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EK KAYNAKLAR: -Electronic Devices and Circuit Theory 10th Edition, Robert L.
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NOTLANDIRMA:
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20% 5% 25% 35% 100%

HAFTA KONULAR

Atomun yapisi, yariiletken maddeler, P ve N tipi madde

[y

Diyotlar, diyot uygulamalari

Temel dlizengec devreleri

Zener diyot, diger diyot cesitleri

BJT transistorlerin yapisi, 6zellikleri

CE, CB, CC yiikseltec devreleri ve 6negilimleme

BJT transistorlerde kiclk sinyal modeli, kazang, giris-cikis empedanslari
ARASINAV

FET tirleri, yapilari, 6zellikleri

10 FET ylikseltec devreleri ve 6negilimleme

11 FET transistorlerde kiglik sinyal modeli, kazang, giris-cikis empedanslari
12 Cok kath yukseltecler, Kaskat ve kaskod baglanti

13 Mikroelektronik yaklasimla yiikselte¢ devreleri, Akim kaynak devreleri ve transistorleri akim
kaynaklariyla 6negilimleme

islemsel yiikseltec ic yapisi

ONEMLI NOT:
*Laboratuvar saatlerinin %20’den, ders saatlerinin de %30°dan fazlasina katilmayan &grenciler dersten F2 notu alirlar.



Applications

« Amplification
 Power control/conversion
» Switching

— Discrete logic

— Computers

» Signal generation (oscillators, etc.)
« Signal processing (demodulation, etc.)

Luis G. Sison

Department of Electrical and Electronics Engineering
University of the Philippines - Ciliman



Penryn Microprocessor

» Feature size: 45nm
(1 nm = 10 meter;
width of human hair =
100,000 nm)

+ Operating speed: up to 3.2 GHz

« # of transistors:
>800M for quad-core

PENRYN



Laser diodes
+ Ex. Pulsed laser diode, 860 nm, 5W
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www hamamatsu com uk

+ Used in CD/DVD players, o
fiber optic communications equipment, laser
pointers, instrumentation



Toyota Prius Hybrid Car

* Does 22 km/liter of gasoline

+ Ultralow emissions
L
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+ Power electronics convert/control energy
from motors/battery/gas engine



Cell phones

Microprocessor
— overall control

DSP/ADC/DAC

— process audio and
baseband signals

ROM and flash memory

— programs and user info
(directory etc.)

RF amphﬁerﬁ rﬂp;-.m.mmms;m.mmdmlmmﬂam::.-|_E-|-:-;|.Hu|m4

Power management
Liquid crystal display



History
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www bellsystemmemonal comybelllabs tramsistor himd

+ An excellent multimedia tour is at
www.pbs.org/transistor/



Vacuum tubes

T

1883: Edison effect -

electrons travel through a
vacuum to form current

1904: John Fleming
invents Fleming valve -/
uses Edison effect to

rectify AC current

1906: Lee De Forest

invents Audion vacuum

tube capable of ———

amplification
Short component life s cidruagi iyl s e




Semiconductors

- Early 1900’s: galena
(crystalline lead sulfide)

used as radio detectors
(rectifying AC current)

« Point contact rectifier

www sparkomseum com DETECTOR HIM

« 1940: Russell Ohl
discovers silicon p-n
junction




Transistor

« 1947: Shockley, Bardeen,
& Brittain invent transistor
at Bell Labs (won Nobel
prize in 1956)

« Point contact transistor
using germanium

+ Today, silicon transistors
more popular because of
excellent chemical
properties (easier to work
with)




Integrated circuits

1958: Jack Kilby and Robert
Noyce invent the integrated
circuit -- squeezing several
components on a single chip
of silicon

A simple oscillator IC with
five integrated components

Early technology difficult to

scale

1959: invention of planar IC
technology (still used today

In 1'u"|_5|j| EEE41Lecy  WWWicknowledge combistoryNovee ICpE




VLSI

Very Large Scale Integration

B fabricated o silicon waless as
ferge o5 300 mm In diameter

Acidern Iatepm et e
wse copper for the metallic

lines. {'npp-erum:d t:: They contain an ¢ normous
enable kigh-speed operation. mgﬂﬂ!’ mﬁ'ﬁ
The lines are @i Nasrow as m”hﬂﬂ!’w'

U1 M rorme Fes.
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Transistor operation

MN-channel

MOS FET No gate voltage: + gate voltage
(field effect no channel attracts
transistor) between source  electrons and
construction and drain forms channel

gate
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Transistor operation...

+ drain voltage Removing gate
pulls in voltage destroys
electrons from the channel,
source through stopping electron

channel
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Problems with simple
explanations

» Does not give detailed/quantitative
device behavior useful in circuit design

» Does not allow us to predict
performance of a device design

» Does not give us insight on how to build
better devices




Technology metrics

Density

Speed

Power consumption
Power rating

Noise




Density: Moore’s Law

» Density of transistors in chip doubles about

every 18 months (1965, Gordon Moore: Intel
co-founder) wersistors
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Higher density =
smaller feature sizes

Silicon Process 13p 1.0 0.8y 0.6y 0.33p 0.23p
Technology

Intel386™ DX
Processor

Inteld86™ DX

Frocessor I I .

Pentium® Processor . . . .
Pentium® Pro &

Pentiume |l Processors .

www. mte]l comApdatearchive issued pixfor figl jpe



The vanishing transistor

200y s

70nm ' ?“{ 30nm

0.13u process B5nm process 45nm process 32nm process

= Difficulties in performance, reliability, mass-
production as feature sizes shrink;
addressed by new topologies/processes




Speed

« Factors: size, material, design

CPU Speeds

5p-n:d-[EHI}
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Year

—+— Speed Projections
—8— Actual Speed

Actoal speed data from waw. dell comas/'en/essy topecs/'posver_ps3q2-indel b him
Speed projections from B Pramret, “Semiconductor Device Fundamentals™, Addison-Wesley, 1996,




The fastest transistor?

- Silicon germanium
(SiGe) transistor that
can operate at 210
GHz. (IBM, 2001)

- SiGe, GaAs and
other mat'ls faster
than silicon alone.
Other design
features help achieve

Spel?.‘d . www-3.1bm com chips/'news 20010625 _fastmages heml




Power consumption

« Power = (frequency)?
+ Power = (supply voltage)?
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5. Borkar



White LEDs

Composition
determines color
Red: Ga, As, P

— earliest sale 1970's
Green: Ga, P, N
Blue: Ga, N

- first sold 1994

— made white/full-
spectrum LEDs
possible




Basic power supply




Forward converter
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BJT logic

2

'DI.
Left

5 1 door 5 2 ji
open

D;
Right
door
open

R, é;
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0, 2N3725



FET circuits

JFET Voltage follower CMOSNAND gate
V,
+10F 2D
>
Q
7 o\ -
Q eCJ, OV,
|_. V,o T
3 V,0 .- —¢:
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