
J. La Favre Line following robot IR add-on board April 30, 2020

An online version with color photographs is available at: 
http://lafavre.us/robotics/line-following-robot-IR-add-on-new.pdf 

When you have finished the breadboard version of the IR add-on board, you are ready to build the IR  
add-on using a circuit board, which will be added to your line following robot.  The circuits for the circuit 
board are slightly different than those on the breadboard.  The circuit board has a 2-pin input header 
which provides power from the main robot board. The circuit board also contains a 4-pin header.  Two 
of the pins connect to motor positive power out on main board and the other pins connect to positive 
power of the motors.  When the board is connected to your robot, both the main board and IR add-on 
work together to control power to the motors.  The main board controls which motor receives power 
according to what the photocells see on the floor (detecting the line).  However, the power to motors 
must also pass through the add-on board before reaching the motors.  If the add-on board detects IR 
from another robot, then it disconnects the power to the motors.  The schematic located on the last 
page of this lesson is for the circuit board version of the IR add-on.

Mr. La Favre designed the IR add-on board, there is no commercially available printed circuit board. You 
will be using a solder-able breadboard as your circuit board.  The bottom edge of the board is printed 
with "sparkfun.com" and at the top edge "PTH-protoboard-30."  Next to the bottom edge of the board 
there are two rows of 29 holes each.  The lower-most row is labeled with a (+) sign and the row above it 
with a (-) sign.  In the directions, these rows of holes are named as the bottom positive power bus and 
bottom negative power bus.  Near the top edge are another set of two rows of holes, also marked with 
(+) and (-).  In the directions, these rows of holes are named as the top positive power bus and top 
negative power bus.  The remainder of the holes on the board are organized into ten columns labeled a 
though j (labeled at left and right sides of board).  Each column has 30 holes, labeled 1 through 30.  The 
directions reference each hole on the board with the column followed by hole number.  For example, 
the first hole of column a is designated a1.  The last hole of column a is designated a30.

Please note that the previous version of this lesson, with a date of April 19, 2020, is slightly different 
than the sequence of steps provided below.  You can follow the April 19 version if you wish or use this 
updated version than contains photos.  Here are the changes between the old version and this one.  
Step 10 of the old version was moved to step 14 in these instructions.  Step 16 was moved to step 17.  
Step 24 was moved to step 25.  Finally, a new step was added as step 18, promoting former step 18 and 
all subsequent steps by one.

Capacitor C1 was changed from j1 and j3 to i1 and i3.  If you have already soldered C1 to j1 and j3, it will 
function properly there.

Capacitor C5 negative wire was moved from g6 to g7.  Capacitor C4 was moved from holes h6 and h8 to 
holes i7 and i8.  If you have already soldered these components to board as directed in the April 19 
instructions, they will operate properly there. 

You may notice in the photos that I did not solder components or wires to the board.  They were just 
placed on the board for the purpose of photographing the steps of assembly.  All wires I used for 
photographs was of the solid type.  However, you should use stranded wire in steps where it is specified.
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The photo above shows the position of the first four components.  Make sure all components are 
inserted in top side of the board, the side that has sparkfun.com printed at the bottom edge.

1. Solder 2-pin header in e1 and e2. The lock tab of the header should face the
bottom edge of the board.

2. Solder 4-pin header in j24 through j27. The lock tab of the header should face
the bottom edge of the board.
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3. Solder 14-pin IC socket in e8 through e14 and f8
through f14.  The notch in the socket should be on
the left side. (white arrow in photo indicates
position of notch in socket)

4. Solder 8-pin IC socket in rows e18 through e21 and
f18 through f21. The notch in the socket should be
on the right side. (white arrow in photo indicates
position of notch in socket)

5. Solder positive end of Schottky diode to c2 and negative end to f3 (negative
end has silver band)

6. Solder black solid wire to f1 and f4

7. Solder black solid wire to b1 and top negative power bus, third hole from left
side of board as seen in photo

8. Solder black solid wire to a1 and to bottom negative power bus

9. Solder voltage regulator to board.   Input wire in g3, middle wire in g4,
output wire in g5.  The flat face of the voltage regulator should be
toward the top edge of the board as seen in photo.
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10. Solder a black solid wire to j4 and to top negative power bus  

