AVRPong
Soldering & assembly directions
This document describes the steps to assemble the circuit board and paddles for the AVRPong
kit.
The set of components include different types of components: regular two-legged passive
components such as electrolytic and ceramic capacitors, a 28-pin IC socket, and also SMD
resistors and capacitors, and connectors for USB and 3.5mm jack plugs. This range will give
you some experience with most of the component types you’re likely to encounter in hobbylevel electronics. You’ll note that, with a bit of technique, even soldering SMD components is
not very hard!
The software and schematic on which this kit is based, were developed by Grant Searle; check
his website for details: http://searle.hostei.com/grant/AVRPong/index.html. See
http://joris.van-looveren.net/projects/avr-pong/ for details about the circuit board.
Good luck, and have fun!

Required tools

Optional tools

– saw

– magnifying glass

– small, flat screwdriver

– “helping hands”

– soldering iron
– tweezers
– wire cutters
– needle pliers
– box cutter
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The main board
●

●

Start with the bare Printed Circuit Board (PCB):

We'll put 2 types of components on the board: surface-mount devices (SMD) and throughhole components. Through-hole components have legs that go through holes in the board:
buttons and connectors (they benefit from more solid mounting), and some types of
electronic components; in our case, the microcontroller chip and some capacitors. SMD
components are soldered directly to the board surface, and may be “boxy” with metal sides,
or have short legs. In our case, some capacitors and resistors are SMD components.
The board shown has some scratched areas; depending on the fabrication, some of the SMD
soldering locations were covered with green paint: the soldering mask. This can be scratched
off easily with a screwdriver if needed:

→

●

The extensions on the left of the board are actually small boards that we will use to mount
the potentiometers for the paddles. The first thing to do, is to saw them off:

Put them aside; we'll use them later to assemble the paddles.
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●

●

The next step is to solder the IC socket in place.
If you look closely at the socket, it has a small notch on one end. On our PCB, the notch
should be oriented “upwards”, towards the label “ATMEGA328”. This does not matter for the
socket, but it is an indication for how to put the IC in at the end.
After putting the socket in place, turn around the board, and solder all the socket's legs.
Tip: first solder two “corner legs” to keep the socket in place, and then solder the other 26
legs.

Next, we'll put the 2 SMD capacitors in place. They are 22pF capacitors that, together with the
16MHz crystal, make up the clock oscillator. The SMD capacitors in the kit are 1206 size,
which means 0.12”x0.06” = 3.2 mm × 1.6 mm, so quite small. An easy way to solder them, is
to:
–

use a magnifying glass (a typical soldering “helping hand” is fine)

–

put some tin on one pad on the PCB; the rightmost one is easiest if you're righthanded.

–

use tweezers to pick up the capacitor, and put it against the blob of solder you put on
the pad.

–

while holding the capacitor, reheat the solder blob, so it melts again. The solder will
flow onto the capacitor. This will fix one side, and lock the capacitor in place. Make
sure to hold the capacitor in place until the solder has hardened.

–

then, tin the other pad. The solder will flow on that side of the capacitor as well.
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●

●

Solder the SMD resistors in place in the same way. The SMD resistors are black, and have
number markings on them. Look at the board markings to check which resistor goes where:
–

R1 = 470R = 470 ohms : component is marked “471”

–

R2 = R3 = 1K = 1000 ohms : component is marked “1001”

–

R4 = 6K8 = 6800 ohms : component is marked “6801”

Next, solder the crystal in place. Small through-hole components present a challenge: when
you turn the board around to solder them, they tend to fall out. To prevent this, bend the
legs after inserting them into the holes in the PCB. Solder one leg first, and if the component
moves too much, you can reheat it and move it back to where you want it. Then solder the
second leg. Finally, clip off the legs just below the solder.
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●

●

Then, solder the through-hole capacitors in place. The strategy is the same: insert the
component(s), bend the legs, flip the board, solder on the underside, and clip off the legs.
There are 3 through-hole capacitors:
–

C1 = C2 = 100nF : component is marked “104”
These small-valued capacitors are usually square and flat, with a leg on each side,
colored yellow/orange or blue. They are unpolarized, so it does not matter which way
you insert them. Just insert them in the holes, and solder them in place.

–

C5 = 1μF
This is the two-legged blue canister. Careful: electrolytic capacitors are polarized, i.e.
you have to insert them the right way around. The long leg is the anode (+), the short
one is the cathode (–). Usually, the cathode (–) is also marked on the capacitor itself. In
the symbol on the board, the white half denotes the cathode. So, make sure to insert
the short leg in the white half-circle.

