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Abstract

In this paper a new electronically tunable feed forward current-mode second order low pass
filter is proposed. The proposed circuit employs OP-AMP as an active building block. With
current input the filter can realize low pass responses in current mode. The filter circuit realizes
calculated transfer function. The proposed circuit provides the following important and
desirable features 1) minimum active and passive elements are employed 2) Responses are
electronically tunable 3) Sensitivities are low 4) Suitable for high frequency operation and
monolithic implementation.
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1. Introduction

Current-mode active filters have received significant attention [1-8].They are becoming
popular because of many advantages over voltage-mode filters. As compared to voltage-mode
circuits, current-mode circuits can generally operate with low voltages and have higher
bandwidth and slew rate [4,5].In current-mode circuits, output is controlled by input current.

The second order feed forward active-R filter is designed and realized using
Operational Amplifiers. It is an internally compensated op-amp. An internally compensated
Operational Amplifier is represented integrator model [6-8].The gain of such amplifier changes
at the rate of 6 dB/octave (i.e.20 dB/decade). Active-R circuit contain only op-amps and
resistors which makes them suitable for high frequency operation and integration with the
bipolar monolithic technology [9-16]
2. Proposed Circuit configuration

In this circuit sinusoidal low current signal is applied at inverting terminal of first op-
amp through first voltage divider arrangement (formed by giaand giv). Non-inverting terminal
of first op-amp is grounded. The op-amps are coupled such that output of first op-amp is
connected to non-inverting input of second op-amp through second voltage divider
arrangement (formed by gz.and gop).The feed forward is provided by connecting the input
signal to the inverting terminal of second OA. The negative feedback is incorporated by
resistors gi and g» Output of second op-amp through resistor g» gives low pass function.
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Circuit diagram of Universal Second order current-mode filter
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3. Circuit analysis and design equations:
Transfer function of the circuit for low-pass T} p is

T - 928>
LB (go+g1+92+91pk1)S2+(g1B1+92B2)k1S+92B1 B2k k2
1
Where,
_ Y1a
=t
JiatIip
_ Z92a
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The circuit was designed using coefficient matching technique i.e. by comparing these
transfer functions with general second order transfer functions we get,

% = (9181 + 928Dk

(U(Z) = g2P1B2k1k,

Jo+ 91+ 92+ gipki=1
But,

gk <<1

Therefore go+ g1 +9.=1

Using these equations, the values of g,, g, and g, are calculated for different values
of merit factor Q and frequency fo.
A. Low-pass response:
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Low-pass response for Q =10
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Graph Analysis Low-pass response for Q = 10
fo | Max. Pass | FoL fo ~ % Overshoot Gain Roll-off in
(kHz Band (kHz | FoL | Changein | in pass stop band
) Gain ) (kHz) FoL band
dB dB/Octav | Octave
dB e Starting
at
(kHz)
1 5.93 1.71 0.71 42 20 12.8 3
11.3 20
5 4.12 7.83 | 2.83 36 20 14.0 10
10.5 50
10 2.74 17.33 | 7.33 42 20.2 12.1 30
9.5 100
20 2.85 32.5 12.5 38 20.6 11.7 50
6.6 300
50 4.89 86 36 42 20.5 12.9 80
5.9 400
FoL: - 3dBfrequency fo: Center frequency

5. RESULTS AND DISCUSSION

The circuit performance is studied for different values of Central frequencies with
circuit merit factor Q = 10. The general operating range of this filter is 10 Hz to IMHz. The
value of ;= B,=2m (6.392) X 10° [ rad/sec] for LF 356 N. The filter response is studied for
Central frequencies fo = 1 kHz, 5 kHz, 10 kHz,20 kHz and 50 kHz. The values of resistors

calculated for Q =10 are tabulated.

fo(kHz) Ro(Q2) | Ri(Q) | Ry(Q)
1 1 5.2k 260k
5 1 1.3k 10.4k
10 1 633 2586
20 1 420 647
50 1 6020 103

Table 2: Resistor values for Q=10

It is found that - 3 dB frequency i.e. cutoff frequency For for fo=1 kHz is 1.71 and for
fo= 10 kHz, it is 17.33 kHz. It further increases to 86 kHz for fo= 50 kHz. This shows that - 3
dB frequency i.e. cutoff frequency FoL increases with increase in central frequency fo.

Observed - 3 dB frequency FoL shifts from the designed value fo.Percentage shift in ForL
with respect to fo shows no trend as such. For instance, for fo= 1 kHz, 10 kHz and 50 kHz, the
percentage shift is 42 % whereas for fo= 5 kHz, percentage shift is 36 % and 38 % for
fo=20 kHz.

Overshoot of about 20 dB is observed for fo= 1, 5 and 10 kHz whereas curves for
fo=20 and 50 kHz peaks at 20.6 dB and 20.5 dB respectively. Overshoot occurs at the designed
value fo.No shift in center frequency is observed.
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Gain roll-off per octave in stop band near the cutoff frequency is higher as compared to
its value away from the cutoff frequency. In other words, gain roll-off decreases with increase
in input signal frequency. The gain roll-off is almost double near pass band that of away for
responses of 20 and 50 kHz.

The maximum pass band gain is 5.93 dB for central frequency of 1 kHz and decreases
with increase in central frequency.

Thus the filer circuit exhibits excellent low-pass characteristics such as better gain roll-
off per octave near pass band, no center frequency shift, and low pass band gain [18].
Sensitivities:

Equations of the wo and Q Sensitivities of the transfer function with respect to the
parameters ki, ko, 1, B2, 2o, g1 and g» are as follows.

o Sensitivities:

Wo _ cWo _ l
qu = SK2 =3
1
S;O — __(L S;io =_l( 91 ) S;zo — 1/ 90t9: )
0 2 *gotg1t+92 2 \go+91+92 2 *go+91+92
Q Sensitivities
Qe _ 1 Qe _1
51(1 ==3 SK2 =3
Q
Sgo = _l L)
21 gotg1+9:
JdoIi
§9 - _ Z (909
91 2 (91"‘92)
SQ — (g1+92)— 9092
92 2(91t92)
P Sensitivities:
Wo wo _ 1
S 1 ﬁlz _2
e _ _1
531 o 2
s¢ =2
2 2
CONCLUSION

In this paper a realization of an electronically tunable feed forward current-mode second order

low pass filter is described. The proposed circuit employs OP-AMP as an active building block.
With current input the filter can realize low pass responses in current mode. The filter circuit
realizes calculated transfer function. The proposed circuit has minimum active and passive
elements, low active and passive sensitivities, suitable for high frequency operation and
monolithic implementation. The circuit shows excellent performance except low values of gain
roll-off per octave.
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