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Op Amp Active Filters

Op Amp active filters are widely used to limit the bandwidth of signals. Active high pass and low pass
elements may easily be combined to form band pass and band stop (notch) filters.

Inverting Low Pass Filter

o
The Op Amp ideal characteristics mean that ]|
Ins3=0, Vpin2 = Vpin3 =0, 50 Vyin2 = 0. R2
. AVAYAY
From Lab 7, Vo =-Vg (Z,/R,) where Z, is the complex +Vec
parallel equivalent of R, and C;. Remember that Z. =

1/joC

Zz = 1/(1/R2 + I/ZCl) = Rz / (1 +jO)R2C1)
Vo / Vg = you derive from the information above

-
>
<
Note: This circuit is identical to the integrator from lab 9. <‘>
When operated well above the cutoff frequency, this low T —o
pass filter becomes an integrator. =

What happens at ® = 0 (passband response)? The capacitor is an open circuit, joR,C, =0, and
Vmax = VOin the passband/VE = - R2 / Ry as in Lab 7. Output phase is 180° due to the inverting Amplifier
configuration.

Above the cutoff frequency, the denominator is dominated by the capacitor and the output phase will be
adjusted by +90° to an ultimate phase of 90°

How do you find the cutoff freq? You are solving for the frequency where [Vo| = .707 [Vmax|. This is

NOT where |Vo| = 0.707. The correct result should be an equation where the Vo/Vg denominator real
part equals the Vo/Vg denominator imaginary part, and you solve for o as you did in Lab 3.

Non-Inverting High Pass Filter

R6
The Op Amp ideal characteristics mean that A
Ipin3 =0and VpinZ = Vpin3 Fs . “+Vce
C . 1 VWA 2 —\\“k
By voltage division: Vi3 = Vin Ry / (R4 + Zc2) =
=Vin Ry / (R4 + 1/joC,) ) g
p Yout
, + -
From Lab 7, Vo = Vyus (1 + R¢/Rs) P I
So Vo = Vin (1 + Re/ Rs) [Rs/ (Rs + 1/joC,)] @ R4 I e -

What happens when o = oo (passband response)? 4
The capacitor short circuits and Vo/Vin =1 + Rs/ Rs
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Active High pass Filter

Highpass Filter Output Highpass Filter Qutput Phase
The passband extends from the cutoff 0 oo P p
frequency (FL) to oo. At very low 3
frequencies the capacitor creates a +90° =10 - \
phase shift in the output signal. At the = ¢« Pass band—> g
cutoff frequency the phase angle is 45° 2 20 =¥
(where real = imaginary). At very high g :
frequencies the capacitor produces no a0 £ \
phase shift because it acts as a short .
circuit. ooiF, OiF, F,  10F, 100F, 0O0IF, 0iF, F_  10F, 100F,
Frequency Frequency

Active Low pass Filter

The passband extends from DC (F = 0) g owpass Filter Output 1gg -owpass Filter Output Phase
to the cutoff frequency (Fy). At very low =
frequencies the capacitor is an open 10 \
circuit and does not affect the phase of
the transfer function and the inverting
amplifier configuration produces a 180°
phase shift in the output. The phase 30 \
angle is shifted by -45° (where real =
imaginary) at the cutoff frequency, 001F, 01F,  F,  10F, 100F,
resulting in an output phase of 135°. Frequency

At very high frequencies the capacitor adds -90° to the phase, shifting the output from 180° to 90°.
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Band pass Filter
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The high pass filter and the low pass filter can be
cascaded by connecting them in series to create a ,Lvin
band pass response.
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Frequency
The pass band extends from Fy to Fy, and the dB response and phase angles of the two filters add
together. At very low frequencies the output phase is 180+90=270° (Note: 270° can also be measured as
-90°). The output phase passes through 225° (or -135°) at F;, then through 180° (or -180°) in the center of
the passband, then through 135° (or -225°) at Fy, and then to 90° (or -270°) at very high frequencies.

Pspice simulation: Modify the Schematics from Lab 9 to build one filter. Add a second OpAmp to
complete the Bandpass filter. Review the Prelab 4 notes for tips on setting up the AC Sweep simulation.
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