Infrared Add-On Module
for Line Following Robot
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Jeffrey La Favre

The infrared add-on module allows multiple line following robots to operate on the same track by
preventing collisions at intersections. When two robots meet at an intersection, the IR emitter output
of the robot on the left is detected by the robot on the right, causing the robot on the right to stop until
the robot on the left clears the intersection.
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The module schematic above is divided into five circuits. The voltage regulator (VR) of the Power Supply
Circuit provides five volt regulated power to IC1, IC2 and IC3. Direct supply of power from the nine volt
battery to IC1 and IC2 is not possible because their maximum voltages allowed are 6.0 and 5.5 volts
respectively.

Integrated circuit IC1 is a Hex Schmitt-Trigger Inverter (manufactured by Texas Instruments, part
number SN74AC14). The word Hex indicates that the chip contains six independent inverters, as can be
seen in the schematic. An inverter converts a low voltage input to a high voltage output and a high
voltage input to a low voltage output. The input pinsare 1, 3,5, 9, 11, and 13 and the output pins
paired with the inputs are pins 2, 4, 6, 8, 10 and 12 respectively. Positive power is applied at pin 14 and
negative power at pin 7. The IR module utilizes only four of the six inverters. If an inverter is not
utilized, its input should be grounded (connected to negative power bus). Notice that input pins 5 and 9



are grounded and therefore, those are the two inverters that are not used. The output pins of unused
inverters are not grounded. That is why there are no connections to pins 6 and 8.

The two inverters connected to pins 1 through 4 are utilized in the IR Emitter Circuit. IR emitter D5 (a
type of LED that emits infrared light) must emit infrared light at a pulse rate of 38,000 Hz. That means
the IR emitter must turn on and off 38,000 times each second.

The current pulses that turn the IR emitter on and off are produced by the inverter connected to pins 1
and 2. At the instant power is applied to IC1, pin 2 outputs 5 volts, which causes current to flow through
resistors R9 and R8. The resistance of R8 is adjustable so that the rate of current flow can be adjusted.
As the current flows through the resistors, it charges capacitor C6 (as a capacitor charges, it stores
electrons). As the capacitor is charged, the voltage applied to pin 1 (input pin) rises. At a certain rising
voltage on pin 1, the inverter is triggered which causes pin 2 to output 0 volts. When this happens, C6
begins to discharge (electrons drain out of the capacitor). As the voltage supplied to pin 1 by C6 drops,
at a certain low voltage, the inverter is triggered once again and the output voltage at pin 2 changes
back to 5 volts. This cycle repeats over and over continuously as long as power is applied to IC1. The
time period of the cycle is determined by the values of resistors R8 and R9 and the value of capacitor C6.
The higher the value of C6, the longer time it takes for the capacitor to charge and discharge. The higher
the value of resistors R8 and R9, the lower the current flow, which results in a longer time to charge and
discharge capacitor C6.

The values of C6, R8 and R9 were selected so that the capacitor will charge and discharge about 38,000
times each second. As you have already learned, the marked value on resistors is usually not the exact
true value. The true value must be determined by a meter. The same applies for capacitors. Therefore,
it is necessary to have some way to adjust those values so that the charge/discharge rate equals 38,000
Hz. That is why R8 is an adjustable resistor. You will adjust R8 so that the charge/discharge rate equals
38 kHz.

Output pin 2 of IC1 is also connected to input pin 3 of IC1. Therefore, when the output of pin 2 is high (5
volts) the output of pin 4 is low (0 volts). And when the output of pin 2 is low, the output of pin 4 is
high. The output of pin 4 is the mirror image of the output at pin 2. Also, the output pulse at pin 4 will
be 38 kHz if that is the rate at output pin 2.

Pin 4 of IC1 is connected to a series circuit containing resistors R10 and R11 and IR LED (IR emitter) D5.
Therefore, if the inverter output of pin 4 cycles at 38 kHz, then the IR LED D5 will flash on and off 38,000
times each second. That is exactly what we want to happen because the IR detector (IC2) is designed to
detect IR light at a pulse rate of 38 kHz. Resistors R10 and R11 limit the amount of current supplied to
D5. R11is an adjustable resistor, which is used to adjust the brightness of the IR LED D5.

