Experiment BT-11: Active Filters

Equipment Required

PC or Mac Computer

IX-TA-ROAM recorder, USB cable, power supply
A-BMET-B BMET Trainer Board

C-DIN-BB DIN to Breadboard Cable

C-BNC-BB BNC to Breadboard Cable
A-BMET-EC Electronic Components Set

Jumper Wires

Setup

1. Connect the C-DIN-BB Cable to port A5 on the TA-ROAM. Use extender cables for the yellow
and brown leads.

2. Connect the C-BNC-BB Cable to the S1 (LV Stimulator) portion the TA-ROAM.

iWorx TA-ROAM

SNG ga.

Figure BT-11-S1~IX-TA-ROAM, C-DIN-BB cable (port A5), C-BNC-BB cable (S1).
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Experiment BT-11: Active Filters
Background

Many biomedical signals, such as ECGs, EMGs, and EEGs, contain unwanted frequencies that must be
removed before the signals can be analyzed. In the previous lab, you used passive filters to selectively
reduce certain frequencies. You also learned how operational amplifiers can amplify signals,and 1solate
circuits from loading effects.

In this lab, you will combine these concepts to investigate active filters. Using op-amps and passive
components, you will construct Sallen-Key filter circuits and observe how active filterscan provide
frequency-selective filtering while maintaining signal strength.

Theory
1. Non-Inverting Amplifiers

In this lab, you will learn about Sallen-Key filters, which are a popular type of active filter circuit that
involves a non-inverting amplifier setup.

Non-inverting amplifiers are op-amp circuits that use positive feedback, meaning the output is
connected to the non-inverting input (v, ). These are&imilarto the inverting amplifiers that you learned

about in lab 10.

R,

—AAM—

Rl —— Vout

Figure\l. Non-inverting amplifier circuit schematic

The voltage gaimof a non-inverting amplifier is
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Where A is the gain, v, is the output voltage, v, is the input to the non-inverting input, R, is the

out

resistance across R,, and R, is the resistance across R;.

Example:

R, = 100k ohms

R, =10 k ohms
A=14+100k_ g
10K

With this gain of 11, a 10 mV input would ideally produce a 110 mV output.

2. Sallen-Key Filter Setup

A Sallen-Key filter, as shown in Figures 2 and 3, is a type of active filter. Like the RC and RL circuits
you saw before, there are both high-pass and low pass options:

Vout
vy + Uy +

R‘ 2 c Cy
) ;
Ca Ry

1

Figure 2. High-pass Sallen-Key filter
Figure 3. Low-pass Sallen-Key filter

In the Sallen-Key filter, the two resistors R, and R, have equal resistances and the two capacitors C,
and C, have equal capacitances: These components are in opposite positions for the low and high pass

versions.

Pre-Lab Questions

1. What is the purpose of an active filter?
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2. What is the function of the operational amplifier in a Sallen-Key filter?
3. Describe the difference between a low-pass filter and a high-pass filter.
4. Define the cutoff frequency of a filter.

5. Predict what will happen to the output voltage of:

* alow-pass filter as the input frequency increases.
* ahigh-pass filter as the input frequency increases.

6. Calculate the expected cutoff frequency using the given resistor and capagitor values:

* R=10kohm, C=.1uF
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Experiment BT-11: Active Filters

Exercise 1: Active Low-Pass Filter

Aim: To understand how the output amplitude of active low-pass filters changes with increasing
frequency inputs.

Approximate Time: 40 minutes

Procedure
1. Locate Circuit S on your board.
2. Place a 10k resistor for RS1 and RS2.
3. Place a 0.1 uF capacitor for CS1 and CS2.

4. Apply an input signal using the C-BNC-BB cable.
a) Connect the red lead to INS.
b) Connect the black lead to one of the GNDpins in the Inputs section.
5. Measure the output signal using the C-DIN-BBcable.
a) Connect the + (red lead) to the VCC pin 1n the Inputs section on the right.
b) Connect the - (black lead) to the VEE pin.
¢) Connect the ground (green) to'a GND pin.
d) Connect the brown lead to the IN-pin.
e) Connect the yellow lead to OUTS.

