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After you have learned to solder, you are ready to start the assembly of your robot. The assembly will
be divided into two parts: 1) printed circuit board assembly 2) connection of motors, switches and
battery to the printed circuit board. This lesson covers the first part, assembly of the printed circuit
board.
Nearly all modern electronic devices employ a printed circuit board (PCB) to connect individual
electronic components together. The PCB eliminates the need to connect different parts together with
wires. Instead, the PCB contains strips of copper that substitute for wires.
There are a number of steps involved in the manufacture of a PCB. The substrate (thick part of the
board) is made from a material that does not conduct electricity. A thin sheet of copper is laminated
(attached) to the surface of the substrate. PCB boards can be laminated on one surface or both,
depending on the requirements of the circuits to be assembled. The next steps involve imaging of a
circuit pattern on to the surface of the copper. The pattern will ultimately be the parts of the copper
sheet that remain after processing. A protective coating is applied over the pattern. Then the board is
etched by a chemical process that dissolves the copper. The protective coating over the pattern
prevents the etching of those parts of the copper. In this way all of the copper is removed from the
board except those parts covered by the protective coating. There are additional steps in the
manufacturing process, but I will not detail those here. The finished PCB contains a pattern of copper
strips that are covered with an insulating layer. There are holes in the PCB that allow insertion of the
electronic component wires. Immediately around each hole there is a small ring of exposed copper and
this has a thin coating of solder. This serves as the surface for bonding with the wire of a component
during soldering.
The PCB for your robot is small, 3 ¾ X 2 ½ inches. On that small board you will install 22 electronic
components to the top surface and 6 to the bottom surface. In addition, you will connect four loops of
wire to function as test points and six Molex headers, which serve as connectors for the wires that go to
the switches and motors. That is quite a few parts and we can appreciate that the PCB does indeed
provide an efficient means of connecting components together in a compact space.
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Figure 1 Bottom side of printed circuit board

Figure 1 is a photo of the bottom side of the circuit board. The strips of copper can be seen under the
blue-colored insulating layer (if you have a black and white copy the copper strips will be gray while
surrounding background will be darker). Around the small holes (which are difficult to see) you can see
that the insulating layer is missing. Instead, there is a coating of silver-colored solder. Note the labels
for R3 through R6 near the bottom edge, the photoresistors. These components are mounted on this
side of the board because they must point toward the floor. The white LEDs, 9 and 10, are also
mounted on this side of the board because these must shine on the floor (they function as headlights).
All other components are mounted on the top side of the board. (turn to the next page)
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Figure 2 top side of printed circuit board

There are three strips of copper on the top side of the PCB (Figure 2). Two of these are marked with
arrows in the photo and the third is seen at the position of the DPDT switch connector. These were
placed on the top rather than the bottom to avoid intersections where strips must not connect. By
placing them on the top surface, it is possible to avoid connecting the strips that cross each other.
The position of each electronic component is printed in white on the board to help you place the
components properly. LEDs, transistors, diodes, IC1 (LM393) and capacitor C1 have polarity and you
must insert them with the proper orientation. A mistake in orientation will result in a robot that does
not work properly, if at all. You should notice that the printing on the board includes a plus sign (+) for
the anode of each LED. The anode (longer wire) should be inserted in the hole marked with the plus
sign. As you should know, if the LED is not inserted properly, it will not work. The three diodes (D1 to
D3) have a silver band on the cathode end (the minus end). Notice on the PCB that a band is printed
indicating the position of the band (it can’t be seen in D3, but it is the same as D1). The large capacitor
(C1) has the minus side marked on it. The wire on that side should be inserted into the hole on the PCB
that is marked with a minus sign (-). The socket for IC1 has a notch on one end. When inserting the
socket on the PCB, the notch should match the notch printed on the board. Also note that the
transistors have a flat face and a rounded back. That shape is also printed on the PCB for transistors Q7
and Q8. I will warn you again about these polarity requirements at each step of the process.
The resistors, photoresistors and capacitor C2 do not have polarity requirements. There is no
orientation requirement when these components are inserted into the board.
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You should start your work by inserting the resistors on the board. You will need to bend the resistor
wires in a way that will make it easy to insert the resistor.

