

Introduction to Vacuum Systems Technology
Syllabus and Learning Guide
ENGT 2201 - Vacuum Systems
3 Credit Hours
Description of Course:
In this course, students will be introduced to principles of chemistry, mathematics and physics when applied to vacuum technology; specifically, the critical components of both low (rough) and high vacuum systems. Systems’ architecture, performance and troubleshooting will be introduced and experimentally demonstrated. Students will explain the operational methodology and considerations to enable product development and manufacturing processes in the semiconductor industry. Students will demonstrate the ability to safely test, troubleshoot, and fix a vacuum system in a cleanroom environment.  

Learning Outcomes:
[bookmark: _Hlk80171851]Upon completion of this course, students can:
· Read and follow standard operating procedures, safety “best practices” and use checklists in paper or digital format.  
· Explain and demonstrate the physical and chemical principles involved in vacuum science.
· Explain the operational mechanisms and processes involved in vacuum systems used in the semiconductor industry.
· Explain the operational procedures used for equipment using vacuum pumps.
· Demonstrate the ability to safely assemble, test and troubleshoot a vacuum system while gowned up in a cleanroom environment.
· Demonstrate the ability to detect and address leaks in a vacuum system using tools.
· Demonstrate problem-solving, critical thinking and communication skills.     
Program Outcomes (covered in course):
· Work safely in a semiconductor manufacturing environment by correctly utilizing PPE, safely handling chemicals, and following cleanliness and safety procedures.
· Identify and troubleshoot components and perform preventative and corrective maintenance on: hydraulic and pneumatic systems, electric motors, electro-mechanical systems, vacuum pumps.

Outcomes-Based Assessment of Student Learning (ILGs):
For this course, Introduction to Vacuum Systems Technology, students are expected to demonstrate the skills associated with the Institutional Learning Goals identified below:
1. Critical Thinking
2. Quantitative Skills
3. Scientific Literacy
4. Technological Competence
5. Professional and Life Skills
In class students are assessed on your achievement of these outcomes.  Names will not be used when reporting results.  Outcomes-based assessment is used to improve instructional planning and design and the quality of student learning throughout the college.
College Diversity Statement
[College Name] strives to foster an equitable environment where everyone is welcomed and respected in our learning and working community.  We commit to attracting, nurturing, and retaining a diverse college community as a part of our work to change institution power structures, policies and practices that create system advantages for some and disadvantages for others. As an institution, we will strive to ground ourselves in anti-racist and anti-oppression practices as we confront the legacies of discrimination that continue to oppress and exclude individuals based on diverse and intersectional identities.

[bookmark: _Hlk69115493]College “Testing your Faith” Act Policy
Students are permitted to be absent for up to three (3) days each academic semester for reasons of faith or religious or spiritual belief system or to participate in organized activities conducted under the auspices of a religious denomination, church or other religious or spiritual organization without academic penalty. 

Not later than fourteen days after the first day of instruction in a course, the student provides the instructor with written notice of the specific dates for which they request alternative accommodations. 

For additional information, please refer to the [College Name] Office of Academic Affairs.  
Contact Information: TBD

[bookmark: _Hlk69115430]Expected Coursework Pace and Student Success Resources
[bookmark: _Hlk20506533]Coursework Pace: 
The expected pace, for completing the learning activities assignments and assessments in this course, is ONE unit per week. This schedule reflects a fair pace for an inexperienced student to move through the content.  Students may work ahead of the expected coursework pace.  

[bookmark: _Hlk132725256]Student Resources:
As a student at [College Name] you have access to campus services, such as: Library, Accessibility Resources, [College] Computer Commons—open computer lab

Required Text  
There are no required textbooks to purchase. All reading materials are supplied in the course.

Required Learning Technology  
For the best learning experience, please make sure you use Chrome, Firefox or Safari browsers when accessing all course materials. Firefox is the recommended browser for lab work. If you have technology issues with course materials, please let your instructor know.

