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ENOTHTA I: T efvon o1 nuaymyot

KUMOWVETOL LETOEL TNG AYWYLHOTNTOC TWV HETOAALKWY AYWYWV KOl TWV LOVWTWV.

OL nuLaywyol ival pa katnyopila oTeEPEWV UALKWY TWV OTIOLWV N NAEKTPLKN aywylpotnta

H povadIKOTNTA TOUC EYKELTOL OTNV LKAVOTNTA TOUC VA LETABAAAOUV TNV AYWYLHOTNTA TOUC LEOW

eEWTEPLKWV epeOLOpATWY, OTIWC N Beppokpaoia, To dwc R N MPocORKn MPoouiEewv.
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ENOTHTA I: ITov Bpickovtal ot nuiarywyoi (Mepikd mapadeiypora)

HAektpoviKAd Metadopég

OLKLOKEG CUOKEVEC
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ENOTHTA I: H e£€MéEn tov nuayoyikov o1otdéemy

Spring support

Gold foil

Transistor
v action

p-Type inversion layer

n-Type germanium

1947: The famous point-contact transistor, the first solid-state amplifying device, invented in 1947 by John Bardeen
and Walter Brattain at Bell Laboratories in the United States. Bardeen and Brattain discovered that by placing
two gold contacts close together on the surface of a crystal of germanium through that an electric current was
flowing a device that acted as an electrical amplifier was produced. (Photograph courtesy of Alcatel-Lucent.)

A schematic diagram of the device is shown on the right.



ENOTHTA I: H e£€MéEn tov nuayoyikov o1otdéemy

1951: The first Bipolar Junction Transistor (BJT) 1959: The first MOSFET
(Photograph courtesy of Alcatel-Lucent.) (Photograph courtesy of Alcatel-Lucent.)



ENOTHTA I: H e£€MéEn tov nuayoyikov o1otdéemy

1960: The first planar integrated circuits. (a) Noyce and Moore's IC. (b) Kilby's IC. (Photograph courtesy of Texas
Instruments, Dallas, TX, and Fairchild, San Jose, CA.)

Planar technology ---> Miniaturization



1971: The first microprocessor, the Intel 4004. (Courtesy of Intel Corporation, Santa
Clara, CA.)



1971: The first microprocessor, the Intel 4004. (Courtesy of Intel Corporation, Santa
Clara, CA.)
2,300-transistor (10,000nm)
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1997: The DEC ALPHA 21164 , the first billion-instructions-
per-second (BIPS) microprocessor. This microprocessor
contains over 9,300,000 transistors and is roughly 1.0 cm on a
side in size. (Courtesy of Digital Equipment Corporation,
Maynard, MA.)



ENOTHTA I: H e£€MéEn tov nuayoyikov o1otdéemy

The CORE 17 microprocessor. (Courtesy of Intel Corporation, Santa Clara, CA.)
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2008 (First Gen): ~731 Million (Quad-core)

2021+ (12th Gen/Recent): >9 Billion (e.g., Core i7-12700K)




ENOTHTA I: H e£€MéEn tov nuayoyikov o1otdéemy

A bird's-eye view of a 64 GB (billion byte) FLASH memory chip. This integrated circuit contains over
64,000,000,000 transistors and is roughly 1.0 cm on the y-axis in size. (Courtesy of Samsung Corporation, Seoul,
Korea.)



ENOTHTA I: H e£€MéEn tov nuayoyikov o1otdéemy

A cross-sectional view of a nanoscale CMOS
transistor. The active transistor region is 50 nm, 50

billionths of a meter. (Courtesy of Intel Corporation,

Santa Clara, CA.)
50 nm




ENOTHTA I: H e£€MéEn tov nuayoyikov o1otdéemy
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ENOTHTA I: H e£€MéEn tov nuayoyikov o1otdéemy

A 300 mm wafer. (Courtesy of Intel Corporation, Santa Clara,
CA.)




