Inverting_ Amplifier --

Inverting Amplifier

Objectives:
After performing this lab exercise, learner will be able to:

. Understand and comprehend working of opamp

. Design & build inverting amplifier of desired voltage gain using
opamp

. Establish relationship between input and output signal

. Practice working with measuring equipment and laboratory tools
like digital oscilloscope, signal generator, multimeter and power
supply

. Use digital oscilloscope to debug/analyze the circuit

Equipment:

To perform this lab experiment, learner will need:

. Digital Storage Oscilloscope (TBS1000B-Edu from Tektronix or
any equivalent)
« Power Supply (2231A-30-3 Power Supply from Keithley or any
equivalent power supply capable of supplying +/- 10V DC)
. Signal generator (AFG1000 from Tektronix or equivalent) for
providing AC input to circuit
. Multimeter
. Electronic Components
o Opamp 741/ TLO82orequivalent-assingle ICoras part of
any analog circuit kit (like ASLK board from TI)
o Resistor (1K, 2.2K, 4.7Kand 10K ohms)
« BNC cables
. Breadboard and connecting wires
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Theory / KeyConcepts:

Before performing this lab experiment, it is important to learn
following concepts:

- An opamp is a high-gain differential amplifier with very high
input impedance. Very high open-loop gain allow for creating
amplifiers with stable gain using feedback.

. In an inverting amplifier, theinput signal is applied to inverting
pin of the opamp and there is a phase inversion (180 degree
phase difference between output and input).

. The amplification factor or gain can be controlled by external
components - Resistorinfeedback path Rfand input path R;.

. Voltage gain of the non-inverting amplifier is given by:

Gain= —%

. While designing opamp circuits, one has to be careful about
output saturation - if the gain or input signal is high enough to
drive output beyond the supply voltages (V¢c and Vee), the
amplifier goes into saturation and output is limited to supply
voltages.



Circuit Design:
Learner can use the theoretical design rules to calculate the circuit
component values:

Rf
—M\NN—
VIO M\«f\\-‘ = VO
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. For inverting amplifier, the gain depends on Rfand R;. .
. followigntable showsthe estimated (and expected) voltage gain
for different combinations of Rfand R;:

Voltage Gain
Rf (kC2) Ri(k€)
Estimated
1.0 1.0 -1.00
2.2 1.0 -2.20
4.7 1.0 -4.70
10.0 1.0 -10.00

*- signonthe gainindicates phaseinversion(outputis 180 degree outof phase withrespecttoinput)

Inverting_Amplifier -- Procedures

Step 1
Check Your Understanding:

Before performing this lab experiment, learners can check their
understanding of key concepts by answering these?

. For an inverting amplifier circuit, if Rf < Rj, the phase shift
between output and input will be:
- 0 Degree
o lessthan 90 Degree
- 180 Degree
- more than 90 Degree

« For an inverting amplifier circuit, is it possible to reducethe



voltage to less than 1?

- Yes, by choosing Rfless than R;

- Yes, by choosing Rf = R;j

- No. Not possible.

> Yes, by choosing Rj = 0ohms

. Inaninverting amplifier circuit the ratio of Rfto Rjis 10. What

will be the effect onits voltage gainif positions of Rfand Rjare
interchanged?

- Gainwillbe 10times of its previous gain

- Gain will remainunchanged

o Gain will reduce to 1/10th of its previos value

- Gainwill reduce to 1/100th of its previos value

Step 2
Circuit diagram / Connection Detalls

« Using the jumper / connecting wires prepare the circuit as
shown below - Choose Rf = Rj= 1k ohm:

Rf
—  AAN——
Ri=1k
! A 1%
+
®

Ground =



Step 3
Experiment Setup

il o=t Eh,

« Turnonthe DC power supply, ensure that +/- 10V is applied to
ASLK /Opamp circuit

- You can use '2 channels' of 2231A DC power supply in
independent mode and combine negative one channel with
positive of otherto be treated as common or ground point

KEITHLEY 2231A-30-3 TRIPLE CHANNEL DC POWER SUPPLY
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« Usesignalfrom AFG/signalgeneratortofeedtoopampinput

. Probe atinput and output pins of the amplifier to view the signal
on oscilloscope -View input on channel 1 and output on
channel 2

Step 4
Make the CircuitWork

. Usesignalfrom AFG/signal generator tofeedto opampinput
« Setsinusoidal signal from channel 1 of the AFG
- amplitude =200mVpy
- frequency =50 kHz
. Autosetthe oscilloscope to see both input and output waveforms



Step 5

Taking the Measurements

. Set input
o Sinusoidal, 200 mV peak-to-peak amplitude
- 50kHz frequency
- Continous mode (on AFG)

- enable the channel 1 output on AFG

Push for Marust Tngger
Intee CH'
3 4 i Utity .

. Autosetthe oscilloscope to optimally see both input and output
signal
. Set up following measurements:
> On Ch1l-Vpp, Vims, Frequency
- On Ch2 - Vpp,Vims
. Readthe measurementsin atabular format, for differentinput
amplitude (200mV / 300mV and 400mV peak-to-peak) for
differentvalues of Rf(1K/2.2K/4.7Kand 10Kohms). Youcan
also capture screenshot for each measurement set.

IT” 1d . M Pos: 0.000s | Measure

(@D Frequency
&P Peak-Peak
L&D RS

(@D 50.0m\i,

(Please wait....

Step 6
Analyzing the Result

. The observationtable would look like as shown below. Calculate



actual voltage (observed from measurements) and its deviation
from estimated (based on resistance values).



Rf Ri Peak-to-Peak (mV) Voltage Gain % RMS (mV) Voltage Gain %

¥ k) (k) INPUT OUTPUT Estimated Actual Deviation INPUT OUTPUT Estimated Actual Deviation
1 1.0 1.0 246.0 244.0 1.00 0.99 -0.8% 84.1 82.9 1.00 0.99 -1.4%
2 1.0 1.0 336.0 324.0 1.00 0.96 -3.6% 112.0 110.0 1.00 0.98 -1.8%
3 1.0 1.0 408.0 404.0 1.00 0.99 -1.0% | 139.0 138.0 1.00 0.99 -0.7%
4 2.2 1.0 246.0 532.0 2.20 2.16 -1.7% 84.8 180.0 2.20 2.12 -3.5%
5 2.2 1.0 344.0 712.0 2.20 2.07 -5.9% 111.0 242.0 2.20 2.18 -0.9%
6 2.2 1.0 424.0 880.0 2.20 2.08 -5.7% 140.0 302.0 2.20 2.16 -1.9%
7 47 1.0 250.0 1120.0 4.70 4.48 -4,7% 85.1 387.0 4.70 4.55 -3.2%
8 47 1.0 328.0 1500.0 4.70 457 -2.7% 112.0 514.0 4.70 4.59 -2.4%
9 47 1.0 412.0 1880.0 470 4.56 -2.9% 140.0 642.0 4.70 4.59 -2.4%
10 10.0 1.0 256.0 2340.0 10.00 9.14 -8.6% 85.1 813.0 10.00 9.55 -4.5%
11 | 10.0 1.0 340.0 3100.0 10.00 9.12 -8.8% 113.0 1080.0 10.00 9.56 -4.4%
12 1 10.0 1.0 416.0 3920.0 10.00 9.42 -5.8% | 141.0 1350.0 10.00 9.57 -4.3%

. Voltage gain (estimated and actual) can be plotted, for different
values of input voltage and resistor combinations, to highlight
the difference between actual and estimated gain.

