SECTION 2:
FIRST-ORDER FILTERS

- ENGR 202 — Electrical Fundamentals Il



- Introduction
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Filters
I

We are all familiar with water and air filters
O Basis for operation is size selectivity

Small particles (e.g. air or water molecules) are allowed to pass
Larger particles (e.g. dust, sediment) are not

o Unwanted components are filtered out of the flow.

Electrical filters are similar
o Basis for operation is frequency selectivity

Signal components in certain frequency ranges are filtered out
Signal components at other frequencies are allowed to pass
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Noise
e
All real-world electrical signals are noisy
o You've seen this in the lab

o Zoom in closely on a low-amplitude sinusoid with the
scope (even one supplied directly from the function
generator) — it won’t look like a perfectly clean sinusoid

A Noisy Signal
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Noise

We will use the term noise to mean any electrical signal

that interferes with or corrupts a signal we are trying to
measure.

Noise has many sources:

o Measurement instruments themselves
0 60Hz power line interference

o Electrical components — resistors, transistors, etc.
o Wireless LAN, fluorescent lights, computers, etc.

We'd like to be able to remove, or filter out, this noise
o Improve the accuracy of measurements

o Often possible, if we know the frequency characteristics of
the signal and the noise
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Filtering Noise

-
We'll learn how to design filters to remove noise

Noisy Signal Filtered Signal

Filter >

First, we must introduce two important concepts:
o Frequency-domain representation of electrical signals
What is meant by “frequency characteristics” of an electrical signal?

o Frequency response of linear systems

How does a linear system (e.g. a filter) behave as a function of
frequency?
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Frequency Domain
e

We are accustomed to looking at electrical signals in
the time domain

o Amplitude plotted as function of time

Can also be represented in the frequency domain
o Amplitude plotted as a function of frequency

O Frequency spectrum
Describes the frequency content of a signal

o Can think of signals as a sum of different frequency
sinusoids

What frequencies (sinusoids) are present
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Frequency Spectrum
-
Frequency spectrum
o An amplitude vs. frequency plot
o X-axis is frequency — not time
o Y-axis is amplitude
o Amplitude units may be in decibels (dB)

Shows the relative amount of energy at each
frequency

Time-domain plot and frequency spectrum are
alternate representations of the same signal
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Frequency Spectra — Examples

Single sinusoid: v(t) = 1V cos(2m - 800Hz - t)

Time-domain Frequency-domain
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Sum of three sinusoids:
v(t) = 1V[cos(2m - 800Hz - t) + cos(2m - 1200Hz - t) + cos(2m - 2000Hz - t)

Time-domain Frequency-domain
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Frequency Spectra — Examples
e

White noise:

Time-domain Frequency-domain
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Band-limited (colored) noise:
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Frequency Spectra - Examples

Consider the following scenario Same signal in the frequency
o Measuring a sensor output in domain:

the lab 0
o Know the signal is roughly = oo}

sinusoidal

Armplitude

o Suspected frequency: ~1 kHz

| 1 1 1 PR N B B A | 1 1 [ I T T T B 1
10° 10t ¥

frequency  [Hz]

.
]

= Three interfering tones
El o All near 100 kHz
=] . .
A Can now design a filter to
s 1 18 2 25 3 35 4 45 & remove the noise:
time  [msec)

Measured signal corrupted by
noise/interference

o Difficult to identify the

interfering signal from the ! \/\/\/\/\/
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Fourier Transform
X

Fourier transform
o Transforms a time-domain representation to a frequency spectrum

V(w) = joov(t) e JOtdt

Inverse Fourier transform
o Transforms from the frequency domain to the time domain

1 (® .
v(t) = —j V(w)e/*dw
2T ) _

A mathematical transform
o Two different ways of looking at the same signal
o A change in perspective not a change of the signal itself
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Frequency Response of Linear Systems
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Frequency Response Function

Linear systems (electrical, mechanical, etc.) can be
described by their frequency responses

