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Active-R Dual Input Integrator With Enhanced Time Constant Using a CDBA : Quadrature Oscillator Design P.Venkateswaran, M. Kar, S.Das, and R.Nandi Abstract— A new dual-input integrator using a current differencing buffered amplifier (CDBA) element is presented ; the circuit needs a grounded capacitor and the time constant (τ ) has an enlargement factor being tunable by a single resistor. A sinusoid quadrature oscillator is realized thereafter with a double-integrator loop involving two such integrators. The designs are tested satisfactorily in a frequency-range of 1MHz-20MHz by both hardware implementation and PSPICE macromodel simulation. Index Terms— CDBA, Differential integrator, Quadrature oscillator.
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1 INTRODUCTION



W



ITH the advent of the recent CDBA active element [1], several analog signal processing/conditioning circuit design schemes are being proposed recently [2],[3],[4],[5]. The element may be easily configured [5] using a pair of AD-844 type current feedback amplifier (CFA) ; this amplifier provides extended bandwidth and slew rate capabilities over the ubiquitous voltage operational amplifier [6],[7],[8]. Some active-RC integrators using voltage/current mode devices were reported earlier [9],[10],[11] wherein the usefulness of enhanced value of  is cited. An integrator design with dual-input capability at an enlarged- utilizing a single CDBA had not yet been presented. Previously reported differential integrators with single resistor-tunability, use at least two active elements [9],[10],[11]. Here we utilize the transimpedance capacitor (Cz) of the device ; this component is inherently available in the device and hence can be used so that the design becomes active-R without an external capacitor[12],[13]. Since the proposed integrator is compatible to either polarity input signals, a double integrator loop oscillator may be formed by connecting one inverting and the other noninverting stages. As an application, we cascaded two such integrators in a feedback loop so as to derive a quadrature oscillator (QO) ; such oscillators find numerous applications as electronic



functional blocks [14],[15]. Satisfactory test results are obtained for the proposed designs in a frequencyrange of 1MHz~20MHz.



2 ANALYSIS



(a )
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(c) Fig.1 Symbol of CDBA (a) Four-terminal CDBA building block (b) CFA based implementation of CDBA (c) AD-844 equivalent circuit model
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sign we selected all passive resistors in Kε range so as to get operating frequencies in MHz bands. Thus ε << 1 and an ideal integration function F(s) = 1/ s εo ; εo = ε ε , can be obtained where an appropriate εenlargement factor is derived using Rb > Ra while Ro tunes it independently. With a nonideal device (ε ≠ 0), however, (2) modifies to



The CDBA is a four-terminal active building block with the following terminal relations
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Vo = Vin {(1 ε ε t)/ ε (s ε + ε)} ε V {(ε ε) / (s Rb Co + u ) }



The circuit symbols and the CFA- based implementation of the CDBA are shown in Figs. 1(a) and (b); the small signal equivalent circuit with the internal transadmittance Yz = g z + sC z is shown in Fig.1(c) where



where, u = Rb/Rz << 1. The magnitude of the unbalance voltage V had been observed to be insignificant due to ε ε ≈ 0. The time constant modifies to εo' = εo / (1 ε ε t) but its active sensitivity would be quite low, given by Sεo ε p,n = ε p,n / (1 ε ε t) << 1. The quality (Q) of the integrator may be derived after writing F(ε) = 1/( α +jε) and putting Q ε ε/ α , which gives Q = ε/ εz, where εz= 1/RzCz. With the typical values of Rz ≈ 3 Mε and Cz ≈ 5.5 pF one gets fz ≈ 10KHz ; since the proposed design is intended for MHz ranges we could obtain Q >> 1. Thereafter we implemented a sinusoid quadrature oscillator (QO) cascading two such integrators, one being inverting and the other noniverting, in a feedback loop. The design had no external capacitor and no additional condition for oscillation as the integrators are practically ideal ; the oscillation frequency is εo = 1/ √ (εo1 εo2), which could be tuned by one resistor. The frequency stability factor (Sf) is evaluated, if ε is loop phase shift, as Sf = εε/εε at ε = ε / εo = 1 , given by



gz = 1/ rz. The port transfers are α p ,n = 1 - εp,n and δ = 1 – ε0, where ε is port mismatch error of the device. The integrator circuit is shown in Fig.2 ; analysis based on the CDBA nodal relations iz = ip(1 ε εp) ε in (1 ε εn) , Vo = vz (1 ε εo) and vp = vn = 0 yields