You may be wondering why it is necessary to use two inverters to supply a 38 kHz pulse current to the IR
emitter. Why not just connect the output pin 2 to the circuit containing D5? If we did that, the pulse
rate would not be stable. The circuit containing D5 would share the current supplied by pin 2 with the
circuit containing R8, R9 and C6. During operation, D5 heats, causing a variation in the current draw of
the D5 circuit. That variation would also cause a variation in the pulse rate output at pin 2. To prevent



this instability in pulse rate, the output of pin 2 is connected to the input at pin 3. By this method, the
current supplied to R8, R9 and C6 is constant and the pulse rate produced is stable.

The IR module must produce and detect infrared light pulsing at 38 kHz. Now let’s learn how the IR
pulse is detected. Integrated chip IC2 is an IR Receiver Module (manufactured by Vishay, part number
TSSP4038). This IC is designed to detect infrared light pulsing at a rate of 38 kHz. That is why the IR
emitter D5 is adjusted to pulse at 38 kHz.

IC2 is most sensitive to infrared light at a wavelength of 950 nanometers (nm). lIts sensitivity to light at
850 and 1100 nm is only 10% of that at 950 nm. IC2 is not sensitive at all to visible light. Therefore, we
want to use an IR emitting diode that emits light close to a wavelength of 950 nm. The IR LED D5
selected for this project is a Vishay part number CQY36N, which emits IR at a peak of 950 nm, a good
match to our IR detector.

IC2 has three pins. The middle pin (pin 2) connects to the negative power
supply. Pin three connects to the positive power supply, which must not be
more than 5.5 volts. Ceramic capacitor C3 is connected between pins 2 and 3 to
function as a noise filter for IC2. Pin 1 is the output pin of IC2. If no IR pulse at
38 kHz is detected, then the output at pin 1 is 5 volts. If an IR pulse is detected,
the output of pin 1 is 0 volts. Notice that pin 1 of IC2 is connected to pin 13 of IC1. Therefore, pin 13 of

IC1 receives the output of IC2.

When an IR pulse of 38 kHz is detected, we want our IR module to disconnect power from the robot
motors. Let’s follow the path of action that makes that happen. When IC2 detects the IR pulse, it
supplies 0 volts to input pin 13 of IC1. The 0 volt input at pin 13 causes the output of the inverter at pin
12 to be 5 volts. Pin 12 is connected to input pin 11 of a second inverter. Therefore, the output pin 10
of the second inverter outputs 0 volts when 5 volts is applied to input pin 11. To summarize, an input of
0 volts at pin 13 results in an output of 0 volts at pin 10. The output of pin 10 is connected to pins 2 and
6 of IC3. IC3is an LM393 voltage comparator, the same type used on the main PCB of the robot.
Therefore, the output of pin 10 of IC1 is connected to the negative input pins of the LM393. Recall that
if the input voltage of the negative input pin is greater than the input voltage at the positive input pin,
the internal switch of the voltage comparator is turned on. If IC2 detects the IR pulse, 0 volts is applied
to pins 2 and 6 of LM393 (IC3). The voltage divider created by resistors R2 and R3 supplies 2.5 volts to
pins 3 and 5 of IC3, which are the positive input pins for the two voltage comparators. Therefore, if an
IR pulse is detected, the switches of IC3 are turned off, which in turn turns off power transistors Q1 and
Q2. When transistors Q1 and Q2 are turned off, power is disconnected. That is exactly what we want.
When an IR pulse at 38 kHz is detected, we want the IR module to disconnect power to the motors so
that the robot will stop.

The function of IC3 in this module is essentially the same as the LM393 chip used on the main robot PCB.
It is wired to control power to the motors. Outputs at pins 1 and 7 are connected by resistors R5 and R4
to the bases of transistors Q2 and Q1, which in turn provide power to the robot motors. In the wiring
for this breadboard, green LEDs D3 and D4 are connected to the power transistors to visually indicate



when the transistors are on and supplying power. When you wire the module on a circuit board, the
green LEDs and current limiting resistors R7 and R8 will not be included. Instead, you will wire the
power transistors to the robot motors.

