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ABSTRACT

This paper deals with electronically tunable multigtional second order filter at frequency
1 MHz. The operational transconductance amplifi¥f4) is used as an active device. OTA is
very suitable for various electronic control implemmations. Frequency and quality of a pole
can be set. The filter works in the voltage modeer€ are realized three types of the transfer
functions on the outputs — high pass (HP), low &89 and band pass (BP). OTA LT1228
(Linear Technology) has been chosen for the fimglémentation and verification.

1. INTRODUCTION

The category of the multifunctional filters is uargal due to more outputs. The possibility of
electronic control of a pole frequencfp)(and a pole quality(@p) is the next advantage,
because the controlling can be digitalized. Openalli transconductance amplifier is very
available for electronic control. The great advgetaf these filters with this active component
is controlling by change of transconductance thhodigving current. The disadvantage of the
OTA is small input dynamic range. It can be bringaifew tens of mV into their differential
inputs for an acceptable distortion [1]. Small dyimarange has to be increase for practical
realization. It can be done by adding voltage aivsdto OTA’s inputs. This modification
requires that the inputs voltage dividers haveetasblated by voltage followers.

2. DESCRIPTION AND DESIGN OF THE FILTER

The basic structure of the filter comes from [Zee figure 1(a). The filter can work in voltage
and current mode. This paper provides a descrippiothe voltage mode. Filter has one
common input and three outputs with transfer fuurdiLP, HP and BP. Input voltage dividers
and voltage followers were added to the basic strac The voltage followers separate input
dividers. Another modification was removal of on€Aamplifier. This modification has one
disadvantage which is a low value of the transfieiction at the output of the HP. This value
is approximately equal to the ratio of divisionigput dividers. Modified structure of the filter
is shown in figure 1. The filter will be designeat the pole frequencfs = 1 MHz. This pole
frequency is far too high and it is getting neatte limits of current OTA amplifiers. The



LT1228 OTA provides one of the largest bandwidthilable on the market today and this is
the reason why it was selected.
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Figure 1: Modified filter design.

Transfer functions of voltage dividers (1) [3] aatithree transfer functions (2, 3, 4) are:

k =R/(R+R,), k, =R, /(R,+R,), k; =R, /(R +R,), k, =R /(R +R;).(1)
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Values of transfers in pass-bands are

Kinaxee = Ki T Kyy Ko = 01a IR, Ky, Kopp = =05 Ry Tk ks LA (8,9, 10)

The basic parameters of the filter can be conulollg change of,, andgms as we can see
from previous formulae. The quality of the pole dmchanged byqs independently on the
frequency of the pole. But transfer functions of ttP and HP are changed due to ¢he
(9,10). Parameters for the filter design d&se: 1 MHz andQp = 1.

Values of resistors afg; = R = Rs = Ry = 3300Q andR, = R, = Rs = Rg = 100Q for selected
ratio of divisionk; = k; = ks = 1/34. The capacit¢ = 47pF (E6) is chosegm = gm1 = gmz =
10,04 mS are calculated from formula () = 10,3 mS is calculated from formula (7) for
Qp=1. It is necessary to decrease the transconetor setting lowefr and higherQp.
This condition is useful for real realization. Ttnansfer functions of outputs calculated form



formulae (8 - 10) ark = J1Kge =1, K, =—0,029CA. Here, we can see a low transfer

maxBP

value at HP related with the ratio of division bé&tvoltage dividers.

. ELECTRONIC CONTROL

Integrated circuit LT1228 includes transconductarggerational amplifier and current
feedback amplifier (CFA) in one case. The CFA canuked as the voltage follower. The
transconductance of the OTA (LT1228) is set byidgvcurrent [ser) calculated from the
equationgm = hilker [4]. Transconductance depends on the loading dapae, this fact has
not been mentioned in [4]. Paramélter 10 for resistive loadgfs), but for capacitive load is
h different as shown in [3]. Parameter 8,8 forC = 47 pF {mi1, Om2). The driving currents,
for calculated g and Gha, arelsgti=lset2= 1,14 mA andsgrz= 1,03 mA.

Next relations show example of valued gt for filter's parameters change:
fp 0100 kHz; 1 MH2 = Iset1=lser2 0 (114 pA; 1,14 mA),
Qr0(1; 10 = Iset3[0 (1,03 mA; 103pA ).

