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Introduction to Semiconductor Processing

Lesson Overview Career Highlight
Students will learn the basic steps that a Computer Hardware Engineer
semiconductor device undergoes as it transforms from Industrial Machinery Technician
a raw material to a useful item they utilize constantly Supply Chain Manager
throughout the day. We will identify and explain its life Semiconductor Process Technician

cycle, from a silicon ingot to a microchip that can be
installed in a complex electronic device, including
global transportation and logistical challenges.

STEM Course Connections 21st Century SKkills CTE Alignment
Middle School Science Critical Thinking Manufacturing and Product
High School Chemistry Asking Questions Development Pathway

High School Biology
High School Physics
High School Engineering

Engineering Activity
Science and Students will participate in a gallery walk and interactive board game to learn about the
Engineering semiconductor manufacturing process.
Practice #1

Case Study Handout

Dice

Gallery Walk Printout

Student Handout

Semiconductor Process Board Game
Tape

Essential Questions

1. How does the manufacturing of microchips impact the global economy?
2. How does the global economy impact the manufacturing of microchips?
3. How can these precise and delicate manufacturing methods be employed effectively in other disciplines?
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https://docs.google.com/document/d/1l8REpXUIr33vj641VXqmHcafmOE5kXsKM2L3Dn76l5s/edit
https://docs.google.com/document/d/1wAohNFhH-EL4sGY-6uVpxBD9nvcK0GINXAuohF305p0/edit
https://docs.google.com/document/d/1wAohNFhH-EL4sGY-6uVpxBD9nvcK0GINXAuohF305p0/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/d/1GKAMv82iW6e5_ekAd0RvzCZsH5yTfUU1DpfXGUO_H1w/edit
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Prerequisite Knowledge

Students should have a basic knowledge of what a microchip is, and the uses for microchips within the
semiconductor industry. Recommended HTU lessons include: Introduction to Semiconductors; What are
Semiconductors?; Education and Career Pathways; Semiconductor Industry Introduction + Pathways

Engage

Cell Phone Usage (10 mins)
® In Section A of the Student Handout, students will pair off and answer the following questions:
© How many hours do you think you spend on your phone per week? Answers will vary
© How much screen time does your phone report? Answers will vary
O Is this above or below the average screen time per average person? 70 hours per week
© What percentage of your life is spent using your cell phone? Answers will vary
@ As aclass, discuss averages, share any surprising data that students calculated.
Life Before Cell Phones (15 mins)
® Imagine what life was like before the invention of cell phones. How would you get around? How would
you communicate with friends and family?
@ Students will write a short first-person narrative in Section B of the Student Handout about their life as if
they were living in the pre-cell phone era.
@ Students will share their narrative in small groups or with a partner.

Microchips Make Phones Work (10 mins)
@ Students watch the video as a class and answer the following questions in Section C of the Student
Handout:

1. What is the chemical compound in which Silicon naturally occurs? Silicon Dioxide

2. What is the purpose of Dopants in a semiconductor processing plant? To increase electrical
conductivity of parts of the semiconductor.

3. What conclusions can you draw about the types of machinery used in the semiconductor
treatment process? They are very precise and highly technically complex.

@ Students will share their responses as a class.
Semiconductor Manufacturing Process Explained (10 mins)
@ Students watch the video as a class and answer the following questions in Section D of the Student
Handout:

1. What are the 8 key steps in the semiconductor manufacturing process? Wafer manufacturing,
oxidation, photolithography, etching, deposition/ion implantation, metal wiring, electrical die
sorting, and packaging.

2. Inthe Etching phase, what is the difference between “wet etching” and “dry etching?” Wet etching
uses a liquid chemical solution, while dry etching uses gas or plasma instead.

3. What s the step that gives the Silicon wafer its electrically conductive qualities? Deposition and
ion implantation (also called “doping”).

@ Students will share their responses as a class.
Academic Vocabulary (10 mins)
® Students will develop their academic vocabulary in Section E of the Student Handout.
o Wafers
© Semiconductors
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https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://www.youtube.com/watch?v=c9arR8T0Qts
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://www.youtube.com/watch?v=Bu52CE55BN0
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
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Semiconductor Company Case Study (35 mins)

Microchip

Supply chain
Silicon Mining
Ingot Processing
Wafer Manufacturing
Cleaning
Oxidation Process
Photolithography
Etching
Deposition
Interconnection
Testing
Packaging

O O 0O O OO0 OO0 O O0OO0OO0OOo

Each student within a group of five will be provided with a case study company.

Students will spend approximately 10 minutes reading from the provided materials and answering the
questions in Section F of the Student Handout.

Intel:

1. What is the company’s primary purpose? The company produces microprocessors.

2. What do semiconductors have to do with your company? Semiconductors are the basis of their
main product.

3. What can your company do to further the development of more advanced semiconductors or the
semiconductor field as a whole? They are working to produce smaller and more efficient
microchips for electronic devices.

Apple:

1. What is the company’s primary purpose? The company produces computers and end-user devices.

2. What do semiconductors have to do with your company? The processors that run the computers
are semiconductor-based.

3. What can your company do to further the development of more advanced semiconductors or the
semiconductor field as a whole? They are currently creating their own microprocessors in-house
for their own devices.

Tesla:

1. What is the company’s primary purpose? The company produces cars.

2. What do semiconductors have to do with your company? The self-driving function requires a great
deal of processing power, which is provided by semiconductor-based microchips.

3. What can your company do to further the development of more advanced semiconductors or the
semiconductor field as a whole? The advent of self-driving cars is only possible because of
semiconductors, so by improving their computing power, they can make self-driving cars more
prevalent.

Google:

1. What is the company’s primary purpose? The company disseminates information and produces
some end-user devices.

2. What do semiconductors have to do with your company? They are required for the hardware of all
of their products.

3. What can your company do to further the development of more advanced semiconductors or the
semiconductor field as a whole? They are conducting research into artificial intelligence, which can
be used to problem solve much more quickly than humans.

DARPA:
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https://docs.google.com/document/d/1l8REpXUIr33vj641VXqmHcafmOE5kXsKM2L3Dn76l5s/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
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1. What is the company’s primary purpose? The company works in research and development for
national defense projects.

2. What do semiconductors have to do with your company? Many of the systems utilized by DARPA
have complex electronics that rely on semiconductor components.

3. What can your company do to further the development of more advanced semiconductors or the
semiconductor field as a whole? They are researching electronics manufacturing practices that
may improve the industry’s ability to produce new semiconductor components.

@ Students will then extend their research by going online and answering the questions about their case
study company in Section F of the Student Handout.

1. Whatis your company most widely known for? Answers will vary.
2. What types of jobs are available at your company? Answers will vary.
3. What is one interesting fact about your company that you think the rest of your class might not
know? Answers will vary.
® Once the research has been conducted, students will take turns sharing about their case studies and will

take notes in Section F of the Student Handout.
Semiconductor Gallery Walk (55 mins)
Teacher Note: Print out the twenty Semiconductor Gallery Walk sheets and tape each of them to the walls around
the classroom. They should be evenly spaced out to the maximum extent possible to prevent students from bunching
up around them.

