Pasova struktura pevnych latek:

https://www.youtube.com/watch?v=3npADYVtQOM
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Pasova struktura pevnych latek:
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Mérna vodivost, mérny elektricky odpor:
Variable resistor

https://www.khanacademy.org/science/high-school-physics/dc-circuits/electric-current- AW
resistivity-and-ohms-law/v/resistivity-and-conductivity 1
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mérna vodivost je dana prispévky kladnych i zdpornych volnych nosi¢t ndboje (volnych |_|
elektron, dér, kladnych a zdpornych iontll apod.) Sample
je umeérna hustoté volného naboje, velikosti ndaboje a pohyblivosti
_...‘ <— Length, /
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Pfevzato z James F. Shackelford: Introduction to MATERIALS SCIENCE FOR ENGINEERS, Pearson Higher Education


https://www.khanacademy.org/science/high-school-physics/dc-circuits/electric-current-resistivity-and-ohms-law/v/resistivity-and-conductivity

Q: Které elektrony mohou vést elektricky proud?
A: Ty, které mohou ziskat extra energii od elektrického pole.

Q: Které elektrony mohou tedy ziskat energii od elektrického pole?
A: Zejména ty nad urovni Fermiho hladiny. Dostupnost
neobsazenych hladin v blizkych atomech jim poskytuje vysokou
pohyblivost. Rikdme jim nékdy volné elektrony.




Pasova struktura pevnych latek:
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Fermi — Dirakovo rozdéleni:
https://www.youtube.com/watch?v=1DHCV3LgITY
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https://www.youtube.com/watch?v=1DHCV3LgITY

Vodice:
latky s velmi malou, nebo nulovou, Sifrkou pasu zakazanych energii

» elektricky proud vedou velmi pohyblivé volné elektrony, které jsou tepelné excitované nad Fermiho hladinu a tvofi
elektronovy plyn, kde Ize elektrony snadno urychlit elektrickym polem

Vari ft

0 = NpQdnln W, = E

e rGzné kovy maji riznou vodivost, coz je dano rozdilnou koncentraci volnych elektronl a jejich rdznou mobilitou v riznych
kovech, ktera je dana mnozstvim srazek s nedokonalostmi v krystalové mrizce kovu
* u kovll mérna vodivost s teplotou KLESA, mérny odpor ROSTE

Temperature (°F)
-A00 -300 -200 -100 0 + 1010

T | | | | | €
N i Scattering events
- Cu+ 3.32at% M | — -
a3 -___'_,_,_--""
- ,
CI“1 E-+2- e %
B
o
iLE]
=
F
Lol
A
oL | | | | | | -
-250 200 150  -100 Ty 0 +5D Net electron motion

Temperature (°C) Pfevzato z W.D. Callister: Material Science and Engineering An Introduction, John Wiley & Sons



Nevodice:

latky s velmi malou mérnou vodivosti (typicky 101 — 10-16 1/Qm)

maji Sirku pasu zakazanych energii > 2 eV

vodivost je €asto zpUsobena nedistotami a pfimésemi, nezZ tepelné excitovanymi elektrony
charakterizuje je dielektricka konstanta a dielektricka pevnost
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bez dielektrika je hustota naboje na deskach X, po vloZeni dielektrika se hustota naboje na deskach € krat zvétsi, protoze se
dielektrikum vlivem elektrického pole polarizuje
dielektrickd pevnost, (kV/mm) je velikost pole, ktera vede k prirazu dielektrika



Polovodice:

* |atky s velmi malou mérnou vodivosti (typicky 104 —10% 1/Qm)
* maji Sirku pasu zakdzanych energii < 2 eV

» vodivost je Casto zpUsobena jak elektrony, tak i dérami



Vlastni polovodice

https://www.khanacademy.org/science/in-in-class-12th-physics-india/in-in-semiconductors/in-in-basics-of-
semiconductors/v/intrinsic-semiconductors-class-12-india-physics-khan-academy