Inverting Amplifier ( Eastimated Vs Actual Gain )

at different amplitudes and different Rf, Ri values

11.0 —e— Actual Gain ( RF=1k, Ri = 1k)
100 | ssssssssssssssssassssasssasssrararasrnns
9.0 ¢ ¢ ¢ Estimated Gain ( Rf=1k, Ri= 1k)
c 80 Actual Gain | Rf=2.2k, Ri=1k)
s 7.0
o Estimated Gain ( Rf=2.2k, Ri=
% 6.0 1K)
= 5.0 — — _ e A\ctual Gain | Rf=4.7k, Ri=1k )
m e (RN Estimated Gain ( Rf=4.7k, Ri =
3.0 1k)
2.0 g A\ctual Gain | Rf=10k, Ri = 1k)
1.0
0.0
75 100 125 150

RMS Value of Input (mV)

. Brainstorm the reasons for such difference between actual and
estimated voltage gain

Step 7

Conclusion
The analysis of the observation confirms that (As expected):

. The observed voltage gain follows the estimated value
(calculated from resistor values)

- Thevoltage gainremains constantfor giveninputvoltage range

- The phase of output is inverted w.r.t. input - there is a phase
inversion as it is inverting amplifier

- The deviation in observed voltage gain from estimated value is
more for higher gain (higher Rfto R;j ratio) which could be
because of varation in resistance values. Choosing a precise
(low tolerance) resistors would reduce this deviation.



Non_Inverting_Amplifier --Overview

Non-Inverting Amplifier

Objectives:
After performing this lab exercise, learner will be able to:

. Understand and comprehend working of opamp

« Design & build non-inverting amplifier of desired voltage gain
using opamp

. Establish relationship between input and output signal

. Practice working with measuring equipment and laboratory tools
like digital oscilloscope, signal generator, multimeter and power
supply

- Use digital oscilloscope to debug/analyze the circuit

Equipment:

To perform this lab experiment, learner will need:

. Digital Storage Oscilloscope (TBS1000B-Edu from Tektronix or
any equivalent)
« Power Supply (2231A-30-3 Power Supply from Keithley or any
equivalent power supply capable of supplying +/- 10V DC)
. Signal generator (AFG1000 from Tektronix or equivalent) for
providing AC input to circuit
. Multimeter
. Electronic Components
o Opamp 741/ TLO82orequivalent-assingle ICoras part of
any analog circuit kit (like ASLK board from TI)
o Resistor (1K, 2.2K, 4.7Kand 10K ohms)
« BNC cables
. Breadboard and connecting wires



1 D00000®

Theory / KeyConcepts:

Before performing this lab experiment, it is important to learn
following concepts:

- An opamp is a high-gain differential amplifier with very high
input impedance. Very high open-loop gain allow for creating
amplifiers with stable gain using feedback.

. Inanon-inverting amplifier, the input signal is applied to non-
inverting pin of the opamp and there is no phase inversion
between output and input.

. The amplification factor or gain can be controlled by external
components - Resistorinfeedback path Rfand input path R;.

. Voltage gain of the non-inverting amplifier is given by:

Gaz'r::l—%

. While designing opamp circuits, one has to be careful about
output saturation - if the gain or input signal is high enough to
drive output beyond the supplyvoltages (Vcc and Vee ), the
amplifier goes into saturation and output is limited to supply
voltages.



Circuit Design:
Learner can use the theoretical design rules to calculate the circuit
component values:

Rf
——AAA—
Ri =1k
4'A%A" -
Vo
A S—-
Vie—+
= Ground .

. Fornon-invertingamplifier, the gaindependsonRsand R;. .
. followigntable showsthe estimated (and expected) voltage gain
for different combinations of Rfand R; :

Voltage Gain
Rf (kQ) Ri(kQ)
Estimated
1.0 1.0 2.00
2.2 1.0 3.20
4.7 1.0 5.70
10.0 1.0 11.00

Non_Inverting_Amplifier -- Procedures

Step 1
Check Your Understanding:

Before performing this lab experiment, learners can check their
understanding of key concepts by answering these?

. For a non-inverting amplifier circuit, if R < R;, the phase shift
between output and input will be:
- 0 Degree
o lessthan 90 Degree
- 180 Degree
- more than 90 Degree

. For a non-inverting amplifier circuit, is it possible to reduce the
voltage to less than 1?
o Yes, by choosing Rfless than R;
- Yes, by choosing Rf=R;j
- No. Not possible.
> Yes, by choosing Rf= 0ohms



In a non-inverting amplifier circuit the ratio of Rfto Rjis 10. What
* will be the effect oniits voltage gain if positions of Rrand Rjare
interchanged?
- Gain will be 10times of its previous gain
- Gain will remainunchanged
- Gainwill reduceto 1/10th of its previos value
- Gain will increase by 10

Step 2
Circuit diagram / Connection Details

. Using the jumper / connecting wires prepare the circuit as
shown below - Choose Rf= R;= 1k ohm:

Rf
—AAN—
Ri =1k
4'A'A" -
Vo
A @
Vie—+
- Ground .

Step 3

Experiment Setup

- Make the arrangement as shown in figure below -




« Turnonthe DC power supply, ensure that +/- 10V is applied to
ASLK /Opamp circuit
- You can use '2 channels' of 2231A DC power supply in
independent mode and combine negative one channel with
positive of otherto be treated as common or ground point

KEITHLEY 2231A-30-3 TRIPLE CHANNEL DC POWER SUPPLY
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. Usesignalfrom AFG/signalgeneratortofeedtoopampinput

. Probe atinput and output pins of the amplifier to view the signal
on oscilloscope -View input on channel 1 and output on
channel 2

Step 4
Make the CircuitWork

- Usesignalfrom AFG/signal generatortofeedto opampinput
. Setsinusoidal signal from channel 1 of the AFG
o amplitude =0.5Vpp
- frequency =50 kHz
. Autosetthe oscilloscope to see both input and output waveforms

Step 5

Taking the Measurements

. Set input
o Sinusoidal, 100 mV peak-to-peak amplitude
- 50kHz frequency
- Continous mode (on AFG)
- enable the channel 1 output on AFG

A

N\\_)N)J\—)’_\




. Autosetthe oscilloscope to optimally see both inputand output
signal
« Set up following measurements:
- On Chl-Vpp, Vims, Frequency
° On Ch2 = Vpp,Vrms
. Readthe measurements in atabular format, for differentinput
amplitude (100mV / 200mV and 500mV peak-to-peak) for
differentvalues of Rf(1K/2.2K/4.7Kand 10Kohms). Youcan
also capture screenshot for each measurement set.