@ Students will each start at a station (pair students into groups of 2 or 3 if class size exceeds 20)
@ Students will spend 2 minutes at each station reading the description and will write 1-2 sentences in
Section G of the Student Handout summarizing what they have read.
@ After the Gallery Walk, students will answer reflection questions on Section G of the Student Handout.
1. What part of the semiconductor process was most surprising to you? Answers will vary.
2. What part of the semiconductor process is the most interesting to you? Answers will vary.
3. What questions do you still have about the semiconductor process? Answers will vary.

Semiconductor Manufacturing Board Game (40 mins)
® Teacher Note: To prepare the game boards, print out the instructions and read through the set up. The
cards should be cut out, folded over and glued, stapled, or taped together. They can also be cut and pasted
onto index cards. The teacher should do this ahead of class.
Group students into teams and distribute board games to each group.
Allow students time to set up and play the game.
After the game is over, students will answer reflection questions in Section H of the Student Handout:
1. What did you learn about the semiconductor manufacturing process? Answers will vary.
2. What part of the semiconductor manufacturing process would you like to learn more about?
Answers will vary.

Reflect on the Semiconductor Manufacturing Process (10 mins)
® Students will respond to the following reflection questions in Section I of the Student Handout:
1. How does the manufacturing of microchips impact the global economy? Cheaper and more
massively-produced microchips will lead to cheaper and more widespread technological devices.
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https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/u/0/d/1wAohNFhH-EL4sGY-6uVpxBD9nvcK0GINXAuohF305p0/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/d/1F8OVRAtd4MRIdVei1Aq8_VzFJo4n6M2oa6FiNS-DbYE/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
https://docs.google.com/document/d/1dtYBz_dpjc-WDFoZ-osYIuJN7Y8GbDn7qY_OClPiSfg/edit
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2. How does the global economy impact the manufacturing of microchips? The supply chains of
consumer electronics products rely heavily on the available supply of raw materials, as well as
developmental capability of the chip manufacturers.

Figure 5.Typical Global Semiconductor Production Pattern

L Semiconductor
Raw materials Front-end fabrication machinery is sold to
Ingots are formed Semiconductors are producers for front-
from pure silicon created on silicon wafers  and and back-end Design
and then sliced using various processes manufacturing. Semiconductor 3
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cut out of the wafers,
tested, encapsulated

into plastic packages,
and prepared for
purchase.

Electronic product manufacturing Final electronic products
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rated into electronic products. rorinGative e il

Source: CRS, adapted from information provided by SIA.

@ Use the visual in Section I of the Student Handout to illustrate the steps in the process.
@ Share responses as a whole class.

Students can learn more about the individual steps in this process by engaging with other HTU lessons.

CA NGSS Standards

HS-ESS3-2. Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources
based on cost-benefit ratios.

HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.
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-z 5| SEMI
Z1gnited | EOUNDATION

CTE Alignment

B11.0 Understand and defend the purposes and processes of inspection and quality control in machining and forming
processes.

D1.0 Understand the basic product design and development process as it relates to the design of a product, line of products,
system design, or services.

D8.0 Understand and apply basic business and entrepreneurial principles and identify potential markets and/or other
business opportunities for distribution of the product.

Resources

The addition of electrical properties. Samsung Semiconductor EMEA. (2018, February 22). Retrleved March 7, 2023 from

fabrication-processes-part-6-deposition-and-ion-implantation-for-the-electrical-properties/

Advanced Semiconductor Materlals L1thography (n.d.). thhography Prmczples How Microchips are Made Retrieved from

exposure.mg"rev 4—72776f04—2ce42f98be3f0 74ac1d444c&hash=CF8CC21AE79E771D9BDDC5C759DA89BD.

Advanced Renewable Energy Systems. (n.d.). Silicon Wafer. Silicon Wafer - an overview | ScienceDirect Topics. Retrieved
March 4, 2023, from https://www.sciencedirect.com/topics/materials-science/silicon-wafer#:~:text=A%20silicon%20
wafer%20is%20a,which%20is%20circular%20in%?20shape.

af_istocker. (n.d.). Foreman control loading Containers box from Cargo freight ship stock photo. iStock Photo. Retrieved from

https://www.ziprecruiter.com/svc/fotomat/public-ziprecruiter/cms/1071582304DockWorker.jpg.

Apple Logo. 1000 Logos The Famous Brands and Company Logos in the World Apple Logo Comments. (n.d.). Retrieved
March 25, 2023, from https://1000logos.net/apple-logo

Associated Press. (n.d.). A worker handles components of electronic elements at the Out Of Use company warehouse in
Beringen, Belgium, July 13, 2018. VOA News. Retrieved from https://gdb.voanews.com/41E9F0A7-2F90-4637-9129-
0988C0C48BE7 w1023 rl s.jpg.

Benitez, M. (n. d) ThoughtCo Getty Images. Retrieved from https: waw thoughtco. com[thmb[ZﬂNW]TdaBrbASg-

5c79c5a246e0fb00011bf2fc.]pg.

Biasotti, Michele (n.d.). (2020). The Phonon-Mediated TES Cosmic Ray Detector for Focal Plane of ATHENA X-Ray Telescope.
Journal of Low Temperature Physics. 199.10.1007/s10909-020-02348-y.

Ch., H. (n.d.). Basic Process for the Oxidation of Silicon. Modeling of Thermal Oxidation and Stress Effects. Retrieved March 5,
2023, from https://www.iue.tuwien.ac.at/phd-theses/?L=0

Teacher Research Consultants, LLC


https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-6-deposition-and-ion-implantation-for-the-electrical-properties/
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-6-deposition-and-ion-implantation-for-the-electrical-properties/
https://www.asml.com/-/media/asml/images/technology/43681-inside-nxe3400-waferstage-during-exposure.jpg?rev=472776f042ce42f98be3f074ac1d444c&hash=CF8CC21AE79E771D9BDDC5C759DA89BD
https://www.asml.com/-/media/asml/images/technology/43681-inside-nxe3400-waferstage-during-exposure.jpg?rev=472776f042ce42f98be3f074ac1d444c&hash=CF8CC21AE79E771D9BDDC5C759DA89BD
https://www.sciencedirect.com/topics/materials-science/silicon-wafer#:%7E:text=A%20silicon%20wafer%20is%20a,which%20is%20circular%20in%20shape
https://www.sciencedirect.com/topics/materials-science/silicon-wafer#:%7E:text=A%20silicon%20wafer%20is%20a,which%20is%20circular%20in%20shape
https://www.ziprecruiter.com/svc/fotomat/public-ziprecruiter/cms/1071582304DockWorker.jpg
https://1000logos.net/apple-logo/
https://gdb.voanews.com/41E9F0A7-2F90-4637-9129-0988C0C48BE7_w1023_r1_s.jpg
https://gdb.voanews.com/41E9F0A7-2F90-4637-9129-0988C0C48BE7_w1023_r1_s.jpg
https://www.thoughtco.com/thmb/2fWWjTda3rbA8g-862wctACgx0Q=/1500x0/filters:no_upscale():max_bytes(150000):strip_icc()/GettyImages-1131813470-5c79c5a246e0fb00011bf2fc.jpg
https://www.thoughtco.com/thmb/2fWWjTda3rbA8g-862wctACgx0Q=/1500x0/filters:no_upscale():max_bytes(150000):strip_icc()/GettyImages-1131813470-5c79c5a246e0fb00011bf2fc.jpg
https://www.thoughtco.com/thmb/2fWWjTda3rbA8g-862wctACgx0Q=/1500x0/filters:no_upscale():max_bytes(150000):strip_icc()/GettyImages-1131813470-5c79c5a246e0fb00011bf2fc.jpg
https://www.iue.tuwien.ac.at/phd-theses/?L=0

QAL i | SEMI
1gnited “%| FOUNDATION

Copper Interconnect. Lam Research. (2021, September 7). Retrieved March 5, 2023, from
https://mylam.lamresearch.com/en/

Daoust, B. (n.d.). Pouring Melted Glass into Graphite Mold in Workshop. Shutterstock. Retrieved from
https://www.translume.com/images/Misc/Glass Melt%20shutterstock 442773265.jpgs.