Frequency response
O Ratio of the system output phasor to the system input phasor
o In general, a complex function of frequency

Complex-valued — has both magnitude and phase

o Magnitude: ratio of output to input magnitudes
Gain of the system

o Phase: difference in phase between output and input
Phase shift through the system
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Frequency Response — Bode Plots
R

Frequency response

o Description of system behavior as a function of
frequency

o Gain and phase

Represented graphically — formatted as a Bode plot
o Magnitude plot on top, phase plot below

o Logarithmic frequency axes

o Magnitude usually has units of decibels (dB)

o Phase has units of degrees
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Bode Plots

Units of Bode Plot
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Decibels - dB

Frequency response gain most often expressed and
plotted with units of decibels (dB)

o A logarithmic scale

o Provides detail of very large and very small values on the
same plot

o Commonly used for ratios of powers or amplitudes

Conversion from a linear scale to dB:
|H(w)|gp = 20 - logo(|H(w)])

Conversion from dB to a linear scale:

|H(w)lap
|[H(w)| =10 20
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Decibels — dB

Multiplying two gain values corresponds to adding their
values in dB

o E.g., the overall gain of cascaded systems
|Hy(w) - Hy(w)|gp = [Hi(@)|ap + |Hy(w)]as

Negative dB values corresponds to sub-unity gain
Positive dB values are gains greater than one

BT T
6 2

1000
40 100 -3 1/7/2 = 0.707
20 10 6 0.5

0 1 -20 0.1
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Value of Logarithmic Axes - dB

Gain axis is linear in dB
0o A logarithmic scale
o Allows for displaying detail at very large and very small levels on the same plot

Bode Magnitude Plot

=

Gain plotted in dB

o Two resonant peaks
clearly visible

i
=
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Frequency  [Hz]

Bode Magnitude Plot

Linear gain scale
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Value of Logarithmic Axes - Frequency

Frequency axis is logarithmic

o Allows for displaying detail at very low and very high frequencies on the
same plot

Bode Magnitude Plot

Log frequency axis

o Can resolve

frequency of both
resonant peaks

Magnitude  [dB]

Frequency  [Hz]

Bode Magnitude Plot
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Linear frequency o}
axis
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Interpreting Bode Plots
R

Bode plots tell you the gain and phase shift at all frequencies:
choose a frequency, read gain and phase values from the plot

Bode Plot
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Interpreting Bode Plots

ENGR 202
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n Example Problems
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A measured signal has the
frequency spectrum shown
here. Assuming the larger
signal component has an
amplitude of 500 mV, and
that both signal components
are in phase, write a time-
domain expression for the
measured signal.

[dB]

Amplitude

1
-

=20

=30

-40

bhbhibo

o o
T T

Frequency Spectrum of Measured Signal

10° 10* 10°
frequency [Hz]
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Determine the frequency
response function, H(w),
for the following circuit.

What are the circuit’s gain
and phase at 200 kHz?
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Bode Plot
T T T T

The input to a circuit with
the following Bode plot is

v;(t) = 1.2V - cos(2m - 10kHz - t)

[dB]

Gain
L L

What is the output, v, (t)?

[deg]

Phase

Frquency [Hz]
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- Types of Filters

Filters are classified by the ranges of
frequencies they pass and those they filter out
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Filter Operation
R

Frequency spectrum describes frequency content of
electrical signals

Frequency response describes system (circuit) gain and phase
at different frequencies

Can design circuits (i.e. filters) to have high gain at desirable
frequencies and low gain at undesirable frequencies

o Want to filter out high frequencies?

Design a filter with low gain at high frequencies and high gain at low
frequencies.

o Want to filter out all signals between 1 MHz and 10 MHz?

