The Game of Shouting Match
PART NO. 2184181

This is an electronic game project that measures the intensity of a sound burst. A
microphone picks up the sound and triggers an electronic “scoring” circuit that turns on
a string of ten LEDs to show the sound intensity. To make it fun, the LEDs will turn on
one by one, accompanied by an increasingly higher audio tone. If full scale is reached, it
will have a dramatic effect of flashing all LEDs with accompanying high pitch.
You will learn how to use operational amplifiers (LM324) and comparators (LM339) as
basic building blocks to make Voltage Controlled Oscillator, ramp generator and sound
amplifier. A specialty IC LM3914 is used to drive the LEDs indicating the sound intensity
level.
http://youtu.be/GNG44Jb_-r0

Video Demonstration
Experience Level: Advanced
Time Required:10-20 hours depending on experience

Kit Overview
Circuit Schematics

Circuit Operation
The basic building blocks of the electronic circuit are:
1.
2.
3.
4.
5.

Sound amplifier.
Ramp generator.
LED driver LM3914.
Voltage controlled oscillator (VCO).
Power supply.

Sound amplifier
The sound signal picked up at the electret microphone is only a few mV. U1B and U1A
form a two-stage amplifier to magnify the signal to several Volts, suitable to drive the
ramp generator. The first stage U1B is a logarithmic amplifier. The output voltage is a
log function of the input voltage. Human hearing tends to follow this function where
increasing the sound intensity by a decade feels like linear increase in its volume. With
the component value specified, the signal relationship is approximately as follows:
Sound signal MIC
1mVp-p
10mVp-p
100mVp-p

Voltage at U1 pin 7
0.3Vp-p
0.5Vp-p
0.7Vp-p

LED scale
1
5
10 (full)

The logarithmic conversion of the signal is achieved by D1 and D2. The microphone
signal at C2 is converted to proportional current of R3 that is tied to the operational
amplifier’s virtual ground. This current is forced through D1 or D2 producing in the
logarithm function of the signal at U1 pin 7.
The second stage of the sound amplifier U1A drives the signal to about 2.0 – 3.0V (at
full scale) suitable to drive the scoring circuit LM3914. The gain can be controlled by
VR1 to adjust the sensitivity of the device. The amplifier also rectifies the positive half of
the sound signal with D3.

Ramp generator
The ramp generator has two main functions: 1. Store the sound intensity voltage level.
2. Produce a slow ramp up signal feeding LM3914.
R7 and C6 filter out the sound frequency of the amplifier and deliver the envelope of the
sound packet to the base of Q2. The peak level of the sound packet is subsequently
stored in C8 through Q2. C8 is the storage tank of the sound voltage level. When the
voltage at the base of Q2 falls below that of C8, Q2 turns off and the charge in C8 can
be kept; barring some leakage current. Note that C8 can only be charged by Q2 and
discharged by U2A through D4.
When the stored voltage at C8 exceeds that of U2B pin 6, the comparator is triggered
and its output turns high. This triggers a slow ramp up of the voltage at C10 through
R12. The signal is used by pin 5 of LM3914 to drive the LEDs one by one as it ramps
up. When the ramp signal reaches the voltage level of C8, U2A is triggered, discharging
C8 to zero through D4. This also causes the ramp signal to return to low immediately
through D5. This resets the ramp generator to the initial state, waiting for another sound
burst to trigger it. LED0 is turned on by Q3 when the ramp signal is triggered; indicating

that sound level is being evaluated.
The highest voltage level reached by the ramp signal is dependent on the stored
voltage at C8, achieving the sound intensity scoring of the circuit. The design takes
about 10 seconds to ramp up to full scale. The timing diagram of the signals is shown
below:

Q1 serves as a switch to shut down the sound level detection about 0.2 second after the
ramp generator is triggered. The reason is because the tone produced by the speaker
can be detected by the microphone. It could mistakenly increase the voltage level at C8,
causing the circuit to report incorrect sound intensity.

LED driver
LM3914 is a specialty IC that was designed to be used for digital VU meter application.
It senses an analog signal at the SIG pin and drives ten LEDs to indicate the voltage
level at the pin. Internally, it has a bank of ten comparators that turns on each LED at
the preset voltage level. The IC is used in the “bar” mode in this design where the lowerranked LEDs remain on.
The trigger level of LED1 is adjusted by VR2 to be between 0.6V to 1.8V. The full scale
trigger level of LM3914 is 1.25V above that of LED1. VR1 adjusts the gain of U1A,
setting the desired full scale sound trigger level. The design purposely allows VR1 and
VR2 to have a wide range of adjustment so that the circuit can operate with different

