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ECE 480L: SENIOR DESIGN SCHEDULED LAB 
 

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING 
 

MICHIGAN STATE UNIVERSITY 
________________________________________________________________ 
 

I.  TITLE: Lab II: Digital Color Organ - Mic Amplifier, Line-Input 

Summer, and Low-Pass Filter 

 
II. PURPOSE AND PROCEDURES:  

 

A. Introduction 

 

We will continue to build, test and improve the Digital Color Organ 

started in Lab I. 

 

B. Lab Organization (Please read carefully) 

 

1. As we did in Lab I, all work must be done by you and only you. 

You will be asked to sign a Code of Ethics Declaration for this Lab 

Report.  

 

2. If you damage or lose any of the contents of the Storage Box, 

you will be required to replace them (See the Bill of Materials for 

ordering information or the ECE shop).  

 

3. When inside any of the ECE labs, you must wear eye protection. We 

will do spot checks for safety glasses. For each instance of not 

wearing eye protection, your lab report grade will be lowered by 

1%. 

 

4. In this lab there are references to the ECE 203 and 303 lab lecture 

notes. If you did not take these courses at MSU, you can find videos of 

these lab lecture notes at:    http://www.egr.msu.edu/~wierzba/  . 

 

C. Lab Notebook and Lab Report (Please read carefully) 

 

1. In this lab and the upcoming labs, you will be asked many questions 

and you will be asked to measure or calculate many things. You must 

record your responses and results in your own personal Bound 

Lab Notebook. This is done to make sure things are working 

correctly and to help you understand how the Digital Color Organ 

works. The Bound Lab Notebook is a good place to record design ideas.  

 

2. If the lab asks you to record something in the Lab Report, then you 

will find a place for this in the Lab Report Template at the end of each 

lab. The emphasis in grading this part of the course is on the final 
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results and not the steps leading up to it, so weekly lab reports will be 

short. 

 
III. BACKGROUND MATERIAL: 

 

See Lab Lecture Notes. 

 
IV. EQUIPMENT REQUIRED: 

 

1 Your own personal Bound Lab Notebook 

1 Agilent Infiniium DSO-9064A Digital Storage Oscilloscope 

1 Agilent 33250A or 33120A Function Generator 

1 Agilent 34401A Digital Multimeter 

1 Agilent E3611A Power Supply 

4 Agilent N2873A 10:1 Miniature Passive Probes 

 
V. PARTS REQUIRED: 

 

See Lab I 

 
VI. LABORATORY PROCEDURE: 

 

A) Agilent E3611A Power Supply 

 

1. We will be using a wall wart to power the Digital Color Organ, but 

before we do this we are going to use the Agilent E3611A power 

supply to power this part of the experiment. We are going to set the 

current low enough so that if we make a wiring error or we have a 

component failure that we don’t melt our Solderless Breadboard. 

 

2. Set the voltage to 5 V and the maximum current to 40 mA. (If you 

need help, see Section VI-C of Lab I). Do not connect to the 

Solderless Breadboard yet. 

 

3. This is a floating power supply. To make the supply a positive voltage 

with respect to ground, strip and connect a wire from the - terminal to 

the terminal labeled with a ground symbol. 

 

4. Turn OFF the power supply. 

 

B) Microphone Amplifier 

 

1. The microphone amplifier for the digital color organ is shown in Fig. 1.  
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Figure 1. Microphone Amplifier 

 

 

2. Obtain the data sheet of the op-amp U1 from the Texas Instruments 

web site:  www.ti.com  and find the top view pin out of the Dual In-line 

Package (DIP). 

 

3. Build the circuit in Fig. 1 to the right of what was built in Lab I. 

 

To help you here are some tips: 

 

a. Do a web search for the part number of the microphone (COM-08635) 

and find the data sheet. Locate which pin is ground. 