There is one circuit remaining on the breadboard that we have not discussed yet. Red LED D6 is
connected to output pin 12 of IC1. When an IR pulse is detected, pin 12 outputs 5 volts which causes D6
to glow indicating detection. The red color of the LED reminds us that the robot is in the stop condition.
Resistor 12 functions as the current limiter for D6.

Assembly of Power Supply Circuit on Breadboard

All jumper wires for the breadboard are 22 gauge solid wire.
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The red wire just to the right of D1 is not needed, please disregard. Insert film capacitor C1 (1.0
UF, 63 volts) with one pin in row 7 of the board and the other pin in row 9.

Prepare a black jumper wire and insert one end in row 7 and the other end to the negative
power bus at bottom of the breadboard.

Prepare a red jumper wire and insert one end in row 9 of the breadboard and the other end to
the positive power bus at the bottom of the board. C1 is now connected across the positive and
negative power supply busses at the bottom of the board. These power busses will connect to
the nine volt battery and C1 serves as a noise filter (suppresses voltage spikes) for the 9 volt
supply.



6. Insert the voltage regulator (VR), with its flat face pointing toward the top of the board as seen
in the photo. The left pin of VR should be inserted into row 9 of the board, middle pin in row 10
and right pin in row 11. Do not confuse this component with the two transistors you will use
later. The number FKE26 LM78L 05ACZ is printed on the flat face of the voltage regulator. You
may need to use a magnifying glass to read it.

7. Prepare three black jumper wires and connect one end of each to the bottom negative power
bus. The other ends should be connected to rows 10, 12 and 15 as seen in photo.

8. Insert electrolytic capacitor C2 (22 uF, 25 volts) with its negative wire in row 12 and its positive
wire in row 11. C2 functions as a noise filter for the 5 volt regulated supply from the voltage
regulator. Notice that the positive wire of C2 is connected to the 5 volt output of the voltage
regulator (the right wire of VR) and the negative wire of C2 is connected to the negative power
bus.

9. Prepare ared jumper wire and connect one end to row 11, the same row that contains the
positive wire of C2. Connect the other end of the wire to the positive power bus at the top of
the board. This wire connects the 5 volt output of VR to the positive power bus at top of board.

10. Prepare a red jumper wire and connect one end to the positive power bus at the top of the
board. Insert the other end into row 14 as seen in photo. This will supply 5 volts to red LED D2.

11. Insert the long wire (anode) of red LED D2 into the same row (row 14) that contains the red
jumper of step 10. Connect the short wire (cathode) to row 15. D2 functions as a power
indicator. When it glows, you know that power is being received from the battery through the
voltage regulator (VR).

12. Bend the wires of resistor R1 (1,000 Q) so that it will fit the board as seen in the photo and insert
one end in the same row that contains the cathode of D2 (row 15 at top of board). Connect the
other end to row 15 at bottom of the board. R1 functions as a current limiter for the red LED
D2.

13. Prepare a black jumper wire and connect it to the negative power bus at the bottom of the
board. Connect the upper end to the negative power bus at the top of the board.

14. Connect the red wire from the battery to row 2, the same row that contains the left pin of
switch SW1. Connect the black wire from the battery to the bottom negative power bus as seen
in the photo.

15. Ask an adult to check your wiring.

This completes the wiring of the power supply circuit. The voltage regulator (VR) converts the 9 volt
supply from the battery to 5 volts. With the flat surface of VR pointing upward, the left wire should be
connected to the positive side of the 9 volt battery. The middle wire should be connected to the
negative side of the 9 volt battery. Then the right wire of VR supplies a positive 5.0 volts regulated. You
should notice that your wiring sets up two power buses on the breadboard. The bus at the top supplies
5.0 volts regulated, while the lower bus supplies the unregulated voltage from the battery (about 9
volts). The term regulated means the voltage will always be close to 5.0 volts (+ 5% or 4.75 to 5.25 volts)
provided the battery voltage is above 5 volts. The voltage directly from the battery is not regulated
(unregulated). Asthe battery charge is depleted the battery will drop in voltage because it is not
regulated.



The inverter chip (IC1) that you will wire next requires a regulated 5.0 volt supply to operate properly. It

will not function at all if supplied 9 volts. That is why it is necessary to include the voltage regulator for

this module. In contrast, the integrated circuit you used previously for the line following robot does not

require a regulated voltage. It will work fine at 9 volts. Different classes of integrated circuits can have

different power supply (voltage) requirements. When designing a circuit containing an integrated

circuit, you should consult the data sheet for the IC to determine the power requirements.

