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Week 5: Soldering & Lanterns

Introduction
Welcome students to Week 5 of the program. Tell them that this week they will
be learning to solder, and will put their new skills to use creating LED lanterns.
Soldering Safety and Introduction to Soldering (30 minutes)
In the first portion of the session, students will learn how to solder a beginner's
electronics kit called the Luminescent Night Light. The night light is controlled
by a tiny Microcontroller and uses a light sensor to sense brightness. The light
sensor measures the amount of light and when it’s dark enough, turns on the
LED that cycles through the colors of the rainbow.
Materials:
Tools per table (2 students per table):
• 2 Solder Stations (fume extractor + attached helping hand, soldering iron
set, Brass sponge) [400f]
• 2 Spools of lead-free solder
• 2 Pairs of wire snippers
• 2 Safety goggles
• 1 Power strip clamped to table
Materials per student:
• 1 PCB
• 1 IC - Preprogrammed ATTiny85 Microcontroller
• 1 IC Socket
• 1 RGB LED
• 1 Photocell
• 1 330 Ohm Resistor
• 1 10K Resistor
• 1 Battery holder
• 2 AAA batteries
• 1Copy Learn to Solder Comic
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Tools for Facilitators:
• Solder suckers
• Blank board for Reference
Drawings for demonstration (You will need to make large-scale foam core
versions of each of the following. See the sample images at the end of this
document for examples.):
• Soldering iron
• Solder
• Bent Resistor
• PCB
• Good Solder joint
• Bad Solder joint
Extras:
• Quarter page cuts of foam core + wire + pushpin to create PCB holders
for circuits.
• Large plastic container or bucket of cold water (If students follow
instructions, this is a very safe activity, but if the tool is not used properly,
it is possible for a student to get burned. In the event of a small burn,
students can place the affected area in the cold water for a few minutes.)
Facilitator Notes:
The sample script below includes all of the information you will want to share
with your students so that they feel comfortable soldering. You should adapt
the script to suit your teaching style, but do try to keep the introduction fun and
clear. If you need additional help with soldering, see the Soldering
Troubleshooting document. For a visual demonstration of soldering, you can
view the soldering video online.
You can also use the Learn to Solder Comic as a guide. This comic can also be
given to students after you complete the soldering demonstration.
Sample Script/Procedure:
Soldering is the core skill that makes all the electronics we have in our
lives possible. Learning to solder is essential to making electronics durable and
accurate.
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So what is soldering? To solder is when you connect two metals
together by melting another metal over them. Why do you think we use
metals? (Because they are conductive) The material we are going to melt is
actually called solder. Some solder has lead in it, but this is lead-free solder.
How do we melt things? We apply heat! That’s where our soldering irons
come in. They get VERY hot, up to 204.4 degrees Celsius, and they melt our
solder to connect metals together. As soon as you enter the room, you should
assume the soldering iron is hot. Even though this may seem like a high
temperature to us, this is actually a low melting point for a metal. When we
solder electronics we are soldering tiny little components on a circuit
board. These components are the building blocks to create everything from
computers to cars. These are just like the components we used for the paper
circuits, but when using circuit boards and soldering we can make more complex
and durable electronics.
Let’s all make sure to use our tools properly and look out for each other. Here
are some rules to make sure we are all protected:
1. All makers must wear goggles to protect their eyes.
2. The workspace should be clear of anything unnecessary to your project.
3. There should be adequate space between each person. Put your hands
on your hips. If anyone’s elbows are touching another person’s elbows
that means they are too close.
4. There should only be one hand on the soldering iron at a time.
5. Check to make sure there is proper ventilation.
To make sure we have good ventilation, we have these boxy fume extractors
at every table. Can everyone see what happens when I melt this
solder to my iron? (Touch the solder to a hot soldering iron) See that
smoke? Small amounts of that smoke are not harmful BUT we don’t want to
breathe it if we can help it. So we turn on our ventilators to minimize
the amount of smoke. Sometimes the fume extractor doesn’t get all the fumes
so just hold your breath until it dissipates or gently blow it away.
Lastly, when you solder your hands get dirty, so as soon as you finish, you
MUST WASH YOUR HANDS! Even if your hands don’t look dirty, wash your
hands!