Das, S. (2022, November 26). Silicon Wafer. Electronics Tutorial | The Best Electronics Tutorial Website. Retrieved March 5,
2023, from https://www.electronicsandyou.com/blog/top-silicon-wafer-manufacturing-companies-in-the-world.html

Definition of silicon ingot. PCMAG. (n.d.). Retrieved March 4, 2023, from
https://www.pcmag.com/encyclopedia/term/silicon-ingot

Dictionary.com. (n.d.). Dictionary.com. Retrieved March 4, 2023, from https://www.dictionary.com/.

Drawing structures in nano-scale. Samsung Semiconductor EMEA. (2017, September 22). Retrieved March 7, 2023, from
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-
fabrication-processes-part-4-photolithography-laying-the-blueprint/

Etching a circuit pattern. Samsung Semiconductor EMEA. (2018, January 4). Retrieved March 7, 2023, from
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-

fabrication-processes-part-5-etching-a-circuit-pattern/

Everything you need to know about silicon wafer manufacturing. Wafer World. (2020, July 11). Retrieved March 7, 2023, from
https://www.waferworld.com/post/silicon-wafer-manufacturing-ultimate-guide

Genkur. (n.d.). Semiconductor Silicon Wafer. Shutterstock. Retrieved from
https://d1otjdv2bf0507.cloudfront.net/images/Article Images/ImageForArticle 5341(1).jpg.

Google logo. 1000 Logos The Famous Brands and Company Logos in the World Google Logo Comments. (n.d.). Retrieved
March 25,2023, from https://1000logos.net/google-logo/

Gorodenkoff. (n.d.). Electronics Store Professional Consultant. iStock Photo. Retrieved from
https://media.istockphoto.com/id /853324186 /photo/in-the-electronics-store-professional-consultant-shows-latest-4k-
uhd-tvs-to-a-yvoung-man-they.jpg?s=612x612&w=0&k=20&c=SE e4-wddUwVuVIN M NiL-BNt2dhb7CsMSxwo]JamFM-=.

Helber, S. (n.d.). Maersk Container Ship. Grist.org. AP Photo. Retrieved from https://grist.org/wp-

content/uploads/2021/03/Maersk-container-ship-e1614978284476.jpg.

Higgins, J. (2021, September 30). Global leaders in advanced manufacturing partner to expand semiconductor wafer
production in Missouri. Missouri Partnership. Retrieved March 5, 2023, from https://www.missouripartnership.com/global-
leaders-in-advanced-manufacturing-partner-to-expand-semiconductor-wafer-production-in-missouri/.

Intel logo. 1000 Logos The Famous Brands and Company Logos in the World Intel Logo Comments. (n.d.). Retrieved March
25, 2023, from https://1000logos.net/intel-logo/

Investment U. (n.d.). Microchip Stock Photo. Retrieved from https://investmentu.com/wp-
content/uploads/2021/11 /microchip-stocks.jpg.

Maloney, D. (2021, November 15). Mining and refining: Pure silicon and the incredible effort it takes to get there. Hackaday.
Retrieved March 6, 2023, from https://hackaday.com/2021/11/15/mining-and-refining-pure-silicon-and-the-incredible-

Teacher Research Consultants, LLC


https://mylam.lamresearch.com/en/
https://www.translume.com/images/Misc/Glass_Melt%20shutterstock_442773265.jpgs
https://www.electronicsandyou.com/blog/top-silicon-wafer-manufacturing-companies-in-the-world.html
https://www.pcmag.com/encyclopedia/term/silicon-ingot
https://www.dictionary.com/
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-4-photolithography-laying-the-blueprint/
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-4-photolithography-laying-the-blueprint/
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-5-etching-a-circuit-pattern/
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-5-etching-a-circuit-pattern/
https://www.waferworld.com/post/silicon-wafer-manufacturing-ultimate-guide
https://d1otjdv2bf0507.cloudfront.net/images/Article_Images/ImageForArticle_5341(1).jpg
https://1000logos.net/google-logo/
https://media.istockphoto.com/id/853324186/photo/in-the-electronics-store-professional-consultant-shows-latest-4k-uhd-tvs-to-a-young-man-they.jpg?s=612x612&w=0&k=20&c=SE_e4-wddUwVuVIN_M_NiL-BNt2dhb7CsMSxwoJamFM=
https://media.istockphoto.com/id/853324186/photo/in-the-electronics-store-professional-consultant-shows-latest-4k-uhd-tvs-to-a-young-man-they.jpg?s=612x612&w=0&k=20&c=SE_e4-wddUwVuVIN_M_NiL-BNt2dhb7CsMSxwoJamFM=
https://grist.org/wp-content/uploads/2021/03/Maersk-container-ship-e1614978284476.jpg
https://grist.org/wp-content/uploads/2021/03/Maersk-container-ship-e1614978284476.jpg
https://www.missouripartnership.com/global-leaders-in-advanced-manufacturing-partner-to-expand-semiconductor-wafer-production-in-missouri/
https://www.missouripartnership.com/global-leaders-in-advanced-manufacturing-partner-to-expand-semiconductor-wafer-production-in-missouri/
https://1000logos.net/intel-logo/
https://investmentu.com/wp-content/uploads/2021/11/microchip-stocks.jpg
https://investmentu.com/wp-content/uploads/2021/11/microchip-stocks.jpg
https://hackaday.com/2021/11/15/mining-and-refining-pure-silicon-and-the-incredible-effort-it-takes-to-get-there/

QAL i | SEMI
1gnited “%| FOUNDATION

effort-it-takes-to-get-there/

Mancuso, C. (n.d.). Slllcon Wafer Vacuum Packaging. AMAC Technologles Retrieved from

Tesla logo. 1000 Logos The Famous Brands and Company Logos in the World Tesla Logo Comments. (n.d.). Retrieved March
25,2023, from https://1000logos.net/tesla-logo/

The metal interconnect. Samsung Semiconductor EMEA. (2018, March 19). Retrieved March 7, 2023, from
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-
fabrication-processes-part-7-metal-interconnects-electrical-highways/

Morozov, A. (n.d.). Silicon wafer with semiconductor microchip on machine process examining testing in microscope. Alamy
Stock Photo. Retrieved from https://assets.website-
files.com/60a3c1fc44c5715c¢395770e7/60df81233067ba74132f3519 Depositphotos 343749110 1-2015-1.jpeg.

