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COURSE DESCRIPTION 

This course provides instruction in digital electronics.  Topics include: number systems and codes, a review of Boolean algebra, logic elements, digital circuits, programmable logic circuits, and memory and computing circuits.  This course provides laboratory exercises to analyze, construct, test and troubleshoot digital circuits.  This course may serve as a substitute core for Digital Fundamentals in the EET, ETC, and ILT disciplines.  This course supports CIP codes: 15.0303, 47.0105, 46.0302, 47.0303 and 47.0609.

CREDIT HOURS 

Theory

3 credit hours

Lab


2 credit hours

Total


5 credit hours

NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as manipulative (3:1contact to credit ratio), or experimental (2:1 contact to credit hour ratio).  

PREREQUISITE COURSES 
Determined by college unless stated otherwise 

CO-REQUISITE COURSES 
Determined by college unless stated otherwise

INDUSTRY/PROFESSIONAL COMPETENCIES

· Explain safety considerations associated with digital electronics.
· Explain concepts of digital electronics.
· Explain logic elements and their various applications.
· Construct circuits using various logic gates.
· Use tools safely and properly.
· Design digital circuits.
· Troubleshoot, remove and replace digital circuits.
· Explain functions of various computer memory.
INSTRUCTIONAL NOTE:  It is recommended that students have a strong foundation in applied mathematics, AC/DC electricity, and basic computer skills.

GENERAL INSTRUCTIONAL OBJECTIVES  

The cognitive objectives for this course are for each student to comprehend fundamentals of digital electronics.

The psychomotor objective of this course is for each student to apply foundational knowledge to digital electronic problems and exercises encountered in class. 
INDUSTRY/PROFESSIONAL COMPETENCIES/STUDENT PERFORMANCE

Unless otherwise indicated, evaluation of student’s attainment of cognitive and performance objectives is based on knowledge gained from this course.  During performance evaluations, students will be provided necessary tools, equipment, materials, specifications, and any other resources necessary to accomplish the task.  Specifications may be in the form of, but not limited to, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab assignments, or any combination of specifications.
	MODULE A – INTRODUCTION TO DIGITAL ELECTRONICS

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	A1.0 Explain safety considerations associated with digital electronics. (c)
	A1.1
This competency is measured cognitively.

	A2.0
Explain concepts of digital electronics. (C)
	A2.1
This competency is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	A1.1.1
Explain personal safety precautions associated with digital electronics.

A1.1.2
Explain safety associated with digital equipment and components.
	c

c

	A2.1.1
Describe digital electronic applications in the workplace.

A2.1.2
Differentiate between analog and digital electronics.

A2.1.3
Define terms associated with digital electronics.

A2.1.4
Identify symbols associated with digital electronics. 

A2.1.5
Explain characteristics of number systems and codes.

A2.1.6
Convert between various number systems and codes.

A2.1.7
Define basic laws and rules of Boolean Algebra.

A2.1.8
Explain various Boolean simplification techniques.

A2.1.9
Use Boolean Algebra to simplify expressions.
	B

B

A

A

B

b

B

C

C


	MODULE B – LOGIC ELEMENTS

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	B1.0
Explain logic elements and their various applications. (C)
	B1.1
This competency is measured cognitively.

	B2.0
Construct circuits using various logic gates. (2c)
	B2.1
Given specifications, construct and analyze circuits using various logic gates.

	ENABLING OBJECTIVES
	KSA

Indicator

	B1.1.1
Describe various logic gates.

B1.1.2
Differentiate between various logic gates.

B1.1.3
Describe combination logic.

B1.1.4
Describe truth tables.

B1.1.5
Apply truth tables to simplify logic gates.

B1.1.6
Describe the function of combinational logic elements.

B1.1.7
Differentiate between the various combinational logic elements.
	B

B

B

B

C

a

B

	B2.1.1
Explain how to prevent electrical static discharge when handling CMOS devices.

B2.1.2
Describe specifications found on a data sheet. 

