Filter Circuits
T — W W

» A filter is a 4-terminal circuit element - input and output voltage, gain A4.

Vin Vout Vour = AVin
 Input and output may both have one terminal at ground.
» A voltage divider with resistors is a filter.
R,
Ry
Vin Ry Vout Vout ~ R, +R2Vin
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High Pass Filter

- W - -

« Impedances act like resistances in circuits and obey Kirchoff’s laws.

« If R, is replaced by a capacitor the divider can be calculated with impedances.
Zl = IZ](DC

Z . _ R
out  Z,+Z, " 1/joC+R "

» This can be rewritten in terms of the complex gain A4:

= Vour _ _joRC__ joRC+0’R°C’
V. l+joRC 1+w2R2C2

* The terms in the denominator are comparable when oy, = 1/RC, the breakpoint frequency.
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Bode Plot

LYY S—— LY LY S -
» The magnitude of a complex number is |4| = |B+,C| = A/B2 +c?

The magnitude of the gain is

2.2 2 2.2 22
A = [OCRCHW RS | o’RC
(1+0°R2CY 1+0’R*C

* For ® much less than 1/RC, A4 is very small. |4| 2 ®RC
* For ® much greater than 1/RC, A4 is nearly 1.
 The high-pass filter has a breakpoint frequency oy, = 1/RC.

* A Bode plot compares log gain (dB) to log frequency.
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Phase Changes

LYY A —— A

impedances: the angle in the complex plane is the phase shift

tang = C/B
 For the high pass filter:
B+ (2 . joRC
JC = 2 2.2
@ l+o R C
R
B = 2,22
l+o R C
¢ = atan ORC _ atan
032R2C2 oRC

» The phase depends on the frequency
At low frequency, ¢ -> 90
Atw=1/RC, $ =45
At high frequency, ¢ -> 0
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» The phase of the current compared to the voltage can be determined from the complex
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Low Pass Filter

- W - -

If the capacitor replaces R, in a voltage divider:
Zl =R

Z _ _ _ljeC
out  Z, +Z, " 1/joC+R "

Again this can be rewritten in terms of the complex gain 4:

Vi, 1TJjORC o 2p2 -2 1+ 0 R2C?

For @ much less than 1/RC, 4 is nearly 1.

For ® much greater than 1/RC, A4 is very small.

This is called a low-pass filter with a break frequency o}, = 1/RC.
Low pass Bode plot

Vout -6 dB/octave

| 0
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Series RLC Circuit
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» A voltage divider with one impedance due to an inductor and capacitor in series

R
Vin L Vout
v _ ZLCser v
C__ out R+ ZLCser in
» The series impedance can be calculated and inserted to find the gain:
2
_ . . -0 LC
Z1cser = 1/joCHjol = el
v 2 2. 2
out _ l-o LC Vout| _ (1-0"LO)
. . 2
Vin . joRC+1 - LC Vin RA(1 - 0?LC) + 0312
* Graphically
Yout
in
|
1/JLC ®
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Parallel RLC Circuit

- W - -

* A voltage divider with one impedance due to an inductor and capacitor in parallel

R
vil’l L : VOllt
Z
C , = LCpar v,
out R+ ZLCpar n

* The impedance can be calculated and inserted to find the gain:

7 _ _JolL/joC _  joL
LCpar  1/joC+jolL |- olLC

out _ JjoL

Vin . R(1-o°LC)+jol

_ o)zL2
2
R*(1-0’L0) +o°L?

* Qraphically

Vout

Vﬁz
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Phase Changes at Resonance
T — W W

* The frequency o = 1/JLC is the resonant frequency.
e Use tan¢p = C/B

* For the series RLC circuit:

2
_ . : 11— LC
ZLC = 1/]0)C+]0)L = -](D—C-
2
o LC-1
C
J J oC
2rc—1
¢ = atan2 —
oRC

» The phase depends on the frequency
At low frequency, ¢ ->-90
Atw?=1/LC,$=0
At high frequency, ¢ -> +90
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Quality Factor
T W W

Consider the power gain in a parallel RLC circuit.

— y VOl/ll 2 _ (DZLZ
o out 2
Vin]  R*(1-0’LC) +o L’
« Atresonance the gain is 1
» The frequency where the power is halved:
1 _ 0)2L2
2 2
R*(1-0’LC) +o°L*
1.2 2.2 1 22
2R (1-0 LO) —20)L
2 oL
l-0LC = =
o LC R

This has solutions at roughly:

O = L/R is the quality factor for the circuit.
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