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Young Scientist Pilot Line
Subject: Creating commercial solar cells using exact process with model materials

Grade Levels: Elementary school and higher

Lesson length: 10 to 30 minutes

Authors: Alex Killam, Tiffany Rowlands, Stuart Bowden, Danny Simonet, Mi-
chelle Jordan 

Laboratories, such as Arizona State University’s Solar Power Laboratory (SPL), sometimes 
create their own samples for research. At the SPL, silicon wafers are purchased, but all 
processing is done within the building’s cleanroom, the main area housing the chemical 
baths and tools that is free of contaminants. The general fabrication steps can be broken 
down into the stages described below. In this activity, participants make their way through 
the laboratory process of making diffused junction solar cells, creating their own mock 
solar cell to take home. Participants follow these broad steps while learning how solar cells 
are manufactured, why these processes are done, and problems that that solar engineering 
scholars are attempting to solve via research. This activity is intended for a maximum four 
people per station, who move in a linear fashion down the line.

Objective

 Ӻ  Participants will learn how commercial solar cells are created in laboratory 
settings by fabricating their own solar cell in a mock manufacturing process.
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Materials

• Silicon
Examples of silicon, as many as you can get (e.g., raw, ingets, blocks, wafers)
Cutouts of textured silicon wafers, 5X5, printed on heavy grey paper to stand 
up to the assembly line process (see template in the Materials Manual on the 
QESST Education website) 

Grey plastic squares to represent silicon wafers for dipping in water (5X5)

Two plastic basins, dish soap

• Furnace
Diffusion furnace cardboard model (see Materi-
als Manual on the QESST Education website)

• Diffusion 
P5000 wood model or a simple cardboard box (see Materials Manual on the 
QESST Education website)
Blue spray paint to represent silicon nitride
Safety goggles

Hairdryer to dry the blue paint (and an electrical outlet to plug it in)

• Metal Screen Printing
Printing screen with front grid panel design with QESST logo, 5X5. The screen 
can be created through a t-shirt company for a cost of approximately $50.00 
(see template in the Materials Manual on the QESST Education website). 

Grey or silver screen printing ink

Small cups

Squeegee for screen printing

Newspaper

• Belt Furnace
Belt furnace cardboard model (and a place to plug it in) or toaster oven (see 
Materials Manual on QESST Education website)

Scissors

• Testing
Multimeters

Real silicon solar cells for testing 

• Cleanroom clothing 

Smock, gloves, goggles, mask, hair net, booties (or any combination of these)

• Cleanroom Backdrop for culminating photos
A link to a photo of the ASU Solar Power Lab can be found on the QESST 
Education website. This photo can be submitted a PDF to a poster printing 
company. The cost is approximately $250 for room-sized proportion.
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Setup

Simulations of the tools and resources of the Solar Pi-
lot Line must first be created. You can create your own, 
based on your knowledge of solar cell manufacturing or 
you can reference the Materials Manual pdf located in 
the QESST Education website. 

Slides and posters of the materials, tools, and processes 
associated with each step of the Solar Pilot Line can be 
found on the QEST Education website also. Posters can 
be made of each sub-process and placed at each station. 

Please note that depending on time, knowledge, and 
other resources, one or more steps can be left out of your 
simulated silicon solar cell pilot line. 

Set up the materials for each station on a separate table (if possible) in the correct sequence. 

You are now ready for participants to go through the Solar Pilot Line. 

Instructions 

Participants prepare to “enter the cleanroom” by dressing in as much cleanroom clothing as 
possible (e.g., gloves, masks, booties). Many participants will have the misconception that the 
clothing is meant only to protect them from harmful materials. Tell them that the clothing also 
protects the cleanroom from the dust and skin particles that we human beings are constantly 
leaving in our wake, particles that can interfere with sensitive equipment and processes. 

Participants are now ready to proceed through the simulated pilot line. For each of the 
steps below, be sure to explain to participants (1) what the step is, (2) how it is done, and (3) 
WHY it is done (i.e., what is its purpose). 
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Station 1: Preparing Silicon Wafers

Setup: Set out as many examples of silicon as pos-
sible (e.g., raw, ingots, blocks, wafers), set out the 
poster of silicon wafers. 