@D Frequency 50.35kHz
@D Peak-Peak

@B RMS

[ @D 50.0m\k,

(Please wait....

Step 6
Analyzing the Result

. Theobservationtable would look like as shown below. Calculate
actual voltage (observed from measurements) and its deviation
from estimated (based on resistance values).

INPUT OUTPUT Voltage Gain %

# Rf(kQ) Ri(kQ)

Vpp (mV) Vpp(mV) Estimated | Actual Deviation
1 1.0 1.0 114.0 212.0 2.00 1.86 -7.0%
2 1.0 1.0 216.0 416.0 2.00 193 -3.7%
3 1.0 1.0 536.0 1030.0 2.00 1.92 -3.9%
4 2.2 1.0 108.0 336.0 3.20 3.11 -2.8%
5 2.2 1.0 232.0 680.0 3.20 2.93 -8.4%
6 2.2 1.0 528.0 1640.0 3.20 3.11 -2.9%
7 4.7 1.0 112.0 592.0 5.70 5.29 -7.3%
8 4.7 1.0 216.0 1150.0 5.70 532 -6.6%
9 4.7 1.0 528.0 2880.0 5.70 5.45 -4.3%
10 10.0 1.0 102.0 1100.0 11.00 10.78 -2.0%
11 10.0 1.0 212.0 2200.0 11.00 10.38 -5.7%

12 10.0 1.0 536.0 5480.0 11.00 10.22 -7.1%



. Voltage gain (estimated and actual) can be plotted, for different
values of input voltage and resistor combinations, to highlight
the difference between actual and estimated gain.

Non-inverting Amplifier ( Eastimated Vs Actual Gain )
at different amplitudes and different Rf, Ri values
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« Brainstorm the reasons for such difference between actual and
estimated voltage gain

Step 7

Conclusion
The analysis of the observation confirms that (As expected):

. The observed voltage gain follows the estimated value
(calculated from resistor values)

. Thevoltage gainremains constantfor given input voltage range

 The phase of input and output remains same - there is no phase
inversion as it is non-invertingamplifier

« The deviation in observed voltage gain from estimated value is
more for higher gain (higher Rsto R; ratio) which could be
because of varation in resistance values. Choosing a precise
(low tolerance) resistors would reduce this deviation.



Non_Inverting_Voltage Follower --Overview

Non-Inverting, Unity-Gain Amplifier

Objectives:
After performing this lab exercise, learner will be able to:

. Understand and comprehend working of opamp

. Design & build non-inverting amplifier of unity gain using opamp

. Establishrelationship between input and output signal

. Practice working with measuring equipment and laboratory tools
like digital oscilloscope, signal generator, multimeter and power
supply

. Use digital oscilloscope to debug/analyze the circuit

Equipment:

To perform this lab experiment, learner will need:

. Digital Storage Oscilloscope (TBS1000B-Edu from Tektronix or
any equivalent)
- Power Supply (2231A-30-3 Power Supply from Keithley or any
equivalent power supply capable of supplying +/- 10V DC)
. Signal generator (AFG1000 from Tektronix or equivalent) for
providing AC input to circuit
. Multimeter
. Electronic Components
o Opamp 741/ TL0O82orequivalent-assingle ICoras part of
any analog circuit kit (like ASLK board from TI)
o Resistor (10K ohms)
« BNC cables
. Breadboard and connecting wires
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Theory / KeyConcepts:

Before performing this lab experiment, it is important to learn
following concepts:

- An opamp is a high-gain differential amplifier with very high
input impedance. Very high open-loop gain allow for creating
amplifiers with stable gain using feedback.

. Inanon-inverting amplifier, the input signal is applied to non-
inverting pin of the opamp and there is no phase inversion
between output and input.

. The amplification factor or gain can be controlled by external
components - Resistorinfeedback path Rfand input path R;.

. Voltage gain of the non-inverting amplifier is given by:

Gaz'n=1—§;

. While designing opamp circuits, one has to be careful about
output saturation - if the gain or input signal is high enough to
drive output beyond the supplyvoltages (Vcc and Vee ), the
amplifier goes into saturation and output is limited to supply
voltages.

Circuit Design:

Learner can use the theoretical design rules to calculate the circuit
component values:

« Fornon-inverting amplifier, the gaindependson Rfand R;. If Ry
= 0 ohms, then gain becomes 1.

. Sowewillchoose Rf=0ohms and Rj=10k ohms as shownin
the circuit below:



il ”."1.
Rj =10k
Vi O—
QO
=< Ground

Non_Inverting_Voltage Follower -- Procedures
Step 1
Check Your Understanding:

Before performing this lab experiment, learners can check their
understanding of key concepts by answering these?

« Foranon-inverting amplifier circuit, if Rf= 10K and Rj= 100K
ohms, the phase shift between output and input will be:
- 0 Degree
- 90 Degree
- 180 Degree
- -90 Degree

« Foranon-inverting amplifier circuit, if Rf= 10K and Rj= 100K
ohms, what will be relation between amplitude of input and
output signals?

o inputamplitude will be greater than output
- both will have sameinput

o outputamplitude will be greater than input
o itwilldepend onthe opamp IC chosen

- Whatwill be the effect on gain of anon-inverting voltage follower
circuit, if Rjis doubled of its previous value?
- Gain will be doubled
> Gainwillremain the same (no change)
- Gain will be halved
o Gain will be¥s of previous gain



Step 2

Circuit diagram / Connection Details

. Using the jumper / connecting wires prepare the circuit as
shown below:

Rf:O

Rj =10k

JG-“'))“!‘”';Q"‘I._

||E

()]
=
O
—
=3
O

Step 3
Experiment Setup

. Make the arrangement as shown in figure below -

. A

if: Nl D,

« Turnonthe DC power supply, ensure that +/- 10V is applied to
ASLK /Opamp circuit
> You can use '2 channels' of 2231A DC power supply in
independent mode and combine negative one channel with
positive of otherto be treated as common or ground point



KEITHLEY 2231A-30-3 TRIPLE CHANNEL DC POWER SUPPLY
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. Usesignalfrom AFG/signalgeneratortofeedtoopampinput

. Probe atinput and output pins of the amplifier to view the signal
on oscilloscope -View input on channel 1 and output on
channel 2

Step 4
Make the CircuitWork

- Usesignalfrom AFG/signal generatortofeedto opampinput
« Setsinusoidal signal from channel 1 of the AFG
- amplitude = 1 Vpp
- frequency =500kHz
. Autosetthe oscilloscope to see both input and output waveforms

Step 5

Taking the Measurements

. Set input
o Sinusoidal, 1V peak-to-peak amplitude
- 500kHz frequency
- Continous mode (on AFG)
- enable the channel 1 output on AFG

karonix  ATGI022 mmwj

A

. Autosetthe oscilloscope to optimally see both inputand output
signal
. Set up following measurements:
> On Chl-Vpp, Vims, Frequency



° On Ch2 - Vpp, Vrms
- Read the measurements in tabular format, for different input
amplitude and (optionally) foranother frequency. You canalso
capture screenshot for each measurement set.

