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Why do we learn digital circuit analysis
• We cannot store information in an analog way.

• Computers often chain logic gates together, by taking the 
output from one gate and using it as the input to another gate.

• Circuits enables computers to do more complex operations than 
they could accomplish with just a single gate.

• Logic gates are used to define the state of a system that has 
many inputs and outputs so that more complex units are created 
such as arithmetic units, shift registers, memory elements etc.

• Programs are written which manipulate these complex units 
giving what you see on the screen of your computer etc.
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Cool Example: CPU 
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• 8 bit CPU

• Princeton Architecture 
(von Neumann model )

• Few 8 bit registers

• Microcode sequence

70’s CPU



How this class will work
• Instructor: Dr. Bahman Moraffah
• Grader: William Shih
• UGTA: Alden Davison 
• TAs: TBD
• Class will be in-person or via Zoom
• Office Hours are virtual, and you should join using its own zoom 

meeting (It is different from Zoom link for the lectures)
• All of us should keep checking both Canvas and Course website 

for updates!
• Class is cumulative, so keep up with the materials and 

assignments!
• 5-6 assignments + Lab reports. They all must eb submitted on 

Canvas. No email or in-person submission will be accepted.
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Logistics
• Class meet: Tuesday and Thursday 

In-Person (Alphabetically) or through zoom

• Office Hours: T TH 9:30-10:15 am (Virtually through zoom). 

• Course
Website: https://bmoraffa.github.io/EEE_CSE120_Fall2020.html

• Canvas: https://canvas.asu.edu

• My Email: Bahman.Moraffah@asu.edu
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The link for office hours is 
different from the lectures!

Find the zoom link on Canvas!



Exams and Quizzes
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Exams/Quizzes Date
Quiz 1 September 1
Quiz 2 October 1

Midterm October 20
Quiz 3 November 3
Quiz 4 November 1

Final Exam As scheduled by ASU

Exams will be though Lockdown Browser. Try to familiarize yourself with it.
This method records video and sound as you take quizzes and exams. You will
be required to use this method to take quizzes and exams whether you are in
person or participating remotely.

All quizzes and exams are closed book and notes. 
Exam and quiz dates are subject to change. 



Course Grading 
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•For the letter grade check syllabus.

•I will not curve, but I will provide a lot of opportunities to earn extra credit.

•Extra Credit: I need volunteers to take notes each class, type it up and send it to me so it can be 
uploaded for the entire class. Each student can scribe at most 2 lectures.

•Incorrect Work & Correct Answer = NO CREDIT.

•No Work & Correct Answer = NO CREDIT.



ASU Sync
This course uses Sync. ASU Sync is a technology-enhanced approach
designed to meet the dynamic needs of the class. During Sync
classes, students learn remotely through live class lectures,
discussions, study groups and/or tutoring.
• To access live sessions of this class go to the Canvas shell for this

course on the side bar click on zoom and choose the lecture, you
should attend.

• Classroom attendance is limited to 50% of the capacity of the 
room. Therefore, it may be required that you attend one day per 
week in person and one day per week online. For more information 
check the syllabus. 

• If you cannot physically be on campus due to travel restrictions or 
personal health concerns, you will be able to attend your classes 
via ASU Sync during the fall semester. If you will not be on-
campus for the fall semester, you are expected to contact your 
professors to make accommodations. 

• You must attend lectures either in-person or through zoom (your 
choice!). Note that attendance is mandatory. 
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Labs 
• 5 Labs + Capstone Project
• Lab instructions are posted on Canvas. 
• Capstone will be posted and discussed thoroughly in class

• Lab Reports: 
• Lab results (schematic diagrams, timing diagrams) will be filled into a lab template. Lab templates will 

be posted on Canvas.

• Lab templates have to be completed and submitted individually. No group submissions will be 
accepted.

• Copying full reports or sections of other students, except for data generated as a group effort, is 
considered an academic integrity violation and will be reported.

• Students must indicate their lecture session (instructor and meeting time) as well as the names of 
their lab partners on the lab submission.

• Submissions must be in electronic format (doc or pdf, no individual jpegs) and must be submitted via 
the submission link on Canvas. No paper or email submissions of lab reports will be accepted.

• Late lab submissions will be penalized at a rate of 10% per day late, up to a maximum penalty of 50%. 
No lab reports will be accepted after 5 working days, unless there is a valid excuse.

