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Integrated Circuits
Power Amplifier
Tonight's lab will introduce you to two concepts in electronics. Operational amplifier power amplification and "dead-bug" construction.

Let's talk about dead-bug
construction first. Here is a
project I did for the
magazine showing how to
make a digital thermometer
using a digital voltmeter and
(guess what) a diode as a
temperature sensor. Hey, if
the technology hands you
lemons, make lemonade.
Anyway, the article (see the
last pages of this lab) used
an LM324 and "dead bug"
construction.

Here is a close-up of
the 14 pin LM324
integrated circuit.
Note that the "legs"
or terminals of the
package are sticking
straight up into the
air, resembling a
cockroach that had an
overdose of Old
Rammycackle for
dinner. In other
words, a dead bug.
What are the
advantages of this
form of construction?
For one thing, it is
cheap and easy to do.
I can go from
schematic to finished
circuit in far less time
than it takes to do it
on a proto-board.
Two, it is relatively
simple to simply solder parts directly to the scrap PC board material and have them remain fairly well in place. Three, it is fairly easy to desolder the
circuit if I've made an error or want to change the circuit.
Let's get to building the amplifier. Cut yourself a piece of pc board material about 4" square. Trim off any rough edges that the shear left on the
board with a file. (It won't hurt the circuit to leave them on, but you may cut yourself on the sharp edges.)
Here is the data sheet for the little LM386 chip that we are going to use, followed by the schematic of the amplifier we are going to build for
ourselves. The step-by-step instructions begin on page 6.

Step By Step Instructions:
1. Cut a short ( 1/2" ) bare wire from one end of the 10Ω (brown-black-black-gold resistor. Bend the wire into an L shape with equal legs on
the L.
2. Identify pin 1 on the LM386 integrated circuit. On the BOTTOM of the IC scratch a line or mark to identify pin 1 when the IC is upside
down.
3. Place the IC near the center of the pc board material that you cut into a square. Turn the heat control on your soldering iron all the way up
and solder the wire L to the pc board near pin 4 of the IC. Solder the wire so that the free end of the wire is vertical. See first page of data
sheet to identify pin 4 of the IC.
4. Solder the free end of the wire to pin 4 of the IC.
5. The battery clip has two wires, black and red. Bend the wire end of the red wire into a U hook and place the U around pin 6 of the IC.
Crimp the U closed with longnose pliers and solder the red wire to pin 6. Be careful not to make a solder bridge between pin 6 and pins 5
or 7. Do not put the battery into the clip yet.
6. Solder the black battery clip wire near the edge of the pc board.
7. Cut the 10Ω (brown-black-black-gold) resistor wires to about ¼ " long each. Bend both ends into a U shape and crimp one end to pin 5 of
the IC, then solder using as little solder as possible ("tack solder"). Save the cutoff leads.
8. Cut both leads of a 100 nanofarad (may be marked 0.1 microfarad or .1µf) to ¼". Bend one lead into a U shape, crimp it into the free end
of the 10Ω resistor (crimp both U hooks together) and solder.
9. Bend the other end of the 100 nanofarad capacitor so it lies flat on the pc board and solder it to the pc board.
10. Cut the (+) lead of the 100 microfarad electrolytic capacitor to about 1". Bend a U hook at the end and crimp-solder it to pin 5 of the IC.
Hot glue the capacitor to the board making sure that none of the case of the capacitor is touching the board. Cut the remaining (-) lead of
the capacitor to about ½" and leave it free-floating straight up from the board.
11. Look at the back (black plastic) of the volume control 100kΩ potentiometer and note that it has three terminals ("pins"). Call them left,
center, and right.
12. Solder one of the cutoff resistor wire leads to the center pin (using the U-hook method). Solder the other end of the wire to pin 3 of the
IC in such a manner that the left pin of the control is touching the pc board.

13. Solder the left pin of the control to the pc board.
14. Cut both ends of the remaining 100 nanofarad capacitor to ¼". Bend a U-hook into both ends. Solder one end into the right pin of the
volume control. Leave the other end free-floating for the time being.
15. Have the instructor or lab assistant look at your work before installing the 9 volt battery.
16. Connect a speaker using alligator clipleads, one end to the pc board and the other end to the free lead of the 100µf capacitor. The speaker
MAY have a (+) sign on it or not. If it does, the (+) sign goes to the capacitor.
17. Use the trainer function generator by setting the frequency to 1000 Hz. (1 kHz.) and the output level to 100 millivolts peak-to-peak. Use
the digital oscilloscope to set the level (have the instructor or lab tech show you how to set a level and a frequency using the 'scope).
18. Use the volume control to set the output across the speaker to 1 volt peak-to-peak.
19. Now, using the oscilloscope to measure the output across the speaker, and without touching the input level control(s), lower the frequency
until the output has dropped to 700 millivolts (70% of 1 volt). Record that frequency here __________________
20. Similarly, return the frequency to 1 kHz. and note that the output has returned to one volt. Increase the frequency until the output has
dropped to 700 millivolts. Record that frequency here ___________.
21. What you have just done is a bandwidth test of this amplifier. When you buy a piece of sound equipment it will say something like
"Frequency response flat from 30 Hz. to 30 kHz.). Your amplifier is "flat" between the two frequencies you recorded above.
22. Remove the oscilloscope and trainer function generator from the circuit.
23. (If the computers are so equipped in the classroom). Connect the "shell" or longest pin out the back of a 3mm stereo connector to the pc
board using a long alligator cliplead. Connect either of the two short pins to the free lead of the 100 nanofarad capacitor (input). Plug the
stereo connector into the CDROM on the computer and insert a music CD into the CDROM player. You should hear the music in the
speaker.
24. Briefly remove the alligator cliplead from one short pin and put it on the other short pin. You should hear at least a minor change in the
sound. What you are listening to are the left and right channels of the music on the CD coming out those two pins.