1) Explain what silicon is, how it is 
grown (focus on monocrystalline, but 
multi-crystalline can be mentioned), and 
how it is cut. When explaining how it is 
cut, explain the roughness on the silicon. 
Let participants touch the silicon and 
hold the silicon so that they can perceive 
its qualities (e.g., texture, weight)

Background: Silicon (Si) is the eighth most common 
periodic element and is a semiconductor frequently 
used in photovoltaic (PV; solar cell) research. This 
is because it is cheap (due to its abundancy), and 
its semiconductor properties allow it to be a pop-
ular material in electronic research (e.g. computer 
chips are also made from silicon). A semiconductor 
is an element that, literally, on semi-conducts – it 
is not as good a conductor of electricity as an actual conductor, such as metal, but can still 
conduct, unlike insulators such as rubber. Conductors have a low electrical resistance, insu-
lators have a high electrical resistance, and semi-conductors are somewhere in the middle. 
For more detailed information, please see reference [1]. Mono-crystalline silicon is grown 
via the Czochralski Process [2], in which a seed crystal (a small piece of a single crystal) is 
placed at the end of a thread and placed in a crucible of molten silicon. The seed grows to 
a large, cylinder of a single crystal of silicon. A video link is provided below [3]. The wafers 
are cut using a diamond-tipped wire saw – the wire cuts through the cylinder and makes 
the thin wafers.

Station 2: Texturing and Cleaning

Set up: Fill two white basins with water to represent chemical baths associated with tex-
turing. Have the grey piece of plastic ready to dip in the water. Have a stack of cutouts of 
“textured silicon wafers” ready to pass out to participants. 

1) Give each participant a cutout of a textured silicon wafer:
a. Dip the “grey plastic” representing a silicon wafer into the soapy bath. This is 

saw damage removal (SDR) and texturing.
b. Dip the same grey plastic into the water bath. This is RCA-B, piranha, and 

buffered oxide etch (BOE)/hydrofluoric (HF) acid.
2) Put the grey plastic away and take a cutout. Explain the creation and use of pyr-

amids (light-trapping).
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Background: The first basin represents texturing. Texturing the silicon removes saw dam-
age from the silicon wafer and also creates pyramids to trap light (literally called “light 
trapping”), decreasing reflection and increasing absorption. Imagine shooting a beam of 
light at a mirror where the light and the mirror are perfectly perpendicular. The mirror will 
bounce the light back, but only at a single point. If the mirror were angled towards another 
mirror (imagine a valley), then the light would bounce from one mirror to the other (and 
possibly more depending on the angle of the light) before leaving the mirrors. The valley 
shape allows for the light to hit the silicon more often, hence “light trapping”. Therefore, the 
pyramids allow the silicon wafer to absorb more light. The second basin represents clean-
ing. It removes the chemicals left over from the texturing step. If they were left on, the cell 
could degrade and/or the following steps could not work properly (e.g. the deposition layer 
may not actually make contact with the silicon if there are excess chemicals).

Station 3: Phosphorous Diffusion

Set up: Set up the diffusion furnace and the poster of phosphorous diffusion or a photo of 
the diffusion furnace.

1) Have participants put their cutout inside the “diffusion furnace” and explain what 
the machine is and what it is doing. Also mention the time for the process (about 
an hour and a half) and that it causes no visible changes to the silicon wafer.

Background: Phosphorus (P) is a periodic element frequently used in photovoltaic research. 
When looking at a periodic table, semiconductors are within groups IIIA to VA (or 13-15); 
an element in group IIIA is boron (B) and an element in group VA is phosphorus. See [4] 
for a representation of the periodic table. Phosphorus and boron have different electron-
ic properties that also affect silicon, when ‘combined’ (i.e. when phosphorus is added to 
silicon or boron is added to silicon). The Solar Power Laboratory focuses on phosphorus 
diffusion – i.e. phosphorus is being added to silicon. The purpose of phosphorus diffusion is 
making one side of the cell positive and the other side of the cell negative using phosphorus. 
This is sometimes called the p-n junction. If the cell was never “charged” as such, it would 
simply not work, as the electrons would not move through the cell. 
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Station 4: Silicon Nitride Deposition

Set up: Set up the “deposition machine” (which could be as simple as a box to keep spray 
paint contained). Have the cans of blue spray paint ready. Plug in the hair drier. Have safe-
ty glasses available for participants who might not already have them. Outreach leaders 
should also wear goggles! 

1) Give the participants safety glasses if participants are spraying. 
1) Put the cutout inside the “deposition machine”, and explain what the blue spray 

paint represents deposition of silicon nitride (SiNx), which is the anti-reflective 
coating [ARC]) and why it is blue (thickness). 

2) Dry with a hairdryer thoroughly before moving to printing stage. Note: apply the 
spray paint in as thin a layer as possible. Dry as thoroughly as possible – other-
wise the paint clogs the screen in the next step. 

