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PATHWAY:  
Electronics

COURSE:  

Advanced AC and DC Circuits 
UNIT 11: 

ENGR_AE_11 Construction of Integrated Circuits
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Annotation: 
This unit provides learners with information about the construction and usage of common integrated circuits. Theoretical and practical concepts of integrated circuit development are presented throughout the unit.

Grade(s):  

	x
	9th

	x
	10th

	x
	11th

	x
	12th


Time:  
5 Hours
Author: 
Jimmie Fouts

Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided appropriately. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation. Many students (both with and without disabilities) who struggle with reading may benefit from the use of text reading software or other technological aids to provide access to printed materials. Many of these are available at little or no cost on the internet.
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GPS Focus Standards: 
ENGR-AE-5 Students will identify characteristics and construction of integrated circuits.        

c. Define and discuss the 555 timer. 

d. Discuss additional IC’s. 

e. Discuss troubleshooting IC’s. 

GPS Academic Standards:
MM1P1. Students will solve problems (using appropriate technology). 
MC3P4. Students will make connections among mathematical ideas and to other disciplines. 
SCSh3. Students will identify and investigate problems scientifically. 
SCSh5. Students will demonstrate the computation and estimation skills necessary for analyzing data and developing reasonable scientific explanations. 
SCSh4. Students will use tools and instruments for observing, measuring, and manipulation scientific equipment and materials
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Enduring Understandings: 
Upon completion of this unit students should have a basic understanding of integrated circuit design and manufacture. They will gain an appreciation of the processes that are utilized in the development of almost all electronic equipment in common use today.                                                 

Essential Questions: 
· If integrated circuits had not yet been invented, what differences might you expect in commonly-used contemporary electronic devices (examples: cell phone, HD television, satellite radio, GPS, etc.)?
· Why is the 741 integrated circuit so prevalent in today’s electronic equipment?
· What would be the end result of a failed timing circuit in a digital electronic circuit?

Knowledge from this Unit:  
Students will be able to:

· Understand the value of the integrated circuit for the electronic devices we use for everyday living. 

· Identify the pin configuration for common integrated circuits.

•
Describe the potential uses for a timer circuit.

•
Explain the uses for an Op-Amp integrated circuit.

•
Describe the steps involved in troubleshooting a simple electronic circuit containing an integrated circuit.

Skills from this Unit:  
Students will: 

•
Construct a functional timer circuit using the 555 integrated circuit.

•
Utilize a functional amplifier circuit using an Op-Amp integrated circuit.

•
Demonstrate the ability to troubleshoot a simple electronic circuit that incorporates an integrated circuit.
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Assessment Method Type: 
	
	Pre-test

	
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

__ Unit test

	
	Group project

	
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	
	Subjective assessment/Informal observations

	
	__ Essay tests

__ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	
	Dialogue and Discussion

	
	__ Student/teacher conferences

__ Partner and small group discussions

__ Whole group discussions

__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	
	Post-test


Assessment Attachments and / or Directions: 
NONE
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•
LESSON 1:  INTRODUCTION TO THE 555 TIMER CIRCUIT

1.
Identify the standards. Standards should be posted in the classroom.     


ENGR-AE-5 Students will identify characteristics and construction of integrated circuits.        

c. Define and discuss the 555 timer. 

d. Discuss additional IC’s. 

e. Discuss troubleshooting IC’s. 

2.
Review Essential Questions. Post Essential Questions in the classroom. 
· If integrated circuits had not yet been invented, what differences might you expect in common use electronic equipment of today (examples: cell phone, HD television, satellite radio, GPS, etc.)?
· Why is the 741 integrated circuit so prevalent in today’s electronic equipments?
· What would be the end result of a failed timing circuit in a digital electronic circuit?

3.
Identify and review the unit vocabulary. Terms may be posted on word wall. Refer to the Construction Of Integrated Circuits Vocabulary Teacher’s Guide for definitions. 

	DIP
	Monolithic
	Monostable

	Astable
	CMOS
	Fabrication

	Mask
	Microchip
	Kilby

	Lithography
	Ingot
	Wafer

	Etching
	Deposition
	Oxidation

	Dopant
	
	


4.
Interest approach – Ask students about electronic equipment that use timing circuits of some type. Make a list of equipments that use timing circuits then identify those that consist of digital electronic circuitry.   Those with digital electronics require some form of timing circuit in order to operate. The 555 integrated circuit is one of the most commonly used integrated circuits for this purpose. 
5. Present The 555 Integrated Circuit PowerPoint to the class to introduce the 555 integrated circuit. This timer IC is very inexpensive so, if practical, students can pass some around to visually see what it looks like before using in a circuit. The 555 can be damaged by excessive static electricity although it is generally considered to be relatively stable. 