microphones under varying degree of background noise and game difficulty level. A
strong background noise level or sensitive microphone requires a higher trigger level for
LED1 while reducing the gain of U1A requires higher sound intensity to reach full scale.
LM3914 regulates the current of each LED to attain similar brightness. In this design,
the current is programmed to be about 10mA for each LED using R18. If the ramp
voltage level reaches the level of LED10, C3 and R16 form a feedback circuit that
causes all ten LEDs to flash, providing a dramatic effect. This is achieved by quenching
the current at pin 7 to turn off all LEDs momentarily.
A typical LED has about 1.6 – 2.2V voltage drop when turned on with 10mA current. D8,
D9, D10 provide additional 1.8V drop so that the LED pins of U3 have a lower voltage
level when turned on. This helps to divert heating power away from LM3914 to the
diodes. It also causes larger voltage swing at the output pins so that the VCO is less
dependent on the variations of the LED forward voltage. R19A – R19J ensure that the
voltage is at +5V when LEDs are off.

Voltage controlled oscillator
U1D, U2D and U2C form a voltage controlled oscillator (VCO). The oscillator frequency
is proportional to the voltage level of the VFRQ signal at pin 8 of U1C. R25 and R26 set
the non-inverting input of U1D to 0.5VFRQ. This ensures that pin 13 of U1D is also
pegged to 0.5VFRQ at all times. The open collector of U2C acts as a switch. When the
switch is off, current from R23 flows to charge C16 and the output of U1D drops. The
charging current is proportional to 0.5VFRQ. When U2C is switched on, current flows
through R24 which is specifically designed to be double that of R23. The current
through C16 will be reversed with the same magnitude as the charging current. The
charging and discharging action produced a triangle wave at the output of U1D where
the frequency is proportional to VFRQ. U2D acts as a Schmitt Trigger to convert the
triangular wave to square wave and drives Q4 and the speaker. The output of the
Schmitt Trigger also drives U2C. R34 can be lowered to produce louder tone but do not
exceed the safe current and power level of Q4 and speaker.
R30 and R31 shut down the VCO by disabling U2C when LED1 is off. This breaks the
feedback loop of the VCO and ensures zero frequency output. Note that Q4 is designed
to be turned off when the VCO is off to conserve power.
R20A – R20J sample the on/off voltage of the LED pins to derive the frequency control
voltage VFRQ through U1C. When a LED is off, R19A – R19J pulls the pin voltage to
+5V. When turned on, the pin voltage drops and the voltage difference is summed at
U1C pin 9. This voltage is then inverted to derive the VFRQ signal. As more LED turns
on, VFRQ signal goes higher to generate higher audio tone at the speaker. The
frequency range can be adjusted by VR3. The DC offset level of the VCO is also
adjusted by VR4 to set the frequency of the first audio note when only LED1 is on.
Adjusting the two VRs will produce different audio effects for fun.

Power supply
The power supply uses LM7805 to provide a stable +5V to the circuit. R1, C1 provide
additional filtering to the microphone power supply because it is operating at the mV
range. D7 protects the device from accidental inversion of battery polarity. C11 and C12
provide power stabilization. LED11 indicates the power supply. Battery or AC adapter
power is suitable. The design consumes about 180mA current when the VCO and all
LEDs are turned on.

Required tools or supplies not included
Low voltage signal wires.
Adhesive and fastener to secure components, circuit board and project enclosure.
Soldering equipment.
Digital Multimeter (DMM).
Drill and hardware for enclosure box carpentry.
Alligator clips.