 

b. Note that we will be using 3 of the 4-op-amps in U1. Leave about 15 

rows between U1 and the circuitry of Lab I. Build the circuitry 

associated with the microphone amplifier to the left of U1. The power 

for U1 will come from the 5 V supply we built in Lab I (node 3 in Fig 

5). But for now, use the Aglient E3611A Power Supply to protect 

our parts and the breadboard. Do not connect yet. 

 

c. If you need to connect holes that are close, strip the coating off the 

coated wire and use this bare wire to connect nearby holes. Check to 

see that these jumpers are not touching any other metal objects.  

 

d. Mounting resistors vertically instead of horizontally can save a lot of 

space. 

 

4. Currently we are not using op-amps 2, 3 and 4 on U1. On most IC’s 

unused parts can draw large currents, so it is common practice to 
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connect these op-amps in a stable configuration. Here we will make 

unity-gain buffers out of unused op-amps and connect a 0 V input. So 

short pin 6 to pin 7, pin 8 to pin 9, and pin 13 to pin 14. Then 

connect pins 5, 10 and 12 to ground. 

 

5. Please check over all of your connections again before doing the next 

step. If power is applied incorrectly then we can damage some or all of 

our components. 

 

6. Using banana-to-grabber wires from your Storage Box, connect the 

E3611A power supply positive terminal to the 5V arrow in figure 1, 

and the negative terminal to ground. Turn ON the power supply. 

 

If your power supply voltage drops from its initial setting, there 

is something seriously wrong. Turn OFF the power supply. Look for 

a wiring error and fix. 

 

7. Set the pot R5 to mid-position. Display the output of the mic amplifier 

on the scope and trigger on that channel. Speak or clap your hands 

near the mic. You should see waveforms varying on screen in the 

millisec scale. Adjust the vertical and horizontal scales as needed. The 

audio signal that you are looking for should be between 0 V and 5V, 

with a 2.5 V DC offset.  Turn averaging OFF for this measurement.  

 

Set R5 to give you maximum gain and repeat.  

 

If you don’t see a response you may need to troubleshoot your 

circuit. One place to start is to measure all of the node voltages using 

a DMM. With no input these should all be dc. Calculate these voltages 

by treating the capacitors like open circuits. An op-amp with feedback 

should have a nearly zero drop across its input terminals. Use this to 

compare to what you have measured and isolate what is not working 

and fix. 

 

8. Let’s next measure the frequency response of the amplifier to make 

sure it covers the audio band. To do this we need to operate the 

function generator. Refer to Lab 1 for information on the two different 

models of function generators in the ECE 480 lab. 

 

C) Frequency Response of the Microphone Amplifier 

 

1. Turn OFF the power supply. Remove R1 and the microphone.  

 

2. This is a high gain circuit so we need to set the function generator to 

millivolt levels to keep the output voltages less than the power supply. 

But the scope won’t be able to view voltages this small so we can do 

what we did in the ECE 303 lab. We can build a voltage divider to step 

the voltage down and then measure the gain and multiply by the 

reciprocal of the voltage division. 
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Build the voltage divider shown in Fig. 2 on a free part of your 

breadboard. Obtain the 100 kΩ resistor from the Parts Cabinet in the 

lab. When we removed R1, we also removed the 5 V dc offset. Now C1 

will have a negative dc voltage across it and will not look like an open 

circuit for dc. So rotate C1 to have the polarity shown in Fig. 2. 

 

 
 

Figure 2. Voltage divider added and C1 rotated 

 

3. Before you connect the function generator to the circuit, set the 

function generator to output a 500 mVp-p, 100 Hz Sine Wave (High Z). 

(There is a hidden keypad on the 33120A. The numbers are in green to 

the left of the buttons. Press the Enter Number button, select your 

number and press Enter.) 

 

4. Turn ON the power supply. Connect the BNC-to-Banana adapter in 

your Storage Box to the function generator output. With banana-to-

grabber wires, connect the positive terminal of the generator to the 

100 KΩ resistor and the negative terminal to ground in Fig. 2. Your 

pot should still be set for maximum gain. If necessary, adjust the 

input voltage amplitude so that the output is not clipped. 