(@D Frequency 496.0kHz
@& Peak-Peak 220mV
@B RMS

(Please wait....

Step 6
Analyzing the Result

. The observation table would look like this:

" Frequency INPUT OUTPUT Voltage  Voltage
(Hz) Vpp(V) Vrms(mV) Vpp(V) Vrms(mv) Gain Gain (dB)
1 5,00,000 0.114 36.7 0.114 36.9 1.00 0.00
2 5,00,000 0.220 72.4 0.220 73.0 1.00 0.00
3 5,00,000 0.528 181 0.530 182.0 1.00 0.03
4 5,00,000 1.020 349 1.020 349.0 1.00 0.00
5 5,00,000 2.060 709 2.080 710.0 1.01 0.08
[ 50,000 0.114 36.7 0.114 36.3 1.00 0.00
7 50,000 0.218 72.3 0.212 714 0.97 -0.24
8 50,000 0.516 179 0.516 178.0 1.00 0.00
9 50,000 1.050 360 1.030 359.0 0.98 -0.17
10 50,000 2.060 711 2.080 715.0 1.01 0.08

. Therelationshipbetweeninputandoutputcanbe summarized
using graphs



Non-inverting Voltage Follower
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Step 7

Conclusion
The analysis of the observation confirms that (As expected):

. The voltage gain is ~ 1 (as expected)

. The voltage gain remains constant for given voltage and
frequency range

- The phase of input and output remains same - no phase
inversion



Low Pass_Filter_1st Order --Overview

1St Order Low PassFilter

Objectives:
After performing this lab exercise, learner will be able to:

. Understand and comprehend working of opamp
« Comprehend basics offiltering circuits using resistor & capacitor

. Design & build a 15t order low pass filter using opamp

. Establishrelationship between inputand outputsignal - prepare
a Bode plot for the filter circuit

. Practice working with measuring equipment and laboratory tools
like digital oscilloscope, signal generator, multimeter and power
supply

- Use digital oscilloscope to debug/analyze the circuit

Equipment:

To perform this lab experiment, learner will need:

. Digital Storage Oscilloscope (TBS1000B-Edu from Tektronix or
any equivalent)
« Power Supply (2231A-30-3 Power Supply from Keithley or any
equivalent power supply capable of supplying +/- 10V DC)
. Signal generator (AFG1000 from Tektronix or equivalent) for
providing AC input to circuit
. Multimeter
. Electronic Components
o Opamp 741/ TLO82orequivalent-assingle ICoras part of
any analog circuit kit (like ASLK board from TI)
- Resistor (1K ohms)
- Capacitor (0.1uF)
. BNC cables
. Breadboard and connecting wires
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Theory/ KeyConcepts:
Before performing this lab experiment, it is important to learn
following concepts:

- An opamp is a high-gain differential amplifier with very high
input impedance. Very high open-loop gain allow for creating
amplifiers with stable gain using feedback.

- Alow passfilter is an electronic circuit that passes signals with a
frequency lower than a certain value and attenuates signals of
higher frequencies.

- The 'certain’ frequency after which the atteneuation starts is
called as 'cut-off frequency’ of the filter.

- Range offrequencies below cut-off frequency s called pass-
band and higherfrequencyranges are called stop band.

. Atcut-off frequency, the signal amplitude is 0.707 times of its
value in the passband i.e., the signal level is 3dB below the
passband value.

. AsimpleR, Cfiltermakes a 1Storderfilter of cut-off frequency:

o= 7mre

. Filter characteristics is usually shown by a Bode plot which is a
graph of the frequency response of the system. A Bode plot
show magnitude and phase variation w.r.t. input signal
frequency.

« Low passfilteris used for eliminating high-frequency noise from
the system.



Circuit Design:

Learner can use the theoretical design rules to calculate the circuit
component values:

O—"\\N— +
4
_ |
! C
Vin ——t—
—— Vout
-1
\ Je= 2zRC Y
G Ground :T_: O

« Choosing R =1k Ohms and C = 0.1uF, cut-off frequency will be
1592 Hz

Low_Pass_Filter_1st Order -- Procedures
Step 1
Check Your Understanding:

Before performing this lab experiment, learners can check their
understanding of key concepts by answering these?

- What will be the effect of a low-pass filter with cut-off frequency
of 10kHz, on a sinusoid of 35kHz?
- Signalwillbeamplified
- Signalwill be attenuated
o Signalamplitude willremain same
- Signal will berectified

. If 1V peak-to-peak, 10kHz sinusoid is applied to a low-pass filter
of cut-off frequency 10kHz, the amplitude of the filter output will
be?

> 1.000Vpp
o 0.707 Vpp

. Alow-passfilteralsobehavesas:
- A differentiatorcircuit
o An integrator circuit
- A rectifier circuit



o A logrithmic amplifier circuit

Step 2

Circuit diagram / Connection Detalls

. Using the jumper / connecting wires prepare the circuit as
shown below - Choose C = 0.1uF & R = 1k ohm:

R
ONAN—1—*
4
- |
C
Vin —r——
—— Vout
_ 1
Y f°_2:-.RC \
G Ground :I: O
Step 3

Experiment Setup

- Make the arrangement as shown in figure below -

o e fwm A

« Turnonthe DC power supply, ensure that +/- 10V is applied to
ASLK /Opamp circuit

> You can use '2 channels' of 2231A DC power supply in
independent mode and combine negative one channel with
positive of otherto be treated as common or ground point
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. Usesignalfrom AFG/signalgeneratortofeedtoopampinput
« Probe atinputand output pins ofthe filter to viewthe signal on
oscilloscope - View input on channel 1 and output on channel 2

Step 4
Make the CircuitWork

« Usesignalfrom AFG/signal generatortofeedto opampinput
. Setsinusoidal signal from channel 1 of the AFG
- amplitude =1 Vpp
- frequency =50Hz
. Autosetthe oscilloscope to see both input and output waveforms

Step 5

Taking the Measurements

. Set input
o Sinusoidal, 1V peak-to-peak amplitude
- 50 Hz frequency
- Continous mode (on AFG)
- enable the channel 1 output on AFG

Taavonix  AFGI022 m"mi

G -

- Autosetthe oscilloscope to optimally see both inputand output
signal
. Set up following measurements:
> OnChl-Vpp, Vims, Frequency

> On Ch2 - Vpp, Vims, and Phase (between Chl and Ch2)



. Keeping the amplitude of the sinusoid input fixed at 1V peak-to-
peak, vary its frequency from 50Hz to 50kHz. You may take
more readings near cut-off frequency.

. Tabulate the measurements. You can also capture screenshot
for each measurement set.

