Teacher Guide :,?- Engineering

) .2) Tomorrow
Semiconductors:
Electroplating & Integrated Circuit Production

NEW FOR 2025-2026'!

e Quality check was performed to ensure web links still work and equipment lists are up to date.

PLANNING FOR THE CHALLENGE:

Total Time ~100-120 minutes

~35 minutes to watch the lab introduction video ( MAIN Lab portion)

~10 minutes to review safety precautions

~40-50 minutes for students to design, build and test their prototype

~5-15 minutes to record answers and observations in Student Workbook or Abbreviated Worksheet
~10 minutes for a closing activity or discussion

(Note: An optional 30-45 minutes can be scheduled to do a Wrap-Up and QA with an Engineer and College Mentor at
Teacher's discretion).

Hook/Essential Question | How are semiconductors the “brains” of all modern electronics?

ET Semiconductors Kit materials can be found at the end of this file.

Supplies to Have in Class Gloves

Safety Goggles

Copper Wire

AA Battery w/ holder

Jumper Cables

Alcohol cleaning pad

Substrate (Nickel or metal disk)
3 oz plastic cup

Additional Items to Consider Having on Hand:

e \Water
e Paper towels
e Tape

NOTE: Some sites referred to in the workbook may be blocked by school
internet protocols. Please request admin access for the sites below in advance
so that you students will have access before they begin working through the
student workbook/worksheet

e https:/docs.google.com/document/d/1LSyc1I2uAuWM7sv3h7pulUra3b

pDn_j4rPIIIhWA4RBc/edit?usp=drive_link

The videos below should be unblocked for teachers-only if presenting the
student workbook to the whole class OR for all students if they are completing

the student workbook on their school devices
Main Workbook
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https://docs.google.com/document/d/1LSyc1l2uAuWM7sv3h7puUra3bpDn_j4rPlIIhWA4RBc/edit?usp=drive_link
https://docs.google.com/document/d/1LSyc1l2uAuWM7sv3h7puUra3bpDn_j4rPlIIhWA4RBc/edit?usp=drive_link
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e https://www.youtube.com/watch?v=c9arR8T0Qts
Optional Pre-Work Have students watch the first 19 min of the intro video providing the background for

the challenge and answer the questions on through slide 29 (just before Part 4 Your
Semiconductor Challenge) of the student workbook.

Class #1 Watch the Engineering Tomorrow: Semiconductors Intro Recording on the
Semiconductors webpage either as a class or assign background section as pre-work

Introduction and (see above). . o . .

Procedure - Have students answer the comprehension questions in the first 29 slides of the

student workbook
-> Watch the rest of the video that outlines the instructions for the challenge.

Student teams begin to design their semiconductor experiment — research designs,
review materials, generate an initial design concept and describe in their Workbook or
Abbreviated Worksheet.

(1workbook or worksheet per team is suggested)

Class #2 - Students design their semiconductor experiment — research designs, review
materials, generate an initial design concept and describe in their Student
Workbook or Abbreviated Worksheet. (Slides 30-49)

@ Preparethe Bath (Copper Il Sulfate) and Object to be Plated and
cleaning coin / substrate with alcohol wipes
Prepare the Circuit and Start Plating
Allow time for plating
Wipe off any masking and wash your hands

Work Time and Testing

L X X 2

Part of Class #3 Class Discussion Questions:

e The semiconductor industry implements highly precise processes to

Possible Closing create microchips. How could you reduce errors in this experiment?

Questions and Activities What other industries do you think could implement semiconductors?
What would happen if there was a semiconductor shortage? Who would
be affected? (This did happen in 2020)

e Forstudents who have taken chemistry: what type of reaction is
occurring here between the copper sulfate and the substrate?

INTRODUCTION TO ENGINEERING TOMORROW:

e Click here to see an introduction of what Engineering Tomorrow can do for your students.