Est. time required to complete: 10 - 20 hours

Bill of Material
Manufactur Jameco
Quant
er Part
Part
ity
Number
Number

Name

Component

MIC

MICROHPONE CARTRIDGE,
1.5~12V, 2 PIN

1

320179

SPEAKER

SPEAKER, ROUND, 1.3", 8 OHM,
0.2W

1

2095234

D1 – D6

DIODE, General Purpose, 1N914

6

1N914

36311

D7 – D10

50 VOLT 1 AMP SILICON
RECTIFIER DIODE

4

1N4001

35975

Q1 – Q3

TRANSISTOR, 2N3904, NPN

3

2N3904

38359

Q4

TRANSISTOR, PN2907A, PNP, GP

1

PN2907A

178520

U1

IC, QUAD Op Amp, LM324

1

LM324N

23683

U2

IC, QUAD COMPARATOR, LM339

1

LM339N

23851

U3

IC, Dot/Bar Display Driver, LM3914

1

LM3914N-1

300003

U4

Standard Regulator, 5 Volt, 1A, 3-Pin

1

7805T

51262

IC socket, 14 pin, DIP

2

37197

IC socket, 18 pin, DIP

1

65585

PROTOBOARD, 4.1 x 2.4 inch

1

28178

Connector pins, 25.4mm, straight
single row, 20 position

1

103369

BATTERY SNAP

1

109154

LED, Uni-Color, Yellow, 5mm

4

333622

LED, Uni-Color, Green, 5mm

6

334086

LED, Uni-Color, Red, 5mm

2

333973

LED0, LED6 –
LED8
LED1 – LED5,
LED11
LED9, LED10

VR1, VR4

POTENTIOMETER,100K

2

254036

VR2

POTENTIOMETER,1K

1

253982

VR3

POTENTIOMETER,50K

1

254028

R1

RESISTOR, 2K, 0.25W

1

690937

RESISTOR, 10K, 0.25W

16

2157167

RESISTOR, 100K, 0.25W

8

2156084

RESISTOR, 5.1K, 0.25W

6

691032

R9, R22

RESISTOR, 51K, 0.25W

2

691278

R12

RESISTOR, 220K, 0.25W

1

691420

R14, R35

RESISTOR, 330 Ohm, 0.25W

2

690742

R15, R21

RESISTOR, 1K, 0.25W

2

2157159

R16

RESISTOR, 510 Ohm, 0.25W

1

690793

R17, R34

RESISTOR, 100 Ohm, 0.25W

2

2157175

R18

RESISTOR, 1.2K, 0.25W

1

690881

R20A – R20J

RESISTOR, 680K, 0.25W

10

691542

R30

RESISTOR, 120K, 0.25W

1

691366

C1

CAPACITOR, POLARIZED, 470uF

1

158203

C2, C5, C14,
C16

CAPACITOR, Ceramic, 0.022uF

4

15245

C3, C8, C15

CAPACITOR, POLARIZED, 10uF

3

330799

C4

CAPACITOR, Ceramic, 220pF

1

15413

C6

CAPACITOR, Ceramic, 0.01uF

1

15229

C7

CAPACITOR, POLARIZED, 22uF

1

158327

C9

CAPACITOR, MONOLITHIC, 0.1uF

1

25523

C10

CAPACITOR, POLARIZED, 47uF

1

609502

C11, C12

CAPACITOR, POLARIZED, 1000uF,
16V

2

330722

C13

CAPACITOR, POLARIZED, 100uF

1

330740

R2, R3, R6, R7,
R13, R19A –
R19J, R23
R4, R8, R25 R29, R31
R5, R10, R11,
R24, R32, R33

Component Pin Identification
Component

Pin Identification

MIC

SPEAKER

D1 - D6, 1N914,
Diode

D7 – D10, 1N4001,
Diode

Q1 – Q3, 2N3904

K

A

Schematic representation

Q4, PN2907A

U1, LM324

U2, LM339

U3, LM3914

U4, LM7805

VI GND VO

LED0 – LED11, Red,
Green or Yellow
color

VR1 – VR4, Trimmer
resistor

Resistor, 0.25W

Capacitor

Electrolytic Capacitor

Resistor color codes (5% error tolerance)
Name

Value

Resistor color code

R1

2K

Red-Black-Red-Gold

R2, R3, R6, R7, R13, R19A – R19J, R23

10K

Brown-Black-Orange-Gold

R4, R8, R25 - R29, R31

100K

Brown-Black-Yellow-Gold

R5, R10, R11, R24, R32, R33

5.1K

Green-Brown-Red-Gold

R9, R22

51K

Green-Brown- Orange -Gold

R12

220K

Red-Red-Yellow-Gold

R14, R35

330

Orange -Orange-Brown-Gold

R15, R21

1K

Brown-Black-Red-Gold

R16

510

Green-Brown- Brown-Gold

R17, R34

100

Brown-Black- Brown-Gold

R18

1.2K

Brown-Red-Red-Gold

R20A – R20J

680K

Blue-Grey-Yellow-Gold

R30

120K

Brown-Red-Yellow-Gold

Project Steps
Step 1: Component placement on circuit board
Objective: Place circuit board components to ensure feasibility before soldering.
This is a component planning step without soldering. Insert all components on the circuit
board. The recommended component placement is given below. Some components
may have a slightly different size than the placement plan given and it may not be
possible or necessary to have identical placement. It is important to place all
components before soldering to avoid time consuming rework after soldering. Use
adhesive tape to secure IC sockets and components to the circuit board if necessary.
Some soldering points are needed on the top side of the circuit board to connect wires
for LEDs, speakers and microphone. Make sure that these soldering points have
sufficient clearance from other components for easy soldering access.
Note that the bottom-view is left-right flipped.

Step 2: Circuit board wiring
Objective: Solder circuit board components and wires.
In this step, solder the components on the circuit board according to the wiring diagram.
It is recommended to start with the signal wiring before +5V and GND wiring. Use
header pins for the PCB front side soldering points. You can also use scrap component
pin leads instead.
Temporarily solder the LEDs, speaker, MIC and battery wires on the board for testing
purpose. After test completion, you can rework them in the project enclosure.