Design a filter with low gain in this range and high gain everywhere else.
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Types of Filters

Filters are classified according to the ranges of
frequencies they pass and those they filter out

o Low pass filters: pass low frequencies, filter out high
frequencies

o High pass filters: pass high frequencies, filter out low
frequencies

o Band pass filters: pass only a range of frequencies,
filter out everything else

o Band stop (notch) filters: filter out only a certain range
of frequencies, pass all others
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|deal Filters

Ideal filter gain characteristics:
o Unity gain in the pass band
Range of frequencies to be passed
o Zero gain in the stop band
Range of frequencies to be filtered out
o Abrupt transition between pass band and stop band

Signals with frequency components in the pass
band pass through the filter unaltered

Signals with frequency components in the stop

band are completely filtered out — removed from
the signal
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ldeal Filters — Magnitude Response

Ideal High Pass Filter

IdeaI Low Pass Filter
‘] E—— - L - 1 ............................................ : :
g L pass band R g . passband
ngUjDE ........................................... /Stopband ............. EDE.{ ...... Stopband ......................................................
u IE I4 I ;8 u IE I4 Iﬁ 3
10 10 1D 10 10 10 10 10
Frequency  [Hz] Frequency  [Hz]
Ideal Band Pass Filter Ideal Band Stop Filter
o S RN U ] 1 i ! '
% (=] R . band .......................... ........... % 1 = b R P
= stop band stop band = pass band pass band
a b 4 f ia Df |2 IS
10 10 1D 10 10 10
Fregquency  [Hz] Fregquency  [Hz]
Note the use of a linear gain scale here
o Stop band gain of zero translates to —co dB
|deal filters often referred to as brick wall filters
ENGR 202
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Real Filters — Magnitude Response

Magnitude response for a real low pass filter:

Pass band edge is freq. at which gain is down by 3 dB — the -3 dB frequency.
This is the filter’s bandwidth.

o 0 ~
= pass band
B —
= Nk R S EE FEPS
= o
= REH
by
G Dl
= _4|:|_ ............. .......................
T
0 10°

Roll-off rate between pass band and stop band depends
on the type of filter — particularly, the order of the filter.
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- First-Order Passive Filters

First-order — only one energy-storage element

Passive — contain only resistors and capacitors
or inductors — no opamps or transistors
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Filters as Voltage Dividers
-

Already familiar with resistive voltage dividers:

Ve R Vi . = RZ
VWA °© T "SR +R,
v5® %HE Frequency response function:
H(w) v, R,
w = —_——
V. R, +R,
o

A real constant — independent of frequency
o Same gain at all frequencies
o No phase shift at any frequency

Now consider a circuit whose resistances have been replaced with impedances :

Zi(w) H(w) Yo :
Vg 11, Lk o w)=—-=
! V., Z,+7,

v Frequency response is now a complex function of
@ Z{w) frequency

o Gain and phase vary as a function of frequency

o Basis for the design of first-order filters
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RC Low Pass Filter
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RC Low Pass Filter
I

Now, let Z; be resistive and Z, be capacitive
o Frequency response:

R "n’n[t}
N ey 2 Lo 2 Yjwc
vs(t) cC == Vs Zi+Z; R+ 1/]a)C
® 1
H =
(@) = T 7oRe

o Recall from ENGR 201 that the transient response of this same circuit is
characterized by its time constant, T = RC

o In the frequency domain, this is the corner frequency or break frequency

W - d | f -
_—— = — an p—
¢ 1t RC ¢ 2mRC

o The frequency at which gain is down by 3 dB
o The -3 dB frequency
o Frequency at which the magnitude of R and C impedances are equal
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RC Low Pass Filter

To gain insight into the behavior of this filter circuit,
consider two limiting cases

o As f — 0, $ Volt)
Capacitor— open circuit
i(t) = 0 vﬂct}l@
V, = Vs

Gain — unity

Rl OAs f — o
Capacitor — short circuit
Q) v, shorted to ground
Gain — zero

T
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RC Low Pass Filter — Bode Plot

[cB]
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RC Low Pass Filter — Magnitude Response
e