Mulroy, S. (2019, November 14). Mining the elements used in semiconductors. AZO Mining. Retrieved March 5, 2023, from
https://www.azomining.com/Article.aspx?Article[D=1532

Otero, L. M. (n.d. ] A Motorola plant in Fort Worth. Associated Press. Reuters via The New York Tlmes Retrleved from

The oxidation process. Samsung Semiconductor EMEA. (n.d.). Retrieved March 4, 2023, from
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-

fabrication-processes-part-2-oxidation-to-protect-the-wafer/.

P&Q Staff. (n.d.). The U.S. Geological Survey tracks crushed stone, sand and gravel production through quarterly surveys of
aggregate producers. Pit and Quarry. Retrieved from https://www.pitandquarry.com/wp-
content/uploads/2017/10/PQ1017 dust-736x375.jpg.

Packaging. Semiconductor Engineering. (2020, December 18). Retrieved March 25, 2023, from
https://semiengineering.com/knowledge centers/packagin

Packaging process that protects semiconductors. Samsung Semiconductor EMEA. (2018, October 12). Retrieved March 7,
2023 from https: //semlconductor samsung. com/emea/suDDort/tools resources/fabrlcatlon process/eight-essential-

Platzer, M. D,, Sutter, K. M., & Sargent, J. F. (2020). Semiconductors: U.S. Industry, Global Competition, and Federal Policy.
Congressional Research Service, 14. https://doi.org/https://crsreports.congress.gov/product/pdf/R/R46581

Precision Surfacing Solutions. (n.d.). Eight-Inch Silicon Cut. Retrieved from https: //www.precision-
surface.com/8 inch silicon cut.jpg.

Reduction of Si02 with carbon to metallurgical grade silicon in an electric arc furnace. (n.d.). MicroChemicals. Retrieved from
https://www.microchemicals.com/uploads/pics/silicon production arc furnace metallurgical.jpg.

RK Logistics Group. (n.d.). Hayward Warehouse. Retrieved from https://www.dcvelocity.com/ext/resources/user-
submissions/articles/5d8baa4f-587a-45d5-b657-a33be4ed3853.jpg?t=1639665366&width=600.

Teacher Research Consultants, LLC


https://hackaday.com/2021/11/15/mining-and-refining-pure-silicon-and-the-incredible-effort-it-takes-to-get-there/
https://amactechnologies.com/wp-content/uploads/2022/01/silicon-wafer-packaging.png
https://1000logos.net/tesla-logo/
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-7-metal-interconnects-electrical-highways/
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-7-metal-interconnects-electrical-highways/
https://assets.website-files.com/60a3c1fc44c5715c395770e7/60df81233067ba74132f3519_Depositphotos_343749110_l-2015-1.jpeg
https://assets.website-files.com/60a3c1fc44c5715c395770e7/60df81233067ba74132f3519_Depositphotos_343749110_l-2015-1.jpeg
https://www.azomining.com/Article.aspx?ArticleID=1532
https://www.prizminstitute.com/blog/wp-content/uploads/2016/10/smartphone-manufacturing-1024x610.jpg
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-2-oxidation-to-protect-the-wafer/
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-2-oxidation-to-protect-the-wafer/
https://www.pitandquarry.com/wp-content/uploads/2017/10/PQ1017_dust-736x375.jpg
https://www.pitandquarry.com/wp-content/uploads/2017/10/PQ1017_dust-736x375.jpg
https://semiengineering.com/knowledge_centers/packaging/
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-9-packaging-to-protect-the-chips-from-external-elements/
https://semiconductor.samsung.com/emea/support/tools-resources/fabrication-process/eight-essential-semiconductor-fabrication-processes-part-9-packaging-to-protect-the-chips-from-external-elements/
https://doi.org/https:/crsreports.congress.gov/product/pdf/R/R46581
https://www.precision-surface.com/8_inch_silicon_cut.jpg
https://www.precision-surface.com/8_inch_silicon_cut.jpg
https://www.microchemicals.com/uploads/pics/silicon_production_arc_furnace_metallurgical.jpg
https://www.dcvelocity.com/ext/resources/user-submissions/articles/5d8baa4f-587a-45d5-b657-a33be4ed3853.jpg?t=1639665366&width=600.
https://www.dcvelocity.com/ext/resources/user-submissions/articles/5d8baa4f-587a-45d5-b657-a33be4ed3853.jpg?t=1639665366&width=600.

QAL i | SEMI
1gnited “%| FOUNDATION

Samsung Semiconductor Newsroom. (2022). ‘Semiconductor Manufacturing Process’ Explained: 'All About Semiconductor’.
YouTube. Retrieved March 4, 2023, from https://www.youtube.com/watch?v=Bu52CE55BNO.

Silicon. Minerals Education Coalition. (2022, July 1). Retrieved March 4, 2023, from https://mineralseducationcoalition.org
/elements/silicon /#:~:text=Silicon%20is%20chiefly%200btained%20from,the%20minerals%20mica%20and%?20talc.

Siltronic. (n.d.). Silicon mono crystal for the semiconductor industry. Technical University of Munich. Retrieved from
https://www.frm2.tum.de/fileadmin/w00bnv/www/pics/SiltronicSiliciumeinkristall.j

Taete, |. L. (n.d.). Petro Travel Center parking area. The New York Times. Retrieved from
https://static01.nyt.com/images/2022/06/04 /business/04wheels-truckers1/merlin 207450072 11128dce-ac76-4c15-
8861-92cff669f8ca-superJumbo.jpg?quality=75&auto=webp.

United Parcel Service. (n.d.). Boeing 747-8 Jumbo Freighter. The New England Council. Retrieved from
https://www.newenglandcouncil.com/wp-content/uploads/2020/09/UPSplane.jpg.

Utmel. (2022, April 20). Semiconductor cleaning: Processes, methods and reasons. Utmel. Retrieved March 4, 2023, from
https://www.utmel.com/blog/categories/semiconductor/semiconductor-cleaning-processes-methods-and-reasons

WaferPro. (n.d.). How Silicon Wafers are Cleaned. Retrieved from https://waferpro.com/wp-
content/uploads/2017/06/Silicon-Wafer-Cleaning.jpg.

World's top semiconductor producers. ShipHub. (2022, May 18). Retrieved March 7, 2023, from
https://www.shiphub.co/worlds-top-semiconductors-producers/

YouTube. (2021). Semiconductor Production Process Explained. YouTube. Retrieved March 4, 2023, from
https: //www.youtube.com/watch?v=c9arR8T0Qts.