Measure the function generator output voltage and output voltage of 

the amplifier using the Measurement Toolbar of the scope. Calculate 

the ratio of output to input and then multiply by 100. This is the gain 

of the amp at 100 Hz. 

 

Is this what you would expect if you treat C1, C4 like short circuits 

and C3 like an open circuit? 

 

Make a hard copy of the screen (select invert waveform colors) 

including the peak-to-peak measurements. Since we are printing in 

black and white, you will need to mark which waveform is the function 

generator and which waveform is the op-amp output on your printout. 
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Mark this section letter and number on the plot. Give the plot an 

appropriate title. Attach as indicated in the Lab Report. 

 

5. Increase the frequency and find where the gain drops by 3 dB, that is, 

0.707 times the gain found in VI-E-4. This is your overall bandwidth. 

 

Is this what you expected? Does this amplifier cover the audio band? 

Set R5 to mid position, and measure the overall bandwidth again.  

What happened to the bandwidth? Consider Part E of the lab lecture, 

and figure out what you need to set R5 to in order to get a bandwidth 

of 8 kHz (This is roughly the audio band). 

 

6. Disconnect the function generator (but leave ON) and turn OFF the 

power supply. Remove the voltage divider that was added in step VI-

C-2 and restore the circuit to look like that in Fig. 1, that is, rotate C1, 

add R1 and the microphone. 

 

7. Turn OFF the power supply. 

 

D) Line-Input Summer 

 

1. The line-input summer for the digital color organ is shown in Fig. 3. 

 

 
 

        Figure 3. Line-Input Summer 

 

2. Build the circuit in Fig. 3 near U1. 

 

To help you here are some tips: 
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a. Remove the short circuit from pin 6 to pin 7 and the ground from pin 

5. We don’t need to add power since the power we provide in VI-B-6 is 

for all 4 op-amps on U1. 

 

b. Using the DMM ohmmeter figure out which terminal is ground for the 

in-line stereo jack J1. 

 

c. You will have to solder at least 2 inch length wires to J1 to be able to 

use it on the breadboard. For the two short flat terminals (left channel 

and right channel), apply solder to the terminals and the wire. Then 

bring the two together while heating with the iron. Hold until cool. 

(You may want to use the Helping Hands Soldering Aid if available.) 

There should be a hole in the ground pin that you can use to hold the 

wire while soldering. 

 

3. Please check over all of your connections again before doing the next 

step. If power is applied incorrectly then we can damage some or all of 

our components. 

 

4. Turn ON the power supply. 

 

If your power supply voltage drops from its initial setting, there 

is something seriously wrong. Turn OFF the power supply. Look for 

a wiring error and fix. 

 

5. Using the 3 ft. Stereo 3.5 mm/1/8” Male-Male audio cable in your 

Storage Box, connect a source of music (mp3 player, ipod, green jack 

on your lab PC, etc.) to your line-input jack J1. 

 

6. Display the output on the scope. You should see waveforms varying on 

screen in the millisec scale and around 1 to 2 Vp-p. If not increase the 

volume on your source of sound. 

 

If your waveforms are still too small, change the gain of the summer 

to produce 1 to 2 Vp-p waveforms.  

 

If you don’t see a response you may need to troubleshoot your 

circuit. Again, one place to start is to measure all of the node voltages 

with a DMM with the music disconnected. With no input these should 

all be dc. Calculate these voltages by treating the capacitors like open 

circuits. An op-amp with feedback should have a nearly zero voltage 

drop across its input terminals. Use all of this to compare to what you 

have measured and isolate what is not working and fix. 

 

7. Disconnect the 3 ft. Stereo 3.5 mm/1/8” Male-Male audio cable from 

J1. Connect the function generator to C5 and ground using banana-to-

grabber cables. Set the function generator to output a 1 Vp-p, 100 Hz 

Sine Wave (High Z). Measure the gain. 
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Is the gain what you would expect if you treat C5 like a short circuit 

and C7 like an open circuit? 