RC Lowpass Magnitude

Low-frequency

asymptote .-"“~i>§ ;;;;;ﬁ

at 0dB

[cB]

hagnitude

K. Webb
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RC Low Pass Filter — Phase Response
N

RC Lowpass Phase
EI:I y |::!:|:! H :l::!:l i !:l::!:l H :!:l::!
Low-frequency SRR I : R R SRS
at 0° 0 i

20 ..... ! Phase approximation rolls
SRS EEE . off at -45°/decade around f,

[dey]

40 :

T
.
'
"
.
"
'
R L

Phase

BOF-  Phaseis-45° at f, ----- . il

@b N L Highfrequency
A S Lol L LT asymptote
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Magnitude  [dB]

RC Low Pass Filter — Magnitude Response
e

Known slope can be used to relate
gains at different frequencies

RC Lowpass Magnitude
10 N 32 B 541 L L A R

Slope d_B] _ |H(f2)lag — 1H(f1) a5
dec| logyo(f2) —10g10(f1)

& |H(1MHZ)| —14dB"'*Qj'f%?““g“g";"5';';:;': For example:

_.__.__..__...____

EEI_ ..... 2o dB B |H(7MHz)| _ |H(1MHz)|dB

L |H(7MHz)|—?? dec "~ logyo(7MHz) — log;o(1MHz)

dB _ |H(7TMHz)| — (—14dB)
dec 6.845 — 6

bl NG g0

-50

Freguency  [Hz] |H(7MHZ)| = —309dB
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RC LP Filter — Application Example
R

Simple first-order RC low pass filters provide a quick
and easy way to remove noise from electrical
signals

Consider for example a dual-tone multi-frequency
(DTMF) signal
o Touch-tone telephone signal (key 5 in this example)

o Tone is the sum of two sinusoids (key 5 = 1336Hz and
770Hz)

o Pressing the “5” key generates the DTMF signal
o Noise on the DTMF signal makes decoding impossible
o Filter noise to enabling decoding
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RC LP Filter — Application Example

Key number 5 is pressed

o DTMF signal generated
Sum of 770 Hz and 1336 Hz sinusoids

DTMF Keypad
123
456 DTMF
789 Decoder S5
0 #

2

1
ok
1

2

. 1 1 1 1 1 1 1 1 1
0 0001 0002 0003 0004 0005 0006 0007 0008 0002 001
time [sec]

o Decoder at the receiving end decodes the DTMF signal and
determines that a 5 was pressed
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RC LP Filter — Application Example
R

Consider a more realistic scenario
o DTMF signal corrupted by a significant amount of noise

White
DTMF Keypad noise
123 /L
456 DTMF | o
7809 A\_Z..f" Decoder -
0 #

o The decoder is no longer able to determine that a 5 was pressed

5

_5 1 1 1 1 1 1 1
0 0001 0002 0003 0004 0005 0005 0007 0003 0009 0o
time  [sec]
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RC LP Filter — Application Example

The goal is to filter the received signal so that the decoder
can accurately interpret the DTMF signal

Filter

Designing the low pass filter

o White noise
Flat frequency spectrum
Equal power at all frequencies

o DTMF frequency range: 697 Hz — 1633 Hz
o Want to attenuate as much noise as possible
o Want to attenuate DTMF signals as little as possible

o RC LPF with corner frequency at 10 kHz will limit DTMF-band
attenuation to < 0.2 dB
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RC LP Filter — Application Example
-

RC LPF design R
o Need to select R and C to set the ’ N ’
corner frequency L ¢
fc:ZTL'RC:lOkHZ 0 o

o Say we have a 0.1 uF capacitor available

o Solve for R
1

R =
ancc

1
- 2m-10 kHz - 0.1uF

R=159Q, C=0.1uF

K. Webb ENGR 202
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RC LP Filter — Application Example
R

Bode plot of the resulting filter:

[B]

DTMEF signals lie in
this range — passed
through the filter
with little
attenuation —

Magnitude

E0k 5”.%.;é.€&;?.. :

10 10 10 10 10

. Fregquency [Hz]
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RC LP Filter — Application Example
R