Measure

“h1 - Ch2 720m®

[ M 10.0ms J(ch1 000V 50.0041Hz ]
[Please wait.... Aug 09, 2015, 21:56 |

Step 6
Analyzing the Result

« The observation table would look like as shown below. Calculate
voltage gain (observed from measurements) and its decible
equivalent.

Frequency INPUT OuTPUT Phase Difference Voltage Voltage

(Hz) Vpp (V) Vrms (mV) Vpp (V) Vrms (mV) (Degrees) Gain | Gain (dB)
1 50 1.020 348 1.020 349.0 -0.72 1.00 0.00
2 100 1.020 348 1.020 349.0 -4.68 1.00 0.00
3 500 1.020 351 0.992 336.0 -17.00 0.97 -0.24
4 1,000 1.010 348 0.872 297.0 -31.10 0.86 -1.28
5 1,302 1.010 354 0.800 277.0 -38.00 0.79 -2.02
6 1,601 1.000 348 0.728 249.0 -43.30 0.73 -2.76
7 1,702 1.000 343 0.704 242.0 -45.90 0.70 -3.05
8 2,004 1.010 351 0.640 222.0 -50.40 0.63 -3.96
9 5,000 1.000 347 0.328 110.0 -72.00 0.33 -9.68
10 10,000 1.000 349 0.184 58.0 -82.90 0.18 -14.70
11 50,000 1.000 351 0.052 12.8 -90.00 0.05 -25.68

** MINUS sign in the phase signifies that output lags input

. Prepare Bode plot - plot voltage gain and phase against
frequency.



1st Order Low Pass Filter: Variation of gain & phase w.r.t. frequency
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. Find out the cut-off frequency from the plot (where the gain
drops to -3dB from its passband value)

Step 7

Conclusion
Theanalysis of the observed results confirm that (As expected):

. Thevoltage gain of the filter circuit reduces as input frequency is
increased

« The cut-off frequency (where gain is -3dB or 3dB down from its
passband value) is 1700Hz. Which is quite close to estimated
(calculated from R and C values) value of 1592 Hz.

. The phase at cut-off frequency is -45 degrees. (minus sign in
the phase signifies, output lags input)



High_Pass_Filter 1st Order -- Overview

1St Order High PassFilter

Objectives:
After performing this lab exercise, learner will be able to:

. Understand and comprehend working of opamp
« Comprehend basics offiltering circuits using resistor & capacitor

. Design & build a 15t order high pass filter using opamp

. Establishrelationship between inputand outputsignal - prepare
a Bode plot for the filter circuit

. Practice working with measuring equipment and laboratory tools
like digital oscilloscope, signal generator, multimeter and power
supply

- Use digital oscilloscope to debug/analyze the circuit

Equipment:

To perform this lab experiment, learner will need:

. Digital Storage Oscilloscope (TBS1000B-Edu from Tektronix or
any equivalent)
« Power Supply (2231A-30-3 Power Supply from Keithley or any
equivalent power supply capable of supplying +/- 10V DC)
. Signal generator (AFG1000 from Tektronix or equivalent) for
providing AC input to circuit
. Multimeter
. Electronic Components
o Opamp 741/ TLO82orequivalent-assingle ICoras part of
any analog circuit kit (like ASLK board from TI)
- Resistor (1K ohms)
- Capacitor (0.1uF)
. BNC cables
. Breadboard and connecting wires
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Theory/ KeyConcepts:
Before performing this lab experiment, it is important to learn
following concepts:

- An opamp is a high-gain differential amplifier with very high
input impedance. Very high open-loop gain allow for creating
amplifiers with stable gain using feedback.

. A high-pass filter is an electronic circuit that attenuates signals
with a frequency lower than a certain value and passes signals
of higher frequencies.

- The 'certain’ frequency after which the atteneuation ends is
called as 'cut-off frequency’ of the filter.

- Range of frequencies below cut-off frequency is called stop
band andhigherfrequencyrangesare called passband.

. Atcut-off frequency, the signal amplitude is 0.707 times of its
value in the passband i.e., the signal level is 3dB below the
passband value.

. AsimpleR, Cfiltermakes a 1Storderfilter of cut-off frequency:

o= 7mre

. Filter characteristics is usually shown by a Bode plot which is a
graph of the frequency response of the system. A Bode plot
show magnitude and phase variation w.r.t. input signal
frequency.

« High-pass filter is used for eliminating low-frequency motion
artefacts / noise from the medical signal like ECG.



Circuit Design:

Learner can use the theoretical design rules to calculate the circuit
component values:

C
o—| +
4
_ |
Vin R
Vout
_ 1
Y f°_2:-.RC Y
G Ground = O

« Choosing R =1k Ohms and C = 0.1uF, cut-off frequency will be
1592 Hz

High Pass_Filter_1st Order -- Procedures
Step 1
Check Your Understanding:

Before performing this lab experiment, learners can check their
understanding of key concepts by answering these?

- Whatwill be the effect of a high-pass filter with cut-off frequency
of 1kHz, on a sinusoid of 35kHz?
- Signalwillbeamplified
- Signalwill be attenuated
» Signalamplitude willremainsame
- Signal will berectified

. If 1V peak-to-peak, 10kHz sinusoid is applied to a high-pass
filter of cut-off frequency 10kHz, the amplitude of the filter output
will be?

° 1707 Vpp
> 1.000Vpp
o 0.707 Vpp

« Ahigh-passfilter also behaves as:
- A differentiator circuit
o An integrator circuit
o A rectifier circuit
o A logrithmic amplifier circuit



Step 2

Circuit diagram / Connection Detalls

. Using the jumper / connecting wires prepare the circuit as
shown below - Choose C = 0.1uF & R = 1k ohm:

C

o—| +

T _ ‘
Vin R

Vout
_ 1

l T 2zRC \
O O

Ground =

Step 3
Experiment Setup

- Make the arrangement as shown in figure below -

b e e fem b

g /T B,

« Turnonthe DC power supply, ensure that +/- 10V is applied to
ASLK /Opamp circuit
- You can use '2 channels' of 2231A DC power supply in
independent mode and combine negative one channel with
positive of otherto be treated as common or ground point
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. Usesignalfrom AFG/signalgeneratortofeedtoopampinput
« Probe atinputand output pins ofthe filter to viewthe signal on
oscilloscope - View input on channel 1 and output on channel 2

Step 4
Make the CircuitWork

« Usesignalfrom AFG/signal generatortofeedto opampinput
. Setsinusoidal signal from channel 1 of the AFG
- amplitude=1Vpp
- frequency =50kHz
. Autosetthe oscilloscope to see both input and output waveforms

Step 5

Taking the Measurements

. Set input
o Sinusoidal, 1V peak-to-peak amplitude
- 50 kHz frequency
- Continous mode (on AFG)
- enable the channel 1 output on AFG

Taavonix  AFGI022 m"mi

G -

- Autosetthe oscilloscope to optimally see both inputand output
signal
. Set up following measurements:
> OnChl-Vpp, Vims, Frequency

> On Ch2 - Vpp, Vims, and Phase (between Chl and Ch2)



. Keeping the amplitude of the sinusoid input fixed at 1V peak-to-
peak, vary its frequency from 50Hz to 50kHz. You may take
more readings near cut-off frequency.

