer error(β), current transfer errors (γwp, γwn) and 

transconductance gain error (α). 
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Non – ideal mathematical model of VDCC can be define as: 

 

                               

[
 
 
 
 
 
𝐼𝑁
𝐼𝑃
𝐼𝑍
𝑉𝑋

𝐼𝑊𝑃

𝐼𝑊𝑁]
 
 
 
 
 

 = 

[
 
 
 
 
 

0 0 0 0
0 0 0 0

𝛼𝘨𝑚 −𝛼𝘨𝑚 0 0
0 0 𝛽 0
0 0 0 γ𝑤𝑝

0 0 0 −γ𝑤𝑛]
 
 
 
 
 

[

𝑉𝑃

𝑉𝑁

𝑉𝑍

𝐼𝑋

] 

 

   IZ = αgm (VP-VN) 

 

   VX = βVZ 

 

 IWP = γ𝑤𝑝IX 

 

 IWN = -γ𝑤𝑛IX 

 

On analysing circuit of oscillator circuit as shown in Fig. 8.1 considering non-ideal 

mathematical model of VDCC we obtain characteristic equation as: 

 

s2 + s
1

𝐶2𝛽1𝛽2
(
𝛽1𝛾𝑊𝑛2

𝑅2
− 𝛽1𝛽2𝛼2𝘨𝑚2) + ⋯                                      …+

𝘨𝑚1𝛼1𝛾𝑊𝑛1

𝑅1𝐶1𝐶2𝛽1
 = 0    

                                                                                                                                             …8.4 

From equation 8.4 we obtain CO and FO as follows: 

CO:                                              
𝛽1𝛾𝑊𝑛2

𝑅2
− 𝛽1𝛽2𝛼2𝘨𝑚2  ≤ 0                                           …8.5 

 FO:                                             Ꞷ0 = √
𝘨𝑚1𝛼1𝛾𝑊𝑛1

𝑅1𝐶1𝐶2𝛽1
                                                         …8.6 

From equation 8.5 and 8.6 , it is noted that even under non-ideal conditions CO and FO are 

independent tunable as well. CO is tuned by gm2 or 𝛽2 or 𝛽1or 𝛾𝑊𝑛2 whereas FO is tuable by  

𝛼1  or gm1 or  𝛾𝑊𝑛2  , it is conclude from this that there is good non ideal behaviour of 

presented oscillator. 
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8.4 Simulation and Results 

 
The passive component value is set to C1 = C2 = 0.01nf, R1 = 5 K, and R2 = 3.65K. Figures 

8.3 and 8.4 display simulated oscillator output response in voltage mode and current mode 

respectively. Output spectrum of voltages V1 and V2 is shown in Fig. 8.5, from which we 

conclude frequency of oscillation is equals to 328.015 KHz. 

 

 

Table 8.1 

                                              

 

 

Transistors 

 

W/L(μm) 

 

M1-M4 3.6/1.8 

 

M5-M6 7.2/1.8 

 

M7-M8 2.4/1.8 

 

M9-M10 3.06/0.72 

 

M11-M12 9/0.72 

 

M13-M17 14.4/0.72 

 

M18-M22 0.72/0.72 
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                       Fig 8.2 Schematic of dual mode quadrature sinusoidal oscillator [46] 
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                                                                      (a) 

              

                                                                        (b) 

Fig 8.3 (a) Output of transient between V1 and V2 (b) Output of steady state response                                             

betweenV1 and V2 
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                                                                    (a) 

 

       
(b) 
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(c) 

 

Fig 8.4(a) Output of transient of I1, I2 and I3 (b) Output of steady state response of I1 and I2 

(c) Output of steady state response of I2 and I3 

 

 
 
                             Fig 8.5 Output spectrum of voltage V1 and V2 
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             CHAPTER 9 

            Quadrature Sinusoidal Oscillator Using VDCCs 

9.1. Introduction 

A iiquadrature iisinusoidal iioscillator ii(QSO) iicircuit iiis iia iicircuit iithat iiprovides ii90
0

 iiphase 

iidifference iiin iitwo iisinusoidal iiwaveforms iiand iihas iiseveral iiapplications iiin iimeasurement 

iisystems, iicommunication, iiinstrumentation, iiand iicontrol iisystems ii[52]. iiThey iiare iiused iiin 

iimeasuring iidevices iiin iivector iigenerators iior iiselective iivoltmeters iiand iithese iioscillators 

iiare iiused iiin iiquadrature iimixers, iisingle-side iigenerators iiand iidirect iiconversion iireceivers 

iiin iicommunication iisystems ii[53]. 

To iimake iiquadratic iisinusoidal iiquadratic iioscillator iiI iiused iithe iivoltage iidifferencing 

iicurrent iiconveyor ii(VDCC). 

9.2. VDCC based quadrature sinusoidal oscillator 

Figure 9.1 displays the proposed oscillator quadrature circuit using VDCCs. This consists of 

two parallel connecting VDCCs along with three resistors and two capacitors. All passive 

components are grounded which is the key advantage of this proposed circuit of oscillators. 

       

                                         Fig 9.1 VDCC based proposed quadratic oscillator  
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Analysis of the configuration as shown in figure 2 which gives the following equation of 

characteristic. 