INTRODUCTION TO THE ENGINEERING DESIGN PROCESS:
e Students should complete the Engineering Design Process Introduction Activity before starting the lab
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https://www.youtube.com/watch?v=c9arR8T0Qts
https://engineeringtomorrow.org/labs/semiconductors
https://www.youtube.com/watch?v=hgAX78g2M88
https://docs.google.com/presentation/d/1aBOgalGiRTa2zVILvACqz9ccBupsXQrUNynZx957H70/edit?usp=sharing
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o NOTE: This activity only needs to be completed before the student’s first ET lab, not repeated
for every lab.

SAFETY PROCEDURES:

o Safety procedures for this lab may be found in this document. This includes proper attire and
disposal of the solution.

TEACHER NOTES:

e Students will work through the Semiconductors Student Workbook or the Abbreviated Student
Worksheet.

o When assigning this lesson on Google Classroom, first make a copy of the slides to save within
your Google Drive, then assign so that each student has their own copy.

o Theworkbook and worksheet are designed to be interactive so that students can type directly
into thefiles. Itis suggested that the workbook or worksheet be completed over a few class
periods (as the information is delivered to students).

o Students may work individually or within groups (at the discretion of the instructor).

ASSESSMENT:

e Informal assessments can be completed by looking at the reflection slides within the Student
Workbook and/or the discussion questions in the Abbreviated Worksheet.

e Answer Keys can be found here for the:
o Student Workbook Answer Key
o Abbreviated Worksheet Answer Key

TROUBLESHOOTING TIPS:

e Make sure the copper piece and the nickel are not touching
e Make sure the copper and nickel are at least 3 cm apart from each other to prevent a short circuit

e Make sure the nickel is clean before plating by wiping it with an alcohol wipe. Plating may not stick if
the nickel is not clean

PRE AND POST WORK IDEAS:

e Pre-work Assignment - students watch 4 min video which introduces the semiconductor
manufacturing process and goes inside the world’s largest semiconductor factory

e Post Work Assignment - students watch part of all of the “Chip In” documentaries, which highlight
three young professionals as they explore the semiconductor industry.
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https://docs.google.com/document/u/2/d/1BLh1aYzLh_6vV06iea0k6jq2Nz82aCxBIr7t0mgkfFA/edit
https://docs.google.com/presentation/d/1-UGlEoILyAPl3ldYyOunLXkk7XwWvkT7dUO4oDTW8p4/edit?usp=sharing
https://docs.google.com/document/d/16vC5DcxcpSGEa_zTgNFjza47vmu-p9JgiCMjzx_mHF4/edit?usp=sharing
https://docs.google.com/document/d/16vC5DcxcpSGEa_zTgNFjza47vmu-p9JgiCMjzx_mHF4/edit?usp=sharing
https://docs.google.com/document/d/1IrBuJHqn7rRnf2v_6M0Qlg0dGC461uH8vcUidAYOOgY/edit?usp=sharing
https://docs.google.com/document/d/1yWf-PnKOG-DHThTwIpwAxNI7YsG-Keas3TWYSgfPCls/edit?usp=sharing
https://www.youtube.com/watch?v=Hb1WDxSoSec
https://roadtripnation.com/roadtrip/microelectronics-documentary
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EXTENSION ACTIVITIES:

e Research how other processes work in semiconductor production
e Discuss the economics of semiconductors, and read_this article to learn more
e Watch this video to learn more about semiconductor manufacturing.