Component soldering completed at Step 2.

Wiring on the back side of the circuit board

Caution: Use the wiring plan as the reference. Do not use the photos.
The board and components provided may be different.

Step 3: PCB wiring tests
Objective: Test the wiring of the circuit without power applied.
Prior to this step, all wiring of the circuit has been completed. Completion of mechanical
construction is not necessary at this step. Follow the test procedures below in the order
described. This is essential to ensure that you have wired the components properly. It
also minimizes the risk of permanently destroying ICs caused by improper wiring,
soldering or defective components. When installing IC to its socket, pay attention to the
polarity. Wrong installation may cause permanent damage to the IC. Use the continuity
test of Digital Multimeter (DMM) to check wiring and soldering when in doubt.

WARNING: Follow the test procedures in the order described. Do not
proceed to the next test until the current test has passed.

Test 3A: Ground network continuity
The purpose this test is to make sure that the soldering work of the +5V and GND
network is good. This is done without any ICs in the socket and no power supply to the
circuit. Set your DMM to beeping continuity test or resistance measurement. Pick a
component of the GND line, for example the negative pin of C11. Measure the
continuity to every test-point listed below to ensure that the resistance is less than 10
Ohms.
Test 3A: Test-points for GND network continuity test.
No power applied.
U1 pin 11
U2 pin 12
U3 pin 2
U4 pin GND (center)
Q1 pin E
Q3 pin E
D6 pin K
LED11 pin K
VR4
C1, C3, C6, C7, C8, C9, C10, C11, C12, C15
R26, R28, R34
SPEAKER
MIC
Battery

Test 3B: +5V network continuity
This test is the same as Test 3A but repeated for the +5V network. The following test
points must be connected:
Test 3B: Test-points for +5V network continuity test. No power
applied.
U1 pin 4
U2 pin 3
U3 pins 3, 9
U4 pin VO
Q2 pin C
Q4 pin E
D8 pin A
LED0 pin A
C12
R1, R10, R11, R15, R17, R19A – R19J, R22, R27, R30, R32

Test 3C: IC pins short-circuit to +5V or GND
This test ensures that no signal pin of U1, U2 and U3 socket is shorted to the power or
ground network. Do not install U1, U2 and U3. Do not apply power to the circuit during
this test. Set your DMM to beeping continuity test or resistance measurement. Measure
the resistance of every pin at the IC socket to the GND line. The resistance should not
be near zero, except for the case when the pin is connected to the GND network.
Repeat the same test for short-circuit to the +5V power network.

Test 3D: VCC to GND resistance
In this test, we want to make sure that there is no short-circuit in the power supply
network. Do not install U1, U2 and U3. Do not apply any power to the circuit during this
test. Use a DMM to measure the resistance between pin 4 and pin 11 of U1 socket. It
should be several K Ohms. The resistance is primarily from the internal resistance of
LM7805. If this resistance is below 100 Ohms, you might have a +5V to GND short
circuit. Check your soldering work to locate the problem. Do not power up the circuit
when there is +5V to GND short. Due to the large capacitance of C12, the resistance
measurement might need 30 seconds to settle to the final resistance reading depending
on the DMM.

Step 4: Power supply and LED tests
Objective: Test power supply and LEDs without ICs installed.
The circuit requires 7.5 – 9VDC power supply with maximum current no more than
200mA. Use small, low power batteries such as AA sized. Do not use lead-acid battery
or any type that can supply high current. Do not use AC power adapter at this step. You
can use it after all test procedures has passed.

Test 4A: Current consumption and voltage regulation
This is the first test with power applied. Do not install any ICs in the socket. Connect 7.5
– 9VDC battery power and measure the current drawn from the battery. It should be no
more than 30mA. If the current consumption is more than 50mA, remove the power
immediately and check for short-circuit, improper soldering, incorrect component values
or defective components. At this time, LED0 and LED11 should turn on while LED1 –
LED10 should be off.
Next measure the voltage between +5V and GND. It should be 5.0 0.25V, ensuring
that LM7805 is regulating the voltage properly. Check your battery supply voltage if this
voltage is too low. The input of LM7805 needs to be 2.0V higher than the output to
regulate the voltage properly.

Test 4A: Measuring current consumption.

