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Digital abstraction

e Digital systems
» Representing information with discrete-valued variables
» Binary (two-valued) representation in modern computers

Physical variable Binary variable

Positive voltage “1” TRUE HIGH

Zero voltage “0” FALSE LOW

» Boolean logic: AND, OR, XOR, ....
» Other operations: addition, subtraction, comparison, ....
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e Ideal e Practical

e A ~l>o— y
Vor Voo Voo —\ Unﬂglglpa‘;nziomts
Vors )

Vo )
Vi o — VA o P~ VA
Voo/ 2 Voo Vi Vi Voo

. : Vi, Vi
(Figures are from internet)

Introduction to Information Science and Technology (Electronics) ShanghaiTech University

EEMFESRARER

School of Information Science and Technology

Outline

e Beneath the digital abstraction ool
» Operating
. . Systems
» Noise margins
N
Architecture  mmm m—
. N
Micro- I:IHI:I
» architecture <>
? Logic of + Jo
» Digital Z.
» Circuits
Analog
» Circuits
® Devices @
o Physics C%D

Introduction to Information Science and Technology (Electronics) ShanghaiTech University




Noise margins

Driver

ERBESRAFR

School of Information Science and Technology

Receiver

=

Output Characteristics

Input Characteristics

o

(Figures are from internet)

DD
Logic High 1 """"""" [
Output Range - gut Ra% .
Vo ¢NMH P 9
Forbidden | Vin
Zone A
. Vo ¢NML Logic Low
Logic Low Input Range
OutputRange yw | | » 4
GND

Introduction to Information Science and Technology (Electronics)

ShanghaiTech University

Logic family

ERBESRAFR

School of Information Science and Technology

8 Ch0S STTL & TTL chcit) 2.5 150 ChIDS
HC TTLIFCMOS ot ST TILECKOS TTLECKMOS AT
AHC ACT HLS L
Al HCT HSLS LT
AHCT AlLs ALT
LT
Wik l S0 Wes— 5.0 e
Yo 94
B
i
B
. oo 33
g
.
:;,.r Vihlmd 2.4 Wohled 23
2]
Yih i"‘ 20 ih % 20  uh '%zn
Wi 15 w15 w15
Vil 02 WA 02 gy 0z
Wol i 05y % 0.4 w% 04
and— 0 &rd—0 &nd—0

(Figures are from internet)

Introduction to Information Science and Technology (Electronics)

ShanghaiTech University




Outline

»

»

e Analog electronics
» Definition
»
»
»

»

EEMFESRARER

School of Information Science and Technology

Application |>“hello
Software |world!”

Operating
Systems

¢

: N
Architecture mmm m—
W

Micro- <>
architecture

O O

Logic

Digital
Circuits

Analog
Circuits

Devices

a5 || W |

Physics

Introduction to Information Science and Technology (Electronics)

ShanghaiTech University

Definition

represents the signal

(Figures are from internet)

e Electronic systems with a continuously variable signal

e The term "analog”, derived from the Greek word
avaAoyoc (analogos), describes the proportional
relationship between a signal and a voltage or current that
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ORIGINAL SOUND WAVE

ANALOG SOUND WAVE

DIGITAL SOUND WAVE
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Diode vs. one way valve

Electric Wire

-m.m

v Diode Symbol +

1
N

Water Pipe
(check valve)

Current attempting to move
backwards will not flow

(Figures are from internet)
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Semiconductors
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electrons three silicon atoms with four silicon atoms can be donated

(Figures are from internet)
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PN junction

PN Junction

Holes
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Forward Biased

Hole Flow
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(Figures are from internet)
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Reverse Biased

Reversed Biased

(Figures are from internet)
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Electrical behavior of a 5W|tch

e Switch on OO e Switch off

current

voltage

(Figures are from internet)
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e Ideal diode e Practical diode
Current
current
Forward
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e |/V characteristics

Vp
nVvr

I=1I —J

Ig: saturation current

Piecewise-linear equivalent model

Vi = kT /q: thermal voltage

Breakdown
Voltage, Vz
Na Leakge Current Threshola Voltage . . .
uoffasge" n: diode ideality factor
(for silicon diodes, eqe .
e Pt (1~2 for silicon diodes)

-+ Reverse Voltage
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MOSFET
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p-Substrate

(Razavi, Fundamentals of Microelectronics)
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p-Substrate

N -
Depletion Negative lons
Region
Formation of depletion region Formation of channel
(Razavi, Fundamentals of Microelectronics)
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Physical layout of MOS NAND gate

e CMOS NAND gate e Physical layout
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(Razavi, Fundamentals of Microelectronics)
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Beyond the on/off states

e For digital electronics e For analog electronics
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(Razavi, Fundamentals of Microelectronics)
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Basic MOS amplifier

DC load line: slope = 1/R)
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(Neamen, Electronic Circuit Analysis and Design)
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Amplifier

e An electronic device that increases the power of a signal
» Taking energy from a power supply

» controlling the output to match the input signal shape but with a
larger amplitude

» The opposite of an attenuator
» An amplifier provides gain, an attenuator provides loss

Power supply

|
[ \q /\ q’;"fﬁi Amplifier ﬁml

V
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Operational amplifier (i G

Vs
e Characteristics Vo Vout
» DC-coupled V.o -
» Voltage amplifier v

» High gain (A — )
» A differential input (V, — V)

» A single-ended output (V,,;) ( borreite |
o 741 Op Amp pin #1
e Originally from analog &pin DIP o
computers for doing i . :
mathematical operations jEE .
e One of the most widely used Top view ouor
EIeCtronIC deVICeS The most usual 741 package

(Figures are from internet)
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Realization

e BIJT Technology e CMOS Technology

1 o
'Nun:l..lr:‘v‘:ninj :‘]l_ l’: _| y
B g Ry Ma-j My
Me |- E Ma
1 Waut
—
co[ M Ej Mﬂ:I—AE Mo
Win
| _ 4
Mg 1=

o
Oftnet
null

) imt-a-——

A component-level diagram of the common 741 op-amp. Dotted lines
outline: current mirrors (red); differential amplifier (blue); class A gain
stage (magenta); voltage level shifter (green); output stage (cyan).

(Figures are from internet)
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Realization

e Layout view of a simple CMOS operational amplifier

(Figures are from internet)
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Applications

e Audio system e Bio-electric signal

+9V

Rx1 +\|"
f 22'0'|th
% c1
R1 R3 4
01pF b
| 10ku. 22k 3 ’ %ES |
Rz *
1?{1! 22k 3
+5V
Rx3 Q
220k
-5V
Rx
250k
10K
VOLUME
(Figures are from internet)
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Applications

e Connecting the digital computers and physical world
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(Figures are from internet)
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A/D and D/A conversions

e Symbols /\/\/\
Conversion A-D
n, < ADC ourt|- U

- —n DAC (} Ny Conversion D-A

(Figures are from internet)
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e Pulse-width modulation

15
1.0
S 0.5
> 0
e
m -5
-1.0
-15 T
0 5 10 15 (ms) 20
__Lowpossfiter
o UL —— L o A

ms

ATMEGAZZLS

c
10nF

(Figures are from internet)

Digital-to-analog converters
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e The R-2R ladder DAC
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e Flash ADC (also known as
a Direct conversion ADC)

Analog-to-digital converters

Vrer Vin 2-Bit Flash
® Analog to Digital
RI2 1 Converter

Input Bubble Error Digital
Quantization  Correction Encoding
(Comparison)
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Analog vs. digital audio systems

Signals in analog amplifier

Qutput signal

Input signal
- Amplification s i l'

Signals in digital amplifier

Qutput signal tanal
Input signal Digital pulse Dlg?tal thE Output signa
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(Figures are from internet)
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(Figures are from internet)
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Signal — a function that conveys information about Power is a necessity for the acquisition,
the behavior or attributes of some phenomenon conditioning, transmission, storage, and
visualization of signals (data)

(Figures are from internet)
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Different forms of electrlc power

e Direct current (DC) power

° AIternatmg current (AC) power

(Figures are from internet)
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Power electronics

e The application of solid-state electronics to the control
and conversion of electric power

e Conversions among different forms
» AC to DC (rectifier)
» DCto AC (inverter)
» DC to DC (DC-to-DC converter)
» AC to AC (AC-to-AC converter)

(Figures are from internet)
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Example: half-wave rectifier
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(Figures are from internet) {c) Cumment waveforms
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PE devices

Silicon, SiC and GaN at device level
Technology positioning - 2015 forecast
A 2015 forecasted technology positionning
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MEMS

e Microelectromechanical
systems

Components of MEMS

» miniaturized mechanical
and electro-mechanical
elements (i.e., devices and
structures) that are made
using the techniques of
microfabrication

MicroSensors

» it merges at the nano-scale
into nanoelectromechanical
systems (NEMS)
and nanotechnology

MicroElectronics MicroStructures

(Figures are from internet)
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MEMS applications

® Sensors e Actuators

e Structures

(Figures are from internet)
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MEMS in smart phone
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Smart phone is driving new MEMS developments
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Example: MEMS accelerometer

Relative displacement

X=z—Yy

. C.  k —
9x+;x+;x —y = —a(t)

In the frequency domain

X(jw) _
AGw)

m

k — mw? + joc

Bode Diagram

20 -

40 |-

80

Magnitude (d8)

80 -

-100 -

120 L . L

(Figures are from internet)

Introduction to Information Science and Technology (Electronics)

ShanghaiTech University




e Measurement

Example: MEMS accelerometer

Strain sensitive materials/structures

Base
movement

MAss  SPRING

FIXED OUTER
PLATES

(Figures are from internet)
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e Manufacturing process

10 pum ide Poly-Si Ar]__f:horCantlIever
1
ol
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