Curriculum Connections: Students will be able to -
e Chemical Engineering: using math, science, and e Analyze real-world problems and use critical
engineering concepts to produce solutions thinking skills in order to solve them
using chemical processes e Work through and understand the
e Materials Science: creating specific and engineering design process
complex materials using scientific processes. e Useanelectroplating technique commonly
e FElectrical Engineering: designing systems found in semiconductor production
which use electricity, electromagnetism, and e Understand the growth and impact of the
electronics semiconductor industry
e Mechanical Engineering: creating machinery to
make specific products and perform tasks
e Computer Science: developing software
systems to control modern technology

Content Vocabulary/Terms:

e Integrated circuit: small electronic circuits on a piece of semiconductor material. They contain
electronic “brains” that are programmed for various tasks, including storing and managing data.

e Semiconductor: a material with conductivity that lies between that of an insulator and a conductor.

e Transistor: a 3 terminal device made of semiconductor material. They have many uses, including
amplification, switching, voltage regulation, and the modulation of signals.

e Moore's Law: an observation that the number of transistors on a microchip roughly doubles every
two years.

e Photolithography: A fabrication process that transfer a pattern from a photomask to a silicon
substrate wafer

e FEtching: A process that removes layers or slices of a material, such as semiconductors, metals,
dielectrics, and polymers

e Metal Deposition: A process where thin metallic film coating is carefully deposited onto a substrate
to yield specific material properties

NEXT GENERATION SCIENCE STANDARDS:

HS-ETS1-1. Analyze a major global challenge to specify qualitative and quantitative criteria and
constraints for solutions that account for societal needs and wants.

HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more
manageable problems that can be solved through engineering.
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https://www.ey.com/en_jp/supply-chain/the-future-of-semiconductor-procurement-in-response-of-changing-semiconductor-supply-chain
https://www.youtube.com/watch?v=MRlcZqqyBM8
https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ETS1-1%20Evidence%20Statements%20June%202015%20asterisks.pdf
https://www.nextgenscience.org/pe/hs-ets1-2-engineering-design
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MATERIALS:

TEACHER’'S KIT
Materials will be distributed throughout the class

Item/Link Quantity Photo
/] S
Goggles 30 QV\ ]
N

CLASSROOM EXTRAS
Item/Link Distribution Photo

Scissors 1for Every 10 Students y&

STUDENT KIT ITEMS
1kit: 3 students

Item/Link Quantity Photo
Plastic Cup (3 0z.) 1
Gloves 6 ”
w---
Alcohol Pads s

umper Wires 2
Metal substrates 3 J'// 1/
(canalso use a coin) \ o
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https://www.amazon.com/gp/product/B0B4DMRP7Z/ref=ox_sc_act_title_1?smid=A2T5GEM7G7N1IB&th=1
https://www.amazon.com/Scotch-Multi-Purpose-Stainless-Scissor-8-Inches/dp/B001BKFTB8?crid=26JZ5L8D90WA1&dib=eyJ2IjoiMSJ9.AuTb1rmIjozj-m8FDEc7PGbLdq1QO6urb7aqd6mSImyRMIHAD1u6_01aUz5rrxr0ObwRGcZ3kHnhrEHryYWJ8yLCIL0QdMAmMUKCKLU5W7G7Wlo3-Hba3xWwG5F-SvptJwfVi7rYw6TxL8RcXY4gCn_1mL8nxBgl43Eg9IhFHl7Jgt_FqkMGVTUAkETLE8q4KY2yzu6Jq8lhbWG45HQp12E8852KBAggzIjdsg9_aWeLP8qz3bXpkdD4EZtxNr6SiovnwT3I-BzT4ch-xly18uNZ6iD_CjbfmEprvZSqmQU.GanQIytgT5Cb3X3bKN2VWe3Js2efW6ERaaGD7vP-Yms&dib_tag=se&keywords=scissors&qid=1718840655&sprefix=scissors%2Caps%2C119&sr=8-9
https://www.amazon.com/sspa/click?ie=UTF8&spc=MTo4ODA1OTM0NTQ1MTU4MDQxOjE3MjEwNjgzODI6c3BfYXRmOjIwMDExNjUwMzEyMjI5ODo6MDo6&url=%2FPlasticpro-Disposable-Plasic-Clear-Drinking%2Fdp%2FB07S2WB38G%2Fref%3Dsr_1_3_sspa%3Fcrid%3D2F8NPL5DLCPXA%26dib%3DeyJ2IjoiMSJ9.Wyc79nOIJcGmm4a3oy7_N26e-5iqbx5YK-F1gTrPC9bfxd_0FgAs0sQvoXqdixA_Lv2F0Les_Weae2p9ZXVH8w824QI8atuCHfmzEuT8XW81nMcIVHsHRcg0cahzkoDxiPPtruWHIZIOk1IRg-qZdcSwKhH3vgpHBudKw6mPdZo8A7JXd600j30G1-R6SqopbmlkcIGaS8kZR07WSyQPpxbm_YW1qrzsueJ9R5jIX2Hucecr_N-7Aotb2eqsZqj6u-ECjSibxKFKujqP0_vv40195Gbq4R7sjh-R1G0xN-w.OEUwlODIRtEWgbJxsUP6-KXCzQXkeJIlSqVExd2Lwdk%26dib_tag%3Dse%26keywords%3D3oz%2Bplastic%2Bcup%26qid%3D1721068382%26refinements%3Dp_36%253A-1000%26rnid%3D386636011%26sprefix%3D3oz%2Bplastic%2Bcup%252Caps%252C144%26sr%3D8-3-spons%26sp_csd%3Dd2lkZ2V0TmFtZT1zcF9hdGY%26psc%3D1
https://www.amazon.com/Caring-Nitrile-Natural-Medical-Cleaning/dp/B0C9N1YJNJ/ref=sr_1_7?crid=1LKFV1UXRLZMD&dib=eyJ2IjoiMSJ9.R1EZmx_tzURN45r4EXXaBlT3c4ib1FHOamIXoP0XEy0mM5_2vtm4b-Jr9sZ7LDbZJJE9YX8dbYKW7HJ51rpSLEFpWUZCUfK2FpsGiGSZtJk7u0eU4ekiFR1NRDx2iom1Y_2_zBpQF4Gk6N5TlEe4eU-jlzFqIx2Q0tR_zP8hs6bTRM0MifwPDXb4rZKKr4UpcKxf9pVKfUJrX3wuOr5BWwzlyjJPM2l_cYqH6z9XBcOtubjT38c9I0GiPY79l6fZJrEFrrZKz0_re1HNKmrlv96HTIHbHv3mly2amiUsw30.5S7OZy2IJkKYs6KHxA05r8ykdTuFl7OYUaAcEp_M6Yg&dib_tag=se&keywords=nitrile+glove&qid=1721067997&refinements=p_36%3A-1100&rnid=2661611011&sprefix=nitrile+glove%2Caps%2C133&sr=8-7