Measuring voltages of the power supply

Before you continue with the next circuit, you should measure voltages on your board to confirm

operation of the voltage regulator.
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11.

12.

13.

Slide the switch SW1 to the right (the off position)

Connect the 9 volt battery

Slide the switch to the on position.

Is the red LED D2 glowing? Yes No If the answer is no, then you need to

troubleshoot your wiring. Ask an adult for help if you need it.

Slide the switch to the off position

Insert a short piece of bare 22 gauge wire into the positive power bus at the top of the board.
Also insert pieces into the positive and negative power busses at the bottom of the board.
Make sure these wire do not touch each other as this would cause a short circuit. These will
serve as test points to measure voltages.

Set your meter to read DC volts (a setting of 10 volts maximum or next higher setting).

Slide the switch to the on position. The red LED should be glowing.

Touch the black meter probe to the test point connected to the negative power bus at bottom
of board and the red meter probe to the test point connected to positive power bus at bottom
of the board. Make sure you do not create a short circuit while measuring the voltage.

Read the voltage from the meter and record it here volts. It should be 9 volts or a
little higher if you have a fresh battery.

Touch the black meter probe to the negative test point and the red meter probe to the positive
test point at the top of the board. Avoid creating a short circuit while measuring the voltage.
Read the voltage from the meter and record it here volts. It should be close to 5
volts (between 4.75 and 5.25 volts)

When you have completed your measurements, slide the switch to the off position and
disconnect the battery. Also turn off your meter. Remove the bare wire test points.

If you obtained the proper voltages at the test points (about 9 volts unregulated and 5 volts

regulated), then your power supply circuit is functioning properly and you are ready to continue.

The next circuit you will build is the Infrared Emitter circuit. The directions are on the next page.



Assembly of IR Emitter Circuit on Breadboard

The integrated circuit IC1 should already be inserted on the breadboard as seen in the photo below,
rows 24 through 30 of the left half of the board.

1. Insert tantalum capacitor C5
(10 pF, 25 volts) into board
with positive wire in same
row as pin #14 of IC1 (the
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2. Insert ceramic capacitor C4
(0.1 puF, 50 volts) into board
with one wire in same row as
pin #14 of IC1. The remaining
wire should be inserted into
the next row to the left of pin
#14. Capacitors C4 and C5
protect IC1 from voltage

spikes that could cause it to malfunction.

3. Prepare a black jumper wire and connect one end to the top negative power bus (just below
blue line at top of photo) and the other end to row #23, the same row as the negative wire of
C5. The filtering effect of C4 and C5 requires that one wire of each be connected to the positive
5 volt power supply close to the IC1 chip and the other wire of each to the negative power
supply.

4. Prepare ared jumper wire and connect one end to the five volt positive power bus (just above
the red line at top of photo) and the other end to row #24, the same row that contains pin #14
of IC1. This jumper provides 5 volts power to IC1, required at pin #14.

5. Prepare three black jumper wires. Connect one end of each to the negative power bus at top of
board. Connect the other ends to the rows containing pins #9, 11 and 13 of IC1. All input pins
for1C1(1,3,5,9, 11, 13) must be connected to the negative power bus if they are not
connected to any other component. Pin #9 will not be used for this project and the black
jumper connecting it to the negative bus will remain. The jumpers to pins #11 and 13 are only
temporary and will be removed before you complete the wiring of IC1. This will protect the IC1
chip from damage when applying power to adjust trimmer pot R8, which will be done before
completing the wiring of IC1.

6. Prepare a green jumper wire. Connect one end to the same row that contains pin #1 of IC1. The
other end should be inserted into the second row to the left of pin #1.



10.

11.

12.

13.
14.

15.

16.

17.

Insert trimmer pot R8 (20 turn, 10,000 Q) with its center pin in the same row as the left end of
the green wire of step 6.

Prepare resistor R9 (22,000 Q) by bending its wires so that they span five rows. Insert the left
wire into the same row that contains the left pin of R8 (row 21 in photo). Insert the other end in
the same row that contains pin #2 of IC1 (row 25 in photo).