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Now let’s learn about the parts of a soldering iron.
The only part of the soldering iron that you are going to touch is the
handle. Sometimes the handle may be a little warm but that’s ok. The
metal part of the iron is where the heat is generated, and the tip is part where
there is the most heat. Just like a pencil, the tip is the part we want to use
when we solder. In fact, you hold the soldering iron like a pencil because that
will give us the most control over it.
In general, the number one rule when you use a soldering iron is that you are
only holding the iron when you are making a solder connection.
If you want to talk to your friends, sneeze or do anything that
isn’t soldering, make sure you put the soldering iron back in the
holder. If you are holding that iron, you are doing nothing else but
soldering! Does everyone understand that?
Let's hand out the circuit boards to everyone. Look at the circuit
board, what do you notice? (it’s green, it’s small, it has little silver circles,
etc.) Yes, those silver circles are called pads and are important for completing
the circuit. We will be soldering the components to the pads.
We only want to solder on the blank side of the board, the part with NO writing
on it! The writing gives us clues about where to place certain components.
Soldering Demonstration
Facilitator Notes:
Since the components and materials used to solder are very small, it can be
difficult to demonstrate the steps to students. In the following portion of the
script, you will use very large demonstration drawings of the components to
show students how they will solder their circuit board. You will see the // symbol
any time you should be holding up the large drawings as an example. You can
find sample images of these demonstration drawings at the end of this
document.
Again, you can adapt this script to your needs. For example, rather than use the
large drawings, you could use a document camera or other projection device to
show the class an actual soldering example. The NYSCI Maker Space team
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prefers the following format because we have found it to be playful and
engaging.
Sample Script/Procedure:
First I set up the parts I want to solder. See this resistor and how it has these
legs that are bent?
// Teacher holds up the sample resistor
These are called leads. You have to bend the legs/leads so they fit into the
pads (the shiny circular areas on the circuit board). Here is my circuit board,
and see how I’m fitting it into the pads?
// Teacher puts the resistor in the big circuit board
Do you see those metal clips on your fume extractors? Those are helping
hands and they hold our circuit board for us.
// Ask for a volunteer to be your helping hands and hold the board.
Once it’s all set up, I hold my iron in my right hand, the solder in my left.
// Teacher holds sample soldering iron
// An additional volunteer holds the solder
I clean my soldering iron by poking it into my brass sponge.
// Teacher pokes the giant soldering iron into a brass sponge using a firm
up and down motion, not a painterly brush motion.
I do this before and after every connection I make. Don’t touch the brass sponge
with your fingers. It is dirty! The tip of your iron, however, should be very shiny.
Holding the iron like a pencil, I use the edge of the tip, not the tip of the
tip, and press it to where the lead and pad meet so that it is touching both the
pad and lead. Do this for one whole second.
// Teacher presses the iron to pad and lead
Then feed a little bit of solder under the tip of your iron and watch it instantly
melt over everything. This takes one more second.
// Volunteer pretends to add sample solder
Remove the solder and hold the iron there for one last second and then remove
it, clean it, and place it back into your holder. If you did it correctly, the lead will
be firmly attached to the board with a little bump of solder. Good connections
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look like Hershey kisses or a little mountain, bad connections look like big
misshapen lumps.
// A volunteer attaches a sample successful solder joint. The volunteer
can also hold up an example of an unsuccessful solder joint as a
comparison.
LET’S REPEAT THAT:
Use the edge of the tip and press firmly on lead and pad for one second. Add
just a little bit of solder. Then remove your iron and put it back in its holder.
That took a total of 3 seconds! That’s all it takes to solder
Now let’s turn our irons on and while they heat up, let’s gather around the
teacher table while I demonstrate a real solder connection.
(Instead of using the large sample components, you should now use the actual
materials to demonstrate.)
This is my resistor and in order to put it in the pads, I need to bend the legs.
Here is my simple Resistor Bending Method – pinch the resistor and run your
fingers upwards:

Then put it in the holes and bend the legs outward slightly so the resistor stays
flush to the board, then solder.
// Demonstrate a simple solder connection for everyone
Notice that I give myself about a full fingers length of solder in my left hand to
make sure my hand doesn’t get too close to the iron.
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Students Begin Building (30 minutes)
Now it is time for the students to begin soldering. They will want to add the
components in a particular order, so you should guide them through the steps
below. The class will move on to the next step once everyone is ready to move
on.
Students should be at their soldering station and should have their Printed
Circuit Board (PCB) and the 330 Ohm resistor. Show students how to identify
the different parts by the different color bands on each component.
1. Start by connecting the 330 Ohm Resistor (orange bands) and the board.
They will see on the board a label that says 330. This is where the 330
Ohm Resistor goes. Remind students that they should solder on the side
of the board without the text.
2. Once the 330 Ohm Resistor has been connected, students can use the
wire snippers to remove excess leads. Cut the leads to just above the
solder joint.
3. Students should now connect the next resistor, the 10K (red band).
4. Students should repeat the process for the Photocell. Tell students that
this component is a sensor and senses how much light is in a room.
5. Next, students will connect the RGB LED. Inform students that this LED is
big because it is actually 3 LEDs in one, a Red, Green, and Blue. It is also
special because it needs to be put in the board in the correct
way. Students should locate the PLUS sign on the board. Now have
them identify the LONG leg of the LED. Tell them that the LONG leg of
the LED goes into the Pad with the PLUS sign. Remind the students they
should be clipping Leads after they solder the components.
6. Once the RGB LED has been soldered, students can solder the
Socket. Tell students that this is going to hold the Microcontroller. They
should look at their circuit board and notice the little circle on one side of
the drawing. Now ask them to look closely at their socket. They will notice
a small notch. The notch will match up with the circle on the Circuit
Board and to give them correct orientation. Once you have the socket
oriented correctly, press it into the pads and it should snap into place.
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7. Now students will attach the Battery Pack. The Battery Pack should have
a red wire and a black wire. The red wire goes in the pad labeled POWER
and the black goes into the pad labeled GND. Before the wires are
soldered into place, students should loop the battery packs through the
large circles on one of the corners of the board. This will help prevent the
wires from getting pulled out.
8. Next students should snap the Microcontroller into the Socket with the
small circle on the Microcontroller lining up with the notch on the Socket.
9. Finally, students should place two batteries into the battery pack.
10. Before turning on the circuit place a finger on the Microcontroller and the
Photocell. If you turn it on and the LED starts glowing, it works! If you
turn it on and the LED doesn’t start glowing, or the chip gets very hot,
turn it off immediately, remove the batteries, and see the troubleshooting
document. The most common mistakes are that the Microcontroller is
inserted incorrectly, there are no batteries installed, or the battery wires
are soldered to the wrong spot.
Lantern Building (45 minutes)
In this portion of the session, students will create lanterns by designing and
building structures to enclose their LEDs.
Facilitator Materials:
Samples of three different types of lanterns (paper, soda can, and hot glue)
Paper Shape Lantern Materials:
• Laser Cut card stock triangles or triangle template from the Week 4
geometric shape template and card stock
• Small binder clips
• Small staplers and staples
• Glue sticks
• Scrap paper for gluing
• Pencils
• Scissors
• Tissue paper
• Clear tape
• Pushpins (to poke holes in the paper)