. Tabulate the measurements. You can also capture screenshot
for each measurement set.

[ M 100us ) "0.00V  3.00006kHz ]
[Please wait.... Aug 09, 2015, 21:44]

Step 6
Analyzing the Result

- The observation table would look like as shown below. Calculate
voltage gain (observed from measurements) and its decible
equivalent.

4 Frequency INPUT OUTPUT Phase Difference Voltage Voltage
(Hz)  vpp (V) Vrms (mV) Vpp (V) Vrms (mV) (Degrees) Gain  Gain (dB)
1 50 1.000 349 0.048 10.9 90.00 0.05 -26.375
2 100 1.000 349 0.076 21.7 88.00 0.08 -22.384
3 200 1.000 349 0.136 42.8 84.00 0.14 -17.329
4 500 1.000 348 0.304 102.0 72.50 0.30 -10.343
5 1,000 1.020 355 0.536 185.0 58.30 0.53 -5.589
6 1,200 1.000 349 0.632 217.0 52.50 0.63 -3.986
7 1,500 1.000 347 0.680 2350 46.80 0.68 -3.350
8 1,600 1.010 352 0.712 246.0 46.00 0.70 -3.037
9 2,000 1.010 351 0.776 272.0 38.80 0.77 -2.289
10 3,000 1.020 353 0.888 309.0 28.70 0.87 -1.204
11 5,000 1.000 349 0.952 331.0 18.70 0.95 -0.427
12 8,000 1.000 351 0.984 343.0 12.10 0.98 -0.140
13 10,000 1.000 342 0.984 336.0 9.00 0.98 -0.140
14 20,000 1.000 342 1.000 321.0 3.93 1.00 0.000
15 30,000 1.000 343 1.000 342.0 1.72 1.00 0.000
16 50,000 1.010 347 1.000 342.0 0.24 0.99 -0.086

* POSITIVE phase signifies that output leads input

. Prepare Bode plot - plot voltage gain and phase against
frequency.



1st Order High Pass Filter: Variation of gain & phase w.r.t. frequency

< 90

. / 75
12 / ' \ 60
L]
15
; S 45
18 y .
21 , . 30
24 / .
_ . 15

b & W oo
[ ]
L
<

Gain (dB)

Phase (degree)

Voltage

-27 -
L]
-30 s 0
10 100 1000 10000 100000
Frequency (Hz) -3dB #— Phase

. Find out the cut-off frequency from the plot (where the gain
drops to -3dB from its passband value)

Step 7

Conclusion
Theanalysis of the observed results confirm that (As expected):

. Thevoltage gain of the filter circuit increases towards '1' as input
frequency is increased

. The cut-off frequency (where gain is -3dB or 3dB down from its
passband value) is 1600Hz. Which is quite close to estimated
(calculated from R and C values) value of 1592 Hz.

- The phase at cut-off frequency is 45 degrees.



Sallen-Key Low_Pass_Filter--Overview

Sallen-Key LowPass Filter

Objectives:
After performing this lab exercise, learner will be able to:

- Understand & analyze working of Sallen-Key topology of active
filters

- Design & build a Sallen-Key low pass filter using opamp

. Establishrelationship betweeninputand output signal - prepare
a Bode plot for the filter circuit

. Practice working with measuring equipment and laboratory tools
like digital oscilloscope, signal generator, multimeter and power
supply

« Use digital oscilloscope to debug/analyze the circuit

Equipment:

To perform this lab experiment, learner will need:

. Digital Storage Oscilloscope (TBS1000B-Edu from Tektronix or
any equivalent)
« Power Supply (2231A-30-3 Power Supply from Keithley or any
equivalent power supply capable of supplying +/- 10V DC)
. Signal generator (AFG1000 from Tektronix or equivalent) for
providing AC input to circuit
. Multimeter
. Electronic Components
- Opamp 741/ TL0O82orequivalent-assingle IC oras part of
any analog circuit kit (like ASLK board from TI)
- Resistor (2x 1K ohms)
- Capacitor(2x0.1uF)
« BNC cables
. Breadboard and connecting wires



Theory / KeyConcepts:

Before performing this lab experiment, it is important to learn
following concepts:

- An opamp is a high-gain differential amplifier with very high
input impedance. Very high open-loop gain allow for creating
amplifiers with stable gain using feedback.

« Alow passfilter is an electronic circuit that passes signals with a
frequency lower than a certain value and attenuates signals of
higher frequencies.

- The 'certain’ frequency after which the atteneuation starts is
called as 'cut-off frequency’ of the filter.

- Range offrequencies below cut-off frequency s called pass-
band and higherfrequencyrangesare called stop band.

« Atcut-off frequency, the signal amplitude is 0.707 times of its
value in the passband i.e., the signal level is 3dB below the
passband value.

. Professors R.P. Sallen and E.L. Key described a new filter
topology in 1955, which was named after them, the Sallen-Key
filters.

- An active Sallen-Key filter can be cascaded easily to make
higher order filters. The opamp provides the buffering buffering
between cascaded stages.

. Sallen-Key filter gives the flexibility of modifying the filter
characteristics (cut-off frequency and Q) using R, C values and
amplifier gain. This makes filter design easy.

- Low passfilteris used for eliminating high-frequency noise from
the system.

Circuit Design:

Learner can use the theoretical design rules to calculate the circuit
component values:

. Ageneric Sallen-Key low pass filter circuit is shown below with
filter parameters:



R1 R2

\/| —'VWW\/\/? +
Vo

Where:

- K=amplifiergain=1+(R4/R3)
. Transfer function = Vg/V;

— K
s2(R1R2C1C2) + s(R1C1 + R2C1 + R1C2(1 — K)) + 1

. Cut-off frequency =

fc = 1—
271 /R1R2C1C2

and
Q pr—

_—

VR1R2C1C2
R1C1 + R2C1 + R1C2(1 — K)

- We can simplify the filter design by choosingR1=R2=R =1k
Ohmsand C1=C2=C=0.1uF. The opamp gain is kept unity
(R4 = 0 and R3 = infinty).

=l

R1 R2
o +
4
Gls)— 100000000 -
Vin | $2+20000s+100000000
—— Vout
Fo= 1 c2
' T 2%z JR1*R2*C1*C2 1
G Ground —lr O

. This makes
- Amplifier gain K =1

o



« With the given R and C values, the cut-off frequency will be
1592 Hz, Q = 1/2 and K (opamp amplifier gain) = 1

Sallen-Key Low Pass_Filter -- Procedures
Step 1
Check Your Understanding:

Before performing this lab experiment, learners can check their
understanding of key concepts by answering these?