Insert one wire of film capacitor C6 (0.001 uF, 50 volts) into the same row that contains pin #1 of
IC1 (row 24 in photo) and the other wire of C6 into the negative power bus at the bottom
(below blue line in the photo).

Prepare a short piece of bare wire and bend it to span two rows. Then use this wire to connect
the rows containing pins #2 and 3 of IC1.

Prepare resistor R10 (470 Q) to span the distance as seen in the photo. Insert the left wire into
the same row that contains pin #4 of IC1 and insert the other wire into the first row of the right
half of the breadboard (see photo). This resistor, in combination with R11, controls the current
to IR emitting diode D5.

Pins #5 and 7 of IC1 must be connected to the negative power bus as seen in the photo. Prepare
two black wires as jumpers from pins #5 and 7 to the negative power bus and install them in the
breadboard. Pin #5 is an unused input pin and pin #7 is the negative power connection for IC1.
Install trimmer pot R11 (1,000 Q) with its left pin in the same row as the right wire of R10.
Prepare a green jumper wire that will span seven rows. Insert the left end into the same row as
the center pin of R11. Insert the right side of the wire seven rows to the right of the left end
(when counting, also count the row containing the left side of the wire).

Insert the longer wire of IR emitter D5 (anode) into the same row (row 8 in photo) that contains
the right side of the green wire of step 14. Insert the shorter wire (cathode) into the next row to
the right (row 9 in photo).

Prepare a black jumper wire to connect the cathode of D5 to the bottom negative power bus as
seen in the photo (in the photo the jumper is connected to row 9 and the negative power bus).
Ask an adult to check your wiring.

You have now completed the wiring of the IR emitter circuit. Before you continue with the next
circuit, you should adjust resistor R8 so that the flashing rate of the IR emitter is 38,000 Hz (38,000
flashes per second). Obviously we cannot adjust the flashing rate by counting the number of flashes

just using our eyes. First of all, humans cannot see infrared light. Secondly, the flashing rate is

obviously much too fast to count. However, we can use an instrument to count the pulses of

electric current delivered to the IR emitter from IC1. Mr. La Favre has two instruments that can be

used to measure the pulse rate: 1) digital multimeter 2) digital oscilloscope. When you are ready to

make your adjustment, an adult will assist you in connecting either instrument to your breadboard.

While the instrument displays the pulse rate, you will adjust the screw of R8 until the instrument

indicates a pulse rate of 38,000 Hz.



The positive probe of the instrument should be connected to the left wire of resistor R10 and the
negative probe should be connected to a wire that is inserted into the negative power bus. Then
turn on the power switch of the breadboard to display the pulse rate on the instrument.
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The image above is a copy of my oscilloscope screen after | adjusted R8 to obtain a pulse rate of 38
kHz. Notice that on the right the frequency is displayed as 38.11 kHz. Well, this is not exactly 38
kHz, but it is close enough.

The advantage of an oscilloscope is that it displays the wave pattern of the pulsating signal. This
particular pattern is called a square wave. When the voltage is low, the wave trace makes a
horizontal line near the bottom. Then over a very short period of time the voltage jumps up to a
high voltage and then stays there for about half the cycle period. Then it quickly plunges down to
the bottom, indicating a rapid loss of voltage. The complete pattern of one low horizontal line
followed by a rising vertical line, then a high horizontal line and lastly a plunging vertical line
constitutes one cycle. The square pattern indicates that over the majority of the cycle period, the
voltage is either low or high and not at intermediate voltage values. This is the typical pattern seen
in digital circuitry. In contrast, the AC power delivered to your
home has a sine wave pattern. A sine wave looks more like a

t - 4 \ ."‘n'.
water wave, seen from its side. In AC power, the voltage rises and Y AA
drops gradually from the bottom to top and return as seen in the Ll | |
image to the right. oV _,i_ 1l ............. .

In the next section you will wire the IR detector to IC1. The IR
detector is designed to detect infrared light that flashes at 38,000
Hz. Thatis why you need to adjust the flash rate of the IR emitter.

While the detector can detect flashing rates slightly below and
above 38,000 Hz, it is most sensitive in detection at 38,000 Hz.
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Assembly of IR Detector Circuit on Breadboard

1.