Test 4B: IC socket power and signals
Measure the voltages at the socket pins of U1, U2, U3 with respect to GND. The
following voltage should be observed:

Test 4B: Voltage levels of IC socket with respect to GND. U1, U2, U3 not
installed.
Test point

Voltage Note

U1 pin 4

U2 pin 1

5.0V
0–
3.3V
3.5V

Power supply of LM324
From resistor divider of R22 and VR4. Adjustable
from 0 to 2/3 power supply.
Voltage divider of R11 and R13

U2 pin 2

5.0V

Pull up resistor R10

U2 pin 3

5.0V

Power supply of LM339

U2 pin 4

3.5V

Same as U2 pin 1

U2 pins 9,10

3.3V

U2 pin 11

5.0V

U2 pin 14

4.9V

Voltage divider of R27, R28, R29 and R32.
Pulled up by R30, R31 and R19A because LM3914
is not installed
Voltage divider of R27, R28, R29 and R32

U3 pins 1,10 – 18

5.0V

Pulled up by R19A – R19J

U3 pins 3, 9

5.0V

Connected to +5V

U1 pin 10

Test 4C: LED1 – LED10 on/off.
The test setup is the same as Test 4A without U1, U2 and U3 installed. Use a 330 Ohm
resistor to connect U3 pin 1 (LED1) to pin 2 (GND). This simulates the condition where
LM3914 turns on LED1. You should see that LED1 turns on while at the same time the
current drawn from the battery increase by 2 – 5mA depending on the LED used. Check
the polarities of LED1, D8, D9, and D10 if LED1 does not turn on. If the current drawn is
out of range, the diodes D8, D9, D10 might be shorted or R19A – R19J might have
wrong values.

330 Ohm
Resistor

Test 4C: A 330 Ohm resistor between U3 pin 1 to pin 2 to turn on LED1.
Repeat this test for pins 11 – 18 with the 330 Ohm resistor to GND to test LED2 –
LED9.
For pin 10 (corresponding to LED10), the test procedure is the same except that the
current drawn can increase by 6 – 10mA when LED10 turns on. This is because the
current path is through R15 and R17 instead of D8, D9, D10.

Caution: Do not install ICs into socket until Tests 4A – 4C have all
passed. Doing so may cause IC damages. Check your soldering work
if any test fails.

Step 5: LM3914 LED driver tests
Objective: Test operations of LM3914.
The tests in this step ensure that LM3914 is operating properly. You might want to refer
to the datasheet of the device to get a better understanding of the tests
(http://www.ti.com/product/lm3914).

Test 5A: LM3914 reference voltage and adjustment
Install U3 LM3914 but do not install U1 (LM324) and U2 (LM339). Use a scrap pin lead
to connect socket U2 pin 1 to pin 12 (GND). This holds the ramp signal down. The test
setup is shown below:

Pin lead between
U2 pin 1 and pin 12

Test 5A: Test setup to measure LM3914 reference voltages.
Power up the circuit and monitor the current consumption. It should be no more than
30mA. Measure the voltage across R18 (between pin 7 and pin 8 of U3). This voltage is
provided by the internal reference voltage generator of LM3914 and is precisely
controlled to be 1.25V 3%. Check for IC pin short circuit or the value of R18 if this
voltage is not present.

Now measure the voltage between pin 8 and GND. This voltage is adjustable by VR2.
When VR2 is at zero resistance, the voltage is dictated by D6 to be 0.6V. When VR2 is
at maximum resistance, the measured voltage should be about 1.8V. This voltage is
used to set the triggering level of LED1. Higher voltage setting requires louder sound to
trigger LED1.
After adjusting the voltage level with VR2, measure the voltage of pin 4 to make sure
that it is identical to pin 8 since the two pins are connected. Do the same with pin 6 and
pin 7. This is required to ensure proper operation of LM3914.

Test 5B: Driving LED1 – LED10
Install U3 LM3914 but do not install U1 (LM324) and U2 (LM339). Use a jumper wire to
connect socket of U1 pin 10 to U2 pin 4. This allows you to use VR4 to adjust the
voltage level of U3 pin 5. The test setup is shown below:

Jumper wire from
U1 pin 10 to U2 pin 4

Test 5B: Driving LED1 – LED10 with voltage level of VR4.
LM3914 turns on LED1 when the SIG (5) pin slightly exceeds its RLO (4) pin. LEDs
reach full scale when the signal exceeds the RHI (6) pin. This test verifies that LED1 –
LED10 turn on at the appropriate voltage levels. Note down the voltage levels of RLO
and RHI. Use your DMM to monitor the voltage at pin 5 (SIG) and adjust VR4 to vary its
voltage. You should see that no LED turns on when the voltage is below RLO. When it

is slightly above RLO, LED1 turns on. As you increase the voltage at U3 pin 5, more
LEDs turned on. Full scale is reached when pin 5 is at the voltage level of RHI. All 10
LEDs also flash at the rate of about 2 – 3 times per seconds after reaching full scale.
Repeat this test with different levels of RLO by adjusting VR2.
If you see only one LED turns on at a time, U3 pin 9 is probably not connected to +5V
causing LM3914 to operate in the “Dot Mode.” If the LEDs can reach full scale but fail to
flash, check R15, R16, R17 and C13.
LM3914 controls the current of the LEDs for brightness. In this design, each LED is
driven with 10mA (allows 30%). Measure the difference in system current
consumption before and after an LED turns on to verify that the current is within range.
If the current is too high, the LED or IC could be damaged. If the current is too low, the
LED will be dimmed. Check the value of R18 if the current is too high or too low.