6. Have students research the 555 Integrated Circuit and complete the information on the 555 Integrated Circuit Basics Worksheet. 
7. Provide students with a copy of the 555 Operation Handout that contains information about the 555 operations in a timer circuit. Students should read this handout and summarize key points in their Engineering Notebook. This is a good time for the teacher to review RC circuit time constants from the Foundations of Electronics course. 
8. Students should complete the 555 Lab Worksheet. This will require students to use the breadboard and basic circuit components including the 555 IC chip to construct and test a functional timer circuit. A DMM and oscilloscope should be used to verify circuit operation. Students should be provided the opportunity to use varying resistor and capacitor values to necessitate a change in operating frequency for the circuit.
9. Summary: This lesson provides information about one of the most prevalent used integrated circuit, the 555 timer IC chip. Students are provided the opportunity to work with a functional 555 integrated circuit, make modifications, and troubleshoot circuit operation.
•
LESSON 2:  ADDITIONAL COMMON INTEGRATED CIRCUITS

1. Review Essential Questions. Post Essential Questions in the classroom. 

· 

Why is the 741 integrated circuit so prevalent in today’s electronic equipments?
2. Present the Operational Amplifiers PowerPoint to the class. Encourage students to take notes throughout the presentation.

3. Provide students with a copy of the 741 Op Amp Amplifiers Handout. Go over the instructions as a class.  
*Teacher’s Note: If a dual 9VDC power supply not available, students should prepare one using the handout provided “Simple Dual 9VDC Power Supply”.
•
LESSON 3:  Troubleshooting Integrated Circuits

1.
Review Essential Questions. Post Essential Questions in the classroom. 
· What would be the end result of a failed timing circuit in a digital electronic circuit?

2. Present the Trouble Shooting ICs PowerPoint. Have students ask questions and take notes throughout the presentation. 

*Teacher’s Note: Continue with as many steps as necessary to teach this lesson. Make sure each step is very clear. Add as much detail as necessary. You are speaking directly to teachers, many of them beginners. Be sure to explain exactly what to do in each step.

•
ATTACHMENTS FOR LESSON PLANS


Construction Of Integrated Circuits Vocabulary Teacher’s Guide

The 555 Integrated Circuit PowerPoint

555 Integrated Circuits Basics Worksheet

555 Operation Handout

555 Lab Worksheet

Operational Amplifiers PowerPoint

741 Op Amp Amplifiers Handout

Trouble Shooting ICs PowerPoint
•
NOTES & REFLECTION: 

Teachers should be aware that most of these units do include circuit components that must be available for the students to participate. The unit activities have been designed to utilize a minimum of components while still providing a valuable learning experience. It is suggested that students utilize a breadboard for circuit construction. A listing of potential component suppliers has been provided at the end of this Unit. Most components can be obtained in a bulk quantity for a better pricing than parts that are individually packaged. It is suggested that a 5VDC to 12VDC power source be made available to students for testing their appropriate circuits. A 9V transistor battery is a suitable alternative.

Students should be monitored for proper construction technique and proper usage of test equipment. Circuit construction can be accomplished by students individually or in teams of two as appropriate for the given classroom situation. 

Students should maintain an Engineering Notebook of all activities they accomplish during the Unit. This will serve as a reference source for the culminating activity. The Engineering Notebook should reflect any notes taken, actions performed, lessons learned, things that work or did not work. Difficulties and successes should also be documented. This should serve as a “diary” of what was “learned” during class.
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Culminating Unit Performance Task Title: 
Lab Notebook
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 

Have students keep track of all of their labs throughout the unit in a notebook. 

Check that the notebook is neat and organized. 

Consider having students present the labs or mock teach certain labs in groups or as individuals. Allow them to be creative in order to present what they have learned throughout the unit. 

Attachments for Culminating Performance Task: 

NONE
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Web Resources:
· http://www.555-timer-circuits.com/
· http://www.sentex.ca/~mec1995/gadgets/555/555.html
· http://www.williamson-labs.com/555-circuits.htm
· http://www.talkingelectronics.com/projects/555/Page1-555.html
· http://totusterra.com/555timercalc.html
· http://www.technologystudent.com/pdfs/TIMER1.pdf
· http://www.doctronics.co.uk/555.htm#inside
· http://www.nobelprize.org/educational/physics/integrated_circuit/history/index.html
· http://www.manoonpong.com/Opamp/741Tutorial.pdf
· http://www.circuitstoday.com/introduction-to-ua-741-op-amp
Materials & Equipment: 
· Computer with Internet Access 

· Projection Equipment

· Breadboard

· 555 Integrated Circuit 

· 741 Integrated Circuit

· LED

· 100 kΩ resistor
· 220 Ω resistor
· µf ceramic capacitor
· 4.7 µf, 16 v electrolytic capacitor
· µf, 16 v electrolytic capacitor
· Connecting Wire
· Power Supply
· Oscilloscope
· Digital Multimeter
21st Century Technology Used: 
	x
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	x
	Interactive Whiteboard
	x
	Calculator
	x
	Graphic Organizer

	
	Student Response System
	x
	Desktop Publishing 
	x
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	
	Website
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Engineering and Technology
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