Remove the two black jumper wires that connect rows 25 and 27 to the negative power bus
(they have already been removed in the photo below).

Insert the IR detector (IC2) on
the breadboard. The dark
lens should point to the

pin of IC2 should be in row
17, the middle pin in row 18
and the right pin in row 19 as

' -~

seen in photo.

Prepare a black jumper wire
and connect one end to the
top negative power bus and
the other end to row 18. This
connects the middle pin of

IC2 to the negative power
supply as needed.
Prepare a red jumper wire and connect one end to the top positive power bus. Connect the
other end to row 19. This connects the right pin of IC2 to the positive power supply.

Connect one wire of capacitor C3 to row 19 and the other wire to row 18, as seen in photo.
Prepare a green jumper wire to connect the left pin of IC2 (row 17) to pin 13 (row 25) of IC1.
The left pin of IC2 is the output pin. Pin 13 is one of 6 input pins of IC1. Pin 12 is the output that
is paired with input pin 13. IC1 is a hex inverter chip, which means it has 6 inverters. If a high
voltage (such as 5 volts) is applied to the input pin of an inverter, the output pin of the inverter
puts out a low voltage (0 volts). When IC2 detects an IR 38 kHz pulse, the left pin outputs zero
volts and if there is no detection it outputs 5 volts. Therefore, when the IR pulse is detected,
zero volts are applied to pin 13 of IC1 which results in 5 volts output at pin 12 of IC1.

Prepare a bare wire jumper to span 2 rows and use it to connect pins 11 and 12 of IC1 (rows 26
and 27). This transfers the output of pin 12 to the input pin 11 and also a green wire connected
in row 27. Now notice that there are 2 green wires, one attached to row 27 and one attached to
row 28. You will attach these later. The green wire connected to row 27 sends the output of pin
12 to a red LED (not shown in the photo). When this red LED is glowing it indicates that an IR
pulse has been detected. How does that happen? When the IR pulse is detected, input pin 13
receives zero volts which causes output pin 12 to output 5 volts. The 5 volts is connected to row
27 by the wire jumper between row 26 (pin 12) and row 27, which also contains the green wire
that connects to the red LED. Therefore, the 5 volts of output pin 12 is applied to the red LED,
causing it to glow. If there is no IR pulse detected, pin 13 receives 5 volts, which causes pin 12
to be 0 volts. In that condition zero volts is applied from pin 12 to the red LED and it does not
glow, indicating that no IR pulse is detected. The green wire connected to row 28 receives the
output of pin 10. Its function will be explained later.
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8. Ask an adult to check your wiring.

Assembly of Voltage Comparator and Power Transistor Circuits on Breadboard
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The voltage comparator IC3 should already be inserted on the board with its notch on the right side.
Pins 1 and 8 are inserted into row 13 of the board and pins 4 and 5 in row 10.

1. Bend the wires of resistor R2 (2,200 Q) so that they span 6 rows. Insert R2 into rows 6 and 11 as
seen in photo.

2. Prepare ared jumper wire and connect it to the positive power bus and row 6.

Bend the wires of resistor R3 (2,200 Q) so that they span 6 rows. Insert R3 into rows 11 and 16
as seen in the photo.

4. Prepare a black jumper wire and connect it to the negative power bus and row 16.

5. Prepare a green jumper wire and connect it to row 11 (IC3 pin 3) and row 10 (IC3 pin 5) as seen
in photo. You have now completed the first circuit in this section. Notice that resistors R2 and
R3 are in series and are connected to the 5 volt power bus. They function as a voltage divider.
These resistors have the same resistance value. Therefore, if we place a test point between the
two resistors in row 11 we can measure 2.5 volts at that location if our black meter probe is
connected to the negative power bus. That 2.5 volt source is also applied to pins 3 and 5 of IC3.
Those are the positive input pins for each voltage comparator of IC3.

6. Prepare a green jumper wire and connect it to row 12 (pin 2 of IC3). Connect the other end of
the wire to row 11 (pin 6 of IC3).