Figure 3 resistor positioned near its location on the board

If you position the resistor next to its position on the board, then you can see where the wires must be
bent. In Figure 3 you can see that the wires must be bent very close to the ends of the resistor in order
to fit R18 into its holes on the board. Use needle nose pliers to
bend the resistor wires. The wires should be bent so that they
can be inserted into the board (see Figure 4). (go on to next
page)

Figure 4 resistor wires bent
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Figure 5 resistors on board

Figure 5 shows the resistors inserted into the board. Please note that I have made a change in the value
for resistors R1, R17 and R18. The resistance is printed as 1K ohms but you will use 2.2K ohms instead
(three red bands on resistor). Resistors R7, R8 and R9 are 150 ohms, as printed on the board (brown,
green, brown on the resistor). After the resistors are inserted into the board, bend the wires slightly on
the bottom side of the board to prevent the resistors from falling out when you turn the board over.
Then solder the resistor wires to the bottom surface of the board. When you are finished, trim the
excess wires.
Now you should insert the three Schottky diodes (D1, D2
and D3) into the board. Figure 6 shows the printing on the
board for D1. Notice that there is a band printed near the
left end of the diode drawing (I marked the band with a
white arrow tip). After bending the wires of the diode,
make sure you insert it with its band on the end marked on
Figure 6 D1 diode position on PCB
the board. Figure 7 shows the proper orientations for the
Schottky diodes on the board (they are all oriented in the same direction).

Figure 7 Schottky diodes on PCB

Make sure the band of each diode is positioned on the left side as in Figure 7. Then turn the board over
and solder the diode wires to the board. The diode wires are a heavier gauge than the resistors and will
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require more heat when soldering. If you have difficulty with the soldering, ask an adult for help. When
you are finished soldering, trim the excess wire from the board.
There are four test points provided on the board. You will need to make some U-shaped
pieces of copper wire to insert at the positions on the board printed TP1, TP2, TP+ and TP-

Figure 9 shows the U-shaped
wires inserted at TP- and TP2.
Figure 10 shows the U-shaped
wires inserted at TP1 and TP+.
After these are inserted, turn
the board over and solder the
wires to the board. Then trim
the excess wire.

Figure 8 Ushaped wire

Figure 10 wire for TP+ and TP1

Figure 11 IC socket (notch on left)
Figure 9 wire for TP- and TP2

After you are finished with the test points, insert the
IC socket. Make sure the notch in the socket is on the
left, as it is also printed on the board (Figure 11).
Then turn the board over and solder the pins of the
socket to the board.

Figure 12 is a photo of a variable resistor
of the type you will use for R2 and R10
(20,000 ohms). Note the adjustment
screw on the resistor.

Figure 12 variable resistor for R2 and R10
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Figure 13 shows the variable resistors R2 and R10
inserted into the board. You will use some silicone glue
to attach these resistors to the board (I will show you
how to do this). After the glue sets you can solder the
resistor wires to the bottom side of the board. But first
you should also glue the Molex headers to the board.
You will use Molex headers to connect wires from the
switches, battery and motors. The header connects to
another type of Molex connector (not shown), which
contains the wires. This will allow you to easily
disconnect the wires, which is handy in certain
situations. Figure 14 shows the Molex headers. In the
side view you can see the locking clip (on left side of
header), which locks the connector to the header. The
headers are difficult to solder to the board. You will use
silicone glue to glue the headers to the board before
soldering them to the board.

Figure 13 variable resistors on PCB

Figure 14 Molex headers (2 and 4 pint)

Figure 15 shows the Molex headers inserted on the
board. You will need five 2-pin headers and one 4pin header. The lock clip must be on the side near
the upper edge of the board, as seen in the photo.
There is an additional space for a header that is
labeled “Tube LEDs”. In the photo there is no
header inserted there. However, you will insert a
header there to be used for future additions to the
robot. You will use a small amount of silicone glue to
cement the headers to the board. When the glue is
set, you can turn the board over and solder the pins
to the board. Also solder the wires for the variable
resistors, R2 and R10 at this time. You do not need
to trim the pins of the Molex headers on the bottom
side of the board. However, you should trim the
Figure 15 Molex headers inserted on board
wires for R2 and R10 if necessary.
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Now you are ready to insert the six
colored LEDs on the board. You must
insert the LEDs properly, with the
anode (longer wire) inserted into the
hole marked with a plus (+) sign. Push
the LEDs all the way down so that
they touch the board. Then turn over
the board and solder the wires to the
board. When finished soldering, trim
the excess wire off the board.

Figure 16 LEDs on PCB

Now you are ready to insert the two
power transistors (Q7 and Q8) on
the board. Make sure you insert
them with the proper orientation
(Figure 17). The flat faces of the
transistors should be facing away
from the Molex headers. After
inserting the transistors, turn the
board over and solder the wires to
the board. Then trim the excess
wire from the board.

Figure 17 Transistors on board

When finished with the transistors, insert the small
capacitor, C2, into the holes just to the right of the IC socket
as seen in Figure 18. There is no polarity to this capacitor
and it does not matter which wire goes in which hole. Then
turn the board over and solder the wires to the board. After
you finish the soldering, trim the wires.