11. Solder a red solid wire to j5 and to top positive power bus

12. Solder a black solid wire to j6 and to top negative power bus

13. Solder capacitor C2 negative wire to i6 and positive wire to i5

14. Solder capacitor C1 (gray color) to i1 and i3. This capacitor does not
have polarity.

15. You have now completed the Power Supply Circuit on the board.  The voltage regulator receives
9 volts from the battery at its input wire and converts this to an output of 5.0 volts. You should 
now check to confirm that the top power bus has 5.0 volts.  To do this, connect a 9-volt battery 
with proper wiring harness to the 2-pin header.  Then use a meter to measure the voltage of the
top power bus (touch the positive meter probe to one of the holes in positive power bus and the
negative meter probe to one of the holes in negative power bus). If you are doing this work at 
home you need to ask Mr. La Favre for the battery wire to 2-pin header.  Also, if you don’t have 
a meter at home you can borrow one from Mr. La Favre.
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16. You will now begin wiring the IR Detection Circuit. Solder capacitor C5
negative wire to g7 and positive wire to g8.

17. Solder capacitor C4 to i7 and i8. This capacitor does not have polarity.

18. Solder a black solid wire to j7 and to top negative power bus.

19. Solder a red solid wire to j8 and to top positive power bus

20. Prepare a green stranded wire about 2.5 inches long and solder to j9.
You will solder the other end of this wire to IC2 later.

21. Bend a short bare wire into a U shape and solder to g10 and g11.

22. Solder resistor R12 to h11 and h15.  R12 is 470 ohms (yellow,
purple, brown).
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23. Solder a green solid wire to g12 and b19.

24. Solder a black solid wire to j13 and to top negative
power bus

25. Solder a black solid wire to j16 and to top negative
power bus. 

26. Solder red LED positive wire to i15 and negative wire to
i16. You have now completed wiring the IR Detection
Circuit

27. Now you will begin wiring the IR Emitter Circuit.
Bend a short piece of bare wire into a U shape.
Solder it to d9 and d10

28. Solder the three wires of adjustable resistor R8 to c6,
c7, and c8.  R8 is the adjustable resistor with adjusting
screw on top edge.
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29. Solder resistor R9 to a7 and c10.  Make sure you use the correct
resistor, 22k ohms (red, red, orange).

30. Solder capacitor C6 to a8 and to bottom negative power bus.

31. Solder resistor R10 to c11 and c15. R10 is 470 ohms (yellow,
purple, black)

32. Solder a black solid wire to a12 and to bottom negative power
bus.

33. Solder a black solid wire to a14 and to bottom negative power
bus.

34. Solder the three wires of adjustable resistor R11 to a15, a16 and a17.

35. Prepare a green stranded wire about 3.5 inches long.  Solder one
end to b16.  The other end of the wire will be soldered later. You
have now completed the wiring of IR Emitting Circuit.
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36. Install IC1 into its socket.

37. Apply 9 volts power to your board.  Using a meter, measure the frequency of the output of the 
IR Emitting Circuit.  Connect the positive probe of the meter to the green wire (wire connected 
to b16).  Adjust the screw on resistor R8 until the meter indicates a frequency of 38 kHz.  If you 
are able to do this, then it indicates that the IR Emitter Circuit is functioning properly. If you are 
working on your board at home, return it to Mr. La Favre and he will make the adjustment for 
you.

38. You will now work on the Voltage Comparator Circuit and Power
Transistor Circuit.  Solder a black solid wire to i18 and to top negative
power bus.

39. Solder resistor R2 to h19 and to top positive power bus. R2 is 2.2 k ohms
(red, red, red).

40. Solder resistor R3 to j19 and to top negative power bus. R3 is also 2.2 k
ohms (red, red, red).

41. Solder a green solid wire to g19 and d18.

42. Solder a green solid wire to i20 and c19.

Page 8 of 16



J. La Favre Line following robot IR add-on board April 30, 2020

43. Solder resistor R5 to g21 and j23.  R5 is 2.2 k ohm (red, red, red)

44. Solder the three wires of transistor Q2 to g22, g23 and g24.  When
looking at the flat face of the transistor, the wire on the left should
go in g22.  The flat face of the transistor should face the bottom edge
of the board.

45. Solder a green solid wire to f22 and f26.

46. Solder the three wires of transistor Q1 to d23, d24 and d25.  When
looking at the flat face of the transistor, the wire on the left should go in
d23. The flat face of the transistor should face the bottom edge of the
board.