7. Prepare a green jumper wire and connect it to top row 28 of IC1. Connect the other end to row
11 (pin 6 of IC3). You have now completed the second circuit which sends the signal from IC1
pin 10 (top row 28) to the negative input pins 2 and 6 of IC3. If there is no IR pulse detection
then the output of pin 10 of IC1 will be 5 volts. The 5 volts will be applied to both negative input
pins of IC3. As we have already learned, 2.5 volts will be applied to the positive input pins of



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
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IC3. Therefore, when there is no detection of an IR pulse, the switches of IC3 will be turned on
and likewise, the power transistors will also be turned on, allowing power to connect to the
robot motors. This is what we want. If an IR pulse is detected, we want the robot to stop. If
there is no detection, the robot should be moving. That will happen when pin 10 of IC1 outputs
zero volts.

Prepare a green jumper wire and connect one end to the top 27 row of IC1 (pin 11). Connect
the other end to top 29 row to the far right of the board.

Insert red LED D6 into board with long wire (anode) in row 29 and cathode (short wire) in row
30 as seen in photo.

Prepare resistor R12 (470 Q) to fit the board and insert in rows 30, jumping the gap, as seen in
photo.

Prepare and insert a black jumper wire to connect R12 to the bottom negative power bus. You
have now completed the circuit from pin 12 of IC1 through D6 to the negative power bus. The
red LED D6 glows when an IR pulse is detected. You could think of it as a red stop light.

Bend the wires of resistor R4 (2200 Q) so that it spans 7 rows. Insert it in board as seen in
photo, with the left end in row 12 (pin 7 of IC3) and the right end in row 18.

Bend the wires of resistor R5 (2200 Q) so that it spans 7 rows. Insert it in board as seen in
photo, with the left end in row 13 (pin 1 of IC3) and the right end in row 19.

Insert transistor Q1 with its flat face down, its left wire in row 17, middle wire in row 18 and
right wire in row 19, as seen in photo.

Prepare a red jumper wire and insert one end into row 17, the same row that contains the left
wire of Q1. Insert the other end into the bottom positive power bus (see photo).

Insert transistor Q2 with its flat face down, its left wire in row 18, middle wire in row 19 and
right wire in row 20, as seen in photo.

Prepare a red jumper wire and insert one end into row 18, the same row that contains the left
pin of Q2. Insert the other end into row 17, the same row that contains the left pin of Q1.
Insert green LED D3 with its long wire (anode) in row 20 and its short wire (cathode) in row 21 as
seen in photo.

Insert green LED D4 with its long wire (anode) in row 19 and its short wire (cathode) in row 20 as
seen in photo.

Bend the wires of resistor R6 (470 Q) so that they span 6 rows and insert in board with its left
end in row 21 and right end in row 26 as seen in photo.

Bend the wires of resistor R7 (470 Q) so that they span 7 rows and insert in board with its left
end in row 20 and right end in row 26 as seen in photo.

Prepare a black jumper wire and connect it to the row 26 (same row as right end of R6) and the
top negative power bus, as seen in photo.

Prepare a black jumper wire and connect it to row 26 (same row as right end of R7) and the
bottom negative power bus, as seen in photo.

Prepare a black jumper wire and connect it to row 10 (pin 4 of IC3) and the top negative power
bus.

Prepare a red jumper wire and connect it to row 13 (pin 8 of IC3) and the top positive power
bus.
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26. | forgot to add capacitor C7 to my breadboard before | took the photos for these instructions.
Therefore, | left that step out in these instructions, since the breadboard will still function
without C7. Nevertheless, we will include C7 when you wire the IR module on the circuit board.

27. Ask an adult to check your wiring.

Congratulations! You have completed all wiring on the breadboard. IC3 is a voltage comparator, the
same type (LM393) used on the main board of the line following robot. If you compare the wiring of
both IC chips, you will notice that the wiring is nearly identical. The only difference is the inputs to
the chips. The LM393 on the main board gets its inputs from two sets of photoresistors while the
LM393 on the IR module gets one input from pin 10 of IC1 and one input from a 2.5 volt source
created by the circuit containing resistors R2 and R3.

When you wire the IR module on a circuit board there will be some differences compared to the
wiring on the breadboard. The circuit board will contain two Molex headers, one with 2 pins and
one with 4 pins. There will be a two-wire set containing Molex connectors, one connector for the 2
pin header on the IR module and the other connector which will connect to the two pin header on
the main PCB labeled “Tube LEDs.” This wire set transfers power from the 9 volt power bus on the
main PCB and delivers it to the IR module. Since there is already a power switch connected to the
main PCB, there is no need to add another one to the IR module.