Teacher Research Consultants, LLC


https://www.youtube.com/watch?v=Bu52CE55BN0
https://mineralseducationcoalition.org/elements/silicon/#:%7E:text=Silicon%20is%20chiefly%20obtained%20from,the%20minerals%20mica%20and%20talc
https://mineralseducationcoalition.org/elements/silicon/#:%7E:text=Silicon%20is%20chiefly%20obtained%20from,the%20minerals%20mica%20and%20talc
https://www.frm2.tum.de/fileadmin/w00bnv/www/pics/SiltronicSiliciumeinkristall.jpg
https://static01.nyt.com/images/2022/06/04/business/04wheels-truckers1/merlin_207450072_11128dce-ac76-4c15-8861-92cff669f8ca-superJumbo.jpg?quality=75&auto=webp
https://static01.nyt.com/images/2022/06/04/business/04wheels-truckers1/merlin_207450072_11128dce-ac76-4c15-8861-92cff669f8ca-superJumbo.jpg?quality=75&auto=webp
https://www.newenglandcouncil.com/wp-content/uploads/2020/09/UPSplane.jpg.
https://www.utmel.com/blog/categories/semiconductor/semiconductor-cleaning-processes-methods-and-reasons
https://waferpro.com/wp-content/uploads/2017/06/Silicon-Wafer-Cleaning.jpg
https://waferpro.com/wp-content/uploads/2017/06/Silicon-Wafer-Cleaning.jpg
https://www.shiphub.co/worlds-top-semiconductors-producers/
https://www.youtube.com/watch?v=c9arR8T0Qts

L. 5| SEMI
“1gnited | EOUNDATION

Name Date

Introduction to Semiconductor Processing Student Handout

Directions: Students read the prompts and answer in complete sentences in the box to the right.

Engage

How many hours do you think you spend
on your phone per week?

How much daily screen time does your
phone report?

Is this above or below the average screen
time per average person?

What percentage of your life is spent using
your cell phone?

Section B: Life Before Cell Phones

Imagine what life was like before the
invention of cell phones. How would you
get around? How would you communicate
with friends and family?

Explore
Section C: Microchips Make Phones Work

What is the chemical compound in which
Silicon naturally occurs?




L. 5| SEMI
“1gnited | EOUNDATION

What is the purpose of Dopants in a
semiconductor processing plant?

What conclusions can you draw about the
types of machinery used in the
semiconductor treatment process?

Section D: Semiconductor Manufacturing Process Explained

What are the 8 key steps in the
semiconductor manufacturing process?

In the Etching phase, what is the difference
between “wet etching” and “dry etching?”

What is the step that gives the Silicon
wafer its electrically conductive qualities?

Word Definition

Image

Description in Own Words

Wafers A thin slice of crystal
semiconductor, such as a
material made up from
silicon crystal, which is

circular in shape.

A substance, such as
Silicon or Germanium,
with electrical
conductivity intermediate
between that of an
insulator and a conductor.

Semi-
conductors

Microchip A tiny slice of
semiconducting material,
generally in the shape of a
few square millimeters
long, cut from a larger
wafer of the material, on
which a transistor or an
entire integrated circuit is

formed.
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Supply chain

The series of growers,
manufacturers,
distributors, shippers, etc.,
involved in producing
goods of a particular kind
and bringing them to
market.

Silicon
mining

Silicon is chiefly obtained
from quartz, which is not
much more difficult to
mine than scooping up
sand. Silicon is also
obtained from the
minerals mica and talc.

Ingot
processing

A silicon ingot is a salami-
shaped bar of silicon,
which is a single crystal,
technically known as a
"boule." The ingot is the
first step in chip making.

Wafer manu-
facturing

A wafer is a slice taken
from a salami-like silicon
crystal ingot. The larger
the wafer, the more chips
produced at the same
time. The production
process comprises a series
of photomasking, etching
and implantation steps
that can take days and
weeks to create the final
product.

Cleaning

Dry and wet cleaning work
involves using chemical
solutions or gases to
successfully remove dust,
metal ions, and organic
impurities that have
remained on the wafer.
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Oxidation
Process

The oxidation process
creates an SiO2 layer,
which serves as an
insulating layer that
blocks leakage current
between circuits. The
oxide layer also protects
the silicon wafer during
the subsequent ion
implantation and etching
processes.

Ambient

Oxidants

Oxide

Silicon

Photo-
lithography

A process whereby
integrated and printed
circuits are produced by
photographing the circuit
pattern on a
photosensitive substrate
and chemically etching
away the background.

Deposition

A series of processes
where materials at atomic
or molecular levels are
deposited on the wafer
surface as a thin layer to
contain electrical
properties.

Inter-
connection

Through multiple stages of
masking, etching, and
diffusion, the sublayers on
the chip are created. The
final stage lays the top
metal layer (usually
aluminum), which
interconnects the
transistors to each other
and to the outside world.

e

Copper
Interconnect

Dielectric ——

Levels

Testing

Each chip is tested on the
wafer. Bad chips are
marked for elimination
while the good ones are
sliced out, placed into
packages and connected
by tiny wires or solder
balls. The package is then
sealed and tested as a
complete unit.
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Packaging The housing that
integrated circuits (chips)
are placed in. The package
is then either plugged into
(socket mount) or
soldered onto (surface
mount) the printed circuit
board.

Explain

Company Name:

What is the company’s primary purpose?

What do semiconductors have to do with
your company?

What can your company do to further the
development of more advanced
semiconductors or the semiconductor field
as a whole?

What is your company most widely known
for?

What types of jobs are available at your
company?

What is one interesting fact about your
company that you think the rest of your
class might not know?




QL . | SEMI
“1gnited | EOUNDATION

Company Name:

Company Name:

Company Name:

For each station, write the title of the page and 1-2 sentences summarizing the content that you read.

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:
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Section Title:

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:

Section Title:
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Answer the reflection questions below after the gallery walk.

1. What part of the semiconductor
process was most surprising to
you?

2. What part of the semiconductor
process is the most interesting to
you?

3. What questions do you still have
about the semiconductor process?

Elaborate

1. What did you learn about the semiconductor
manufacturing process?

2. What part of the semiconductor manufacturing
process would you like to learn more about?

Evaluate

Section I: Reflect on the Semiconductor Manufacturing Process

How does the manufacturing of microchips impact the
global economy?
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How does the global economy impact the
manufacturing of microchips?

Figure 5.Typical Global Semiconductor Production Pattern

etching, photolithogra-
phy, materials depositing).

Back-end assembly,
test, and packaging
Semiconductors are

cut out of the wafers,
tested, encapsulated
into plastic packages,
and prepared for
purchase.

Electronic product manufacturing
Finished semiconductors are sold,
typically to downstream electronic
product manufacturers, and incorpo-
rated into electronic products.

Semiconductor

Raw materials Front-end fabrication machinery is sold to

Ingots are formed Semiconductors are producers for front- !

from pure silicon created on silicon wafers end and back®End DES'_Q"

and then sliced using various processes manufacturing. Semiconductor
into wafers. and techniques (e.g., designs are created

using highly sophisti-
cated computer and
software design tools.

Electronic product sales
Final electronic products
with semiconductors inside
are sold to consumers.

Forillustrative purposes only.

Source: CRS, adapted from information provided by SIA.




Intel Case Study

tel.

Intel Corporation is a technology company headquartered in Santa Clara, California. Founded in 1968, Intel

is a leading manufacturer of semiconductor devices, such as microprocessors, system-on-chips, and memory chips.
Intel is one of the most innovative companies in the semiconductor industry, and their contributions have led to

significant advances in technology.

One way that Intel contributes to the development of semiconductor devices is by investing heavily in
research and development. Intel has a large team of engineers and scientists who are constantly working on new
technologies to improve their products. For example, in 2018, Intel invested $13.1 billion in R&D, which accounted
for over 20% of their revenue. This investment has led to significant advances in semiconductor design,
manufacturing, and packaging, allowing Intel to produce chips that are faster, more efficient, and more powerful

than ever before.