Background: The process of silicon nitride deposition 
deposits an anti-reflective coating (ARC) on top of 
the cell. In this case, the ARC is the compound silicon 
nitride (SiNx) and does as its name suggests – reduc-
es reflection and instead allows transmission, which 
means light can pass through to the cell. Transmission 
is when light can go through something, in contrast to 
reflection, where light is completely bounced back, and 
absorption, where light is absorbed into the material 
and nothing passes through. See [5] for a helpful visual. 
Silicon nitride (SiNx) deposition is was gives a silicon 
solar cell its blue color. The color change is due to the 

thickness of the layer. The long answer involves learning about something called a “refrac-
tive index”. A refractive index is a number that describes how light goes through a material. 
Different thicknesses have different refractive indexes, and the change in how the light goes 
through the material affects the color that the film is. For more detailed information, please 
see reference [6]. 

Station 5: Metal Screen Printing 

Set up: Set up the screen. Have gray/silver paint and squeegee 
ready. Have a large tub of soapy water and paint thinner ready 
to clean the screen in between applications. If possible, create 
two screens to avoid interruption of the pilot line. 

1) Place newspaper on top of a table. Place the screen 
over the “wafer” cutout so the pattern lines up fairly 
symmetrically. Gently pour a line of ink above the 
screen. Using the flat edge of the squeegee, pull the 
ink down and over the print pattern. Repeat for an 
even coat of ink in the shape of the pattern on the 
cutout. Once completed, gently peel the cutout off 
the screen, as it will most likely be stuck after print-



102 OUTREACH ACTIVITIES  |  Young Scientist Pilot Line

ing. Explain that the ink represents silver paste, and the paste is used to move 
(conduct) the electricity created by the silicon and various layers. 

Background: Metal screen printing deposits the conductive metal onto the silicon via paste 
comprised of silver and other organics. The metal is what the electrons use to travel and, 
thus, generate current (current is the flow of electrons). There is a tradeoff between the 
amount of silver, the area of the revealed solar cell, the cost of silver, and the new prevalence 
of copper plating. The silver paste used in the printing process is not pure silver – it has 
organics. The backside of a solar cell is also printed, but with aluminum, as aluminum is 
cheaper. Silver tabbing can be mentioned, but is not required.

Station 6: Firing and Edge Isolation

Set up: The belt furnace can be represented simply using a toaster oven (no heat!), but it 
is also possible to construct a belt roller with a small motor and two lightbulbs if you have 
good mechanical skills and the right tools and equipment. 

1) Take the mock solar cell to the belt furnace model. Turn on the motor and place 
the cutout on top of the belt. As the ink is being dried by the lamps, explain 
how, in the laboratory, the heat is not used to dry, but actually to push the silver 
through the various layers to make contact with the silicon (otherwise, it would 
be conducting no electricity) and to remove organics from the paste. The furnace 
has multiple zones, which is comparable to the model having two lightbulbs, and 
every zone is at a different temperature. Mention that there are a usually three 
different drying steps: after the backside aluminum paste, after the backside silver 
tabbing, and after the front side silver busbars and fingers.

2) Once the cell is dry, have participants cut off the edges. Explain this is called 
“laser edge isolation” and is used because of the diffusion step: phosphorus is 
added to the silicon, but it is added to the entire wafer. This means the entire cell 
is covered with phosphorus.
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Background: Firing removes organic components from the printing paste and also ‘punch-
es’ the silver through the various layers to the silicon. The belt furnace, in the laboratory, has 
different zones. Each zone has one heat lamp, and the temperature across them all varies. In 
the lab, laser edge isolation is literally using a laser to cut the edges and separate the top and 
bottom of the cell. The reason for this is because the phosphorus is added around the entire 
wafer, creating a path of low resistance for the electrons and giving the wafer a low shunt 
resistance. Because the resistance is low, that means the electrons will take that path instead 
of going through the cell – essentially, the phosphorus creates an extra path for the electrons 
to take, and, since it has a low resistance and electrons like paths of least resistance, the 
electrons will go around the cell through the phosphorus instead of going through the cell. 
To circumvent this, a laser is used to cut the sides to the top and bottom are separated. This 
cuts the path the electrons can take, forcing them to go through the cell as desired.

Station 7: Cell testing

Set up: set up multimeters and solar cells on a table. 

1) Explain that solar cells are tested for their 
efficiency after they come off the assembly 
line. Explain how a multimeters work; in-
clude an explanation of voltage and current. 

2) Explain that in the laboratory, the efficien-
cy of solar cells can be tested using a tool 
called the “Flash Solar Cell Tester” (image 
to the right).
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Assessment

Using their cell phones, participants can take a photo of themselves in front of an enlarged 
photo of the ASU Solar Lab Cleanroom. This makes a great souvenir to take home! 

Ask participants to remember and name all the steps they took in creating their mock 
solar cell. 

Deepen Your Knowledge 

Experienced participants can act as solar ambassadors, helping to run the solar cell pilot line. 
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