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Lesson 1 The Digital Age

The Analog Age

Up until the middle of the 20th century, the technology designed by engineers was
primarily analog; more specifically, the devices!') and systems that engineers created relied
primarily upon physical forces and matter for their basic operation rather than'’ some abstract
quantity, such as numbers.

For example, analog audio records introduced in the first part of the 20th century use the
physical bumps and indentations in the grooves on vinyl discs-* (albums) to store audio data.
The stylus at the end of the tone arm of a turntable rides in these grooves and vibrates'*'nearly
identically to the original sound waves of the audio. This mechanical motion is then converted
to an identical® electrical version of the audio that is subsequently amplified and played
through speakers. The entire process of re-creating audio from bumps and indentations is
purely physical. Never is the sound waveform converted to numbers to be stored or
manipulated; in other words, the system is analog.

Analog systems liketurntables and albums are quite functional. However, like all
designs, they suffer from a number of shortcomings:

® Analog systems can be large.

® Analog systems can consume lots of energy.

® Analog systems are not easily modified to solve new or different tasks.

® Analog systems are prone to breakdowns due to their physical operation.

Building Blocks for Analog Designs

Early electronic technology was built using an important analog device called a vacuum
tube. Such tubes were used to control the electrical current and voltage in systems such as
radios, radar, and very early computers. Unfortunately, like light-bulbs, these vacuum tubes
got very hot, and burned out regularly. Your older family members might remember how

often TVs used to break down due to®) vacuum tubes burning out.

The Birth of the Digital Age

During the middle of the 20th century, mathematicians and engineers discovered a process
for converting most physical quantities found in the world (such as sound waves, light
intensity, forces, voltage, current, or charge) to numbers or digits. This discovery should
not be surprising, since scientists had been using mathematics to describe the physical world

2



for centuries. This remarkable, yet simple, discovery was the mathematical foundation that
gave birth to the digital age.

There are many advantages to “digitizing” analog quantities, For example:

® Numbers are much less sensitive to physical problems caused by the physical nature of
the device used to store or manipulate them.

® Numbers are easier to store than an equivalent physical “amount” of something.

@ Numbers can be moved through space, using electronic, optical, or acoustic means.

To illustrate these advantages, let’s revisit the recreation of audio systems as discussed
earlier in this section. Unlike analog systems, today the sounds of most audio are converted to
numbers at the recording studio and stored on a compact disc (CD) or DVD. A CD player
simply reads the numbers from the CD and then converts these numbers back to the original
audio. If you have ever compared the quality of audio between an average turntable and an
average CD player, you should have little doubt that digital technology is significantly better
than the earlier analog technology.

Also, can you imagine trying to jog or walk with a turntable strapped to your waist or
inside your backpack? Table 1.1 lists some analog devices and the corresponding digital

devices. Which do you prefer to use?

Table 1.1 Analog devices vs. digital devices

Analog Devices Digital Devices
LPs CDs
Film cameras Digital cameras
Dial watches Digital watches
Standard TV HDTV
VHS camcorders Digital camcorders

Still a Long Way To Go

Unfortunately, there was a major problem in building new digital devices when they were
first conceived. Engineers just didn’t have the right parts to build new digital systems. Not to
be deterred, engineers working during the first half of the 20th century tried the smart and
reasonable thing: They attempted to use readily available vacuum tubes as basic digital
building blocks. Following this approach, in 1945, engineers successfully produced the first
digital computer, called the ENIAC (Figure 1.1). It was built out of more than 17, 000
vacuum tubes, weighed 30 tons, and filled a 30-by-50-foot room. Just think of the heat
produced by 17,000 light-bulbs all burning in the same room!

While primitive by today’s standards, the ENIAC was a major advance in engineering and
technology. Never before in human history could we do math so fast and so accurately, While
the ENIAC opened up new digital horizons for society, these first computers were so large and
so expensive that only governments and the largest of companies could ever hope to own or

€ven use one,



Figure 1.1 The first digital computer-ENIAC-produced in 1945

The Transistor Replaced the Vacuum Tube

What the digital age needed was a truly digital component that could replace the vacuum
tube. It would have to run fast, use much less power than the vacuum tube., and. most
importantly, be small and inexpensive.

Fortunately, in 1947 engineers at AT&.T's Bell
Laboratories developed that component, called the transistor
(Figure 1.2). Its creation changed the world forever. Bill
Shockley, Walter Brattain, and John Bardeen'”! won the Nobel
Prize in 1956 for their joint discovery and development of the
transistor, which, within a few decades, had completely
replaced the vacuum tube in nearly every piece of technology.

Now, engineers could unleash their imaginations to create

smaller, portable devices that could run on the relatively small _ o ,
) ] ] ~ Figure 1.2 The first transistor
amounts of energy contained in batteries and were rugged in
normal use. For this reason, many people believe that the transistor is the most important
(8]

invention of the 20th century. Just look around you today to see the nearly infinite"® array of

small gadgets and pieces of technology built from transistors.

The Integrated Circuit (IC)

As engineers designed devices for more complex tasks, such as in robotics or medicine,
the resulting systems required ever more transistors. This push for more transistors made the
devices large and hard to wire together.

The next critical step forward into the digital age was the ability to put many transistors
onto a single small part that could be used for these increasingly complex tasks. Jack Kilby""
accomplished this remarkable feat in 1958 at Texas Instruments when he invented the
integrated circuit, or IC, as shown in Figure 1. 3(a).

For this discovery, Kilby was awarded the 2000 Nobel Prize in physics. This groundbreaking
invention was coined the “integrated circuit” because it cleverly integrated many parts, typically
transistors, into a single small package like that shown in Figure 1. 3(b).

With the invention of the IC, engineers were able to undertake more complicated designs,



because they now had modern digital parts that could do significantly more complicated math
on the newly digitized version of the real analog world. Interestingly, the integrated circuit
has become so pervasive in devices from computers to anti-lock brakes that it is difficult to find
individual transistors in modern technology today — they are now all part of integrated

circuits.

Figure 1. 3

(a) The first integrated circuit produced by Jack Kilby (b) A modern integrated circuit

New Words & Expressions

vinyl ['vamnl] n. Z %

album ['eelbom] n. "B H

stylus [ 'stailes] n. ME&F

bump [bamp] n. 42

indentation [ mnden'terfon] n. [
groove [ gruv] n. [VIfE

device [di'vais] n. &%

identical [a1'dentikal] adj. 5244H[E) K
quantity [ 'kwontati| n. &
consume [ kan'sjuim] vt. JH#E
modify ['modifar ]| v, V%
vibrate [var'brert] vi. ¥zl
manipulate [ ma'nipjulert | vz. AbFH
conceive [ kan'si:v] vt. i&AR

unleash [an'li;[] vt. K%

acoustic [a'kustik] adj. FEH M
camcorder [ 'keemkoda | n. R FEIL
robotics [rou'botiks | n. HLEF AT A
accomplish [a'kamplif] vt. 5%
give birth toses FEHz eeree

equivalent [1'kwivalent ] adj. ZH#rY
component [ kom'pavnent ] n. ER{4F
infinite ['infmet] adj. FCRREY

array [a're1] n. [E%

integrate [ 'intngrert | vt. £
rugged [ 'ragid] adj. S55ET R
gadget ['geedzit ] n. /NHE

groundbreaking [ 'graundbreikin] adj. £HH

undertake [ anda'terk ] vz. FFfE
pervasive [ pa'veisiv ] adj. JR7AH)

Technical Terms

analog [ 'eenslog] adj. HEHIHY
digital ['didzital] adj. HFH
audio ['adiau] adj. FHH

amplify [ 'eemplyfar] vt. FA



speaker [ 'spitka | n. 1775 2%

voltage [ 'voultidz ] n. HLJE

current [ 'karont ] n. HL i

charge [tfa:dz] n. H3faf

transistor [treen'zisto | n. fafAE

battery [ 'beetori | n. Hi it

package [ 'paekidz ] n. 3k

building block 4 sl

electronic technology HiFHiA

vacuum tube HEZE

LP abbr. Long Playing 28K

CD abbr. Compact Disc Y6

DVD abbr. Digital Video Disk {45 4%

VHS abbr. Video Home System FKEEFR RS

HDTYV abbr. High-Definition Television & & Wi & 1
IC abbr. Integrated Circuit 5%

radar [ 'rerda:] abbr. radio detection and ranging JoZk HLAF M AN EE (& 1K)

Notes

1. device Fl component #BJ& F 1 F il {5 %l % FIIRIL . device AT IRAE" SR 1F a1 & 7.
N“TEtE 2514”7 (memory devices) ., “fE#£i% %" (portable devices) %%, component A] iF{E“4H 4"
BRYEMET, MRS HM” (system components). “#%.[» 8P 4" (core components) %,
component R A R/AREZFEF R HE”, FEFRHS” . BRI P R TH4"%.

