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Lab #4: Audio Playback System

Introduction

In this lab, vou will construct, test and demonstrate the audio playback svstem that yvou desipned
im Problem Set $#11. The lab consists of two parts: pre-lab exercises and in-lab exercises; there
are no post-lab exercises. You should complete the pre-lab exercises in your lab notebook before
coming to lab. Then, carry out the in-lab exercises on your assigned lab day between May 3 and
May 7. Alter completing the in-lab exercises, have a TA or LA check vour work and sipn vour lab
notebook. You may hand in your lab notebook to gour TA for grading at that time, or any other
time before the week of final exams.

During the in-lab exercises, yvou are welcome to work with a partner. In thas case, it 15 best af
one person constructs the cdock and digital-to-analosr converter, while the other person constructs
the low-pass filter and power amplifier. These blocks can be constructed on separate protoboards.
Signal and pround connections may then be made between protoboards to complete the construction
of the audio playback system. The point of worlking with a partper s to speed up construction, but
not to miss out on testing all four blocks. If vou do work with a partner, make sure to participate

i testing the two blocks comstructed by your partner so that you see how they work.

Pre-Lab Exercises

(4-1) Copy into your lab notebook your design for the clock from Problem 1 of Problem Set #£11.
Label all resastor and capacitor names and values.

(4-2) Next to your design for the clock, copy into your lab notebook the graph from Part (E) of
Problem 1 of Problem Set 7211, You will use this information to determine whether the

clock you construct dunng In-Lab Exercise 4-2 works correctly.

(4-3) Copy into your lab notebook your design for the digital-to-analog converter from Problem 2
of Problem Set #4811, Label all resstor names and values.

(4-4) Next to your design for the digital-to-analog converter, make a table showing the expected
converter output vpac when each of the data-lnt input voltages 15 5 V and the others are
all } V. Base the table on the actual resstor values used in your desipn. Also, note the

expected value of the offset voltage vopp reguired to center the converter. You will use thes
information to determine whether the converter vou construet dunng In-Lab Exercise 4-4
works correctly.

(4-5) Copy into your lab notebook your design for the low-pass filter from Problem 3 of Problem
Set #E11. Label all resistor and capacitor names and values.

(4-6) Next to vour design for the low-pass filter, copy into your lab notebook the graph from



Part (F) of Problem 3 of Problem Set #11. Also, make a table showing the expected
magnitude and phase of the filter output v ppr gven a 2-V peak-to-peak simizsoidal input
with a frequency of 4 kHz, 8 kHz and 16 kHz. Base the table on the actual resistor and

capacitor values used 1 yvour design. You wall use this information to determine whether
the filter vou construct during In-Lab Exercise 4-6 works correctly.

(4-T) Copy into your lab notebook your design for the power amplifier from Problem 4 of
Problem Set #£11. Label all resistor and capacitor names and values.

(4-B) Next to your design for the power amplifier, make a table showing the expected magnitude
and phase of the power amphifier output vopr mven a 2-V pesk-to-peak sinusoidal input
with a frequency of 100 He, 100 He and 1 kHz. DBase the table on the actual resistor and
capacitor values used in your design. You wall use this information to determine whether
the amphfier you construct dunng In-Lab Exercise 4-8 works correctly.

In-lab Exercises

The in-lab exercises imvolve constructing and testing the mdividual funetional blocks of the andio
playback system, and then demomstrating the operation of the system as a whole. Before vou begin

to work on the in-lab exercees, vou must obtain from the Instrument Desk in the Lab a plug-in
board wath the counter and memory, a pezo-electne speaker, and a TAHC14 CMOS mverter clup
for constructing the clock. You may keep the inverter chip and the spesaker, but vou must return

the plug-in board.

The in-lab exercises are orgamzed so that you will construct and test one functional block at
a time. As each block 13 found to work properly, vou will connect 1t to those which already work.
Consequently, you will alternately construct and test vanous parts of the andio playvback system. Aas
you develop the system mm thas manner, it 15 essenizal thal you turn off the power to the protoboard
before you make modificalions bo your system, or begin any new construction. Ale, check your
wnrmyg carefully before turming the power back on. This will avoid damaging the components in the
system, and save you considerable debugzing time.

Finally, construct the functional blocks as compactly and neatly as possable. In this spant, you
should find it easiest to use the components to wire themselves together, rather than using extra
wires. 1his will save you considerable construction time, as well as considerable debugmng tine.

(4-1) To minimize wiring in this lab, the counter and memory have already been assembled
on a printed-circmt board. On the back of this board are pins that will plug into the
protoboards mn the Lab. Plug these pins into the protoboards so that each pan 15 mmserted
into a separate protoboard row. Further, locate the board so that there 13 considerable
protoboard space on the sade with the memory output data bits. This will make connection
to the board easiest. For example, locating the board towards the lower left corner of the
protoboard may prove best. The clock can then be constructed above the board, while the
dipital-to-analog converter, the low-pas filter and the power amphfier can be constructed
to the nght of the board.

Figure 1 shows the pin assipnments for the pnnted cirewnt board. The pins for the eight
memory output data bits are on the nght hand side. The pins for power and ground,
and the clock mput to the counter are on the left hand side. You should connect the
power pin to the 5V power supply on the protoboard, and the ground pin to ground



(4-2)

(4-3)

(4-4)

(4-5)

on the protoboard. There are also four counter and memory control pins which must be
connected to the 5-V power supply and ground as shown in Figure 1.

Following your design from Pre-Lab Exercise 4-1, comstruct the clock using the T4HC14
inverter clhup obtaaned earher. Figure 2 shows the pan assignments for the mmverter chap.
Use any two of the inverters in the chap, and leave the others unconnected. Do not yet
connect the clock output vop to the cock imput of the counter. Rather, we one channel
of the oscilloscope to observe the oscillator output vose, and trigger the oscilloscope from
that channel. Use the other channel to observe vesp and the clock output vy . Compare
what you observe with the osalloscope to the graph prepared dunng Pre-Lab Exercise 4-2
to determine whether or not the clock = functiomng properly. In particular, the clock
output vk should remain between 0V and 5 V s0 as not to damage the counter whach
it dirrves.

Provided that the clock hunctions properly, and most importantly that the clock output
vk remains within the range of 0 V to 5 V, connect the clock output to the clock input
of the counter. 'With the osallescope, venify that the eight data ats from the memory
output are changing i time.

Following yvour design from Pre-Lab Exercese 4-3, comstruct the digtal-to-analog converter
usmg & 141 op-amp. Figure 3 shows the pin assignments for the 741 op-amp. Do not yet
connect the converter data-bat inputs to the data-bat outputs from the memory. Rather,
adjust the offset voltage vogepe to 0V, and connect each input indivnidually to the 5-V power
supply while leaving the other inputs grounded. Then, measure vpac with the multimeter,
and compare the measurements to the data in the table prepared duning Pre-Lab Exercise
44 to determine whether or not the converter 15 functiomng properly.

Connect the eight data-bat inputs of the digital-to-analosr converter to their corresponding
data-bat outputs from the memory; refer to Figure 1 for the memory pin assignments.
With the ssalloscope, observe the converter output vpac. You should see an audio signal
reconstructed in a precewse constant manner. Adjust the offset voltage voppe 50 that the
andio s1gnal 15 centered around (0 V.
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Fipure 1: pin assignments for the pnnted ciremt board that contains the counter and memory.