https://www.amazon.com/Curad-Alcohol-Prep-Thick-Swabs/dp/B00KOSP454/ref=sr_1_5?dib=eyJ2IjoiMSJ9.32ihQVj7YxK4AZrNv8o_b9n-RHQteb26BFnx-s0i3UEG7W8R1U9d4wPh0MRHgKWYGQ9PTdRilhs9NGJMf3rMD7cnWHTvG-zFwjz7nZEr2QhjiFOgS75G5q5k6mOLkJmaJB0vKtJrIA2gexZ8fa5G38JyQx7L9bUj3Zk4qgmeW6GbFZM3YtpwTcdiu92N4o1fM8mtnWashco_sQO8IsyLA59EqXrAEJ46UTo0wJ1gWushcOZKV_jRDFMeNSGkqHimOJ0-MEi7FNXpkxyvMjAA3P52eBshakCbgREbToowQ316zUflE6m9SbgNDS4ZlFMz4f4dslWrp-zTiHXtlFMAx_4LWuOPua52R3tbvVOiZ7NZzK8MGdflDXIEfN2gp2ErAaXwsikEZTKHKOdGEtv_Iq1WqzD-YxA-3Lt88741QdSIsJY75uac805jdwlWdflb.tTJp2P6FOUHMREWZQp7zzn2dfbMJbdGsD3Ase2i8iJI&dib_tag=se&keywords=bulk+alcohol+cleaning+pads&qid=1736474737&sr=8-5
https://www.amazon.com/WGGE-WG-026-Pieces-Colors-Alligator/dp/B06XX25HFX/ref=sr_1_7?crid=1OSQ96738F3OC&dib=eyJ2IjoiMSJ9.tjHxIQLJsk16_0YVtUGN6S6iuxj4sNk3ew3kIjjT561Skuc9-_Yd6Mvad3zdihdKS29E-YtxS_7X2MMco9fYpmGjNJMkXHf-DL2oWMottRRdsP9ETDOSYSwnvSPZoQ5df6a-4yisLUIQlBui6odbSZkcnL2gJIwLpn2x3R7pfbU6K71BBzxvsmjPzVeOOwDEPppHgF28-cl8OiQvrCWyCxCyfQuCYA8r28eUPY7CArG_KD2HajO7ovuPv3RmPCP7k7BX_Cd13ler6p6Mg8Brvka6L0QbshBShhdsB3ldL1Y.SsK2T5yq_3DUA35iZsdf0OOAHQRPN6E68sI8aElbvno&dib_tag=se&keywords=jumper+wire&qid=1718897489&sprefix=jumper+wire%2Caps%2C203&sr=8-7
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Copper Wire 1
Permanent Marker 1 ‘ Shonpie =
Single Battery Holder 1 C l,g )
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https://www.amazon.com/Therwen-Gardening-Electroculture-Jewelry-Diameter/dp/B0D3LMYYGP/ref=sr_1_2_sspa?crid=I1V8Z7F2GXWW&dib=eyJ2IjoiMSJ9.2RIjE11LZGo6FkgepDEHcKZKYWpLmWvXMkzhID1d4zKo8bk-lvZ-kaV7GxgpwGV4IdFC6Ae_-76dSTzErVabySagVgoVmfriugpHN7GrSU5CbIir14f0i-FcUcbuC90cNPyym4zMp71NL9bJRasolMpwE1ALQAsF-WLoKRn5UtmlxDEmeFRH-x6FTuEQ-t9kpsTLYWqSXCjfvSUiHAX6X-r3GSjxSNjOciPN7Q6b6x5ZDYuCnGGaqnPY_puARhlo3ypPKMdFodH_3eWZNN_-m0DO3EJ7N2zckGJ-uaSFC_g.MnMoc9GrEGzZ-oFCvg37UWhnMd17WeSiL84I1ZbbSZc&dib_tag=se&keywords=26%2Bgauge%2Bcopper%2Bwire&qid=1736551870&sprefix=26%2Bgauge%2Bcopper%2Bwire%2Caps%2C105&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Sharpie-Permanent-Marker-Point-Black/dp/B000I0TZO4?crid=3CWD5R24W4NYX&dib=eyJ2IjoiMSJ9.7Ubmam-W0RMbujvObafHEUzTQD3K3kOG51HSm1ozz1epU5VZMiX1kqAkkg_ioAF1B2fel-PAjPl2wHfAuPk_61ZYSSFM-YmtiKpX1dWFb8C6LlAh3jDcJ0x2YiRndUTDTx25xt0AF2vYbNE4ytyjMXlwTG9ANb3tdt0vGlpYhutWhU8MgIrfywvqNHisrZZ8l3HyXPdW5MCb6dgYme_CIIqW0Zf4XF8WEKudvLe4hYj1fD7wKDBlCSAqyj7YlNQt8zpYCROQ0wyeTOp3888WRsuOBy4m6LG58Tbgz19inD4.aZgE7bPknZ2WXun98qfezedPeSl97QxR85ZIdevKDnQ&dib_tag=se&keywords=permanent%2Bmarkers&qid=1718840629&sprefix=perma%2Caps%2C109&sr=8-5&th=1
https://www.amazon.com/sspa/click?ie=UTF8&spc=MTo2NTUyNzE3MTY4NDUyNDg0OjE3MjEwNjgyMzE6c3Bfc2VhcmNoX3RoZW1hdGljOjIwMDAxMDcxMDczMTM1MTo6MTo6&url=%2FLAMPVPATH-Single-Battery-Holder-Leads%2Fdp%2FB07BXX62JF%2Fref%3Dsxin_16_pa_sp_search_thematic_sspa%3Fcontent-id%3Damzn1.sym.531cef2e-f162-4a38-b9c7-86c1f0d9cc94%253Aamzn1.sym.531cef2e-f162-4a38-b9c7-86c1f0d9cc94%26crid%3D49814G01N7E0%26cv_ct_cx%3Daa%2Bbattery%2Bholder%26dib%3DeyJ2IjoiMSJ9.1hZHC-OHFnAI_po-l7S3TZTZQ-CGSUjGeKiF1ydLXdeM5pRKKpA221mdI4YN11Je__Q1lm6SHdnyY12o42lhCg.A6b5yiLLij3woEnAuTd4XQgXjpdUph-7suWmD2z-JoQ%26dib_tag%3Dse%26keywords%3Daa%2Bbattery%2Bholder%26pd_rd_i%3DB07BXX62JF%26pd_rd_r%3D5923273f-7fd5-4698-a368-07d318b39f7d%26pd_rd_w%3DMFz1n%26pd_rd_wg%3D15Upp%26pf_rd_p%3D531cef2e-f162-4a38-b9c7-86c1f0d9cc94%26pf_rd_r%3DSXBXPMPXXVCWRSCSATXD%26qid%3D1721068231%26sbo%3DRZvfv%252F%252FHxDF%252BO5021pAnSA%253D%253D%26sprefix%3Daa%2Bbattery%2Bholder%252Caps%252C138%26sr%3D1-2-6024b2a3-78e4-4fed-8fed-e1613be3bcce-spons%26sp_csd%3Dd2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM%26psc%3D1
https://www.amazon.com/sspa/click?ie=UTF8&spc=MToxNjExNzcwODczMTgxODgzOjE3MjEwNjgxODg6c3BfYXRmOjIwMDAwODAyNTgxMDY0MTo6MDo6&url=%2FEnergizer-Batteries-Double-Alkaline-Battery%2Fdp%2FB004U429ME%2Fref%3Dsr_1_3_sspa%3Fcrid%3D10RAG0273OAQ4%26dib%3DeyJ2IjoiMSJ9.qRohdZI6gF7GOq0POShwY_98gDcA7h1i0hFyfoYzdixptipR1iDTknR01NadAvxv8A5Vzv-8klzTJ4KmLOTmZ7jB2uWc-qMDHqiE-_erhi7ccfVfjckeb5P9MYD_O5yofwzBttO9Esq1qDeMC1fq1xhqEj2w5PWBYnMJk2rPFfQfGoTq09f2SOgCVM6b71F46S8tmLhQSF_hHV37q_X8DmDOWlHo5VoO8FltbJlyor-Ifulw-LJgzMIIXlvtNl_yyuMGAm-c96znkf-7DWqoSbg-XcKiIxgAz3E4yuLKQCE.ZS5ra-wQ_5YT6qI1MEvVsGLraHW3ls_LBg3fx5l4kGU%26dib_tag%3Dse%26keywords%3Daa%2Bbatteries%26qid%3D1721068188%26refinements%3Dp_36%253A-900%26rnid%3D386636011%26sprefix%3DAA%252Caps%252C137%26sr%3D8-3-spons%26sp_csd%3Dd2lkZ2V0TmFtZT1zcF9hdGY%26psc%3D1
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