The CFAs, which are part of the LT1228 circuit, ased as voltage followers. The input of
the CFA is internally connected to OTA’s output.efé is only required to set the feedback
for the CFA function as voltage followers with gdinThe feedback is realized by connection
of feedback resistoR: = 1 kQ. The CFA3 of OTAS is not used (output of HP). Aral is
taken out directly from OTAS3’s output. Because lwdtt this CFA can be used for separation
and amplifying of the signal at HP’s output. Theoamtion of this output is necessary,
because the parallel connection of any impedanceesistor B can influence all transfer
functions. The amplification A (CFA3) is equal teciprocal value of the transfer function in
pass-band of HP. The value of the gain is rathgn ko the bandwidth is lower. It is necessary
to use external amplifier with higher bandwidth batter parameters achievement. The design
is done only for possibility of amplifying HP’s quut in this paper.

. REALIZATION AND MEASUREMENT RESULTS

The filter was realized as a laboratory sampleaHerfunction validation. The design is almost
the same as shown in figure 1 with a few changksec to the practical realization. The
results of measurement are shown in figures 2 anféiglire 2 includes the corresponding
simulation for comparison. There are differenceswputs of HP and BP. Limitation of the
maximal attenuation at low frequencies is mostlyike cause by parameter of OTA, which is
not considered even in professional model of thisud. The maximal attenuation at low
frequencies of HP and BP is influenced by the valueutput resistancBoyr. This behavior
was observed on the basis of the analysis of th& @iput and output impedance. The
maximal attenuation of the filter is higher for heg value oRoyt. The manufacturer states in
[4] the range of the output resistance from Q M 8 MQ. The real circuit will have instead
lower value of this parameter. The attenuationhef filter at low frequencies will higher in
case of higher value of this parameter in model landation of attenuation start at lower
frequencies. The limitation of attenuation, for slated characteristics depicted in figure 2,
starts for BP at frequendy]1 Hz and for HP at frequendy10,1 Hz. The difference at high
frequencies for HP is caused by compensating capaai amplifier with CFA3 on HP’s



output. The value of capacitor affects the curtenodule characteristic in its fold region
upon the frequency of the pole. The value of cdapawras determined by the simulation. Real
circuit has different parameters than its modelcdse it is for compensation parasitic
parameters, it was necessary to tune its valupgrenental measurement. The higher value
of transfer function for HP and LP in pass-banpribably related to tolerance of parts.
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Figure2: Measured and simulated module frequency charatteias fp = 1 MHz,Qp = 1.
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Figure 3: Measured module frequency characteristic with difféfp setting.

Figure 3 shows retuning of the pole frequency tglothe driving currenktsgr to OTAL and
OTAZ2. There is only a little difference at highdreencies in maximal attenuation region (LP).
The values ofsgt are printed in figure. The corresponding pole&sqgfrencies aré = (0,1;
0,2; 0,5; 1) MHz. The deviation of the frequencytlod pole is caused by accuracy of driving
current setting and by parasitic parameters oxXhA.



Simulations and measurements have proved that dreyuof a pole of the OTAfHora)
affects maximal value of th&p. As mentionedfr = 1 MHz is high enoughfpora is
insufficient for higher values of th@p. Thereby the value of the maximal transfer inpghss-
band of the PP increases (it is higher than 1)thed¢hange of th@p does not conform to the
formula (7).fpota limits maximal obtainable value of th@ and value ofgns should not
decrease less then 900uS for LT1288-(1 MHz). Lower value may cause instability of the
filter. However it is not possible to specify arpégit dependence betweegr,; andQp for this
case. Value of transfer in the pass-band of PP \aldes of theQp correspond with
calculations (7, 8) fofp lower than 100 kHz. The maximal value of fQeis also limited but
reaches to higher values th&rset to a higher value. In order to reach a betisscwhen
fe =1 MHz it would be sufficient to use OTA with ¢@ar band width so that the characters
correspond to introduced dependences.

5. CONCLUSION

The multifunctional second order filter with thr&dAs at frequency 1 MHz is presented in
this paper. The main advantage of the filter isspgmbty of electronic controlling of the
frequency and quality of the pole. There were datithe transfer functions for outputs and
performed the design. The most important paramete©TA’s band width. The main
influence of this parameter is limiting of maximahlue of theQp at higher frequencies.
Parameters of the LT1228 are not sufficient endiagthigh values of th&y atfp = 1 MHz.
The LT1228 was chosen for function verification eTifesults of the measurement correspond
with simulations and confirm the theory. There werdy small deviations which were
described.
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