White
noise
DTMF Keypad
123
456 Low pass | DTMF
789 A2 filter 7 Decoder >3
*0#

Filter allows DTMF signal to pass mostly unaltered

Noise below 10 kHz is mostly passed through

Noise above 10 kHz is attenuated, but not removed

Received signal is not noiseless, but clean enough to be decoded

2
1 i _
ot

Ak i

_2 | | 1 1 1 | | | |
a 0007 o0o02 0003 0004 0005 0006 Q007 0008 0009 001
time [sec]
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Example Problems
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Frequency Spectrum of Measured Signal

Design a filter to pass the of
desired 500 Hz sighal and to
attenuate the unwanted 100
kHz by 40 dB.

“0r

(dB]

Amplitud
o
[==]

What is the signal-to-noise

ratio (SNR) at the output of L |||||.|-
the filter?

50
10" 102 103 10* 10% 108
frequency [Hz]
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(dB]

Amplitude

Frequency Spectrum of Measured Signal

40

50
10!

102 103 104 10° 108
frequency [Hz]
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H RC High Pass Filter



RC High Pass Filter

Now, swap the locations of the resistor and capacitor
O Frequency response:

C
— VN Z R
velt) R ) jwC
@ % JwRC
H(w) = —
& 1+ jwRC
o Corner frequency is the same as for the low pass filter
1 1 1
W, =~ = — and =
¢ 1 RC fe 2TTRC

o The frequency at which gain is down by 3 dB

o Frequency at which the capacitor impedance magnitude is equal to the
resistor impedance magnitude

o Now, gain is constant above f. and rolls off below f,
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RC High Pass Filter

To gain insight into the behavior of this filter circuit,
consider two limiting cases

oAsf — 0, B Lt
Capacitor— open circuit
i(t) - 0 “0@) R2
v, > 0
Gain — zero 7
iy OAsf — oo
vx,{t}@ R 2 Capacitor — short circuit
v, shorted to vq
Gain — unity
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RC High Pass Filter — Bode Plot

| T | T T T .
o .: : :
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o 20 ARREERRTE Bt LSt EPPPEE EE b SPPTPPPIEE Ao SRS PR A A s o
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= ' : :
= 5 : :
= 40 - 4
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R0 . il 1 Ll ! 1l 1
1] i i

10 10 10 10° 10° 10° 10"
Frequency [Hz]

1':":' T T
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RC High Pass Filter — Magnitude Response

RC Highpass Magnitude

10 IR Sl : -.:.;:.' R RN, R

™| High-frequency
L :555;;\ asymptote
at0dB

-10

[dB]

Wil R S Gainis-3dBatf;

a0 ; igigii ¥ ;;.”@”g ﬁ”.é.;;@;%@.”@”;@55;;”.@.54@@;;

Magnitude

;;5555555 :5;.5:5;5 Do N I S
AD P NG Response rolls off at i
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RC High Pass Filter — Phase Response
e

RC Highpass Phase

100 ———rrr——rrrm

Low-frequency ——reme | jé———d— One decade below
asymptote *”’fﬁi{m”E”??ﬂﬁi””?ﬁﬁéiﬂ?”i'??iii”'??'ﬁ?iﬁ”'??é?ii?”é”?%ﬁﬁ?

o Doloinntoooorrinn NN N
+ R e oo R . .
at +90 Conmoorinm o AX b oo Phase approximation rolls off
B0 _.-,.-.,..,I \.:, at _450/decade around fC

[deg]

PIu] SRR

FPhase

Sl ool .o : Lo Lol / asymptOte
#:| at0°

CLlimE s rimnoining D DEHETSS One decade above f
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RC HP Filter — Application Example
R

High pass filters are useful for removing low-frequency
content, including DC, from electrical signals.