* jeden Civice vazebnych elektron( tepelné uvolni, stane se vodivostnim elektronem a
* tento elektron muUze vést elektricky proud
* volné misto, dira, mUze byt zaplnéno jinym vazebnym elektronem. Dira se mlzZe pohybovat a také vést elektricky
proud, ale mnohem pomaleji, nez volny elektron

Properties of Some Common Semiconductors at Room Temperature (300 K)

Energy gap, Electron mobility Hole mobility, Carrier density,
Material E4 (eV) e [M*/(V - 5)] wp [m?/(V - 9)] n, (= np)(m>)
Si 1.107 0.140 0.038 14 x 108
Ge 0.66 0.364 0.190 23 x 108
CdS 2.59° 0.034 0.0018 —
GaAs 1.47 0.720 0.020 1.4 x 1012
InSb 0.17 8.00 0.045 3.5 % 10%

“This value is above our upper limit of 2 eV used to define a semiconductor. Such a limit is
somewhat arbitrary. In addition, most commercial devices involve impurity levels that substantially
change the nature of the band gap (see discussion of extrinsic semiconductors).

Source: Data from C. A. Harper, Ed., Handbook of Materials and Processes for Electronics,
McGraw-Hill Book Company, New York, 1970.
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Vlastni polovodice

* koncentrace volnych elektron( je stejna jako koncentrace dér a bude zaleZet na prekryvu ,,ocasu” Fermi-Dirakova rozdéleni
s volnymi stavy ve vodivostnim pasu
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u vlastnich polovodic¢li mérna vodivost s teplotou ROSTE,
mérny odpor KLESA
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Nevlastni (primésové) polovodice typu n

* vlastni polovodic¢e maji své vlastnosti ,,sami o sobé“, nevlastni diky primési — dopantu. Pfimés je dopovana velmi peclivé a
ve velmi malém mnoZstvi do extrémné Cistych materiald.

https://www.khanacademy.org/science/in-in-class-12th-physics-india/in-in-semiconductors/in-in-basics-of-
semiconductors/v/extrinsic-semiconductors-n-type-class-12-india-physics-khan-academy

u nevlastnich n typu polovodict dochazi k tepelné
excitaci nejen z valen¢niho pasu, ale také z hladin
donoru, které jsou ale mnohem bliz k vodivostnimu
pasu
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E 4= donor level
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* u nevlastnich polovodic¢li mérna vodivost s teplotou
ROSTE, mérny odpor KLESA
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Nevlastni (primésové) polovodice typu n
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Nevlastni (primésové) polovodice typu p

* vlastni polovodic¢e maji své vlastnosti ,,sami o sobé“, nevlastni diky primési — dopantu. Pfimés je dopovana velmi peclivé a
ve velmi malém mnoZstvi do extrémné Cistych materiald.

https://www.khanacademy.org/science/in-in-class-12th-physics-india/in-in-semiconductors/in-in-basics-of-
semiconductors/v/extrinsic-semiconductors-p-type

u nevlastnich p typu polovodict dochazi k tepelné
excitaci nejen do vodivostniho pasu, ale zejména do
hladin donoru, které jsou mnohem bliz k

valencnimu pasu
E, (bottom of

conduction band) 1 _E, /KT
fE) = efa/kT 41

_________ - ————————«— E,=acceptor level
( — O (top of valence band)

o~n

o = g e Ea/kT

* u nevlastnich polovodic¢li mérna vodivost s teplotou
ROSTE, mérny odpor KLESA
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Nevlastni (primésové) polovodice typu p
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Some Extrinsic, Elemental Semiconductors

(Maximum solid

Impurity Energy Levels for Extrinsic Semiconductors

Periodic table solubility of dopant
Element Dopant group of dopant atoms/m°)
Si B [T A 600 x 10%
Al 1T A 20 x 10%
Ga A 40 x 10#
P VA 1.000 x 10%
As VA 2.000 x 10%
Sb VA 70 x 10%
Ge Al [T A 400 x 10
Ga 1A 500 x 10%
In 1T A 4 x 107
As VA 80 x 107
Sb VA 10 x 10%

Source: Data from W. R. