Chapter 1

Electronics | - Introduction
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Electronics vs. Microelectronics

([

* Limit the component count * Avoid using resistors and inductors,
to achieve a small board area use as many MOSFET transistors as

* Available resistors are in the needed to realize the best circuit
range 1Q-10MQ implementation

* Available capacitors are * Available capacitors are
in range 1pF-10mF in range 1fF-100pF

* Allresistors are within 1-10% * The critical parameters in transistors
of their nominal value can be made to match within 1%, but

* The utility of discrete transistors vary by more than 30% for different
is limited. Usually prefer opamps fabrication runs
over discrete transistors. Sometime » Capacitors of similar size can match to
use BJTs if opamps can’t do the job. within 0.1%, but vary by more than
Use MOSFET primarily as switches 10% for different fabrication runs

Source: B. Murmann, Stanford talarico@gonzaga.edu




Circuits are Everywhere
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Source: B. Murmann, Stanford




In the beginning was ...

Transistor Integrated Circuit
Bardeen, Brattain, Shockley, 1948 Kilby, 1958

Source: B. Murmann, Stanford talarico@gonzaga.edu




Moore’s Law
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In 1965, Gordon Moore’s predicted exponential growth in

the number of transistor per integrated circuits
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... and the prediction was right

Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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source: wikipedia

s @10-Core Xeon Westmere-EX

re 2196

EQuad-Core Itanium Tukwila
8-Core Xeon Nehalem-EX

Six-Core Opteron 2400

Transistors have become:

2,600,000,000 Six-Core Xeon 7400\
Dual-Core ltanium 2@ @ Q ore P
o
1,000,000,000 Soniznee
Itanium 2 with 9MB cache ® hN
AMD K10 Core i7 (Quad)
ore 2 Duo
Itanium 2 @ ell
100,000,000 AMD K8
Pentium 4 @Barton ©® Atom
o AVD %-m

e curve shows transistor AMD K6
% 10,000,000 count doubling every g’,:enﬁ"ﬂﬁ?““'" "
o two years
(@] @AMD K5
— Pentium
2 .
® 1,000,000
C
© °
|—

80286 @ [ ]

100,000
68000 @
80186
[ ]
8086 ® #8088
8085
10,000 6800 g~ 6809
8080 0280
N,
80080 @MOS 6502
2,300 - 4004 “Rca 1802
f T T T ]
1971 1980 1990 2000 2011

Date of introduction

smaller

faster

consume less power
cheaper to
manufacture

* No other technology has grown so fast so long
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Transistors Cost

102

10+

2013:
10° $0.1 / 100 gram of rice
$0.1 / 5M transistor

10°

Cost ($)

107

10

10°
1980 1985 1990 1995 2000 2005 2010 2015 2020

$0.1/meal of 100g rice = 100 xtors (1980) = 5M xtors (2013)

Source: Ming-Kai Tsai, CEO MediaTek, ISSCC Plenary Talk 2014 2
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Everybody can afford a lot of transistors
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Source: 1) SEMI's WW silicon shipment statistics 2) EEMI450 3) Transistor counts

Source: Ming-Kai Tsai, CEO MediaTek, ISSCC Plenary Talk 2014 4
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Social Impact

China: Helping farmers for real-time pricing Pakistan: Smartphones to fight Dengue
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Thailand: One tablet per child Kenya: M-PESA branch-less banking

Source: Ming-Kai Tsai, CEO MediaTek, ISSCC Plenary Talk 2014 5

talarico@gonzaga.edu




Applications driving the market

Computing Growth Drivers Over Time, 1960 — 2030
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Major Technology Cycles = 10x More Users & Devices

Driven by: 1) Lower Price, 2) Improved Functionality & Services

R
Source: Ming-Kai Tsai, CEO MediaTek, ISSCC Plenary Talk 2014 3
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loT Trend:

TODAY: ® 2030: ®
10 Radios/Person ' 100 Radios/Person '
70 Billion Radios 800 Billion Radios

$100B+ Silicon opportunity

[Tsai, 2014 International Solid-State Circuits Conference (ISSCC), Keynote Talk]
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State of the Art Semiconductor Fab

Intel’s “Fab 32” (Chandler, Arizona) ~ $3 Billion

Source: B. Murmann, Stanford
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45 nm CMOS Technology (Intel)

IT'S SMALL

More than 2 million 45nm transistors A slice from a chip source:
Intef’ 2w chip will hold 410 million tra { Below is a o

can fit on the period at the end of this e

sentence. times showing just 500 of those transistors. We've peeled

back the nine layers of copper wires that bring electrical St C d

current to the transistors on the bottom layer. Each layer of eve ow e n
copper must be thicker than the layer below until the top

layer is large enough to connect to other parts of the

The Oregonian
July 2007

An enlarged
[

If that period were enlarged to about
6 feet in diameter, as shown at
left, a one-inch section would
bear 500 transistors,
shown in the cut-away
below.

Copper wires

Insulation
material

Electrical
flow

Size comparison
Twice as many new

transistors occupy thesame ~ New
space as Intel's previous

transistors, introduced in 0
2005, Shown are the
old and new

transistors /
in proportion
to each other. l

Silicon
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State of the Art Microprocessor

Intel “lvytown” Processor
15 Cores (64-bit)

22nm Technology

4.31 Billion Transistors
Clock Rate 1.4-3.8 GHz
Power Dissipation 40-150W

[Rusu, 2014 International Solid-State Circuits Conference (ISSCC)]
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Hearing Aid with Wireless Receiver

Hearing aid ' Wireless

Hearing aid with wireless /' / 'microphone
Audio “shoe” or “boot” ) audio receiver / / ({ /

Wireless receiver —* a
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[El-Hoiydi, 2014 International Solid-State Circuits Conference (ISSCC)]
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Analog and Digital Signals

* Analog = signals that occurs in nature are
continuous in time and continuous in
amplitude

* Digital (abstraction) = signal can take only a
finite number of values and can changes only
at fixed points in time

talarico@gonzaga.edu
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Analog and Digital Signals

Digital

Analog
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The digital signal (red) is the sampled and rounded representation of the grey analog signal
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Analog & vs. Digital

* Analog Circuits Advantages
— Require fewer devices
— Better to deal with low signal amplitudes
— Better to deal with high frequencies

* Digital Circuits Advantages
— Better immunity to noise
— More “adaptable” (e.g. microprocessors)
— Design can be done at more abstract level
— Better economic (easier to implement as ICs)

talarico@gonzaga.edu 18




Mixed Signal System

Analog Conditioning

Media and

Processing

Transducers

Signal

Conditioning DA

:D ..
(—

Mixed-Signal Integrated Circuit

Sensors, Actuators,
Antennas, Storage Media, ...

signal conditioning = signal scaling (amplification or attenuation) and shifting

Source: B. Murmann, Stanford talarico@gonzaga.edu




Managing Complexity: a0 it
Levels of Abstraction worta— T —twor

WWplo e

Analog Digital

Mixed-Signal Systems

Filters, Data Converters Microprocessors

Analog - Operational Amplifiers Arithmetic Blocks — Digital

Elementary Transistor Stages Logic Gates

Device Modeling

Device Physics

Source: B. Murmann, Stanford talarico@gonzaga.edu 20




Common Analog Blocks

Power supplies

Amplifiers

Filters

Signal generators (oscillators)
Wave-shaping circuits
Converters (ADC and DAC)

talarico@gonzaga.edu
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Circuit designers must be broad

Device physics

)
Controls / Process manufacturing
System application = Circuit designer ~ Circuit theory
Mathematics Optimization
|

CAD tools

Source: B. Murmann, Stanford
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Course Topics

Physics of Semiconductors

Diode models and application circuits
Basics of Amplifiers

Circuit Simulation

Transistors (BJTs and MOSTs)

Biasing of Transistors

Single stage Amplifiers (atoms of analog design)
Multi stage Amplifiers

Current Sources and Mirrors
Frequency Response of Amplifiers
Op amp based feedback circuits

talarico@gonzaga.edu
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Prerequisites

Lumped vs. distributed circuits

Kirchhoff’s Rules

Independent and dependent sources

Superposition principle

Thevenin and Norton equivalents

Constitutive equations of R, Land C

Sinusoids and complex exponentials

LTI systems and their properties

Fourier transform and Laplace transform

Frequency and time-domain response of LTI systems

First and second order linear circuits (transient and steady
state response)
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