For example, consider the following scenario:

o Instrumented a flow loop in the lab

Pumps, temperature Sensors, pressure sensors, and flow meters
o Flow meter output seems to be erroneous every ~1 msec

o Suspected cause: coupled through the +12V power supply from one of
the pumps
o Want to measure the flow meter’s +12V power supply with a channel on
our data acquisition system (DAQ)
Dynamic range of DAQ input: £5V
O Use a high-pass filter to remove the +12V DC component from the
power supply voltage
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RC HP Filter — Application Example
R

Want to a +12 V supply with a +£5 V DAQ input
High pass filter will remove the DC component of the supply voltage

+12V Power Noisy +12V : _ _
Supply Voltage signal High Noisy OV signal
@ > pass ——— Input to DAQ
J' filter
Noise / _
glitches Flow Intermittently
Pump meter > erroneous
output

High pass filter used to remove DC signal components
Couples only AC signal components to the DAQ input

o AC coupling
o Similar to the AC coupling setting on the scopes in the lab
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RC HP Filter — Application Example

-~
High pass filter design
o Want to remove DC
Low corner frequency
o High RC time constant % R
Large Rand C
o Arbitrarily set f, = 10 Hz o o

O

(]
Q

DAQ system

o Datasheet says R;;, = 10 MQ
Let R;,, be the filter resistance

Calculate C to get desired f. o | i[r’]‘;l?t |
1 1 i |

C = — L I ! |

2rnf.R 2m-10Hz - 10MQ | Filter i 110 Mo 2R |

C =159nF o o ;

o Or anything in that neighborhood
o Not critical — just want to block DC
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RC HP Filter — Application Example
-

RC high pass filter: High pass filter Bode plot:
The +12V DC component of the power

________ 1 e | .

: ! . DAQ | supply voltage is completely removed.

' C ' ! input '

! Y b P !
$ ! 1 o] $ : RC Highpass Filter Bode Plot

| 15.9nF | | | N T TR T ]

| | 0 -
Vil | 10MaZ v, | = s

| Filter | ! : o 0k i
- 1 | I _ I E 4

' Lo £ _
T o ° 2 A0

o I o [ = L

B0 Pl i il i i MRS N
107 10" 10° 13 10° 10° 10*
Frequendy [Hz]
100 : m - :
= 5[, ........
ool i
T R B ST H R I iiaiaini .....| :
10 10" 10 10’ 10 10° 10
Frequency [Hz]
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RC HP Filter — Application Example
R

The noisy +12V power supply at the malfunctioning flow meter:

18 T T T T
DC value of signal is +12 V TUUURR RUPE VRIS SUVUUUE SV SO WO S
Outside 5V DAQinput = |
dynamic range 5

W 2z 3 4 5 5 7 8 9 1

time [msec]

High pass filter output — AC coupled power supply voltage:

DC value of signal is now 0V

Within +5V DAQ input
range

Glitches clearly measured
with the DAQ

K. Webb

_ 0

0.4

05r

At
-1.5

| 1 1 | 1 1 | 1 1
0 1 2 3 4 5 6 7 g 9
time  [msec]
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Oscilloscopes — AC Coupling

Scope inputs allow you to select between DC and AC coupling

o Usually under the channel menu
o DC coupling: input signal is terminated in 1MQ and connected directly
to the preamp and ADC in the scope
0o AC coupling: input signal is switched through a capacitor that forms a
high pass filter with the 1MQ input resistor
fe = 3.5 Hz —removes DC
Useful for looking at power supply ripple, etc.

Front-panel 4 7nF
BNC AC Y AC to ADC
- | .
connector - Preamp

DC
3 o 2 1MQ

K. Webb ENGR 202



Oscilloscopes — AC Coupling

Front-panel 4.7nF
. . BNC AC Il AC to ADC
ngh'lmDEdance connector >_|—o—/)’ I — Preamp
. DC DC
scope front-end: G . S 1o

Front-panel
BNC to ADC

Configu red for connector I Preamp

DC coupling: G ]

Front-panel

Configured for BNC 4.7nF to ADC

connector il Preamp
AC coupllng: @: ‘ %
o MO

K. Webb ENGR 202



- RL Filters
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First-order RL filters
-