- What will be the slope of magnitude response in the stop band
of a Sallen-Key low-passfilter?
- -20dB/decade
- 0dB/decade
- -40dB / decade
- +20dB / decade

- How will the phase respones for Sallen-Key low pass filter vary
with frequency of input signal?
- Phase will vary from 0 to 90 degrees as frequency goes low

to high

- Phase will vary from 0 to -90 degrees as frequency goes low
to high

- Phase will vary from 0 to -180 degrees as frequency goes
low to high

- Phase will vary from 180to 0 degrees as frequency goes low
to high

- The response of the filter circuit will not produce any overshoot
or oscillation for:
Q=1
o Q:OS
- Q<0.5
- Q = infinity

Step 2

Circuit diagram / Connection Details

« Using the jumper / connecting wires prepare the circuit as
shown below-Choose C1=C2=0.1uF & R1=R2=1kohm.

- When using the ASLK board, you will have to use additional R
and C (not available on board) on the small breadboard
provided



C1||

R1 R
o +
4
Gs)- 100000000 -
Vin | $2+20000s+100000000
— Vout
fc = L Cc2
v 2*% \R1*R2*C1*C2 l
G Ground ; O
Step 3

Experiment Setup

. Make the arrangement as shown in figure below -

Came e e fem Aa

« Turnonthe DC power supply, ensure that +/- 10V is applied to
ASLK /Opamp circuit
- You can use '2 channels' of 2231A DC power supply in
independent mode and combine negative one channel with
positive of othertobe treated as common or ground point

KEITHLEY 2231A-30-3 TRIPLE CHANNEL DC POWER SUPPLY
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. Usesignalfrom AFG/signalgeneratortofeedtoopampinput
« Probe atinputand output pins of the filter to viewthe signal on
oscilloscope - View input on channel 1 and output on channel 2

Step 4
Make the CircuitWork

. Usesignalfrom AFG/signal generator tofeed toopamp input
. Setsinusoidal signal from channel 1 of the AFG
- amplitude =1 Vpp
- frequency =50 Hz
. Autosetthe oscilloscope to see both input and output waveforms

Step 5

Taking the Measurements

. Set input
- Sinusoidal, 1V peak-to-peak amplitude
- 1 Hz frequency
- Continous mode (on AFG)

- enable the channel 1 output on AFG

. Autosetthe oscilloscope to optimally see both input and output
signal
. Set up following measurements:
> On Chl-Vpp, Vims, Frequency

> On Ch2 - Vpp, Vims, and Phase (between Chl and Ch2)
. Keeping the amplitude of the sinusoid input fixed at 1V peak-to-
peak, vary its frequency from 1Hz to 50kHz. You may take more
readings near cut-off frequency.
. Tabulate the measurements. You can also capture screenshot
for each measurement set.



Measure
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Step 6
Analyzing the Result

. The observation table would look like as shown below. Calculate
voltage gain (observed from measurements) and its decible
equivalent.

Frequency INPUT OUTPUT Phase Difference Voltage Voltage
(Hz) Vpp (V)  Vrms(mV) Vpp (V)  Vrms(mV) (Degrees) Gain Gain (dB)
1 1 1.030 358 1.03 357.0 0.00 1.00 0.00
2 5 1.030 358 1.02 356.0 0.00 0.99 -0.08
3 10 1.030 358 1.02 356.0 -0.07 0.99 -0.08
4 20 1.030 358 1.02 356.0 -0.08 0.99 -0.08
5 50 1.030 358 1.020 356.0 -3.97 0.99 -0.08
6 100 1.030 358 1.010 354.0 -7.20 0.98 -0.17
7 200 1.030 358 1.000 350.0 -14.40 0.97 -0.26
8 500 1.030 358 0.920 3240 -33.80 0.89 -0.98
9 700 1.030 358 0.872 301.0 -45.90 0.85 -1.45
10 1,000 1.050 368 0.752 261.0 -60.40 0.72 -2.90
11 1,100 1.060 370 0.712 248.0 -64.80 0.67 -3.46
12 1,200 1.060 372 0.680 235.0 -69.90 0.64 -3.86
13 1,500 1.080 378 0.584 201.0 -80.40 0.54 -5.34
14 1,800 1.100 384 0.496 172.0 -91.60 0.45 -6.92
15 2,000 1.100 388 0.456 156.0 -95.70 0.41 -7.65
16 2,500 1.130 396 0.260 121.0 -108.00 0.32 -9.94
17 3,000 1.150 402 0.280 96.7 -116.00 0.24 -12.27
18 5,000 1.190 413 0.138 440 -138.00 0.12 -18.71
19 10,000 1.210 420 0.052 13.1 -162.70 0.04 -27.34
20 20,000 1.220 422 0.022 4.4 -175.00 0.02 -34.88

** MINUS sign in the phase signifies that output lags input

. Prepare Bode plot - plot voltage gain and phase against
frequency.
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« Find out the cut-off frequency from the plot (where the gain
drops to -3dB from its passband value)

Step 7

Conclusion
Theanalysis of the observed results confirm that (As expected):

« Thevoltage gain ofthe filter circuitreduces as input frequency s
increased

. The roll-off is -40dB/decade as it is a 2N9 order filter

« The cut-off frequency (where gain is -3dB or 3dB down from its
passband value) is 1000Hz.

. At the estimated (calculated from R and C values) cut-off
frequency of 1592 Hz, the gainisdown by ~6dB and phaseis -

90 degrees. (minus sign in the phase signifies, output lags
input)



Sallen-Key High Pass_Filter --Overview

Sallen-Key High PassFilter

Objectives:
After performing this lab exercise, learner will be able to:

- Understand & analyze working of Sallen-Key topology of active
filters

. Design & build a Sallen-Key high pass filter using opamp

. Establishrelationship betweeninputand output signal - prepare
a Bode plot for the filter circuit

. Practice working with measuring equipment and laboratory tools
like digital oscilloscope, signal generator, multimeter and power
supply

« Use digital oscilloscope to debug/analyze the circuit

Equipment:

To perform this lab experiment, learner will need:

. Digital Storage Oscilloscope (TBS1000B-Edu from Tektronix or
any equivalent)
« Power Supply (2231A-30-3 Power Supply from Keithley or any
equivalent power supply capable of supplying +/- 10V DC)
. Signal generator (AFG1000 from Tektronix or equivalent) for
providing AC input to circuit
. Multimeter
. Electronic Components
- Opamp 741/ TL0O82orequivalent-assingle IC oras part of
any analog circuit kit (like ASLK board from TI)
- Resistor (2x 1K ohms)
- Capacitor(2x0.1uF)
« BNC cables
. Breadboard and connecting wires



R - lolonDRewll K
Y- Y=Talololoy- X1 K N N &

rowen

Theory / KeyConcepts:

Before performing this lab experiment, it is important to learn
following concepts:

- An opamp is a high-gain differential amplifier with very high
input impedance. Very high open-loop gain allow for creating
amplifiers with stable gain using feedback.

. Ahigh-pass filter is an electronic circuit that attenuates signals
with a frequency lower than a certain value and passes signals
of higher frequencies.

