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1. Introduction

The goal of this exercise is to practice designaogstructing and testing simple analog filters.

To complete all the tasks you will need basic kremlgle of signal processing, electronics, and
pspice simulation software.

1.1 Theoretical review

The pass bandof a filter is defined as the set of frequencigswhich the attenuation is less than

1
3dB (which is Y2 of the input power ﬁ ~ 70,7% of its amplitude).

20log,q (%) ~ —3.0103dB)

Stop bandof a filter is the set of frequencies where theraigition is greater than an agreed upon
value (usually 20dB).

Transition band are the frequencies between the stop and pass.bands

Cutoff frequency —depending on the type a filter can have one orawoff frequencies
designating the end (or ends) of the pass band
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The slope of the characteristic is expressed (nadBhe loss of amplitude per a decade (order) of
frequencies.
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The main types of filters divided by frequency chaacteristics are

- high pass Theoretical ideal filters:

- low pass

- band pass 4 Low-pass A High-pass

- band stop pre—

- octave filter (a band pass filter with
cutoff frequencies related by=2*fy)

v

4
Band-pass 4 Band-stop

\4

f >

We can also divide filters by the singal processmeghod:analog filters (work on real continuous
signals) andligital filters (work on sampled quantitized filtres)

Analog filters can be:
— passive— consisting of passive elements only — resistapgacitors and coils
— active — use transistors and op. amps
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High Pass:

Basic passive filters:

N H . O OUT N . O OUT
© R
L
R
f —_— 1 (}EI) (}EI) f — R
C Cc
2TRC 27t
P
/ 7 0.7 wartodcl swanah poczathoweso
00m
10gmy
o
1o
20KH 10kH! 0KHz s ookd: | Clthz
o charakterystyka aplitudowa
Low Pass:
R L
INC 1 J O OUT N PRI O OUT
© R
f = 1 GiD GRD f - R
C Cc
2TRC 27
1o _____H\\
\M’Awaﬂoécisvmh cezathowezo
Z300m
1100m
om
1om
30KH 10k Hz 30KHz 100k =ookiz 100Kz
ocharakterystyka aplibadowra

Strona:4/14




Basic active filers (with capacitors)
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Combining filters to obtain band pass or band stogilters:

Band stop — combine in parallel, frequencies oetie stopband will pass through:

In

Filtr HP

Out

In

Filtr LP

Out

+——COouT

Band pass — series, frequencies common for bobpads will pass through:

In

Filtr HP

Out

In

Filtr LP Out 5 OUT
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2.2. Generic advice for all exercises:

Connecting power for symmetric +/- 5V supply:

POWER SURPI

and

Available connectors:

Stereo jack input

Mono jack input

Stereo jack output

3 banana-goldpin cables for power supply

short circuiting wire to connect the symmetricgbshy
2x jack — jack cables

For mono signals (microphone, guitar) always useaaerioput to avoid interference.

BLACK pins are alawys GND.
RED color is usually the RIGHT channel
BLUE is the LEFT channel

Bread board advice:

The bread board allows connecting of most 100rils4mm) raster devices

The connections between bread board sockets antegion the reverse of the boards
Use the jack ports for input and output from thedor boards

Use the staples as simple jumpers between existeap board conductive paths
Bread boards should not be used for high frequentygh power circuits due to their

inherent high parasitic capacitances and risk dfingefrom large currents.
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2. Passive filter exercises:

Exercise O (tutorial)

Task: Design an HP 1kHz passive analog filter usi?@nF capacitor and a 10k pot.

1. Run pspice (start->programy->PSpice Student-eeltics) and set it up as on the screenshot:

¥ PSpice Schematics - [*SchematicZ.sch p.1 (stale) ]

[ﬁ File Edt Draw Navigate Yiew Options Apalysiz Tools  Markers  Window  Help
D|E-|H|§| i [El@f o S«l@l%llQI‘.@Dl IE @l cn» Hone 28) vl 1]y
Rysowanie lml'u Zell Ustawienia \'\"1111111;]1
Proboild
- Wprowadzanie elementow / 0 i — i e G
Enabled Enabled (e v SR R

ird AC Sweep... Options.... Close: |  Lineay Total Pts.: 101
[ | Load Bias Paint. . [ Parametric... ; a C Detave Start Freq: [i
r Save Bias Poirt.. r Sensitivity.. : - 9Bl ErdFieq:  [[T00H
1 DC Sweep... I Temperature... : : ~ Maise Analysi
1 ‘Monte Carlo/worst Case... [ | Transter Functior.. I Moise Enabled Qutput Yoltage: |
1| Bias Point Detail | Tranzient... 14 |

Digital Setup... Interval: I

2. Add the necessary elements (butlﬂ: ):

- capacitor (C1), resistor (R1), signal source (W)Sind ground (GND_EARTH)
- you can rotate elements using ctrl+r

- the resistor value in the screenshots is notdineect one!
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3. Set the values for the components by doubledjikin their symbols, then click Save Attr:

- 22n for the capacitor

C2 PartName: C

Save Attr

WaLIE=22n
£ [

IC=

“ TEMPLATE=C @®REFDES %1 %2 ?TOLERANCEIC @REFI
* PART=c
TOLERSMCE=
PKGT'YPE=CKOS hd

Change Dizplay

Delete

¥ Include Mon-changeable Attributes
¥ Include System-defined Attributes Eegee]

i il

- calculate the value for the resistor using forsurom the introduction:
e o .
[vALUE =] Save At

* TEMPLATE=R™@REFCES %1 %2|F'TOLERAMCE R "@REF « i
* REFDES=F1 Change Display

TOLERANCE=
PKGTYPE=RCO5

GATE= [

¥ Include Mon-changeable Attributes
¥ Include System-defined Attributes Eegee]

- for the source:

¥1 PartName: ¥SIN

Mame Walue

|REFDES =1 Save At

¥ Include Mon-changeable Attributes Ok |
¥ Include System-defined Attributes Eegee] |
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4. Connect elements usi\EJ
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5 Add a voltage probﬂ
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After the simulation change the scales to logarythoy doubleclicking on the axes..

Add a line for the 70% value of tipass-bandsignalor 70% value of thénput signal. What's the
difference? Explain in the report.
{BiU(C1:2) » MAX(U(C1:2))/ SORT(2)
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7. Connect the simulated schematic using the dseadd. Connect the headphone output from the
PC to your bread board input. Run the SweepGewaddt (it should be on the desktop

../pulpit/akustyka/generator.exe). Setup the pnogas below:

David's Audio Sweep Generator

— Frequency Range
f* Wide [20Hz .. 20KHz]

= HF [MEHz .. 15KHz]
{~ Speech [300Hz .. 3kHz]

" LF (50Hz.. 1KHz)

I'I ] to

wide

Hz

— Sweep Mode
" Linear

f+ Laog

— Sweep Speed
™ Fast [srmoath]

" Fast [stepped)
£ Slow

f* Mo sweep

=101

o =
{* [0dB I

£ -3dB
" -EdB
" -9dB
" -12dB
" 1548
" -18dB
" -20dB

Exit |

Connect the oscilloscope and using the potentiantigtéo obtain the desired -3dB output at the
cutoff frequency. Measure the resistance the pstseato using a multimeter. How does it compare

to the value from the simulation?

8 Plot an approximated frequency characteristierafteasuring the output for several different

frequencies.
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9 Connect headphones to the output, listen tocuémecy sweep

David's Audio Sweep Generator

— Frequency Range

= HF [1EHz .. 15kHz)
{~ Speech [300Hz .. 3kHz]

{" LF [50Hz.. 1KHz]

|2n to |2DE|IJD

wide

Hz

 Sweep Mode
= Lingar

f+ Laog

— Sweep Speed
" Fast [smooth)

" Fast [stepped)

= Mo sweep

S]=]ES)
 Output Lewel
' OdB
" -3dB
-EdE
-5dB
-12dB
-15dB
-18dB
-20dB

e Nie e Bl Nie

E xit |

and a few songs on youtube to hear what happeymuaadjust the pot.
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Exercise 1

Design a passive LP 5kHz filter
Available elements:

capacitors: 100nF, 22nF

2 x 102 pots

Example result: (the components in the photo ateowect for this task!)

O, YT A & ki

Exercise 2

Design a passive HP 250Hz filter
Available elements:

capacitors: 100nF, 22nF

2 x 102 pots

Exercise 3:

Try to combine the above two filters into a bangdgélter, both in simulation and on a bread board.
What problems did you notice? How do you suggesbtee them?

The lab report should contain:

— schematics and photos of all circuits
— frequency characteristics (simulated and measured)
— conclusions and answers to all questions in theridtand exercise sections
— answers to these questions:
— What were the differences between simulated anduned results? What do you think
caused them?
— Is simulation a good tool for filter design? Whee &s strengths and main weaknesses?
— Are the frequencies in the stop band completely géti? Which frequencies from the sine
sweep could you still hear over the headphonesigag a comfortable loudness level)
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— Is a bread board a good tool for prototyping ciichighly dependant on precise capacitor
values?
— What problems do you encounter when trying to desgyrow pass-band passive fitlers?

4. Active fitler exercises

Exercise 4

Design an active HP(250Hz) filter using an Im324ampp.

Calculate theoretical values, run a simulation,nem the bread board.
Remember to connect symmetrical voltage to therop-as instructed on page 7.

Compare the frequency characteristic to the padsige
Check if the filter has a second cut-off frequengyf?y?

Exercise 5
Design, simulate and construct an active versiahefilter in exercise 3. Compare the active and

passive versions.

The lab report should contain:
— schematics and photos of all circuits
— frequency characteristics (simulated and measured)
— conclusions and answers to all questions in theitdtand exercise sections
— answers to these questions:
— What's the effect when R1 and R2 are the same? Wheuld you use different ones
and why?
— What's the effect of separate values: R1,R2, Cthail ratios?
— What determines the upper limit of the pass banaroactive filter?

Strona:14/14