47. Solder resistor R4 to b20 and b24. R4 is 2.2 k ohm (red, red, red).
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48. Solder a red solid wire to a25 and h25.

49. Solder a green solid wire to a23 and f27.

50. Solder capacitor C7 to a21 and to bottom negative power bus.

Page 10 of 16



J. La Favre Line following robot IR add-on board April 30, 2020

51. Solder a red solid wire to d21 and the bottom positive power bus.

52. On the right side of board, solder a red solid wire from bottom positive
power bus to top positive power bus.  Use the fourth hole from right side of
board for top positive power bus.

53. Solder a black solid wire to d20 and to e30.

54. Solder negative wire of green LED to d30 and positive wire
to c29.  In my photo there is a red wire between the two
wires of the LED.  I suggest you move this wire sideways
so that it is NOT located between the wires of the LED.
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55. Solder resistor R13 to a29 and to bottom positive power bus. R13 is 470
ohms (yellow, purple, brown).

56. Solder a black solid wire to j21 and to h30.

57. Solder negative wire of green LED to g30 and positive wire to f29.

58. Solder resistor R14 to j29 and top positive power bus (use the fifth
hole from right side of board on positive power bus).  R14 is 470 ohms
(yellow, purple, brown).

59. Mount the two L brackets on the
top edge of board.  The one with
2 holes on the right, the one with
three holes on left.
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60. Insert the IR LED (D5) into the right L bracket.  Bend the wires of
the LED away from each other.  

61. Solder the green wire (the one connected to b16)
to the positive wire of the IR LED.

62. Prepare a black stranded wire of about 2 inches
length.  Solder one end to the negative wire of the
IR LED.  Solder the other end to top negative
power bus.

63. Bend the three wires of IC2 to right angles, pointing away from
back of the chip. Insert the chip into the left L bracket.

64. Solder capacitor C3 between the positive and negative wires of IC2.
When you are looking at the back of the chip, the positive wire is on
the left and the negative wire in the middle.
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65. Solder the green wire connected to j9 to the
right wire of IC2 (as seen from back side).

66. Prepare a black stranded wire of about 2
inches length.  Solder one end to the middle
wire of IC2.  Solder the other end to the top
negative power bus.

67. Prepare a red stranded wire of about 2.5
inches length. Solder one end to the left wire
of IC2. Solder the other end to the top
positive power bus.

68. Install IC3 into its socket.

69. Congratulations, you have completed the wiring of this project!  Before you install the board 
onto your robot, you should test it for proper function.  Connect a 9 volt battery with proper 
wiring harness to the 2 pin header. The two green LEDs should light up, indicating that power 
will be sent to motors.  Place a white sheet of paper close to IC2 and the IR LED.  The red LED 
should turn on and green LEDs turn off.  If this is what you observe, your board has passed the 
initial testing.  The board must be installed on the robot to confirm proper functioning.  If you 
are working at home, return board to Mr. La Favre and he will check it for proper functioning.
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Parts List 

Capacitors 

C1 1.0 µF, film, 63 VDC Digi-key 3019PH-ND 
C2 22 µF, 25 V, aluminum Digi-key 604-1052-ND 
C3, C4, C7 0.1 µF, ceramic, 50 V Digi-key BC2665CT-ND 
C5 10 µF, tantalum, 25 V Digi-key 399-3565-ND 
C6 0.001 µF, film, 50 VDC Digi-key 493-3377-ND 

Resistors (1/4 or 1/2 watt) 

R2, R3, R4, R5 2,200 Ω Digi-key 2.2KH-ND 
R8 10,000 Ω 25 turn trimmer pot Digi-key 3296W-1-103RLFCT-ND 
R9 22,000 Ω Digi-key S22KQCT-ND
R10, R12, R13, R14 470 Ω Digi-key CF14JT470RCT-ND 
R11 1,000 Ω 1 turn trimmer pot Digi-key 3386W-1-102RLFCT-ND 

Diodes 

D1 Schottky diode 20 volt, 1 amp Digi-key 1N5817-TPCT-ND
D5 IR Emitter 950 nm (Vishay part number CQY36N) Digi-key 751-1026-ND 
D6 red LED Digi-key 160-1087-ND
D7, D8 green LED Digi-key 160-1131-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 LM78L05ACZFS-ND

Circuit Board

PTH-protoboard-30 (Sparkfun, part number PRT-12070)
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