 	
   8 



Soda Can Lantern Materials:
• Soda cans
• Box cutter or can opener
• Pushpins (to poke holes in the can)
Hot Glue Lantern Materials:
• Hot glue guns (should be plugged in at the start of class to heat up)
• Hot glue sticks
• Silicone ice cube trays of different shapes
• Containers with ice water
• Plastic wrap
• Scissors
Facilitator Notes:
Prior to class, create an example of each of the 3 types of lanterns to show the
students. Sample images of lanterns and a step-by-step for the hot
glue lantern can be found at the end of this document. The procedure for the
paper lantern and the soda can lantern should be fairly intuitive so spend most
of your time reviewing the hot glue lantern. You want to give students adequate
time to build their own lanterns, so you should spend a maximum of 15 minutes
reviewing the different types of lanterns.
You will need to set up separate sections of the room for the soldering and for
the lantern building. Students should not be creating their lanterns at their
soldering stations.
Procedure:
Once everyone has finished soldering, tell students that they will now use the
PCBs they’ve created to make a lantern. Ask them what materials can be used
to make lanterns. After a few responses, show them the three samples you have
created. It helps if you can make the room darker for this.
Briefly go through the procedure for each lantern. For the paper lantern, show
students that they will be cutting and clipping cardstock together to create
different shapes. Remind students of the work they did in Week 4 with the
geometric shape circuit activity and tell them that they have access to the
triangle templates to help them build their shapes. Experiment by using
pushpins to poke patterns of holes into the paper, or cut out sections from the
sides of the shape and replace it with tissue paper or other materials.
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For the soda can lantern, show students that they will be using pushpins to poke
holes in the can to create words, images, or patterns. They can cut off the tops
of the cans if they wish, but their LED should fit without cutting. Remind
students to be careful with the sharp edges if they decide to cut the top
off. Using a can opener makes this process easier and safer.
Finally, thoroughly demonstrate the procedure for the hot glue lantern. You can
point out that even though hot glue may not be a traditional material for this
type of project, it glows very well. Let students know that they can do this
process multiple times and then glue the different shapes together. Encourage
students to think of other creative materials that could be used for
lanterns. Then begin the demonstration:
1. Take the batteries out of your battery holder.
2. Tightly wrap the circuit with plastic wrap. (This will protect the circuit from
the hot glue and from water.)
3. Fill a silicone ice cube tray with glue.
4. Place the wrapped circuit firmly in the glue.
5. Submerge the base of the silicone tray in ice water for about 2 minutes
(depending on amount of glue) or until glue is thoroughly hard and cool.
6. Remove the tray from the ice water. Unwrap the circuit, dry it off, and
remove the glue sculpture from the tray.
7. Place the circuit inside the sculpture you have created, replace the
batteries, and watch the sculpture light up.
8. Remind students that this was just a demonstration and encourage them
to experiment with different shapes and combinations.
Students will now break into groups depending upon which type of lantern
they’d like to create and spend the rest of the session building their designs.
Optional Hot Glue Alternative: This process can work can also work in
reverse. Take a small wooden block or objects (solder spools work well for
example) and wrap it in plastic wrap. Place some plastic wrap on the table
and put the wrapped shape in the middle of it. Now start squeezing glue all
over the object. Once the shape is covered in glue carefully pick up the
whole thing and dunk it in ice water. Once it cools you can remove the
object but the glue will keep its shape. Place your night light circuit
underneath it and enjoy the glowing object you just created. This process
works best on small, conical objects, like children’s toy wood blocks, as large
objects will require a lot of glue.
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Documenting Your Work/Closing Discussion (15 minutes)
Students will document their work by uploading photos to the SMART Lab
website.
Materials:
• Cameras
• Computers
Procedure:
After students have created their designs and had the opportunity to share their
work with the class, they should use the cameras to take photos of their work
and upload 1-2 images to the SMART Lab website. In addition to the photo
itself, they should create captions as prompted by the website.
Instruct students to clean their workspaces and give them a small preview of
what they will be working on during Week 6: using switches in creative ways.
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Sample Demonstration
Drawings
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Soldering Tip s and Steps

Solder station set up

Velcro hack for solder station set-up
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Helping hands holding PCB

Using the solder sucker
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Soldering example

To see soldering in action, view the soldering example videos
online. For more information, or solutions to problems, see the
Soldering Troubleshooting document.
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Examples of Lanterns &
Pro cedures

Soda can lantern

Paper shape lantern
Left and center: Designs on each side.
Right: Hole in the bottom to insert the night light.
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Hot Glue Lantern

Tip: Tightly wrap the microcontroller in plastic wrap to keep out glue and water.
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Tip: Keep the battery pack out of the ice water.

Above: Hot glue lantern with color changing LED.
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