B2.1.2
Describe the function of various test equipment to analyze logic circuits.
	c

a

a


	MODULE C – DIGITAL CIRCUIT DESIGN

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	C1.0
Use tools safely and properly. (2c)
	C1.1
Use tools and instruments used to test, maintain and repair digital circuits.

	C2.0
Design digital circuits. (2c)
	C2.1
Design a digital circuit and test its operation.

	C3.0
Troubleshoot, remove and replace digital circuits. (2c)
	C3.1
Predict the operation of a previously designed digital circuit.

C3.2
Troubleshoot circuits, and remove and replace components.

	ENABLING OBJECTIVES
	KSA

Indicator

	C1.1.1
Explain the function of various tools and instruments used to analyze digital circuits.
	c

	C2.1.1
Identify various components of a digital circuit.

C2.1.2
Describe the function of various types of flip-flops.

C2.1.3
Describe the function of various types of counters.

C2.1.4
Describe the function of various types of shift registers.

C2.1.5
Define the components necessary to construct a digital circuit.
	a

c

c

c

c

	C3.1.1
Use logic elements to predict the operation of a digital circuit.

	d

	C3.2.1
Describe techniques to troubleshoot digital circuits.

C3.2.3
Describe techniques to remove and replace digital components.
	c

c


	MODULE D – MEMORY AND COMPUTING CIRCUITS

	INDUSTRY/PROFESSIONAL COMPETENCIES
	STUDENT PERFORMANCE OBJECTIVES

	D1.0
Explain functions of various computer memory. (B)
	D1.1
This competency is measured cognitively.

	ENABLING OBJECTIVES
	KSA

Indicator

	D1.1.1
Describe binary data storage.

D1.1.2
Describe various types of random access memory.

D1.1.3
Describe various types of read only memory. 

D1.1.4
Describe digital and analog interfacing.
	B

B

B

B


COURSE CONTENT OUTLINE

MODULE A – INTRODUCTION TO DIGITAL ELECTRONICS

· Safety

· Terms and symbols

· Number systems and codes

· Decimal system

· Binary system

· Octal system

· Hexadecimal system

· Binary Coded Decimal (BCD)

· Binary arithmetic 

· Gray codes

· Digital codes

· Boolean algebra

· Boolean rules and laws

· Boolean simplification techniques 

· Karnaugh maps 

· DeMorgan’s theorems

· Truth tables

MODULE B – LOGIC ELEMENTS

· Logic gates

· AND

· OR

· NOT

· EX-OR

· EX-NOR 

· Combination logic

· NAND

· NOR

· Truth tables 

· Functions of combinational logic

· Basic adders

· Parallel binary adders

· Comparators

· Decoders

· Encoders

· Code converters

· Multiplexers

· De-multiplexers 

· Constructing circuits

· Data sheets

· Preventing electrostatic discharge

· Test equipment

MODULE C – DIGITAL CIRCUITS

· Tools and instruments

· Frequency counters

· Function generators

· Digital probes

· Oscilloscope

· Meters and devices

· Flip-Flops

· Latches

· Edge-triggered flip-flops

· S-R flip-flops

· D-Type flip-flips

· J-K flip-flops

· Counters

· Asynchronous counters

· Synchronous counters

· Up/Down counters

· Cascaded counters

· Shift Registers

· Shift register functions

· Shift register types

· Design of logic circuits

· Troubleshooting

· Removing and replacing components

MODULE D – MEMORY AND COMPUTING CIRCUITS

· Binary data storage

· Random Access Memory (RAM)

· Read Only Memory (ROM)

· Programmable Read Only Memory (PROM)

· Interfacing
RECOMMENDED METHODS OF EVALUATION:  The tables of specifications below identify the number of cognitive (knowledge) enabling objectives and psychomotor (performance) objectives per module.  Instructors should develop sufficient numbers of test questions to ensure complete coverage of each cognitive and/or psychomotor objectives identified in each module.  For cognitive objectives, use appropriate written test type based on the complexity indicator for each objective.  Create comprehensive, checklist evaluations for each psychomotor objective. 
Facts/Nomenclature (A/a):  Multiple Choice, Fill-in, List, Matching, Alternative Response (true/false or yes/no) 