• Capstone Project: 
• This lab has to be performed individually, not as a group.

• Students have to pick a one-hour time slot within their session to demonstrate a working finite state 
machine design, implemented in programmable logic, to the TA, and explain the operation to the TA to 
be graded and approved for completion.
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Course in one glance
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Electrical Fundamentals 
• “Charge” carriers are the reason why we can observe 

“electric” phenomena
• Electrons are charge carriers in metals
• Conductors: materials having lots of freely movable charge 

carriers
• Insulators: materials that have no freely movable charge 

carriers
• Energy source: Charge carriers with a potential energy
• Voltage: Electrical potential – energy needed to move a unit 

charge from point ‘a’ to point ‘b’
• Current: Amount of charge that flows per second in a 

conductor
• Number of charges must be constant at all time – closed 

circuit necessary (Law of Conservation of Energy)
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Why digital design 
• In 17th century electricity was discovered. 
• Built a switch to turn things on and off

o They were huge switches

o Switches:
o Insulators: Prevent the flow of electricity (Rubber)
o Conductors: Allow the electricity to flow 
o Vacuum Tube: Amplify current/voltage and act like a switch

§ Very expensive and not durable
o Semi-conductors

§ Make Transistors (Bell labs)
§ Better than Vacuum tubes most of the times 
§ Disadvantage: Electromagnetic pulses don’t work on vacuum tubes but works on transistors

q Transistors: 
q Analog à Continuous time 
q Digital  à Discrete time ( We only deal with {0,1}

o Electric circuits:  Circuit diagrams are a schematic representation of the 
physical circuit elements and wires.
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Convention 
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Circuit Open  (FALSE) (0) Switch off
Circuit Closed (TRUE) (1) Switch on 

ATTN:                          Active high à True = 1               Active low  à True = 0



Switches: Connection
qSeries Connection 

• If switches are back to back 
• If two switches are in series, then circuit is closed only if switch A 

and switch B are both closed

qParallel Connection
• If switches share the same head and tail
• If two switches are in parallel, then circuit is closed if switch A or 

switch B is closed
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Truth Table 



Next Lecture
• Truth Tables
• And/OR/NAND/ NOR/XOR/NXOR Gates
• Truth table for each of the gates
• Analysis of the gates 
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How	to	connect	switches?	
1) .	series:	back	to	back	

	
Switch	off									False										0	
Switch	on										True										1	

For	the	above	series,	only	A	open	or	only	B	open,	the	LED	will	not	on.	LED	is	
on	if	both	A	and	B	are	closed.	

	
4	possibilities:		

A	 B	 Y=Output	
0	 0	 0	
0	 1	 0	
1	 0	 0	
1	 1	 1	

	
Truth	Table	shows	all	possibilities	of	outputs.	

	
“AND”	gate	only	true	when	both	A	and	B	are	true.	
	
	
	
2) .	Parallel:	sharing	the	same	head	and	tail.	

	
	

Lecture 2: Gates and Truth Tables    
Lecturer: Dr. Bahman Moraffah                                                                              Scribes:  Xinyi Ma 



Two	switches	are	in	parallel,	so	output	is	on	if	the	switches	on	in	both	.	
A	 B	 Y=Output	
0	 0	 0	
0	 1	 1	
1	 0	 1	
1	 1	 1	

	
“OR”	gate	will	be	true	if	A	is	true	or	B	is	true.	
	
	
Question:	How	do	we	design	a	truth	table	that	allows	the	LED	to	turn	
off/on	with	each	switch	being	independent	of	the	other?	
A	 B	 Y	
0	 0	 0	
0	 1	 1	
1	 0	 1	
1	 1	 0	
	

	
“XOR”	gate(not	series,	not	parallel)	gives	true	output	when	the	number	
of	true	inputs	is	odd.		
Explanation:		
LED	is	on	when	1).	Switch	A	is	on	and	Switch	B	is	off(not	on)		OR		
																															2).	Switch	A	is	off(not	on)	and	Switch	B	is	on	
	
	
	

	
A	 Y	
0	 1	
1	 0	
“NOT”	gate	is	one	the	outputs	the	opposite	state	as	what	is	input.	
	