Figure 18 capacitor C2 inserted in board
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Now insert the large capacitor, C1, into the board. This capacitor has
polarity and must be oriented properly. There is a gold-colored strip
with large minus signs printed on one side of the capacitor, as seen in
the photo (Figure 19). The wire on this side of the capacitor must be
inserted in the hole in the board that is marked with a minus (-) sign.
Turn the board over and solder the capacitor wires to the board. Then
trim off the excess wire.

Figure 19 capacitor C1 inserted into
board

Before you turn the board over to install the white LEDs and
photoresistors, you should insert the LM393 into its socket. You must
be careful to insure that all pins of the LM393 are inserted into the
socket. Ask an adult for help with this step. Figure 20 is a photo of the
LM393 with an arrow pointing to the notch on the left end. When you
insert the chip into the socket, this notch must be on the side of the
socket that has a notch (the notches must line up).

Figure 20 LM 393 - arrow points to
notch

You are now done installing all components on the top side of the
board. Turn the board over to continue your work. You must handle the board gently now as the
components of the board will now rest on the table surface. In fact, it is best now if you hold the board
in a pair of clips of a holder so that the board does not touch the table surface.
Insert the white LEDs into the proper
locations on the bottom side of the board
(they are marked as LEDs 9 and 10).
Remember that LEDs have polarity. In this
case, a plus sign is printed on the board,
but on the TOP side. The anode wire
(longer wire) must be inserted in the hole
that is marked with a plus sign. Turn the
board over and solder the wires to the
board. Then trim off excess wire.

Figure 21 white LEDs inserted in board
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Before you insert the photoresistors
into the bottom side of the board,
you must carefully paint the sides and
bottom (where the wires connect)
with a small amount of black paint.
This will prevent light from the white
LEDs from directly entering the
photoresistors . The light from the
LEDs must reflect off the floor before
entering the photoresistors.

Figure 22 photoresistors on PCB

After the paint has dried, insert the photoresistors into the bottom side of the board. Do not push the
photoresistors down to touch the board. The photoresistors must have long wire leads connected to
the board in order to prevent light from the white LEDs from shining directly on the faces of the
photoresistors. There should be about one-half inch of wire between the board and the head of the
photoresistor. The positions for the photoresistors are printed on the board (R3 photo, R4 photo, R5
photo and R6 photo). Turn the board over and solder the wires to the board on the top side. Then turn
the board over again and solder the wires to the bottom side of the board as well. When finished
soldering, trim the excess wire off the board. CONGRATULATIONS, YOU HAVE FINISHED INSTALLING ALL
COMPONENTS ON THE PC BOARD.
A component diagram for the board is presented on page 12. In addition, there is a schematic of the
complete robot (including switches, motors and battery) on page 13. This schematic is different than
the ones provided in previous lessons. This schematic contains all parts of the robot, including the white
headlight LED circuit and the light/dark DPDT switch. Each component symbol is placed approximately
where it is located on the printed circuit board. The wiring between the PCB and switches, battery and
motors is presented in the colors of the wires used. Notice in particular the wiring detail of the DPDT
light/dark switch. In the next lesson you will solder the wiring to the switches and motors.

On the schematic you may notice a symbol you have not seen before:
This is the chassis ground
symbol. Technically, your robot does not have a chassis ground, but I have used this symbol to simplify
the schematic. In electronic devices that have a metal frame (also called a chassis), the negative side of
the power supply is often connected to the metal frame. Then the frame becomes a chassis ground.
Instead of connecting all components back to the battery, all that is needed is to connect the wire to the
chassis. Everywhere you see a chassis ground symbol on my schematic, you can then understand that
the connection there goes back to the negative side of the battery, even though I have not drawn the
wire back to the battery.
In previous lessons I have used this symbol
when wires cross over each other and are not
supposed to be connected. In the schematic on page 13 I have not used this symbol. Instead I have
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used a small dot to indicate wire connections, like this:
this:

and if wires are not connected they look like

This is a more efficient way of drawing schematics with many crossing wires.

You may be wondering about the two capacitors in the robot circuits. You did not use any capacitors in
the lessons with the breadboard. The capacitors have been added to improve the performance of your
line-following robot. Capacitors function as temporary storage of electrical energy. The robot motors
turn on and off frequently when the robot is following a line. Each time the robot turns on a motor,
there is a drop in the voltage due to a temporary, large current draw, by the motor. When the
capacitors are added, they assist the battery in supplying extra current during motor start-up, thereby
preventing a drop in voltage.
There are many other applications for capacitors, as you will learn in future projects.
You have now arrived at the end of this lesson. In your next lesson you will assemble all parts of your
robot, check for shorts and open circuits and test the robot on a track with dark lines.
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