- The 'certain’ frequency after which the atteneuation ends is
called as 'cut-off frequency’ of the filter.

- Range of frequencies below cut-off frequency is called stop
bandandhigherfrequencyrangesare called passband.

. Atcut-off frequency, the signal amplitude is 0.707 times of its
value in the passband i.e., the signal level is 3dB below the
passband value.

. Professors R.P. Sallen and E.L. Key described a new filter
topology in 1955, which was named after them, the Sallen-Key
filters.

- An active Sallen-Key filter can be cascaded easily to make
higher order filters. The opamp provides the buffering buffering
between cascaded stages.

. Sallen-Key filter gives the flexibility of modifying the filter
characteristics (cut-off frequency and Q) using R, C values and
amplifier gain. This makes filter design easy.

Circuit Design:

Learner can use the theoretical design rules to calculate the circuit
component values:

. Ageneric Sallen-Key high pass filter circuit is shown below with
filter parameters:



R2

AVAVAY,
C1
vi—| | 1 #
Vo
R1 -
= —AW—
R4
§R3

Where: _

. K=amplifiergain=1+(R4/R3)
. Transfer function = Vg/V;

~ K(s2(R1R2C1C2))
~ $2(R1R2C1C2) + s(R2C2 + R2C1 + R1C2(1 — K)) + 1

. Cut-off frequency =

_ 1
271 yR1R2C1C2

and
VR1R2C1C2

Q= Rz T R2CT + R1C2(1 — K)

fc

« We cansimplify the filter design by choosingR1=R2=R =1k
Ohms and C1=C2=C=0.1uF. The opamp gain is kept unity

(R4 = 0 and R3 = infinty).
AVAYAY

R1

Vin $2420000s+100000000

1
Jo= "
2*7 JR1*R2*C1*C2
O

. This makes
- Amplifier gain K =1



o

- With the given R and C values, the cut-off frequency will be
1592 Hz, Q = 1/2 and K (opamp amplifier gain) = 1

Sallen-Key High _Pass_Filter -- Procedures
Step 1
Check Your Understanding:

Before performing this lab experiment, learners can check their
understanding of key concepts by answering these?

- What will be the slope of magnitude response in the stop band
of a Sallen-Key high-passfilter?
- -20dB/decade
- 0dB/decade
- -40dB / decade
- +20dB / decade

- How will the phase respones for Sallen-Key high pass filter vary
with frequency of input signal?
- Phase will vary from 0 to 90 degrees as frequency goes low

to high

- Phase will vary from 0 to -90 degrees as frequency goes low
to high

- Phase will vary from 0 to -180 degrees as frequency goes
low to high

- Phase will vary from 180to 0 degrees as frequency goes low
to high

- Theresponse of the filter circuit will produce any overshoot or
oscillation for:
- Q>0.5
- Q=05
- Q<0.5
o Q = infinity

Step 2

Circuit diagram / Connection Details

. Using the jumper / connecting wires prepare the circuit as
shown below-Choose C1=C2=0.1uF & R1=R2=1kohm.

- Whenusing the ASLK board, you will have to use additional R
and C (not available on board) on the small breadboard
provided
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Step 3
Experiment Setup

. Make the arrangement as shown in figure below -

« Turnonthe DC power supply, ensure that +/- 10V is applied to
ASLK /Opamp circuit
> You can use '2 channels' of 2231A DC power supply in
independent mode and combine negative one channel with
positive of othertobe treated as common or ground point
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. Usesignalfrom AFG/signalgeneratortofeedtoopampinput
- Probe atinputand output pins of the filter to viewthe signal on
oscilloscope - View input on channel 1 and output on channel 2

Step 4
Make the CircuitWork

. Usesignalfrom AFG/signal generator to feed to opamp input
. Setsinusoidal signal from channel 1 of the AFG
- amplitude = 1 Vpp
- frequency = 10K Hz
. Autosetthe oscilloscope to see both input and output waveforms

Step 5

Taking the Measurements

. Set input
o Sinusoidal, 1V peak-to-peak amplitude
- 100 Hz frequency
- Continous mode (on AFG)
- enable the channel 1 output on AFG

Prequency -
000000000kHS  [rugs
e

. Autosetthe oscilloscope to optimally see both inputand output
signal
. Set up following measurements:
> On Chl-Vpp, Vims, Frequency

> On Ch2 - Vpp, Vims, and Phase (between Chl and Ch2)



. Keeping the amplitude of the sinusoid input fixed at 1V peak-to-
peak, vary its frequency from 100Hz to 100kHz. You may take
more readings near cut-off frequency.

. Tabulate the measurements. You can also capture screenshot
for each measurement set.

Measure

@& RMS
(Please wait.... Aug 09, 2015, 21:28 |

Step 6
Analyzing the Result

. The observation table would look like as shown below. Calculate
voltage gain (observed from measurements) and its decible
equivalent.

Frequency INPUT OUTPUT Phase Difference Voltage = Voltage
(Hz) vpp(v) Vrms(mv) Vpp(V) Vrms (mV) (Degrees) Gain Gain (dB)
1 100 0.976 342 0.016 2.55 175.00 0.02 -35.71
2 500 0.992 345 0.1 26.5 148.00 0.10 -19.93
3 1,000 1.020 353 0.256 859 119.00 0.25 -12.01
4 1,500 1.000 355 0.424 143 99.30 0.42 -7.45
5 2,000 0.984 345 0.552 192 82.90 0.56 -5.02
6 2,600 1.020 354 0.696 238 67.60 0.68 -3.32
7 2,700 1.020 354 0.712 243 66.00 0.70 -3.12
8 3,000 1.000 351 0.736 256 60.50 0.74 -2.66
9 4,000 0.968 334 0.808 276 46.60 0.83 -1.57
10 5,000 0.984 338 0.864 297 40.80 0.88 -1.13
11 7,000 0.992 342 0.928 318 27.80 0.94 -0.58
12 10,000 1.000 342 0.960 332 21.80 0.96 -0.35
13 20,000 1.020 347 0.992 341 9.36 0.97 -0.24
14 50,000 1.000 345 1.000 345 2.69 1.00 0.00
15 70,000 1.000 345 1.000 345 0.00 1.00 0.00
16 100000 1.000 345 1.000 345 0.00 1.00 0.00

- Prepare Bode plot - plot voltage gain and phase against
frequency.
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. Find out the cut-off frequency from the plot (where the gain
drops to -3dB from its passband value)

Step 7

Conclusion
Theanalysis of the observed results confirm that (As expected):

. Thevoltage gainofthefiltercircuitincresesto 1 (0dB)asinput
frequency is increased

. The attenuation roll-off is -40dB/decade as itis a 2" order filter

. The cut-off frequency (where gain is -3dB or 3dB down from its
passband value) is 2800Hz.

. At the estimated (calculated from R and C values) cut-off
frequency of 1592 Hz, the gainisdown by ~6dB and phase s -
90 degrees. (Positive signinthe phase signifies, output leads
input)