	

	
“Buffer”	gate	is	the	one	that	outputs	equal	to	its	inputs.	
A(Input)	 Y(Output)	
0	 0	
1	 1	
	
	
	
	
	
“AND”	gate	combines	with	“NOT”	gate:	“NAND”	gate	(means	not	“AND”)	

																	 	
A	 B	 Y(final	output)	 C(before”not”)	
0	 0	 1	 0	
0	 1	 1	 0	
1	 0	 1	 0	
1	 1	 0	 1	
	
	
	
	
“OR”	gate	combines	with	“NOT”	gate:	“NOR”	gate	(means	not	“or”)	

																							 	
A	 B	 Y(final	output)	 C(before	“not”)	
0	 0	 1	 0	
0	 1	 0	 1	
1	 0	 0	 1	
1	 1	 0	 1	
	
	



	

“XOR”	gate	combines	with	“NOT”	gate:”XNOR”	gate	

																		 	

A	 B	 Y(final	output)	 C(before”not”)	

0	 0	 1	 0	

0	 1	 0	 1	

1	 0	 0	 1	

1	 1	 1	 0	

	

	

The	number	of	possibilities	for	outputs	depends	on	how	many	input(n):	

The	number	of	output:	2^n	

Eg.	2	inputs	---	4	outputs	

							3	inputs	---	8	outputs	

							4	inputs	---	16	outputs	

	

Example:				
There	are	three	inputs	A,	B,	and	C	go	through	the	following	three	gates	

,		 	and	 ,	list	the	outputs	for	truth	

table		for	Y,	Y’,	and	Y’’.	

A	 B	 C	 Y	 Y’	 Y’’	

0	 0	 0	 0	 0	 0	

0	 0	 1	 0	 1	 1	

0	 1	 0	 0	 1	 1	

0	 1	 1	 0	 1	 0	

1	 0	 0	 0	 1	 1	

1	 0	 1	 0	 1	 0	

1	 1	 0	 0	 1	 0	

1	 1	 1	 1	 1	 1	

	

	

	

	



	
Example	1.	

	
The	output	Y	depends	on	A:			A																																																			
		so	the	output	Y=A	
	
	
	
	
	
Example	2.	

																												 	
	
	
	
Example	3.	

																																										 	
A	 B	 Y	 C	
0	 0	 0	 1	
0	 1	 1	 0	
1	 0	 1	 0	
1	 1	 1	 0	
	
(the	final	outputs	are	the	same	as	“OR”	gate)	
	
	

0	

1	

Y=0	

Y=1	



	
	
	
	
Example	4.		

																																				 	
A	 B	 Y	 C	
0	 0	 0	 1	
0	 1	 0	 1	
1	 0	 0	 1	
1	 1	 1	 0	
(the	final	outputs	are	the	same	as	“AND”	gate)	
	
	
	
	
	
	
Example	5.	

																																		 	
A	 B	 Y	 C=AB	
0	 0	 1	 0	
0	 1	 0	 0	
1	 0	 1	 0	
1	 1	 1	 1	
	
	
	
	
	
	
	



Example	6.	

																																									 	
A	 B	 C	 D	 Y	
0	 0	 0	 0	 0	
0	 0	 0	 1	 1	
0	 0	 1	 0	 1	
0	 1	 0	 0	 0	
1	 0	 0	 0	 0	
1	 1	 0	 0	 1	
1	 0	 1	 0	 1	
1	 0	 0	 1	 1	
0	 1	 1	 0	 1	
0	 1	 0	 1	 1	
0	 0	 1	 1	 1	
1	 1	 1	 0	 0	
1	 1	 0	 1	 0	
1	 0	 1	 1	 1	
0	 1	 1	 1	 1	
1	 1	 1	 1	 0	
	
Explanation:	
1) .	For	“And	”	gate,	its	output	is	AB,	which	means	only	when	A	and	B	are	
1,	the	output	is	1;	
2) .	For	“OR”	gate,	its	output	is	C+D,	which	means	when	A	is	1	and	B	is	0,	
B	is	1	and	A	is	0,	or		both	A	and	B	are	1,	the	output	is	1;	
3) .	For	the	final	output	Y,	it	is	“XOR”	gate,	which	means	when	the	values	
of	inputs	are	different(A	is	1	and	B	is	0,	or	A	is	0	and	B	is	1),	the	output	Y	
is	1	
	
	
	
	
	








































































































































































































































































































































































































































