 

8. Make a hard copy of the screen (select invert waveform colors) 

including the peak-to-peak measurements for input and output signal. 

Since we are printing in black and white, you will need to mark which 

waveform is the function generator and which waveform is the output 

of the op-amp on your printout. 

 

Mark this section letter and number on the plot. Give the plot an 

appropriate title.  Attach as indicated in the Lab Report. 

 

9. Turn OFF the power supply. 

 

E) Low-Pass Filter 

 

1. The low-pass filter for the digital color organ is shown in Fig. 4. 

 

 
 

Figure 4. Low-Pass Filter 

 

2. Build the circuit in Fig. 4 near the Line-Input Summer but leave some 

space between the two circuits to add a SPDT switch (See Fig. 5). 

 

To help you here is a tip: 

 

a. Remove the short circuit from pin 8 to pin 9 and the ground from pin 

10. 

 

3. Please check over all of your connections again before doing the next 

step. If power is applied incorrectly then we can damage some or all of 

our components. 

 

4. Turn ON the power supply. 

 

If your power supply voltage drops from its initial setting, there 
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is something seriously wrong. Turn OFF the power supply. Look for 

a wiring error and fix. 

 

5. To test this filter versus frequency, we will need to connect the 

function generator. But before you connect the function generator to 

the circuit, set the function generator to output a 1 Vp-p, 100 Hz Sine 

Wave (High Z) with a dc offset of 2.5 V. (Look for this on buttons below 

the display of the Agilent 33250A Function Generator or look for the 

buttons on the face of the 33120A Function Generator.) We are doing 

this to recreate the signal coming from either the Microphone 

Amplifier or the Line-Input Summer (See Fig. 5). Use the scope to 

verify that this is indeed the signal coming out of the function 

generator. 

 

6. Connect the function generator to R11 and ground of Fig. 4. Measure 

the gain from the output of the op-amp to the voltage across C11. (This 

will be the input to the MSP430 microcontroller in the next lab.) 

 

Sweep the frequency of the function generator between 100 Hz and 16 

kHz. Is the gain response what you would expect from a low pass 

filter? Set the frequency of the function generator to 8 kHz. 

 

Make a hard copy of the screen (select invert waveform colors) 

including peak-to-peak voltage measurements and average voltage 

measurements. Since we are printing in black and white, you will 

need to mark which waveform is the function generator and which 

waveform is the output of the op-amp on your printout. 

 

Mark this section letter and number on the plot. Give the plot an 

appropriate title. Attach as indicated in the Lab Report. 

 

7. Increase the frequency and find where the gain drops by 3 dB, that is, 

0.707 times the gain found in VI-G-6. Since this circuit passes dc, this 

is your overall bandwidth. 

 

Is this what you expected to see? Does this amplifier cover the 

bandwidth to half the sampling frequency of 16 kHz as required by the 

Nyquist criteria? If not, calculate the component values you need to 

change. Make the changes using the parts available in the Parts 

Cabinet. 

 

8. Disconnect the function generator and turn OFF the power supply. 

 

9. We next want to connect up our three circuits using switch SW1 as 

shown in Fig. 5. 

 

10. Locate the SPDT switch SW1 in your Storage Box. Use the DMM 

ohmmeter to figure out which terminal is which. The switch should fit 

directly into the breadboard. If it doesn’t, strip some coated wire and 
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remove the coating. Using the solder station in the center of the room, 

solder the bare wires to the 3 metal tabs. Move (and maybe cut) the 

wires to fit snugly into the breadboard. 

 

11. Using your audio cable, re-connect your source of music to your line-

input jack J1. Turn ON the power supply and flip SW1 to the line-

input position. Observe the voltage across C11. You should see 

waveforms varying on screen in the millisec scale. If not troubleshoot 

your circuit and fix. 

