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ABSTRACT

Design of the multifunctional high pass (HP), barads (BP) and low pass (LP) biquadrat-
ic active filter with the operational transcondunte@ amplifiers (OTAS) in the hybrid mode

is presented in this paper. The circuit is discdggdectronic tuning, electronic adjusting

quality Q and sensitivities). Simulations in PSpice and erpental results are presented.

1. INTRODUCTION

Some modern integrated active blocks have podgsildielectronic control of his parame-
ters. It is possible to used this principle on atble filters and oscillators. One typical is
the operational transconductance amplifier (OTA).

2. CIRCUIT DESIGN

Second-order multifunctional filter [1] with OTAsd buffers is shown in Fig. 1. Circuit
diagram was designed with an electronic contrathef characteristic (cut-off) frequency
and the quality factorq). This biquad is based on the well know [1] KHNé¢y There the
OTA as voltage to current converter is used instédaskical summator with the OA, where
summation can be easy obtained by node and KCL &d@gominator of the transfer func-
tion is
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The characteristic frequenci¢) and the quality factoiq) are (ifC, = C,=C, g1 = g2= Q)

f = QORMM ~_JROM (5), (6)
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The values of the passive elements and the paresnesge designed dag = 100 kHz and
Q = 1. The resistors in divider on the input OTA R, = 10 K2, R, = 1 kQ. The vol-
tage transfer functions OTAs to the summing no@dRays.M = Rgs.M = Rgs.M = 1. The



value R was selected 47Q with respects practical available values of hecommon
OTAs. After aregs = g4 = gz = 1/(RM) = 1/(470.91.16) = 23,4 mS.
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Figure 1:  Multifunctional active biquad using OTAs and bugfe
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3. SIMULATIONS, ANALYSIS AND EXPERIMENTAL RESULTS

The circuit in Fig. 1 was simulated in PSpice witing professional macro models
LM 13700 [2] and measured on a solderless conrgetigid. The results are in Fig. 2. The
sensitivities offc on changes passive circuit elements (numericaideSvanced Analy-
sis) are by elements,, C; near -0,5 and bR near 0,5. The values of the sensitivities from
0,3 to 0,5 (without respect sign) have resistorsngout OTAs and resistors to the current
control pin OTAs. Grounded resistors (unusable inMPUiAs) have the minimum values
sensitivities (under 0,01). The sensitivitieSbn changes passive elements are about 0,5,
but sensitivities orRyz and resistors in divider by OTA with contr@ (gs) even values
near 0,8. Dispersion of the characteristic frequegRRSpice Monte Carlo, tolerance 1% by
all resistors and 5% by capacitors) is circa = & (from nominal 95 kHz). There an
electronic tuning (by simulation, Fig. 3) is podsim the interval from 200 Hz to 390 kHz
(User_«cin supply voltage range circa from -13,9 V to 1f ptactical to 200 kHz. Similar-
ly the change of th® can be (simulation) from 0,7 to 60, practicale¢edsirom 0,8 to 4 (in-
complete interval of control voltage, and used gatoe without fine setting frequency).
The maximum input voltage level is around 500 mWI&, above 500 mV is signal dis-
tortion (no limitation). The transconductange allows electronic adjusting of the basic
transfer namel¥o.
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Figure 2: Magnitude responses of the biquad (simulation asdsurement)
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Figure 3: Electronic tuning of the biquad (simulation)
4. CONCLUSION

There was shown design of the multifunctional actiwquad with OTAs. Advantages are
electronic tuning and electronic adjusta)e This filter has quite small sensitivities on
passive elements. Disadvantage is even five abtiveks (OTA), when it is possible rea-
lized filter with the similar transfer features pntith three active blocks [3].

5. REFERENCES

[1] DOSTAL, T.: High Frequency State-variable Biquaidratctive Filters. Radioengi-
neering 1998, vol. 7, No. 1, s. 1-6.

[2] National Semiconductors. Dual Operational Transactahce Amplifiers with Li-
nearizing Diodes and Buffers LM 13700. 2004. 2Bbt&://www.national.com/

[3] DOSTAL, T.; SOTNER, R.: Multifunctional tuned secbaorder ARC filter with
commercially available transconductors Piroceedings of 17th International Confe-
rence Radioelektronika 2007. Brno: Dep. of Radio Electronics, Brno University of
Technology, 2007. s. 389-392. ISBN: 1-4244-0821-0