Test 5C: Ramp signal driving LED1 – LED10
Install U3 LM3914 but do not install U1 (LM324) and U2 (LM339). Use a bypass pin
lead to connect socket U2 pin 1 to pin 12 (GND). This holds the ramp signal down. The
test setup is identical to Test 5A. At this time, LED1 – LED10 should be all off.
Remove the pin lead at socket U2 with power still applied. This simulates the condition
that the circuit is triggered by a sound burst. It causes C10 to be charged, generating
the ramp signal that drives U3 pin 5. At this time, you should see that LED1 – LED10
turn on one by one. It takes about 10 seconds to reach full scale. If LEDs reach full
scale too soon, check the polarity of D5, the values of R22 and C10.
Restore the pin lead at U2 socket. The ramp signal should immediately drop to zero and
turn off all LEDs. If the signal slowly ramps down instead, D5 might be unconnected or
at the wrong polarity.

Step 6: Sound pickup tests
Objective: Test the sound pickup and storage capability.
The tests in this step verify the operations of the sound amplifier and the capability to
store sound intensity level. You might want to refer to the datasheet of LM324 to get a
better understanding of the tests (http://www.ti.com/product/lm324).

Test 6A: Sound amplifier
Install U1 (LM324) but do not install U2 and U3. To provide proper bias to the amplifier,
use a 1K resistor and connect between socket U3 pin 3 and pin 7. The resistor
simulates the internal reference voltage generator of U3 so that D6 provides 0.6V
needed to operate the sound amplifier. The test setup is shown below:

1K resistor
between U3 pin 3
and pin 7.

Test 6A: Testing sound amplifier.
First, measure the voltage across the microphone. It should be between 1 – 3V
depending on the electret microphone. Check the values of R1 and R2 if this voltage is
not within range. Next, measure the quiet voltage (no sound applied) of U1 pins 1, 2, 3,
5, 6, 7. All pins should be at 0.6V when the microphone is not picking up sound.

Measure the DC voltage level of U1 pin 1. Apply sound to the microphone and observe
that the voltage level rises. Louder sound should produce a higher voltage. Adjust VR1
to vary the gain of the sound amplifier. Higher VR1 resistance should result in higher
voltage at pin1 with the same sound intensity applied. A voltage up to 3V could be
registered depending on the sound intensity.
If U1 pin 1 voltage drops with sound applied, check the polarity of D3. If the pin voltage
does not change with sound applied, check that the capacitance of C4 is not too large.
Also check that the voltage level at U1 pin 7 and at the microphone could change a little
(a few mV) with sound applied. Check that no pin of U1A and U1B is shorted to power
or ground if pin 1 is not responding to sound. If the voltage swings wildly with weak
sound input, R3 or R5 might have incorrect value or D1 and D2 may be unconnected
resulting in too much gain of the amplifier.

Test 6B: Sound intensity level storage
This test verifies that the sound intensity level can be properly stored on C8. Install U1
(LM324) but do not install U2 and U3. To provide proper bias to the amplifier, use a 1K
resistor to connect between socket U3 pin 3 and pin 7. This setup is similar to Test 6A.
Use a scrap pin lead to connect socket U2 pin 1 to pin 12 (GND). This holds down the
ramp signal (see Test 5A) and enables Q1 and Q2 to detect sound. The test setup is
shown below:

Bypass pin lead
between U2 pin 1
and pin 12

1K resistor
between U3 pin 3
and pin 7.

Test 6B: Testing sound intensity storage capability.

Use DMM to measure the voltage across C8. The voltage should be near zero when
quiet. Apply various intensity sounds and verify that the voltage across C8 could
increase with sound intensity. In normal operation, the charge in C8 will be stored until
reset by U2A. Because U2 is not installed in this test, the reset operation is not possible.
However, the DMM provides a leakage path that discharges C8. When no sound is
picked up, the voltage level should drop slowly depending on the DMM.
To verify the voltage retention capability of C8, apply sound to charge it to about 2V.
Remove the DMM probe of C8 for about 5 seconds and reconnect it while remain quiet.
Note the voltage immediately before the probe is removed and after the probe is
restored. The voltage should not change by more than 0.2V within the 5 second interval.
This verifies that C8 can retain its charge.
If C8 cannot be charged, check that pin B of Q1 is below 0.1V (turned off). Also check
that the output of the sound amplifier is reaching Q2 pin B through R7. Q2 pin C also
needs to be connected to +5V to charge C8. If C8 is constantly charged, check the
polarity of D4. Also check that the quite level of U1 pin 1 and Q2 pin B is no more than
0.6V to stop charging C8.
If the voltage level drops too quickly, C8 capacitance might be too low. Check that there
is no other leakage path other than the DMM.