Can also use inductors to make RL low pass and high pass filters

Capacitors are usually preferable for simple first-order filters
o Smaller

o Cheaper

o Draw no DC current

RL low pass filter: RL high pass filter:
L R
o—— N o o S o
- + - +
v, R % V, v, L 3 V,
o o o o
Corner frequency: f, =2 Corner f . f, =2
q Vi fe =5 r frequency: fo = —
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RL Low Pass Filter

RL low pass filter
L volt O Frequency response:
/A Z, R

us.ft}@ RS V., Z,+Z; R+jolL

& R+ jwL

(UCZ;:Z and fc:_

o The frequency at which gain is down by 3 dB

o Frequency at which the inductor impedance magnitude is equal to the
resistor impedance magnitude

0 Bode plot identical to that of the RC low pass filter
As it is for all first-order low pass systems

K. Webb ENGR 202



RL Low Pass Filter

Again consider the filter’s behavior for two limiting
cases

t
oAsf -0, .
Inductor — short circuit
"5{t}® R 2
v, shorted to vq
Gain — unity

" OAsf — o
B o Inductor — open circuit
v;m@) RS i(t) >0
v, = 0

w7 Gain — zero

K. Webb ENGR 202



RL High Pass Filter

Now, swap the locations of the resistor and inductor

a O Frequency response:
Valt)

W ey = Vo 22 jol
W) =—= =
g Vo Zi+Z, R+jol
@ L
JjwL
> H(w)=R+ja)L

o Corner frequency is the same as for the low pass filter

o 1 R ; f R
— - = — an _ —
C L ¢ omL

o Bode plot is identical to that of the RC high pass filter
o Gain is constant above f. and rolls off below f,

K. Webb ENGR 202



RL High Pass Filter
e

Again, consider the two limiting frequency cases

O As f - 0, Un'jh velt)
Inductor — short circuit it
T
v, shorted to ground
Gain — zero -
OAsf —
R valt) : :
VA | Inductor — open circuit
‘u"ﬂ.[t}@ i(t) - O

v Gain — unity

K. Webb ENGR 202



Audio Filter Demo
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Analog Discovery Instrument
3

-1 2-chan. Scope
o 14-bit, 100MSa/s
o 5MHz bandwidth

-1 2-chan. function generator
o 14-bit, 100MSa/s
o 5MHz bandwidth

2-chan. spectrum analyzer
Network analyzer
Voltmeter

+5V power supplies
16-chan. logic analyzer

16-chan. digital pattern
generator

-1 USB connectivity

O o o o O O
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Analog Discovery — Audio Demo
R

Demo board plugs
in to Analog
Discovery module

<

o
o

000000 D wuks
) 00000CC"
000000000000 00O0
NOOO00000

«
o
]
T
=
a
w
O

=2-4V-W2 4728 91011121314
LELFITTRIEL

w2+ dVeWIHTIO 1234567
X
00
00

Summation of
multiple tones

N

ANALOG
DISCOVERY

Optional filtering
of audio signal

(o]
=]

3.5 mm audio
output jack

o

20RP00Qr " 10008

151413121110 9 8 T2 4 Wav- 4 2-1-

76543210TIEWVed2+1s

Sponsored By
u ANALOG
DEVICES

Digilent Analog Discovery™ Module Rev. C

2
=
3
e
2

0QQ
000000
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Analog Discovery — Audio Demo

10 kQ 10 kQ fio foo
Wi D—A A%
+5V
+5V ~
10 kQ Va o fir 3\‘/:;\) for o Vb >—4| > Vaudio
W, +
-5V
-5V f- =530 Hz 0.1 wF
10 kQ I
fig f02
220 Q 100 pH
) fi \/\/\ foU N
oI fi l for 3
Va o\ i, fo =503 Hz 1 WF ¢ o Vb
i o
e 1 o1
f\o_]_ fi1 /\O_l— fio ,-\OJ—foo
Wi o— fip Chy o— fi ch oI for
NC 1 fiz 2 O_I_foz
Vaudio
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