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Course Syllabus and Discussion

This introductory course provides a comprehensive foundation in Digital Electronics, starting with
basic principles and progressing to digital design and system applications.

Through a combination of lectures, hands-on labs, and a final project, students will develop the
skills to design, implement, and test basic digital systems and loT prototypes. The course
incorporates the use of digital logic simulation software and emphasizes the engineering design
process and ethical considerations.
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EP1: Digital and Information Systems

The learning curve from EE to IC.

Digital abstraction.

Information theory and its application.

CoOE COLLEGE.



ﬁgﬁ

The learning curve from EE to IC

Presented learning curve from many EE/IC/CE courses.

printf("Hello, World!\n") ')

_—

out

AAAAA 1 — |

GE.




The learning curve from EE to IC

Actual learning curve to (part of the) industry. brintf("Hello, World!\n");

PCB Design and Analysis Learning Map
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The learning curve from EE to IC

The goal of this course:

The Parthenon of Information Age

Theory Hardware  Software System integration

B Coe COLLEGE



-
Why go digital? — the MATH/CS version
(theory)

“The starting point of digital circuit design.”

. INST,
*‘\SS 7[“6[
DEC 20 1949

THE MATHEMATICAL ANALYSIS

OF LOGIC,

A SYMBOLIC ANALYSIS LBRARY
OF
BEING AN ESSAY TOWARDS A CALCULUS
OF DEDUCTIVE REASONING. RELAY AND SWITCHING CIRCUITS
BY GEORGE BOOLE. ; by

‘Emxovwvoiot 8¢ ndow o émotipm ahhfhog xatd & xowd. Kowa 8¢ Claude Elwood Shannon

)\E:.*ffﬂ‘ﬂo‘lg Kp@yTaL g Ex TOGTRY anodewxvivieg dhk’ 00 mept GV detxy Douoty, B.S., University of Michigan
0UBE B BetxvvouoL.
ARISTOTLE, Anal. Post., lib. 1. cap. XI. 1936

Submitted in Partigl Fulfillment of the

CAMBRIDGE: ! Requirements for the Degree of
MACMILLAN, BARCLAY, & MACMILLAN; ,
LONDON: GEORGE BELL. MASTER OF SCIENCE
1847 from the

Massachusetts Institute of Technology
1940

B Core COLLEGE

Shannon’s juggling bot: https://www.youtube.com/watch?v=tXU3EPg2cgA

gutenberg.org dspace.mit.edu




Why go digital? — the Computational/IC version

(hardware)

Charles Babbage’s A replica of the world's  The IAS computer, 1952  |ntel 80186, 1982
Difference Engine, 1820s first transistor, 1947

A80186
3 L6054158
leco7ss:

W|k|ped|a.org/wii

OE COLLEGE.

Science Museum National Air and Space Museum
London, UK Washington, DC, USA

Reference read: https://writings.stephenwolfram.com/2015/12/untangling-the-tale-of-ada-lovelace/



Why go digital? — the Phys/MicroE version
(application)

Film camera vs CCD camera

Replicates of Kodak’s T-Grain
Structure Emulsion on a film

Photomicrograph of an EEV CCD 1

T4

-m—-—m;-

gl
=
SE 21-Jan-25 ‘ WD12.5mm 10.0kV x5.0k 10um t""'.;‘ ‘\neadOUtAmpllﬂer at  hapmea bl
lightlenslab.com http://spiff.rit. edu/classes/phys445llectures/ccd1/ccd1 html
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Why go digital? — the Phys/MicroE version

(application, continued)
Film vsD by
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https://youtu.be/YBT7PZrjKvw?si=Fgy_3RfV8aZ65oU-

Why go digital? — the EE version

Because it’s lazy and easy.
From analog circuits we learn:
LCA, KVL, KCL, node

For linear circuits: superposition, Thevenin, Norton

So instead of lumping matter, we will lump signal values, which will lead to the digital abstraction.

COE COLLEGE.



Class reflex: digital good

Let’'s share experience with boons we got from the digital
age.

CoOE COLLEGE.



A quick detour to circuits analysis

THERE'S A CERTAIN TYPE OF
BRAIN THATS EASILY DISABLED,

8
\ fag/imm—
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INTERESTING PROBLEM, —~
ITINVOLNTARLY ROPS. ()

EVERITHING 56, /6 R
wum&aur,//7\
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¥ U000
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https://xkcd.com/356/

A place to refresh your memory:

T WiILL HAVE NO
PﬁRTlNTHIS CMON, MAKE A
SIGN. ITS FUN!

PHYSICISES ARE Tho POINTS,

r'mlsmr ICIANS THREE.
“ﬁ

https://www.ibiblio.org/kuphaldt/electricCircuits/DC/DC_10.html

CoOE COLLEGE.


https://xkcd.com/356

Let’s do an infinite resistor ladder puzzle

R R R
A —MW MV MV MV
B — WV M M M

To get: equivalent resistor between point A and B, if the ladder go infinite.

COE COLLEGE.



Why go digital? — the EE version

Your typical electric circuits about superposition is like:

Vi R1 R2 R1 R2
—|||—’W\'—'\N\f‘ —| I\ ‘\AN-| AN ‘W\~|
= +
il i

V2

The classical demo in telecommunications: noise resistance

Telecommunication: don’t care about current but measure the voltage drop only:

V1 R1
£ AW
< },% R2 t— V3
) MW

A4

& Cor COLLEGE.

© 2021 Circuit Diagram



Why go digital? — the EE version

The classical demo in telecommunications: noise resistance

\A| R1
N
- AN
- e
) MWV
v Similar superposition principle:
R2 R1
© 2021 Circuit Diagram V3i=V1 + V2
R1+R2 R1+R2

COE COLLEGE.