Technology Support (to access course/content):
· Computer and Internet access with most recent release of Firefox or Chrome
· Adobe Reader or other PDF reader for PDF documents
· Word Processor application such as Microsoft Word for RTF, DOC, and/or DOCX files
· HTML 5-compliant browser/tablet for video playback

Evaluating Learning
To demonstrate mastery of the learning outcomes, students participating in this program complete:
	Learning Assignments and Assessments (Projects)
	Points
	Total

	Discussion: Introductions and Course Goals
	10
	10

	Lab, Cleanroom Gowning and Documentation
	20
	20

	Knowledge Check: Introduction to Cleanrooms and Vacuum Systems
	20
	20

	Assignment: Chamber Volume Calculation
	10
	10

	Assignment: Expressing Numbers and Significant Digits
	10
	10

	Discussion: Create a Study Guide, Part A
	10
	10

	Assignment: Matter and Gases
	10
	10

	Assignment: Roughing Pump-down Calculation
	10
	10

	Lab, Tube Fitting Practice
	20
	20

	Lab, Simple Rough-Vacuum System Assembly
	20
	20

	Knowledge Check: Vacuum System Components
	30
	30

	Lab, VCR Fitting Practice
	20
	20

	Discussion: Develop or Create a Study Guide, Part B
	10
	10

	Lab, Vacuum System Demonstration and Documentation
	20
	20

	Knowledge Check: Mean Free Path and Applications
	25
	25



Learning Assignments and Assessments continue on the following page.
	Learning Assignments and Assessments (Projects), Continued
	Points
	Total

	Lab: Maintenance-Safety-Read and Zero a Gauge
	20
	20

	Lab, System Identification and Schematic 
	20
	20

	Knowledge Check: Vacuum Measurements
	25
	25

	Discussion: Learning Portfolio, Part A
	20
	20

	Lab, Roughing Pump and Maintenance 
	20
	20

	Knowledge Check: Roughing Pump and Maintenance
	20
	20

	Lab, Roughing Pump Maintenance-Turbo System
	20
	20

	Knowledge Check: Vacuum Systems with Multiple Roughing Pumps
	35
	35

	Lab, Crossover Point
	20
	20

	Knowledge Check: High Vacuum System – Crossover Pressure
	20
	20

	Lab, Pumping Speed and Evacuation Time
	20
	20

	Knowledge Check: Turbomolecular Drag Pump and High Vacuum Pumps
	20
	20

	Discussion: Learning Portfolio, Part B
	20
	20

	Lab, Vacuum Leaks, Root Cause
	20
	20

	Knowledge Check: Leak Checking and Preventative Maintenance 
	20
	20

	Lab, Vacuum Leaks, Helium Leak Detection
	20
	20

	Final Project
	150
	150

	Final Project Retrospective
	125
	125

	Total Points
	860


[bookmark: _Hlk138585629]






Course Grading
Subject to change – Refer to the Blackboard for most current information.
	Category
	Points

	Knowledge Checks
	215

	Discussion Board
	70

	Assignments/Labs
	300

	Final Project & Retrospective
	275

	Total
	860



Knowledge Checks (Assessments) cover information from the weekly assigned readings and slides presented in class. Knowledge checks may be attempted/completed unlimited times—with the highest score reported to the college’s LMS (Grade Center).
Assignment/Labs may be submitted TWICE—with the highest score reported to the college’s LMS (Grade Center).
Quizzes and Tests may be submitted ONCE—with the first (only) score reported to the college’s LMS (Grade Center).
The Final Project is a culminating assignment and may be submitted TWICE—with the highest score reported to the college’s LMS (Grade Center).
The Final Retrospective is an individual assignment and may be submitted TWICE—with the highest score reported to the college’s LMS (Grade Center).
	Percentage
	Grade

	90-100%
	A

	80-89%
	B

	70-79%
	C

	60-69%
	D

	0-59%
	E



The minimum grade to pass the course is: C
Total Points for this Course: 860 points
Minimum passing point total (70%): 645 points
Course Learning Guide

	Week
	Learning Activities, Assignments and Assessments

	
Week 1
Introduction to Cleanrooms and Vacuum Systems

Explain the operational mechanisms and process use of vacuum pumps in the semiconductor industry.  

Describe the evolution of high vacuum pumps and applications of high vacuum pumps. 

Describe vacuum systems used throughout the manufacturing processing of a wafer.