ENOTHTA I: KAhipokec peyedov
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® Distance across the known universe

1000 pm

@ Distance to the Andromeda Galaxy

100 pm
@ Distance to Alpha Centauri @ 1 light-year
@ Size of our solar system
10 pm
@ Diameter of the Sun
@ Diameter of the Earth
@ Distance from Atlanta to San Francisco i
@ Length of a football field
@ Height of a human
100 nm
@ Thickness of a human hair
@ Wavelength of visible light Microelectronics
e e 10 nm
$ Nanoelectronics
@ Diameter of a carbon atom
1 nm
@ Diameter of the atomic nucleus
0.1 nm

@ Thickness of a pencil

@ Thickness of a penny

@ Thickness of a 200 mm Si wafer

@ Thickness of laser printer paper

Human hair

@ First transistor (1947)

® First integrated circuit (1958)

N @ Human blood cell
Bacteria
Microelectronics
v i Visible light A\
Viruses
Transistors N

@ Diameter of a DNA helix

Nanoelectronics

@ Silicon lattice constant (5.43 A)

Diameter of a carbon atom




Elemental
Si Silicon
Group I III A% \Y VI Ge Germanium
5 6 7 8
B C N O
boron carbon nitrogen oxygen
13 14 15 16
Al Si P S
aluminum silicon |phosphorus| sulfur
30 31 32 33 34
Zn Ga Ge As Se
zinc gallium | germanium | arsenic selenium
48 49 50 51| 52
Cd In Sn Sb Te
cadmium indium tin antimony | tellurium
80 82
Hg Pb
mercury lead




ENOTHTA I: Huuwoyoyot

II I1I v \Y VI
5 6 7 8
B C N O
boron carbon nitrogen oxygen
13 14 15 16
Al Si P S
aluminum silicon |phosphorus| sulfur
30 31 32 33 34
Zn Ga Ge As Se
zinc gallium | germanium | arsenic selenium
48 49 50 51| 52
Cd In Sn Sb Te
cadmium indium tin antimony | tellurium
80 82
Hg Pb
mercury lead

Elemental

Compound

V-1V
-V

[1-VI

IV-VI

SiC
GaAs
GaN
GaP
GaShb
InP
InAs
InSb

Zn0O
ZnS
ZdTe

PbS
PbSe

Silicon
Germanium

Silicon carbide

Gallium arsenide
Gallium nitride
Gallium phosphide
Gallium antimonide
Indium phosphide
Indium arsenide
Indium antimonide

Zinc oxide
Zinc sulfide

Cadmium telluride

Lead sulfide
Lead selenide
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Elemental
1 , ] , Si Silicon
Group 11 I11 IV V VI Ge Germanium
5 6 7 g Compound
B C N O IV-1V SiC Silicon carbide
boron carbon | nitrogen | oxygen 1I-v GaAs Gallium arsenide
GaN Gallium nitride
13 14 15 16 GaP Gallium phosphide
Al S P g GaSb Gallium antimonide
aluminum silicon |phosphorus| sulfur InP Indium phﬂSphldE
InAs Indium arsenide
30 31 32 33 34 InSb Indium antimonide
Zn Ga Ge As Se [1-VI ZnO Zinc oxide
zinc gallium | germanium | arsenic selenium 7nS Zinc sulfide
48 49 50 51 ) ZdTe Cadmium telluride
cd In Sn Sh Te IV-VI PbS Lead sulfide
cadmium indium tin antimony | tellurium PbSe Lead selenide
Alloys
s 82 binary Si,Ge;_, Silicon germanium
H Pb ail i
er E%IY lead ternary Al,Ga;_,As “al-gas”
In,Ga;_,P “in-gap

Hg,_,Cd,Te “mer-cat”
quarternary  Al,Ga;_,As,_p,



ENOTHTA I: Evepyelaxéc (ovec ot 6TEPEN
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Conceptual view of the electron energy as a function of Conceptual view of the electron energy as a function of

position for two isolated silicon atoms, each with discrete  position for two silicon atoms brought into close proximity,
electron energy states. now with shared discrete electron energy states.



Kronig—Penney model
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FIGURE 5.11

Conceptual view of the electron energy as a function of
position for a semi-infinite 1D lattice of silicon atoms,
now with both localized electron energy bands and,
importantly, extended valence and conduction bands.
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Forbidden gap =
Energy “bandgap”

Electron energy (E)

Valence band

Position (x)

The energy band diagram: electron energy as a function of
position as we move through the crystal.
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AlakpLon TwV VALKWV e Baon TG eVEPYELAKES {WVEC
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Atopkn doun tou Mupttiov (Si)
ATOMLKOG apLlBpoc Z=14

1s? 252 sp® 352 2p?

Six allowed levels
at same energy

Two allowed levels
at same energy

2 electrons 8 electrons 4 electrons

Evepyelakeég {wveg o€ KPUOTAAALKN Soun nupLtiov

Electron
energy
4 4 N states

4 N states

4 N electrons
o 2 N states
2 N electrons

543A Lattice spacing
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