Another way that Intel contributes to the development of semiconductor devices is by collaborating with
other companies in the industry. Intel has partnerships with a range of companies, from small startups to large
corporations, to share knowledge and resources to develop new technologies. For example, in 2020, Intel
announced a partnership with MediaTek to develop 5G modem solutions for PCs. This collaboration allows Intel to
leverage MediaTek's expertise in wireless technology to create better products, while also helping MediaTek

expand into new markets.

Overall, Intel's contributions to the development of semiconductor devices have been significant and have
helped to shape the industry. By investing in research and development and collaborating with other companies,
Intel has been able to push the boundaries of what is possible with semiconductor technology, and their products

continue to be at the forefront of innovation in the industry.



Apple Case Study

Apple Inc. is a multinational technology company headquartered in Cupertino, California. Founded in 1976,
Apple is known for its innovative products, including the iPhone, iPad, Mac, and Apple Watch. In recent years,
Apple has also become a significant player in the semiconductor industry, developing their own chips for use in

their products.

One way that Apple contributes to the development of semiconductor devices is through their in-house
chip design team. In 2010, Apple acquired P.A. Semi, a semiconductor design company, and has since expanded its
chip design capabilities. Apple's chip design team is responsible for developing the company's A-series chips,
which power the iPhone, iPad, and iPod touch, as well as the M-series chips, which are used in Macs. These chips

are designed specifically for Apple's devices, allowing the company to optimize performance and power efficiency.

Another way that Apple contributes to the development of semiconductor devices is through its use of
advanced manufacturing technologies. In 2020, Apple announced that it would be transitioning its Macs to use its
own processors, based on ARM architecture, rather than the Intel processors that it had been using for over a
decade. This move allows Apple to have more control over its hardware and software, while also taking advantage

of advanced manufacturing technologies that allow for smaller, more power-efficient chips.

Overall, Apple's contributions to the development of semiconductor devices have been significant, and the
company's in-house chip design team and use of advanced manufacturing technologies have allowed it to produce
chips that are highly optimized for its products. As Apple continues to innovate in the technology industry, its
contributions to the semiconductor industry are likely to continue to play a significant role in shaping the future of

technology.



Tesla Case Study
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Tesla, Inc. is an American electric vehicle and clean energy company headquartered in Palo Alto, California.
Founded in 2003, Tesla has revolutionized the automotive industry by producing high-performance electric
vehicles that have gained widespread popularity among consumers. One key component of Tesla's vehicles is the

advanced semiconductor technology used to power them.

One way that Tesla contributes to the development of semiconductor devices is through its in-house chip
design team. In 2019, Tesla announced that it had designed its own chip, known as the Full Self-Driving (FSD) chip,
which is used in its autonomous driving system. This chip is designed specifically for Tesla's vehicles, allowing the
company to optimize performance and power efficiency. By developing its own chips, Tesla can control the entire

technology stack in its vehicles, from the hardware to the software.

Another way that Tesla contributes to the development of semiconductor devices is through its use of
artificial intelligence (Al) and machine learning (ML) technologies. Tesla's autonomous driving system relies on a
complex network of sensors and cameras that generate vast amounts of data. The FSD chip is designed to process
this data in real-time, allowing Tesla's vehicles to make split-second decisions to avoid accidents and improve
safety. Tesla's use of Al and ML technologies is pushing the boundaries of what is possible with semiconductor

technology and is helping to pave the way for the future of autonomous vehicles.

Overall, Tesla's contributions to the development of semiconductor devices have been significant, and the
company's in-house chip design team and use of advanced Al and ML technologies have allowed it to produce chips
that are highly optimized for its vehicles. As Tesla continues to innovate in the electric vehicle and clean energy
industries, its contributions to the semiconductor industry are likely to continue to play a significant role in

shaping the future of transportation.



Google Case Study

Google

Google LLC is a multinational technology company headquartered in Mountain View, California. Founded in
1998, Google is best known for its search engine and online advertising platform, but the company also develops a
range of hardware products, including smartphones, laptops, and smart home devices. One key component of these

products is the semiconductor technology used to power them.

One way that Google contributes to the development of semiconductor devices is through its work on
artificial intelligence (AI) and machine learning (ML) technologies. Google is a leader in Al and ML research and has
developed its own custom chips, known as Tensor Processing Units (TPUs), to power its Al and ML applications.
These chips are highly optimized for Al and ML workloads and allow Google to process vast amounts of data in

real-time, making its products more intelligent and responsive.

Another way that Google contributes to the development of semiconductor devices is through its
partnerships with other companies in the industry. For example, Google has partnered with Samsung to develop
the Pixel smartphone line, which features custom-designed chips that are optimized for Google's software. This
collaboration allows Google to leverage Samsung's expertise in semiconductor manufacturing to create better

products, while also helping Samsung expand into new markets.

Overall, Google's contributions to the development of semiconductor devices have been significant, and the
company's work on Al and ML technologies and partnerships with other companies in the industry have helped to
push the boundaries of what is possible with semiconductor technology. As Google continues to innovate in the
technology industry, its contributions to the semiconductor industry are likely to continue to play a significant role

in shaping the future of technology.



Defense Advanced Research Projects Agency (DARPA) Case Study

The Defense Advanced Research Projects Agency (DARPA) is a research and development agency of the
United States Department of Defense. Established in 1958, DARPA's mission is to develop new technologies that
enhance national security. One area of focus for DARPA is the development of semiconductor devices that can be

used for a range of military applications.

One way that DARPA contributes to the development of semiconductor devices is through its support of
research in the field. DARPA funds a wide range of research projects focused on semiconductor technologies,
including projects aimed at developing new materials, manufacturing processes, and design techniques. This
funding enables researchers to explore new ideas and push the boundaries of what is possible with semiconductor

technology.

Another way that DARPA contributes to the development of semiconductor devices is through its
development of advanced semiconductor manufacturing technologies. DARPA's Electronics Resurgence Initiative
(ERI) is focused on advancing the state-of-the-art in electronics manufacturing, including the development of new
processes and tools for fabricating semiconductor devices. These efforts are aimed at improving the performance,

reliability, and scalability of semiconductor technology, which is critical for military applications.

Overall, DARPA's contributions to the development of semiconductor devices have been significant, and the
agency's funding of research and development efforts and its development of advanced manufacturing
technologies have helped to drive innovation in the industry. As DARPA continues to pursue its mission of
enhancing national security through technology development, its contributions to the semiconductor industry are

likely to continue to play a significant role in shaping the future of technology.
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Semiconductor Game Rules

LEARNING OBJECTIVE: To increase students’ knowledge of the semiconductor manufacturing process.

GAME OBJECTIVE: To be the first team to make it to the Finish (Consumer) square on the game board. To
win, one must correctly answer a semiconductor question from each color on the board along the processing

journey.
MATERIALS:
e Game board
e Question cards
e Timer
e One 6-sided die
e Token for each team (optional)

HOW TO PLAY THE GAME:

1.
2.
3.

Have students form competing teams, each with two or three players.

Distribute items listed under “Materials” to each pair of competing teams. The question cards should be
cut out, folded over and glued, stapled, or taped together. They can also be cut and pasted onto index
cards.

Set out the game board, place a game token from each team on the Start square, and place the color-
coded stacks of question cards alongside the game board, image-side up.