(CE): 

           S2C1C2R1R3 + S(𝗀m1C2R1R3 − 𝗀m2C1R1R3 )  +  𝗀m1R3 − 𝗀m1𝗀m2R1R2 = 0                                                                                                            

                                                                                                                  …(9.2)  

The oscillation condition and the oscillation of frequency are defined from equation (9.2) as: 

CO:                                                 

                               𝗀m1 <= 
𝗀m2C1R2

C2R3
         …(9.3) 

FO: 

                                              Ꞷ0 = √
  𝗀m1R3−𝗀m1𝗀m2R1R2 

C1C2R1R3
                                                   …(9.4) 

 

We conclude from equation (9.3) and (9.4), that oscillation frequency can be tuned by R1 and 

oscillation condition can be adjusted by the value of R2 and R3. 

Now, we obtain the relationship between current I01 and I02 as follows for quadrature 

oscillator design: 

                                              
I01

𝐼02
= 

1

𝑆𝐶1𝑅1
                                                   …(9.5)  

Under sinusoidal steady state : 

                                              
I01

𝐼02
= 

𝑗

Ꞷ0𝐶1𝑅1
                                                 …(9.6) 

We infer from equation (6) that the phase difference between current I01 and I02 is 90 degrees 

which means both are quadratic to each other. Thus we get a quadratic circuit of oscillator. 
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9.3. Simulation Results 

To verify the presented oscillator in Fig 7.2, we have to designed and simulated VDCC in Fig 

7.1 using CMOS TSMC 180nm technology [22] as shown in Fig 7.3.  Aspect ratio of each 

transistor in CMOS VDCC is according to table 7.1 , supplied voltages as ±0.9 VDC, biasing 

currents Ib1 is 42μA and IB2 is 100μA respectively, Hence the value of trans-conductance 

obtained is gm=262.65μA/V. The value of the passive circuit component shown as C1 =.09n, 

C2 =.08n, R1 =3K, R2 =10K, R3 = 10.05K in figure 9.1. 

On PSPICE, the output waveform of transient and steady responses is shown in Figure 9.3(a) 

and (b) in voltage mode, and Figure 9.5(a) and (b) in current mode respectively. Figure 9.4 in 

voltage mode and Figure 9.6 in current mode show the output spectrum, where the generated 

wave frequency is 247.399KHz. These output waveforms confirm that the proposed oscillator 

circuit is valid. Current I01 and I02 generated transient and steady waveform, shown in figures 

9.7(a) and (b), shows that the proposed oscillator is a quadratic oscillator. 
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                              Fig 9.2 Schematic of quadrature sinusoidal oscillator 

 

      (a) 

 

      (b) 

Fig. 9.3 (a) Transient output waveform (b) Steady state response of the output at feedback 

(Voltage mode) 
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Fig. 9.4 Simulation result of the output spectrum (Voltage mode) 

 

 

Fig. 9.5. Transient output waveform (Current mode) 

 

                           Fig. 9.6. Simulation result of the output spectrum (Current mode) 
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                                                                           (a) 

 

      (b) 

Fig. 9.7. (a) Transient output waveform, (b) Steady state response of the current I01 and                                

I02. 
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                                          Conclusion 
 

VDCC iis iemerging ias ia irobust iand iversatile iactive ibuilding iblock iin ianalog icircuit 

design, iamong imany iactive ibuilding iblocks iused iin ithe iprocessing iof ianalog isignal. 

 

VDCC-based igrounded iand ifloating iinductance isimulator, iusing ithird-order iHigh iPass 

Butterworth ifilter idesign iand ifourth-order iLow iPass ifilter idesign. iAll ifour icircuits iare 

successfully istudied. iThe icircuit ioperation iis iverified iby isimulation iwith iPSICE. 

 

A igrounded icapacity imultiplier icircuit ibased ion iVDCC ihas ibeen ishown. iThis icircuit 

can imultiply ia igrounded icapacitance ithrough ituning ifactor, ithere iis ino irequirement 

for iany iconditions ithat ifit. It also offers non-ideal behaviour under undeviated conditions. 

Simulations under PSPICE simulation shall check the operation of the presented multiplier 

circuit. 

 

Multiplier circuit based on VDCC grounded impedance with electronic or resistive scaling  

presented. This circuit either raises or scales down the values of any standard grounded 

impedance by electronic or grounded resistance variation. There is no requirement for any 

conditions that fit. Under non optimal conditions the operation of the circuit remains the 

same. Simulations under PSPICE simulation verify the workings of the developed multiplier. 

 

Using one VDCC a universal biquadratic filter is presented consisting of three grounded 

passive components, since they are all grounded it is easy to integrate. There is orthogonal 

parameter (Q & Ꞷ0) control and low passive and active sensitivity of both parameters. 

Results of PSPICE simulation verify the functioning of the presented circuit. 

 

It presents a novel configuration of the sinusoidal oscillator using single VDCC with 90
0
 

phase difference. This oscillator circuit provides waveform quadrature voltage with no 

additional phase shifter circuit required. This consists only of grounded elements, and is 

suitable for IC technology. Oscillation frequency can be electronically tuned. Circuit 

performance is verified through PSPICE simulations. 

 

A new configuration utilized grounded elements that make it suitable for monolithic 

integration. In addition to the dual mode quadrature oscillator, the presented circuit has many 
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advantages, such as independent resistivity and electronic tuning regulation of FO and CO, 

low active or passive responsiveness, strong frequency stability and evasion Simulations 

under PSPICE simulation check the workings of the built oscillator. 

 

Using VDCC a new sinusoidal oscillator quadrature (QSO) circuit was introduced. The 

proposed circuit employs five passive ground components (three grounded resistors and two 

grounded condensers). CO and FO are mutually independent. PSPICE simulations have 

confirmed performance of the proposed configuration. 
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