Next up are the buttons
There are two types: latching buttons (blue plunger) and momentary buttons (white plunger).
The latching buttons are used for the game options (ball speed, paddle size, ball angles),
while the momentary buttons are for game selection, and game reset.
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●

●

Then we mount the video and audio connectors.
The slots in the PCB are fairly narrow, so it might be easier to insert the connectors if you
straighten the legs first, with a pair of needle pliers:

Continue with the USB connector:
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●

●

Install the jack connectors for the paddles in place, and solder them solidly. The holes are
large, so you'll need plenty of solder to fill the holes.

Finally, insert the IC in its socket. Make sure to align the notch in the IC with the notch in the
socket! Tip: the IC’s pins may need to be bent inward slightly, to better fit the socket. Use
needle pliers to do this.

●

To finish off the main board, you can put the caps on the buttons.

●

Next, move on to make the two paddles.
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The paddles
●

●

●

Do the following two times, once for each paddle.
Pull the wire through the paddle body. There is a hole that runs from the center of the paddle
(knob side) to the back of the paddle (wire side). If the wire doesn't slide though the hole
easily, you can enlarge the hole, e.g. using a 5mm drill. (Note that the hole runs diagonally;
don't try to drill straight. If you push the drill gently, it should guide you in the right direction
by itself.)
Also, put the cap of the 3.5mm plug on the other end of the wire. Make sure that the
threaded part of the cap is facing the end of the wire.

Solder the wire to the 3.5mm jack plug.

Take note of which color goes to which terminal on the plug; in the above picture, the white
wire goes to the top terminal (connected to the tip of the plug), the green wire goes to the
center terminal (connected to the center section of the plug), and the blue wire goes to the
larger bottom bracket (connected to the innermost section of the plug).
●

Make sure to pinch the bracket onto the cable with pliers; this will make sure that any
accidental pulling forces are transferred to the plug, instead of to the solder joints.
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●

Thread the cap onto the plug.

●

Solder the potentiometer on the small PCB section.

●

●

Push the paddle knob onto the potentiometer. The knob has a “D”-shaped hole that should
fit potentiometer shaft snugly. If it doesn't fit, you can enlarge the hole slightly by scraping it
with a box cutter knife or similar. It is best to support the potentiometer back while you push
the knob on the shaft, to avoid damaging it.

Solder the wires to the potentiometer PCB.

The white wire should go in the hole near the right-angle marking on the PCB. The green wire
should go in the middle, and the blue one in the outermost hole. If your wires have different
colors, check how you soldered them on the plug, and follow the same logic.
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●

●

●

Push the potentiometer PCB in the paddle body. If you align the hole in the PCB with the holes
in the paddle body, you can secure it in place later on with a long M2 or M3 screw, or
something similar.

You may have to use a small screwdriver or another small, flat tool to push the PCB all the
way into the paddle body.

The finished paddle should look like this:
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Kit contents
●

●

Electronic components:
–

Connectors:
●
Cinch : 1 x RCJ-024, 1 x RCJ-022 (CUI Inc)
●
USB : 1 x KUSBVLPX-AS1N-B (Kycon)
●
3.5mm jack : 2 x ACJS-MV35-3S (Amphenol)

–

Buttons:
●
Buttons : 3 x MHPS2285, 2 x MHPS2285N (Apem)
●
Caps: 5 x MH11 (Apem)

–

Crystal: 1 x ABL-16.000MHz-B4Y (Abracon)

–

Capacitors:
●
22pF : 2 x K220J10C0GF5UH5 (Vishay) or 2 x 885012008011 (Würth)
●
100nF : 2 x SR215C104KAA (AVX)
●
1μF : 1 x REA010M2CBK-0511P (Lelon)

–

Resistors:
●
470Ω : 1 x RCG1206470RJNEA (Vishay) or 1 x CFR-25JR-52-470R (Yageo)
●
1KΩ : 2 x RCG12061K00FKEA (Vishay) or 2 x CFR-25JR-52-1K (Yageo)
●
6.8KΩ : 1 x ERJ-8ENF6801V (Panasonic) or 1 x CFR-25JT-52-6K8 (Yageo)

–

MCU: ATMEGA328-PU (Microchip)

–

IC socket: 1-2199298-9 (TE Connectivity)

–

Potentiometers: 50K linear : 2 x PTV09A-2015F-B503 (Bourns)

–

Miscellaneous:
●
3.5mm jack : 2 x SP-3530 (CUI Inc)
●
3-core cable: 2 x 50cm
●
Empty printed circuit board

3D printed items:
–

2 paddle bodies and knobs
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