Present the game’s objective and rules to the class as a whole, or have competing teams review them
independently.

RULES OF THE GAME:

1.

2.

Choose a team to go first. The team going first is referred to as Team A; the team going second, Team
B.

Each team puts their marker in the Start square to begin. Each step of the semiconductor process is
color-coded.

Team B pulls the first question card from the Silicon Mining stack and reads the question to Team A,
whose players have one minute to discuss and decide on their answer. (The answer is specified on the
card.)

If Team A players do not answer the question correctly, their turn is over and the question card goes to
the bottom of the stack. However, if they do answer correctly, they receive the question card, roll the
die, and advance that number of squares on the game board. If they advance to another phase in the
semiconductor process, the team must stop on this square, even if they have more available squares to
advance. Team A can now answer a question for the next step in the semiconductor process, and so
on until they incorrectly answer a question and their turn is over.

Team B now repeats the same process.

To win, a team must be the first to successfully travel through all steps in the semiconductor process on
the game board, and receive a question card from each by correctly answering the corresponding
question.
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Silicon comes from:

Silicon is most commonly found in:
a. Hematite
b. Granite
c. Quartzite
d. Anthracite

Silicon makes up more than one quarter of the mass of the
earth’s crust.

a. True
b. False

Which nation mines the most Silicon?
a. United States
b. China
c. Saudi Arabia
d. Germany

Silicon ingots only need to be 99% pure to be suitable for use
in a microchip.

a. True
b. False

What is the melting point of Silicon?

a. 140°C

b. 2050°C
c. 1420°C
d. 1750°C

Silicon ingots are made in a crucible.

a. True
b. False

Silicon is able to easily be cast into molds like many other
metals.

a. True
b. False




Silicon wafers need to be thoroughly polished after being
sliced into their desired shape.

a. True
b. False

What types of blades are used to cut through Silicon ingots to
create wafers?

a. Folded steel

b. Tungsten

c. Diamond

Silicon wafers are typically slightly wider than a human hair.

a. True
b. False
A wafer can be used to create _____ of individual transistors.
a. Hundreds
b. Thousands
c. Millions
d. Billions

Wafers undergoing treatment need to be kept in a clean room

. environment with fewer than particles per cubic foot.
Cleaning a. 100
b. 1,000
c. 10,000
The purpose for eliminating contaminants on the wafer is to:
1. Prevent interruption in current transfer in the wafer
Cleaning 2. Create a barrier for later steps in the process
3. Reduce operating costs of the manufacturing plant
4. Lessen the likelihood of workers inhaling silicon dust
Wafers need to have a mirror-like reflection when they are
. done with the polishing process.
Cleaning
a. True
b. False
Wafers do not need to be checked for quality after the
. cleaning process.
Cleaning

a. True
b. False




Oxidation Process

What is the chemical formula of Silica, or Silicon Dioxide?

a. SnO:
b. 2SiO
c. Sn0
d. SiO2

Oxidation Process

What is the purpose of a Silicon Dioxide insulating layer?
1. To protect the wafer in subsequent stages
2. |t strips the top layer of contaminants from the wafer
3. Enables workers to safely handle the wafer by hand
4. To add iron substrates to the wafer.

Oxidation Process

There are two main types of oxidation: Wet and Dry.

a. True
b. False

Oxidation Process

Silicon Dioxide serves as a conductor on the surface of the
wafer.

a. True
b. False

Photolithography

Before a pattern can be etched onto the wafer, it must first be
coated with:

a. Photocathodes

b. Photoresist

c. Silica dust

Photolithography

What component is used to create a pattern on a wafer?
a. Substrate
b. Oxidizer
c. Photomask
d. Diffuser

Photolithography

The photolithography process relies on the use of:
a. X-Rays
b. Infrared light
c. Microwaves
d. Ultraviolet light

Photolithography

Industrial photolithography can be completed without the aid of
Computer-Aided Drafting.

a. True
b. False




Dry etching uses gasses and reactive ions in lieu of the
chemical solutions used in wet etching.

a. True
b. False

Wet etching is also sometimes called “plasma etching.”

a. True
b. False

Dry etching requires careful monitoring of:
a. Etch rate and uniformity of speed
b. Chemical impurities
c. Electrical power
d. UV radiation

Plasma used in plasma etching is generated by:
a. Chemical interactions
b. An ignition source
c. A powerful magnetic field
d. Temperatures exceeding 2500°C

Modern semiconductor chips are typically only composed of a
single layer.

a. True
b. False

The two types of Deposition are:
a. Wetand Dry
b. Primary and Secondary
c. Paramagnetic and Ferromagnetic
d. Physical and Chemical

Plasma is most commonly used in Deposition because:
1. It can be used to form films at low temperature
2. It helps regulate uniformity
3. It easily processes high volumes
4. All of the above

The film formed through Deposition has what two layers?
c. Conductive and Insulating
d. Positive and Negative
e. Wetand Dry
f.  None of the above




Semiconductors are capable of behaving as both conductors
and insulators.

a. True
b. False

Semiconductors do not need to be treated with additional
additives after the photolithography stage.

a. True
b. False

The most common material used in Interconnects is:

a. Copper

b.  Aluminum
c. Lithium

d. Silicon

The Interconnection phase primarily focuses on:
1. Laying metal wires to provide “electrical highways”
2. Connecting two wafers to each other
3. Electrically testing the integrity of the transistors
4. Removing all insulating components from the wafer

The purpose of testing semiconductor wafers is:
1. Identifying defective chips
2. Repairing chips that are defective
3. Identifying issues with the manufacturing process
4. All of the above

Defective chips that are beyond repair are marked when?

a. Inking

b. Electrical Test
c. Repair

d. Hot/Cold Test

After the testing process, the wafer is sent to:
a. The Consumer
b. Quality Control
c. The Shipping Manager
d. Repair Facilities

The Electrical Test step involves applying varying AC and DC
power to the chips to ensure they are not defective.

a. True
b. False




Once the testing phase is completed, the chips are ready for
consumer use immediately after being removed from the
wafer.

a. True

b. False

The purpose of the Packaging step is:
1. To put the chips into plastic containers to be shipped
2. To send the wafer to another processing facility
3. To connect an integrated circuit to electronics
4. None of the above

What step connects the contact points and a substrate?
a. Electronic synthesis
b. Wire bonding
c. Contact connection
d. Chip integration

The Molding step is what sets the chip package in its required
shape, which is responsible for protecting the chip from heat
and environmental concerns.

a. True

b. False

Name a concern for companies who transport semiconductors
a. Electro-static discharge
b. Storage temperature
c. Relative humidity
d. All of the above

Which country is the largest producer of semiconductors?
a. United States
b. China
c. Taiwan
d. Japan

Semiconductors compose approximately what percentage of
global trade?

a 1%
b. 4%
c. 8%

Hong Kong is the largest importer of semiconductor devices.

a. True
b. False




Silicon Mining

Silicon mining typically involves extracting silica sand, which is abundant in
the Earth's crust and is the primary source of silicon. The silica sand is
extracted using various techniques such as open-pit mining, dredging, or
underground mining. Once the silica sand is extracted, it undergoes a refining
process to purify it into high-purity silicon, which is then used in various

industries, including the semiconductor industry.