Step 7: Sound trigger tests
Objective: Test the ramp triggering, reset and VCO control.
The tests in this step use U2 (LM339) for the first time. You might want to refer to the
datasheet of LM339 to get a better understanding of the tests
(http://www.ti.com/product/lm339).

Test 7A: Ramp signal trigger and reset
Install U1 (LM324) and U2 (LM399) but do not install U3. To provide proper bias to the
amplifier, use a 1K resistor and connect between socket U3 pin 3 and pin 7. This is
similar to Test 6A. The resistor simulates the internal reference voltage generator of U3
so that D6 provides 0.6V needed to operate the sound amplifier. This test ensures that
sound picked up at the microphone can trigger and reset the ramp signal. It verifies the
operations of U2A and U2B.

1K resistor
between U3 pin
3 and pin 7.

Test 7A: Testing ramp signal trigger and reset.
First, adjust VR1 to the middle resistance value and VR2 to zero resistance. Measure
the voltage at U2 pin 6 to verify that it is at 0.6V. Then, measure the voltage across C8

and apply sound to the microphone. C8 should be charged above 0.6V. (This has been
verified in Test 6B.) At the same time, LED0 turns on, indicating that U2B output has
switched from low to high. C10 will be slowly charged through R12. When C10 voltage
exceeds that of C8, U2A is triggered. This immediately discharges C8, returning U2B
output to low and discharge C10 as well. The circuit goes back to the dormant state
waiting for the next trigger.
Louder sound causes C8 to be charged higher allowing the ramp signal to rise to a
higher level, corresponding to more LEDs turned on. Verify this with different sound
trigger level. Repeat the test by observing the voltage at U3 pin 5 to ensure that the
ramp signal of C10 is reaching the socket properly.

Test 7B: Multiple trigger lock out
The test setup is identical to Test 7A. Dial VR2 to zero resistance so that U2 pin 6 is at
the lowest voltage of 0.6V. This makes it easier to trigger the ramp signal.
We want to verify that Q1 can shut down subsequent sound trigger when the ramp
signal is activated. Apply a low intensity sound so that C8 is charged to about 1.0V.
While the ramp up signal is triggered, apply a very high intensity sound. You should see
that the charge level at C8 should not increase at all because Q1 locks down Q2 when
U2 pin 1 is high. Only a loud sound burst at the dormant state can charge C8. R9, C7
provide about 0.2 second delay before shutting down Q1. The stored sound intensity
level is therefore only captured within 0.2 second of the sound burst. This prevents the
speaker tone from being picked up by the microphone and affects the sound level
reported by the LEDs.

Test 7C: VCO on/off and tone control
Begin with the test setup identical to Test 7A. Measure the voltage across R34. It should
be near zero when the VCO is off. Use a 330 Ohm resistor to connect U3 pin 1 to pin 2
(GND). This is similar to Test 4C. The VCO should now be activated with a tone heard
from the speaker. The test setup is shown below:

1K resistor
between U3 pin 3
and pin 7.

330 Ohm resistor
between U3 pin 1
and pin 1 and pin 2.

Test 7C: Testing VCO
If the VCO fails to turn on, check that U2 pin 11 is at 2.5 0.2V. Also check that U1 pin 8
(the VFRQ signal) is not stuck at near zero by adjusting the wiper of VR4 towards R22.
The trouble shooting of the VCO requires an oscilloscope to verify the presence of
triangle wave at U1 pin 14 and square wave at U2 pin 14. With only DMM, you can still
check that the following pins are not stuck at near zero or 5V: U1 pins 8, 12, 13 and 14,
U2 pins 8, 9, 10, 11, 13 and 14. If these signals are not stuck, check Q4 pins B, C and
C17. If C16, R23 and R24 values are too low, the VCO might be oscillating at a
frequency that exceeds the audio range to be heard.
If the tone is generated, adjust VR3 and VR4 at different positions. This should change
the frequency of the tone. Measure the voltage at U1 pin 8 to verify that the tone
frequency increases with voltage level at VFRQ.