6. Click on the Record button, located on the upper right side of the LabScribe Main window. The
signal should begin scrolling across the screen.

7. Click on the AutoScale All button on the LabScribe toolbar, to Autoscale all the channels.

8. Type “10 Hz” into the Mark box and press ENTER on the computer keyboard to mark the
recording.

9. Record for.~5 seconds.

10. Repeatthe procedure above for frequencies of 20 Hz, 50 Hz, 100 Hz, and 300 Hz. To change
the input frequency, access the S1 stimulator output at the top of the LabScribe toolbar.
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a) Enter ‘20’ into the F (Hz) box.

b) Press the Apply button to apply the change.

Apply ¥ 51~ SineWave ~ Amplitude - F(Hz) 20

Speed: 5000 s/sec ~ Display Time:  1.000 sec Mark ¥

11. Click Stop to stop the recording and click File — Save As to save your data file.

12. Calculate the predicted cutoff frequency for the resistor and capacitortvalues.

Data Analysis

1. Use the Half Display Time icon (single mountain peak) telview only 3-4 peaks in the display
window.

2. Scroll to the beginning of the data file.

3. Enter into the Analysis window by clicking on the magnifying glass icon in the top toolbar.

4. Look at the Function Table that is above the uppermostichannel displayed in the Analysis
window. The mathematical functions, Valuel, Value2, an@ V2-V1 should appear in this table.
Values for these parameters on the channel are seen in,the table across the top margin of the
channel.

5. Place the cursors in the correct locations for measuring the peak-to-peak recorded voltage.

6. Record these values in Data Table BT-11-Lix

7. Calculate the gain for each frequency measurement, and record these values in the third column

of Data Table BT-11-L1.

Table BT-11-L1: Data Table for Exercise 1 — Active Low Pass Filter

Active Low Pass Filter Data

Frequency Input Amplitude Output Amplitude Gain

10 Hz
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20 Hz

50 Hz

100 Hz

300 Hz

Questions

1. Verify that the calculated cutoff frequency matches the measurec behavior. s it as

expected? Explain.

2. What happens to the output amplitude as frequency incr ?

Exercise 2: Active High-Pass Filter

Aim: To understand how the output amplitude of activ ass filters changes with increasing
frequency inputs.

Approximate Time: 40 minutes

Procedure
1. Locate Circuit N.
2. Place a 10k resistor for RN1 and RN2.

for 1 and CN2.

4. Apply an input sign ing the C-BNC-BB cable.
a) Connect th dt

e ad to one of the GND pins in the Inputs section.

5. Measur tput signal using the C-DIN-BB cable.
(red lead) to the VCC pin in the Inputs section on the right.
e - (black lead) to the VEE pin.
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¢) Connect the ground (green) to a GND pin.
d) Connect the brown lead to the IN- pin.

e) Connect the yellow lead to OUTN.
6. Repeat the procedure steps 6-12 from Exercise 1. :

Data Analysis
1. Repeat the data analysis procedure from Exercise 1.
2. Record these values in Data Table BT-11-L2.

3. Calculate the gain for each frequency measurement, and tecord values in the third column
of Data Table BT-11-L2.

Table BT-11-L2: Data Table for Exercise 2 — Active High r
A

Active Low Pass Filter Data

Frequency Input Amplitude Output Amplitude Gain

10 Hz W

20 Hz

50 Hz

100 Hz

300 Hz

Questions

1. athappensto the output amplitude as frequency increases?
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Post-Lab Questions
1. Explain how a Sallen-Key filter differs from a passive RC filter.
2. What role does the operational amplifier play in an active filter?
3. Describe the frequency response of both the active low-pass and active high-p
4. How would changing the resistor or capacitor values affect the cutof uency?

5. Why are active filters commonly used in biomedical signal conditioning?
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