2. G5t rather than «++ FTR“RAE =" “MASE " AT LAERE SR EiE N A, fitn.
“la) s A A B MR B, 2 HN O Sk 3R A Ll S T 2R 5K Y B B BE T T, (Most of us can think more
clearly if we have to explain a concept to another person in verbal rather than in written form. )

3. TEIX B, vinyl disc Frfs RIS H LIHEM A BIIE A .

4, vibrate ¥8“WIESN", 5 IBiAAE fluctuate(J3)) . oscillate($E7%) . resonate GEHR) FI
vacillate(#23f) ,

5. identical /N[ F equivalent, identical F/R“58 2 —FEM", 1M equivalent M| /R *“ 55 (H
B”, “SERMBCERN”. B, “MSEEY IR EARLL 8T E A S 7" (Numbers are easier
to store than an equivalent physical “amount” of something); “#LiH i zh % K [F) B 49 8B 5
B, 2 KE B35 E 4537 i k7 ( This mechanical motion is then converted to an identical
electrical version of the audio that is subsequently amplified and played through speakers).

6. L5H due to--FRIEH , KINFES owing to+ 8% because o f -+ FH[E]. Flan, “FHHAF AR
FEREAEAK » Ao fof 2 ok 1 v 5 R 0 0T B4 o Pl AT MR A8 (R A DG AR . 7 (Due to varying scene
brightness, to get a good overall image quality, it is necessary to control the exposure of the
CCD.)
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7. 1945 4, LLEG/R « & 72 (Bill Shockley) . K45 « fiHLlfi (Walter Brattain) flZ)%y « £
T (John Bardee) 420> i Tl JR3Z 562 ” (Bell Laboratories) ¢ S{ABFFT /N & B T “ iR E”
(transistor) , 1956 4F , flifi13K15 18 IURP =% .

8. infinite R MR, H R AR finite(F LR “AMRA”, KEFH [fainat ] . FlL0:
“Z5 FR mh ¥ i 1 7 (FIR, Finite Impulse Response) F1*“ JG FR # i Wi 57 ” (1IR, Infinite Impulse
Response) ,

9. 1958 4E, K7 « F/R H(Jack Kilby) ik A “fEJH{X #8737 ” (Texas Instruments) T{E, [d]
ERBTE—HEMEBEEE. 2000 4,857 « /R EKENRYHEFEE,

Lesson 2 The Flash Memory

Electronic memory comes in a variety of forms to serve a variety oft!) purposes. Flash
memory is used for easy and fast information storage in such devices as digital cameras and
home video game consoles. It is used more as a hard drive than as RAM. In fact, Flash
memory is considered a solid state storage device. Solid state means that there are no moving
parts-everything is electronic'* instead of mechanical.

Here are a few examples of Flash memory:

® Your computer’s BIOS chip.

® Compact Flash®™ (most often found in digital cameras).

® Smart Media™ (most often found in digital cameras).

® Memory Stick!™ (most often found in digital cameras).

® PCMCIA Type I and Type II memory cards (used as solid-state disks in laptops).

® Memory cards for video game consoles.

Flash memory is a type of EEPROM chip. It has agrid of columns and rows with a cell
that has two transistors at each intersection. The two transistors are separated from each
other by a thin oxide layer. One of the transistors is known as a floating gate, and the other
one is the control gate. The floating gate’s only link to the row, or wordline, is through the
control gate. As long as this link is in place, the cell has a value of 1. To change the value to
a 0 requires a curious process called Fowler-Nordheim tunneling!® (see Figure 2. 1).

Tunneling is used to alter the placement of electrons in the floating gate. An electric
charge, usually 10 to 13 volts, is applied to the floating gate. The charge comes from the
column, or bitline, enters the floating gate and drains to a ground.

This charge causes the floating-gate transistor to act like an electron gun. The excited
electrons are pushed through and trapped on other side of the thin oxide layer, giving it a
negative charge. These negatively charged electrons act as a barrier between the control gate
and the floating gate. A special device called a cell sensor monitors the level of the charge
passing through the floating gate. If the flow through the gate is greater than 50 percent of
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