Practice cleanroom gowning (Lab) using Standard Operating Procedures, SOPs.
	Learning Activities:
· Readings/Videos:
· Introduction to Vacuum Technology: Chapter 1, An Enabling Technology
· Cleanroom Research and Prototyping Facility

· Presentation(s): 
· Introduction to Cleanrooms and Vacuum Systems
· Measurements and the Mole

Learning Assignment(s)/Assessment(s):
· Discussion Board Assignments:
· Introductions and Course Goals
· Create a Study Guide, Part A 
· Assignments: 
· Cleanroom Gowning and Documentation
· Chamber Volume Calculation Worksheet
· Expressing Numbers and Significant Digits Worksheet
· Knowledge Check:  Introduction to the Cleanrooms and Vacuum Systems
NOTE: 
Learning Assignments/Assessments due BEFORE Week 2 Class Starts

	
Week 2
Matter and Gases

Identify the states of matter and characteristics of the underlying molecular behaviors in each state.

Describe the underlying assumptions related to the kinetic theory of gases

Convert pressure measurements from one unit of measure to another

Explain the relationship between molecular density and pressure
	Learning Activities:
· Readings/Videos:
· Introduction to Vacuum Technology: Chapter 2, The Behavior of Gases
· Simulations: Gas Introduction, Gas Properties, States of Matter
· Presentation(s): 
· Matter and Gases

Learning Assignment(s)/Assessment(s):
· Assignments: 
· Matter and Gases Worksheet
· Roughing Pump Down Calculation Worksheet


NOTE: 
Learning Assignments/Assessments due BEFORE Week 4 Class Starts


 

	Week
	Learning Activities, Assignments and Assessments

	
Week 3

Vacuum System Components-Gauges, Valves, Parts
Part A

   Identify the range of values of atmosphere, low vacuum, high vacuum, and UHV. 

Identify types of gauges used to measure pressure and their associated range of values. 

Explain why gauges require maintenance/preventative maintenance.  

	Learning Activities: 
· Readings/Videos:
· Introduction to Vacuum Technology: Chapter 3, Vacuum Gauges
· Principles of Vacuum
· Guide to Pressure Gauges
· Pressure Measurement Technical Notes
· Valves Technical Notes
· Pipe Needle Valves
· High-Vacuum System Starting Procedure
· High-Vacuum System Shutdown Procedure
· Presentation(s): 
· Vacuum Systems Components
· Cleanroom Safety
Learning Assignment(s)/Assessment(s):
· Assignments
· Tube Fitting Practice
· Simple Rough-Vacuum System Assembly
· Knowledge Check: Vacuum Systems Components
NOTE: 
Learning Assignments/Assessments due BEFORE Week 4 Class Starts

	
Week 4

Vacuum System Components-Gauges, Valves, Parts
Part B

Explain why gauges require maintenance/preventative maintenance.  

Describe gauge and plumbing connections. 

Gown-up into a cleanroom suit to perform maintenance on a roughing pump by accessing Teams (Office 365) for a checklist and recording pressure measurements.
	Learning Activities: 
· Readings/Videos, also assigned in Week 3:
· Introduction to Vacuum Technology: Chapter 3, Vacuum Gauges
· Principles of Vacuum
· Guide to Pressure Gauges
· Pressure Measurement Technical Notes
· Valves Technical Notes
· Pipe Needle Valves
· High-Vacuum System Starting Procedure
· High-Vacuum System Shutdown Procedure
· Presentation(s), also in Week 3: 
· Vacuum Systems Components
· Cleanroom Safety
Learning Assignment(s)/Assessment(s):
· Discussion Board Assignment:
· Create a Study Guide, Part B
· Assignment: 
· VCR Fitting Practice 
NOTE: 
Learning Assignments/Assessments due BEFORE Week 5 Class Starts




	Week
	Learning Activities, Assignments and Assessments

	
Week 5

Vacuum System Components-Gauges, Valves, Parts
Part C

Explain why gauges require maintenance/preventative maintenance.  

Describe gauge and plumbing connections. 

Gown-up into a cleanroom suit to perform maintenance on a roughing pump by accessing Teams (Office 365) for a checklist and recording pressure measurements.
	Learning Activities: 

· Readings/Videos:
· Design and Construction of a High-Altitude Test Chamber.

· Presentation(s): 
· Mean Free Path and Applications
· Solid Gas Interactions
 
Learning Assignment(s)/Assessment(s):
· Assignment: 
· Vacuum System Demonstration & Documentation
· Knowledge Check: 
· Mean Free Path and Applications

NOTE: 
Learning Assignments/Assessments due BEFORE Week 6 Class Starts

	
Week 6

Vacuum Measurement- Quantitative 
Part A

Describe how the measure of pressure relates to mean free path. 