Principles/Procedures (B/b):  Multiple Choice, Fill-in, List, Short Answer

Analysis/Operating Principles (C/c):  Multiple Choice, Short Answer, Essay

Evaluation/Complete Theory (D/d): Multiple Choice, Short Answer, Essay

	ENABLING OBJECTIVES TABLE OF SPECIFICATIONS

	
	Cognitive Domain

	
	Facts/ Nomenclature
	Principles/ Procedures
	Analysis/ Operating Principles
	Evaluation/ Complete Theory
	Total

Objectives

	Module A
	2
	5
	4
	-
	11

	Module B
	3
	5
	2
	-
	10

	Module C
	1
	-
	7
	1
	9

	Module D
	-
	4
	-
	-
	4

	Total
	6
	14
	13
	1
	34


	PERFORMANCE OBJECTIVES Table of Specifications

	
	Psychomotor Domain

	
	Limited Proficiency

1
	Partially Proficient

2
	Proficient

3
	Highly Proficient

4
	Total

Objectives

	Module A
	-
	-
	-
	-
	0

	Module B
	-
	1
	-
	-
	1

	Module C
	-
	-
	4
	-
	4

	Module D
	-
	-
	-
	-
	0

	Total
	0
	1
	4
	0
	5


	Knowledge, Skills, and Abilities (KSA) Indicators

	
	Value
	Key Word(s)
	Definition

	Performance 
Ability 
	4
	Highly 

Proficient
	Can do the complete competency quickly and accurately.  Can tell or show others how to do the competency. 

	
	3
	Proficient
	Can do all parts of the competency.  Needs only a spot check of completed work 

	
	2
	Partially

 Proficient
	Can do most parts of the competency.  Needs help only on hardest parts. 

	
	1
	Limited Proficiency
	Can do simple parts of the competency.  Needs to be told or shown how to do most of the competency. 

	

	Knowledge of Skills
	d
	Complete

Theory
	Can predict, isolate, and resolve problems about the competency.

	
	c
	Operating Principles
	Can identify why and when the competency must be done and why each step is needed.

	
	b
	Procedures
	Can determine step-by-step procedures for doing the competency.

	
	a
	Nomenclature
	Can name parts, tools, and simple facts about the competency.

	

	Knowledge
	D
	Evaluation
	Can evaluate conditions and make proper decisions about the subject.

	
	C
	Analysis
	Can analyze facts and principles and draw conclusions about the subject.

	
	B
	Principles
	Can identify relationship of basic facts and state general principles about the subject.

	
	A
	Facts
	Can identify basic facts and terms about the subject.

	

	Alpha Scale Values - Any item with an upper case letter (A, B, C, D) by itself is taught as general information on a topic.  This information may be related to the competency or encompass multiple competencies.  Examples might include mathematical computations or knowledge of principles such as Ohm’s Law.

A lower case letter indicates a level of ”Knowledge of Skills."  Individuals are taught information pertaining to performing a competency .  These may be indicated alone or in conjunction with a numerical scale value.  A lower case letter by itself indicates the individual is not required to perform the task-just know about the task.  (example: Can state or explain procedures for doing a task).

Numerical Scale Values - The numbers reflect the levels the individual will be able to perform a competency. Number values are always accompanied by lower case letters (i.e. 1a, 2b, 3c...etc.) in order to specify the level of knowledge of skills associated with the competency.   

Example:  An individual with a competency with a scale indicator of 3b has received training of knowledge of skills whereby he or she can determine the correct procedures and perform with limited supervision; only requiring evaluation of the finished product or procedure.

NOTE:  Codes indicate terminal values.


ETC 127, ELT 121, ILT 112, EET 115, INT 130
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