{Vo Yz /Rp (1 ε ε t)} = [(V1/R1R2)ε(V2/R2R3)] ε(V/R4)[{(1+ε ε)/Rp}ε (R4 /R2 Rd )] (2) where 1/Rp = (2/Ro)+(1/R1)+(1/R2) and 1/Rd = (2/Ro)+(1/R3)+(1/R4) , ε ε = (εp ε εn) , ε t = (εp + εo) and Yz = (1/Rz) + sCz. The literature [8], [13], [14] indicates ε εε<< 1, which thereby implies ε ε ≈ 0. The realizability condition for a true differential integrator design is first derived assuming an ideal CDBA (ε = 0), given by



R1 = Ra = R3 ;



R2 = Rb = R4



(3)



Writing V1 – V2 = Vin one gets the transfer :



Vo/ Vin ε F(s) = 1 / ε (s ε + ε)



(4)



where ε = 1+ m + 2 k, m = Rb/Ra, k = Rb/Ro, ε = Ra/Rz and ε = Ra Cz. From databook [16],[17] we get 3 Mε ≤ Rz ≤ 5 Mε and 4 pF ≤ Cz≤ 7 pF. In our de-



V1



R2



R1



Sf = (2Rz1/Ra)/ [1+ ε εt+( Rz1/Rz2)] >> 1



p



R0



V0



CDBA



Z



V2 R3



v



R4



n



Cz



Fig.2
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Proposed dual input tunable integrator utilizing the transadmittance element Yz =(1/ R z) + s( Cz+C)



(6)
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3 EXPERIMENTAL RESULTS
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(e)



(a) Simulation response of proposed dual input integrator with Ra = 1K , Rb = 10 K ., Ro=2.5K (b) QO- response tuned at fo = 20MHz using identical integrators with Ra=Rb=800 , Ro=8K (c) Spectrum of generated wave (d) Double integrator loop sinusoid quadrature-signal (Vo1 & Vo2) oscillator (e) Typical tuning characteristics with at Rb = 800 ohm) : _________ simulation, _ _ _ _ _ hardware test
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The response of the dual-input integrator of with antiphase square wave inputs (V1 = ε V2 = 3V peak at 5MHz) is shown in Fig.3 (a); here the simulation results and hardware circuit response matched quite accurately for signals upto 20 MHz. With sinusoid inputs, the phase error (εe) of the integrator had been measured to be εe < 6o at 20 MHz; the unbalance voltage (V) was seen to be extremely low. The QO responses are shown in Fig.3 (b) and (c). The CDBA had been built with a pair of AD-844 amplifiers [3], [5] biased at Vcc = 0±12 V.d.c. and we measured the transimpedance components as Rz ≈ 3.6 Mε and Cz ≈ 5.1 pF. A comparison in Table 1 shows that the QOs reported recently [3], [5], [14], [15] are essentially activeRC structures with at least two discrete capacitors having a fo-coverage of 20 KHz at a THD% of 1.6 to 2 and Sf ≈ 2n. The proposed QO is an external capacitorless active-R design tunable in a range of 1MHz ≤ fo ≤ 20



MHz at THD = 1.8% and Sf = 2Rz/Ra >> 1 if in (6) the AD-844 devices are assumed matched (εεt ≈ 0).



4 CONCLUSION A new CDBA-transimpedance based external capacitorless dual input integrator with single resistor tunability at enhanced τ-value and its application as a quadrature sinusoid oscillator in a double integrator loop are presented. Test results in a frequency-range of 1MHz-20MHz are verified. A comparison of the oscillator performance with respect to some such previously reported designs indicates superiority of the proposed design in terms of frequency-stability, fo range and THD.



TABLE 1 SOME COMPARISON OF RECENTLY REPORTED QUADRATURE OSCILLATORS Number Ref.
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