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RC Low Pass Filter
Brief Review
s Schematic, magnitude frequency response
= Voltage gain (in dB) equation
RC LPF Analysis

m Transfer function

= Magnitude response

s Phase response

s Cutoff (or critical) frequency, fc

s Sketching the magnitude and phase responses (Bode Analysis)

RC LPF — In Class Problem

m Calculations and sketches

= Simulation verification (normalized and dB y-axis)
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RC Low Pass Filter (brief review)

« Be able to calculate the cutoff frequencies and sketch the
frequency response of a low-pass, high-pass, band-pass
(pass-band) or band-reject (stop-band) filter.

 Develop skills in interpreting and establishing the Bode
response (frequency response) of any filter.
 The unit decibel (dB), defined by a logarithmic expression,

IS used throughout the industry to define levels of audio,
voltage gain, energy, field strength, and so on.
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RC LPF Analysis
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RC LPF Analysis
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RC LPF —“Sketch” The Magnitude Response
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Investigating this function (in dB): Sketching:
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The Bode approximation for this LPF
O f=lofc (one Pecoor Auay) - Sketch == Approximation
Ro Lo, / —L___ \ = —200d - Plot => Exact (use the equation)
H fa&)) - X-axis: logarithmic
O L=)0P: puormee DrcavE oor - -20dB/decade = -6dB/octave
2o lopy ( _.}_i._/___ ) et (starts at fc)
N 1+ - Largest error at fc

Note: -3dB at fc, 20dB/decade rolloff for f>fc
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RC LPF — “Sketch” The Phase Response
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Investigating this function
Foa £—>0Hz ° —rAn (o) ~ 0
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Appessosne The Bode approximation for this LPF

=1 = @z T LS - Sketch => Approximation
- Plot => Exact (use the equation)

Note: -45 degrees at fc, close to O degrees - X-axis: logarithmic
at 0.1fc and almost -90 degrees at 10fc - -45 Degrees at fc, O degrees at

0.1fc and -90 degrees at 10fc
- Largest error at 0.1fc and 10fc
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RC LPF —In Class Problem
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Find:
a) fc
b) Sketch the magnitude response (dB) and phase response
c) Vo one octave above fc
d) Vo one decade below fc
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RC LPF — Simulation (1V AC Magnitude, normalized)
AC Sweep .
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Notes (from this plot): Recall (calculations)
fc ~ 67.9kHz (|Vo/Vi| ~ 0.707) [6773kkz]
@ fc/10: |Vo| = (0.995)(500mV) B
—498mV /, 497.5mV X -7/
@2fc: |Vo| = (0.448)(500mV) ~ | R  {-63.9"
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RC LPF — Simulation (1V AC Magnitude, normalized)
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Notes (from this plot): Recall (calculations)
@ fc/10: <(Vo) — -5.7 Deg = —

Ve = 497.5mV X577’
@2fc: <(Vo) — -63.6 Deg

| Vo = 0.22¢V Y-63.9°
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RC LPF — Simulation (1V AC Magnitude, normalized, y-axis in dB)
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|| Active Analysis:
T B
......................... ‘1 s Interactive Simulation AC Sweep
W o
Ti]e)| DC Operating Point Frequency parameters |Du11:lut | Analysis options | 5ummary|
Transient Start frequency (FSTART): 1 [kHz v]
DC Sweep Stop frequency (FSTOF): 10 [MHz ']
Single Frequency AC Sweep type: [Demde v]
Parameter Sweep T A 1000
Noise Vertical scale: [De::ibel v]
Mante Carlo
Fourier
Temperature Sweep
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RC LPF — Simulation (1V AC Magnitude, normalized, y-axis in dB)

AC Sweep
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RC LPF — Simulation (1V AC Magnitude, normalized, y-axis in dB)

(6.6735k, -5.6326)

Phase [deq)

-70

-80

g
-100

Od O.Jf; _F{L fﬁl‘Pe_

Y ()
/1 5"_\'_'

W DEF

N

(67.3254k, -44.8302) -9

(6771.4802k, -54.2406)

/

e P

&
=y 12

E‘J[E}
Notes (from this plot):

fc = -45 Degree phase shift
0.1fc — -5.6 degree phase shift
10fc — -84.2 degree phase shift

100 ™ 10M
Freguency (Hz)

Recall (from earlier calculations):
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