The wiring for your robot already contains a wiring set containing four wires and a Molex connector
with a shunt inserted into the connector. After you finish your IR module, you will remove the shunt
from the connector and insert this four-wire connector into the four-pin Molex header on the IR
module. Power for the motors coming from the main PCB is transferred by two of the wires to the
inputs of transistors Q1 and Q2 of the IR module. The other two wires of the four-wire set are
connected to the outputs of transistors Q1 and Q2 of the IR module. These two wires provide
power to the motors. Therefore, transistors Q1 and Q2 of the IR module must be turned on as well
as the power transistors on the main PCB board before power is delivered to the motors. The
power for each motor must pass through two power transistors in series, one on the main PCB and
the other on the IR module. Both transistors must be turned on in order for the motor to receive
power.

The wiring for your breadboard includes two green LEDs, which will not be included when you wire
the circuits of the IR module on a circuit board. Each one of the green LEDs (D3 and D4) is
connected to the output of one power transistor (Q1 and Q2). When these green LEDs are glowing
it indicates that their connected power transistors are turned on. We could include these LEDs on
the circuit board, but it is not necessary. There are already LEDs on the main PCB board to indicate
when power is being applied to a motor. Furthermore, when the power transistors on the IR
module are off, then the red LED D6 glows, which provides a check of function of the IR module.

Testing your IR module

1. Connect a9 volt battery to the breadboard.
2. Set the power switch to the on position.
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3. Eventhough the IR emitter D5 is pointing away from the IR detector IC2, there will probably be
enough infrared light emitted off the side of D5 to trigger the IR detector. If the detector is in
the “detect” condition, then the red LED D6 should be glowing and the green LEDs D3 and D4
should be off. If this is not the case, then ask an adult for help in troubleshooting the problem.

4. Now place your hand or another object between the IR emitter and the IR detector to block the
infrared light from reaching the detector. If you are successful in blocking enough IR light, then
the red LED D6 should turn off and the green LEDs D3 and D4 should be glowing. If this is what
you observe, then your circuits are operating properly. If not, then ask an adult to help you
troubleshoot the problem.

Parts List
Capacitors

C1 1.0 pF, film, 63 VDC Digi-key 3019PH-ND

C2 22 pF, 25V, aluminum Digi-key 604-1052-ND
C3,C4,C7 0.1 pF, ceramic, 50 V Digi-key BC2665CT-ND
C5 10 pF, tantalum, 25V Digi-key 399-3565-ND

C6 0.001 pF, film, 50 VDC Digi-key 493-3377-ND

Resistors (1/4 or 1/2 watt)

R1 1,000 Q Digi-key SIKHCT-ND

R2, R3, R4, R5 2,200 Q Digi-key 2.2KH-ND

R6, R7, R10, R12 470 Q Digi-key CF14JT470RCT-ND

R8 10,000 Q 25 turn trimmer pot Digi-key 3296W-1-103RLFCT-ND
R9 22,000 Q Digi-key S22KQCT-ND

R11 1,000 Q 1 turn trimmer pot Digi-key 3386W-1-102RLFCT-ND

Diodes

D1 Schottky diode 20 volt, 1 amp Digi-key 1N5817-TPCT-ND

D2, D6 red LED Digi-key 160-1087-ND

D3, D4 green LED Digi-key 160-1131-ND

D5 IR Emitter 950 nm (Vishay part number CQY36N) Digi-key 751-1026-ND

Transistors

Q1, Q2 PNP bipolar, TO-92 package, 500 mA (Fairchild Semiconductor PN2907A) Digi-key
PN2907ABUFS-ND

Integrated Circuits

IC1 Hex Schmitt-Trigger Inverter, 14 pin DIP (Texas Instruments, part number SN74AC14) Digi-key 296-
4301-5-ND



IC2 IR Receiver Module, 38 kHz (Vishay, part number TSSP4038) Digi-key TSSP4038-ND
IC3 LM393 dual voltage comparator, 8 pin DIP Digi-key LM393NGOS-ND
VR 5 volt linear voltage regulator 0.1 amp, TO92 package Digi-key LM78LO5ACZFS-ND

15