 

12. Flip SW1 to the mic-input position. Speak or clap your hands near the 

microphone. You should see waveforms varying on screen in the 

millisec scale. Adjust the vertical and horizontal scales as needed. If 

not troubleshoot your circuit and fix. 

 

13. Turn OFF the Agilent E3611A power supply and disconnect the 

wires from the power supply to the breadboard. 
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Figure 5. The Analog Section 
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F) Power Supply Section 

 

1. Connect the 5 V power supply from the Power Supply Section of Lab I 

to the 5V arrow in figure 1. 

 

2. Again we want to be cautious and so let’s use the Agilent E3611A 

power supply with the current limiter to make sure we protect our 

circuit from damage. Set the voltage to 9 V and the maximum current 

to 60 mA. 

 

3. Check that the switch SW2 is OFF. Using banana-to-grabber wires, 

connect the positive terminal of the E3611A power supply to the left-

side of SW2 in Fig. 5 of Lab I in place of the wall wart. Connect the 

negative terminal to ground. Turn ON the power supply. Turn ON 

switch SW2 and the orange LED should be on. If your power supply 

voltage drops from its initial setting, there is something 

seriously wrong. Turn OFF the power supply. Look for a wiring error 

and fix. 

 

4. Repeat the testing of VI-E-13 and VI-E-14 to verify that things are 

still working. 

 

5. Turn OFF the power supply and disconnect the wires from the 

power supply to the breadboard. 

 

G) Demonstration 

 

1. Once you have finished the lab, call the lab TA over to grade your lab 

report before you leave.  There are also a few demonstrations that will 

be required to show the functionality of your circuit; make sure that 

you have these working before you call the TA. 

 

2. Use the oscilloscope to measure the output of the microphone 

amplifier (Pin 1 of the LM324).  Do a default setup, set the vertical 

scale to 2 V/div, and set the horizontal scale to 10 ms/div. 

 

3. Attach a music source of your choosing to the stereo input jack J1.  

This can come from the audio output of the computer at your bench, 

your phone, or any other audio source that you might have. Use the 

oscilloscope to measure the output of the line-input summer (Pin 7 of 

the LM324).  Do a default setup, set the vertical scale to 2 V/div, and 

set the horizontal scale to 10 ms/div. 

 

4. Connect the function generator to R11 and ground of Fig. 4. Measure 

the output voltage across the capacitor C11 with the oscilloscope, 

while switching the input frequency between 100 Hz and 16 kHz. 
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H) Clean up 

 

Do not remove the scope probes from the scope. Turn off all 

equipment. Put all of your things back into your Storage Box and take 

it home with you. 

 
VII. ASSIGNMENT FOR NEXT LAB PERIOD 

 

1. Listen to the next recorded lab lecture and read the Lab Procedure 

portion of that experiment. There will be a quiz on this material at the 

beginning of the next lab. 
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Lab Report 
 

 

 

Lab II - Digital Color Organ - Mic Amplifier, Line-Input Summer, and Low-

Pass Filter 

 

 

 

 

 

Name:  ..................................................................................................................  

 

 

Date:  ....................................................................................................................  

 

 

 

 

 

 

Code of Ethics Declaration 

 

All of the attached work was performed by me. I did not obtain any 

information or data from any other student. I will not post any of my work on 

the World Wide Web. 

 

 

Signature  .............................................................................................................  
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VI-C-4 

 

Mark VI-C-4 on the top right side of your plot and attach as the next 

page. Give the plot an appropriate title. 

 

 

VI-D-8 

 

Mark VI-D-8 on the top right side of your plot and attach after VI-C-4. 

Give the plot an appropriate title. 

 

 

VI-E-6 

 

Mark VI-E-6 on the top right side of your plot and attach after VI-D-8. 

Give the plot an appropriate title. 

 

 

VI-G-2 

 

Instructor Signoff: ____________________ 

 

 

VI-G-3 

 

Instructor Signoff: ____________________ 

 

 

VI-G-4 

 

Instructor Signoff: ____________________ 

 