Quantitatively describe the units used in pressure measurement, such as Torr, and convert between units. 

Differentiate atmosphere, course/rough/low vacuum, high vacuum and ultra-high vacuums.  

Explain vacuum measurement on a roughing pump and then observe a roughing pump-down while recording pressures. 

	Learning Activities:

· Presentation(s): 
· Vacuum Measurements

Learning Assignment(s)/Assessment(s):
· Assignments: 
· Maintenance Safety, Read and Zero a Gauge
· Vacuum System Identification and Schematic
· Knowledge Check:
· Vacuum Measurements

NOTE: 
Learning Assignments/Assessments due BEFORE Week 7 Class Starts





	Week
	Learning Activities, Assignments and Assessments

	
Week 7

Vacuum Measurement – Quantitative
Part B

Describe how the measure of pressure relates to mean free path. 

Quantitatively describe the units used in pressure measurement, such as Torr, and convert between units. 

Differentiate atmosphere, course/rough/low vacuum, high vacuum and ultra-high vacuums.  

Explain vacuum measurement on a roughing pump and then observe a roughing pump-down while recording pressures. 
   
	
Learning Activities: 

· Presentation(s): 
· Vacuum Measurements

Learning Assignment(s)/Assessment(s):
· Assignments (Assigned in week 6): 
· Maintenance Safety, Read and Zero a Gauge
· Vacuum System Identification and Schematic
· Discussion Board Assignment:
· Learning Portfolio, Part A


NOTE: 
Learning Assignments/Assessments due BEFORE Week 8 Class Starts


	
Week 8

Roughing Pump and Maintenance
Part A

Explain the operational mechanisms and process use of vacuum pumps in the semiconductor industry. 

Describe the evolution of high vacuum pumps and applications of high vacuum pumps.

Describe vacuum systems used throughout the manufacturing processing of a wafer.
	
Learning Activities: 

· Readings/Videos: 
· OPTIONAL: The Fundamentals of Rough & Medium Vacuum
· Presentation(s): 
· Roughing Pump and Maintenance

Learning Assignment(s)/Assessment(s):
· Assignment: 
· Roughing Pump Maintenance
· Knowledge Check: 
· Roughing Pump and Maintenance
NOTE: 
Learning Assignments/Assessments due BEFORE Week 9 Class Starts




	Week
	Learning Activities, Assignments and Assessments

	Week 9

Roughing Pump and Maintenance
Part B

Describe the evolution of high vacuum pumps and applications of high vacuum pumps.

Describe vacuum systems used throughout the manufacturing processing of a wafer.

Practice cleanroom gowning using Standard Operating Procedures, SOPs.

	
Learning Activities: 

· Presentation(s): 
· Roughing Pump and Maintenance
· Gas Load Pumping Speed Conductance
· Surface roughness and Cleanliness

Learning Assignment(s)/Assessment(s):
· Assignment (Assigned in Week 8): 
· Roughing Pump Maintenance

NOTE: 
Learning Assignments/Assessments due BEFORE Week 10 Class Starts


	
Week 10

Vacuum Systems with Multiple Roughing Pumps

Describe why high-volume systems may have more than one roughing pump.   

Explain the concept of pumping speed and ultimate pressure.  

Explain when vacuum pumps are used in series and/or parallel with qualitative examples and quantitative examples.   

Compare pumping speed and ultimate pressure by reading charts.

Gown up into a cleanroom to perform maintenance on a roughing pump by accessing SOP or a checklist and recording pressure measurements
	
Learning Activities: 

· Readings/Videos:
· Vacuum Chamber Evacuation Calculation Tool

· Presentation(s): 
· Vacuum Systems with Multiple Roughing Pumps 

Learning Assignment(s)/Assessment(s):
· Assignment: 
· Roughing Pump Maintenance-Turbo System
· Knowledge Check:  
· Vacuum Systems with Multiple Roughing Pumps

NOTE:
Learning Assignments/Assessments due BEFORE Week 11 Class Starts





	Week
	Learning Activities, Assignments and Assessments

	
Week 11

High Vacuum System-Crossover Pressure

Differentiate crossover pressure with the use of high vac and low vac pump systems.  

Explain the safety processes and practices in the use of high vacuum systems.  