Silicon Purification
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The purification of silicon typically involves several steps to remove
impurities and increase the purity of the material. The first step is to reduce
the silicon dioxide in the raw material to elemental silicon using a reducing
agent, such as carbon or hydrogen. The resulting silicon is then further
purified using techniques such as zone refining, chemical vapor deposition, or
crystal pulling to produce high-purity silicon suitable for semiconductor

manufacturing, solar cells, and other high-tech applications.



Warehouse Storage

Silica sand is typically stored in large warehouses or silos to protect it from

moisture and other contaminants. The sand is often stored in bulk using
conveyor belts or other material handling equipment for efficient storage and
retrieval. The storage conditions are carefully monitored to ensure that the
sand remains dry and free from impurities, which could affect the quality of

the resulting silicon.



Dockyard Logistics

A shipyard dock worker is responsible for the loading and unloading of cargo
onto and off of ships that come into the port. They may use heavy equipment,
such as cranes or forklifts, to move cargo onto the ship or onto the dock.
Additionally, they may assist in the maintenance and repair of ships while

they are docked, such as cleaning or painting the vessel.



Trans-Oceanic Mass Shipping

A container ship crew member works on a ship that transports cargo in large

shipping containers across the world's oceans. Their duties may include
operating the ship's machinery, maintaining the vessel, loading and unloading
cargo, and monitoring the ship's navigation and safety systems. They may
work long hours in a variety of weather conditions and are responsible for

ensuring the safe and timely delivery of cargo.



Cross-Country Transportation

A container truck driver is responsible for transporting shipping containers

from ports or rail yards to their final destination. They must have a valid
commercial driver's license and be knowledgeable about regulations related
to the transport of cargo. The job may require long hours, and drivers must
ensure that the cargo is delivered safely and on time while adhering to strict

schedules and delivery deadlines.



Melting

Silicon melting involves heating high-purity silicon in a furnace to a
temperature above its melting point, which is around 1,414°C (2,577°F). The
process typically involves placing silicon chunks or granules into a crucible,
which is then placed in the furnace and heated to the desired temperature.
The melted silicon can then be used to create ingots or other shapes, which

can be sliced into wafers for use in semiconductor device manufacturing.



Slicing

Silicon slicing is a process used to cut silicon ingots into thin wafers that can
be used in semiconductor device manufacturing. The slicing process typically
involves using a diamond saw or wire to cut the ingot into thin slices with a
thickness of around 0.3 to 0.7 millimeters. The sliced wafers are then cleaned
and polished to remove any surface defects and prepare them for the

subsequent semiconductor processing steps.



Cleaning

After slicing, the silicon wafers are cleaned to remove any surface
contaminants or particles that could affect their electrical properties. The
cleaning process typically involves using a series of chemical and mechanical
cleaning steps to remove any residues from the slicing process, such as saw
marks or particles. The wafers are then rinsed with deionized water and dried
before being subjected to further semiconductor processing steps, such as

doping and photolithography.



Silicon doping is the process of intentionally adding impurities to a pure
silicon crystal to alter its electrical properties. Doping is typically achieved by
introducing small amounts of specific elements, such as boron or phosphorus,
to the crystal lattice structure of the silicon. The resulting doped silicon
material can then be used to manufacture a variety of semiconductor

components, such as diodes, transistors, and integrated circuits.



Photolithography

Photolithography is a process used to create patterns on a silicon wafer by
selectively exposing it to light. The process involves coating the wafer with a
photosensitive material, called a photoresist, and using a mask to selectively
expose the material to light. The exposed areas of the photoresist are then
removed to create a pattern, which is transferred to the underlying silicon
material through a series of chemical etching and deposition steps to create

the desired semiconductor component.



Deposition
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Platinum
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Silicon deposition is a process used in semiconductor manufacturing to apply
thin layers of material to a silicon wafer. The process can be achieved using a
variety of techniques, such as chemical vapor deposition or physical vapor
deposition, and typically involves exposing the wafer to a vapor or gas
containing the desired material. The deposited material can be either
conductive or insulating and can be used to create the various electronic

components of a semiconductor device.



Testing

Silicon wafer testing is a critical step in semiconductor manufacturing used to
ensure the quality and functionality of the semiconductor components
produced. The testing process typically involves subjecting the wafers to
various electrical and physical tests to determine their performance and
identify any defects or anomalies. The results of the testing are used to
determine which wafers and chips meet the required specifications and can
be packaged for use in electronic devices, and which ones need to be

discarded.



Packaging
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Silicon wafer packaging is the final step in the semiconductor manufacturing
process, where the individual chips are separated and placed into their final
packaging for use in electronic devices. The packaging process typically
involves placing the chips onto a lead frame or substrate, which is then
encapsulated in plastic or ceramic to protect the chips from the environment
and provide electrical connections. The packaged chips can then be used to
create a wide range of electronic devices, from computer processors to

sensors and memory chips.



Chip Design

The job of a computer chip designer is to create the blueprint or design for a
semiconductor device, such as a microprocessor, memory chip, or sensor. This
involves using specialized software to design the layout of the components
and the paths of the electrical connections on the chip. The designer must also
consider factors such as power consumption, performance, and cost to create

a design that meets the requirements of the intended application.



Phone Assembly
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The process of assembling a smartphone involves integrating various
components, such as the display, battery, camera, and circuit board, into a
single device. The components are typically manufactured separately and then
assembled using automated machinery and specialized tools, such as pick-
and-place machines and soldering equipment. The assembled smartphones
are then subjected to testing and quality control to ensure that they meet the

required specifications before being packaged and shipped to customers.



Air-Delivered Freight

The job of an aircraft freighter pilot is to safely operate a cargo plane to

transport goods and materials across domestic and international destinations.
The pilot is responsible for pre-flight checks, such as fuel and weight
distribution calculations, and must ensure that the cargo is properly loaded
and secured in the aircraft. Without air freight, it would be difficult to
transport semiconductor materials and components across long distances,

which could slow down the manufacturing process and increase costs.



Electronics Sales
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The job of an electronics salesman is to assist customers in selecting and
purchasing electronic devices such as smartphones, laptops, and televisions.
This involves understanding the features and specifications of different
products, and being able to explain their benefits and drawbacks to
customers. Electronics salesmen may work in retail stores, online
marketplaces, or directly for manufacturers, and must be knowledgeable

about the latest trends and technologies in the industry.



You: The End-User

The typical end-user of a computing device is someone who uses the device
for personal or professional purposes, such as browsing the internet, using
productivity software, or running specialized applications. End-users may
have different levels of expertise and technical knowledge, ranging from
casual users who only use basic functions to power users who require more
advanced features and capabilities. The computing device may take various
forms, such as a desktop computer, laptop, tablet, or smartphone, and the end-
user's preferences and requirements will determine which type of device is

most suitable for their needs.



Electronics Recycling

Semiconductor recycling is the process of recovering and reusing materials
from end-of-life or discarded semiconductor devices, such as computer chips
or electronic components. The recycling process typically involves sorting and
disassembling the devices, extracting and purifying the reusable materials,
and then reusing them to manufacture new semiconductor components or
products. Semiconductor recycling is becoming increasingly important as a
way to reduce electronic waste and promote sustainable manufacturing

practices in the semiconductor industry.
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