Why go digital? — the EE version

The classical demo in telecommunications: noise resistance

V1 R1
£ AW
N Two problems in telecommunications:
v v R2 —— V3 . Sig.nals.degrade over long distance. |
N * Noises introduced by... a lot of the things.
) MWy
v
© 2021 Circuit Diagram V3 = VlRllj-zRZ + V2 R1}:-1RZ

B Coe COLLEGE



Why go digital? — the EE version

The classical demo in telecommunications: noise resistance

V1 R1 We can AMP signals
LD AN along the way... but
A not forever.
" & e [V
-, MV
v
© 2021 Circuit Diagram Vi=V1 R2 + V2 k1

R1+R2 R1+R2



Why go digital? — the EE version

The classical demo in telecommunications: the very foundation of the digital abstraction

“Sender’/Input

S5V

1V
ov

e

Issues?

—

ov

COE COLLEGE.



Why go digital? — the EE version

The classical demo in telecommunications: the very foundation of the digital abstraction

“Sender’/Input

S5V

3V

2V

ov

“Receiver”/Output

S5V
“True”/logic high/binary 1
3V

Issues?
2V
“False”/logic low/binary 0
ov




Why go digital? — the EE version

The classical demo in telecommunications: the very foundation of the digital abstraction

“Sender”/Input “Receiver’/Output

S5V
“True”/logic high/binary 1

S5V

3V Now we have some
tolerance to
error/noise margin.

2V
“False”/logic low/binary 0
ov




Why go digital? — the EE version

The very fundamental of the digital abstraction: the static discipline Vg, <V, <V,4 < Vgy

“Sender”/Input “Receiver”/Output
A good spreading B e = = = o = = = — 5V
between signals/datais av “True”/logic high/binary 1
how engineering works! .
1.5- I 3V Vi

¥ — The forbidden region

gw— |_£ 2V Vi

£ o5 % “False”/logic low/binary 0

E |e oV

0.0 T T

R @ Cor COLLEGE

https://doi.org/10.1038/s41467-024-46787-7
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Technicality with this digitizing (quantizing)

Voltage transfer characteristics

Vo
Vo Propagation delay Vo
Noise margin | [ T==~._7
- — ==~ VI
Noi = = = = = = - VL
olse margin || __---" VoL
VoL § Propagation delay 4

Vi ViH ' Vi

CoOE COLLEGE.
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Technicality with this digitizing (quantizing)

Noise margin

Noise margin

VoH

VoL

..~
= -
-

SR

Propagation dela

Propagation delay |

-

—-
‘—
i

‘VIH

'VIiL

Vo ;

VoH

VoL

Voltage transfer characteristics

Vi ViH ' Vi
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Technicality with this digitizing (quantizing)

Noise margin

Noise margin

VoH

VoL

Propagation delay |

..~
= -
-

————————

—-
‘—
i

Propagation dela

‘VIH

'VIiL

Voltage transfer characteristics (VTC)

Vo ;

VoH

VoL

Vi ViH ' Vi
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Technicality with this digitizing (quantizing)

Voltage transfer characteristics (VTC)

Vo
Vo Propagation delay '\ Vo
Noise margin
‘ViH
Noi ; 'ViL
oise margin VoL
VOL Propagation dela

Vi ViH ' Vi

CoOE COLLEGE.

Not all I/O can satisfy the static discipline, and it won't be linear.
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Static discipline example

VoH > ViH
Vo< ViL

VoL

Propagation delay

- -
-
~ -
-~ -
-

-
-—
-
-
_-

Propagation del

‘VH

Vi

Vout

1) Vg < V<=V, <V,

2a) Does a valid low input (V,, < V,)
always produce a valid high output

(V.

out

>V,)?

2b) Does a valid high input (V,, > V)
always produce a valid low output

(Vo < V,)?
0 1 2 3 4 5
Vin
Vol | Vil Vih | Voh | Obeys Static Discipline
Specification#1 |0.1 |04 |46 |49 |Yes No
Specification#2 |06 |09 |41 4.4 |Yes No
Specification #3 | 1.1 |14 3.6 39 |Yes No

If you follow the static discipline, a valid input will always
produce a valid output.

EY Coe COLLEGE.



Practical digitizing (quantizing)

¥ 8 Ay - Vop v
Vin M o
: v Example: 4
d R1=1K;R2=2K; Vout=+/-12V l_LV,, M, VoD
\ Vin=-%(+/-12)=+/—6v N \{’”T TN : \
O Vout Ms :
/ Vout OTI '
VG _] /9 ‘ | w
= S p—— 12V M, L— '
Vyn |
W N M |
. Vin - Va _ Va - Vout 3 I
R1 R2 oV I Vin M] J |
Va=0 Vin=-2—; Vout : } 'j voL ----- E - — —: %
Vin __Vout 12V w i YmYe Yoo
R1 R2
(a) (b)

Non-Symmetrical Schmitt Trigger Fig. . CMOS Schmitt trigger and its transfer characteristic.

Filanovsky, I. M., and H. Baltes. "CMOS Schmitt trigger design." IEEE Transactions
on Circuits and Systems I: Fundamental Theory and Applications 41.1 (1994): 46-49.

COE COLLEGE.




Why go digital? — the EE version

So now we can have stable 1s and 0s (in theory), so what?

&

N

oY

B\

THE MATHEMATICAL THEORY
OF COMMUNICATION

by Claude E. Shannon and Warren Weaver

THE UNIVIRSITY OF MLISOIS PRESS © ERBAMA ~ 196

It doubtless seems queer, when one first meets it, that informa-
tion is defined as the logarithm of the number of choices. But in
the unfolding of the theory, it becomes more and more obvious
that logarithmic measures are in fact the natural ones.
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