Gown-up into a cleanroom to observe how a turbo pump works with a roughing pump and measure pressure during pump-down and observe crossover pressure.
	
Learning Activities: 

· Readings/Videos: 
· High-Vacuum System Starting Procedure CHECKLIST 
· High-Vacuum System Shutdown Procedure CHECKLIST

· Presentation(s): 
· High Vacuum System-Crossover Pressure 

Learning Assignment(s)/Assessment(s):
· Assignment:
· Crossover Point
· Knowledge Check: 
· High Vacuum System – Crossover Pressure

NOTE: 
Learning Assignments/Assessments due BEFORE Week 12 Class Starts


	
Week 12

Turbomolecular Drag Pump and other High Vacuum Pumps
Part A

Identify a turbo pump and describe how it works.

Describe the parts of a turbo pump and general method of operation.   

Explain how a turbo pump should be maintained.   

Gown-up into a cleanroom to perform maintenance on a roughing pump, while a turbo pump is on, and keeping the turbo pump on by accessing Teams (Office 365) for a checklist and recording pressure measurements. 
	
Learning Activities: 

· Presentation(s): 
· Turbomolecular Drag Pump and High Vacuum Pumps

Learning Assignment(s)/Assessment(s):
· Assignment:
· Pumping Speed and Evacuation Time
· Knowledge Check: 
· Turbomolecular Drag Pump and other High Vacuum Pumps

NOTE: 
Learning Assignments/Assessments due BEFORE Week 13 Class Starts





	Week
	Learning Activities, Assignments and Assessments

	
Week 13

Turbomolecular Drag Pump and other High Vacuum Pumps
Part B

Identify a turbo pump and describe how it works.

Describe the parts of a turbo pump and general method of operation.   

Explain how a turbo pump should be maintained.   

Gown-up into a cleanroom to perform maintenance on a roughing pump, while a turbo pump is on, and keeping the turbo pump on by accessing Teams (Office 365) for a checklist and recording pressure measurements. 
	
Learning Activities: 

· Presentation(s): 
· Turbomolecular Drag Pump and High Vacuum Pumps

Learning Assignment(s)/Assessment(s):
· Assignment (Assigned in week 12): 
· Pumping Speed and Evacuation Time
· Discussion Board Assignment:
· Learning Portfolio, Part B

NOTE: 
Learning Assignments/Assessments due BEFORE Week 14 Class Starts


	
Week 14

Leak Checking and Preventative Maintenance-High Vacuum Systems
Part A

Differentiate proactive and reactive maintenance.     

Describe how vacuum pump maintenance is key to minimizing downtime and costs.   

Gown-up into a cleanroom to perform maintenance on a roughing pump while a turbo pump is on and keeping the turbo pump on by accessing Teams (Office 365) for a checklist and recording pressure measurements. 
	
Learning Activities: 

· Presentation(s): 
· Leak Checking and Preventative Maintenance-High Vacuum Systems 

Learning Assignment(s)/Assessment(s):
· Assignment: 
· Vacuum Leaks Root Cause
· Knowledge Check: 
· Leak Checking and Preventative Maintenance-High Vacuum Systems

NOTE: 
Learning Assignments/Assessments due BEFORE Week 15 Class Starts




	Week
	Learning Activities, Assignments and Assessments

	Week 15

Leak Checking and Preventative Maintenance-High Vacuum Systems
Part B

Differentiate proactive and reactive maintenance.     

Describe how vacuum pump maintenance is key to minimizing downtime and costs.   

Gown-up into a cleanroom to perform maintenance on a roughing pump while a turbo pump is on and keeping the turbo pump on by accessing Teams (Office 365) for a checklist and recording pressure measurements. 
	Learning Activities (Prior to Class): 

· Presentation(s): 
· Leak Checking and Preventative Maintenance-High Vacuum Systems 

Learning Assignment(s)/Assessment(s):
· Assignment: 
· Vacuum Leaks, Helium Leak Detection

NOTE: 
Learning Assignments/Assessments due BEFORE Week 16 Class Starts


	Week 16

Final Project and 
Final Retrospective

Course Wrap-Up


	Learning Activities (Prior to Class): 

· Presentation(s): 
· Final Project-Learning Portfolio and Retrospective Essay

Learning Assignment(s)/Assessment(s):
· Assignment: Final Project, Parts 1-3
· Assignment: Final Retrospective, Part 4
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