Step 8: System completion
Objective: Complete system test and project completion.
At this point, most function blocks of the system have been tested individually. Install all
ICs and perform the final integration test. You can rework the LEDs, speakers and MIC
properly in the project enclosure before the final system test. You can also replace the
battery with AC power adapter. In this example, a plastic candy box painted black was
used as the project enclosure. LEDs are glued to a strip and secured with foam blocks
and tapes.

Step 8: Project enclosure.
Apply sound to verify the entire system operation. If any part of the system does not
work as expected, locate the problem area and repeat one of the tests in the previous
steps. Adjust VR1 – VR4 to your specific environment. VR1 and VR2 adjust the
sensitivity to sound and full scale level. VR3 and VR4 adjust the audio tone when the
LEDs turn on. If VR4 is set too low, the first few LEDs may not increase the tone pitch.
Similar condition might happen if VR3 resistance is too high. However, the operation of
the circuit should not be affected by the settings of VR3 and VR4.

Step 8: Completed project.

http://youtu.be/GNG44Jb_-r0

Video Demonstration

Summary of test procedures
Test procedures

Passing criteria

Test 3A: Continuity test of
GND network.

Component pins listed have near zero resistance
among them.

Test 3B: Continuity test of +5V
network.

Component pins listed have near zero resistance
among them.

Test 3C: IC pins shorted to
+5V or GND.

No pin of IC socket is shorted to the +5V or GND
network except when connected to it.

Test 3D: +5V to GND
resistance.

Resistance more than 100 Ohms between +5V and
GND.

Test 4A: Current consumption
and voltage regulation. U1,
U2, U3 not installed.

Current drawn from battery is no more than 30mA.
Measured voltage between +5V and GND is
5.0 0.25V.
LED0 and LED11 are on. LED1 – LED10 are off.

Test 4B: IC socket voltage.
U1, U2, U3 not installed.

Voltages at IC socket pins are as specified in the table.

Test 4C: LED1 – LED10
on/off.

LED1 – LED10 turn on when 330 Ohm resistor is
shorted from the corresponding drive pin to GND.
System current consumption increases by 2 – 5mA
when each of LED1 – LED9 is on.
System current consumption increases by 6 – 10mA
when LED10 is on.

Test 5A: LM3914 reference
voltages.

System current consumption no more than 30mA.
Voltage at U3 pin 8 (REFADJ) is adjustable by VR2
between 0.6 – 1.8V 10%.
Voltage at U3 pin 7 (REFOUT) is 1.25V 3% above pin
8 regardless of pin 8 voltage.
Voltage at U3 pin 4 is identical to pin 8. Voltage at pin
6 is identical to pin 7.

Test 5B: Driving LED1 –
LED10.

LED1 turns on when U3 pin 5 (SIG) voltage is slightly
above pin 4 (RLO) voltage.
LED10 turns on (full scale) when U3 pin 5 (SIG)
voltage is above pin 6 (RHI). All 10 LEDs flash 2 – 3
times per second at full scale.
LED1 – LED10 are off when SIG voltage is below
RLO.
Lower-ranked LEDs remain on a when higher-ranked
LED is on.

Test 5C: Ramp signal driving
LED1 – LED10.

Each LED turned on increases the system current
consumption by 10mA 30%.

Ramp signal can drive LED1 – LED10 when bypass
lead from U2 pin 1 to GND is removed.
Ramp signal reaches full scale in about 10 seconds.
Ramp signal drops to zero immediately when the
bypass lead is restored.

Test 6A: Sound amplifier.

Voltage across MIC is 1 – 3V.
Voltages at U1 pins 1, 2, 3, 5, 6, 7 are 0.6V when quiet
(the microphone is not picking up sound.)
Sound application raises voltage at U1 pin 1. Louder
sound raises the voltage higher. Higher resistance of
VR1 produces higher voltage with the same sound
input.

Test 6B: Sound intensity level
storage.

Voltage across C8 is zero when quiet. Voltage across
C8 increases with louder sound.
Voltage across C8 does not leak more than 0.2V in 5
seconds when quiet.

Test 7A: Ramp signal trigger
and reset.

Voltage at U2 pin 6 is 0.6V consistent with D6.
LED0 turns on when sound is applied. Louder sound
causes LED0 to turn on longer.
Voltage at U3 pin 5 ramps up when LED0 turns on and
drops to zero immediately when LED0 turns off.

Test 7B: Multiple trigger lock
out.

Subsequent higher intensity sound cannot increase the
voltage of C8 after the first trigger.

Test 7C: VCO on/off and tone
control.

Voltage across R34 is near zero when VCO is off.
A 330 Ohm resistor between U3 pin 1 and pin 2 (GND)
can turn on VCO with tone heard from the speaker.
VCO turned off when the resistor is removed.
VR3 and VR4 can change the tone frequency.
Frequency increases with higher voltage at U1 pin 8.
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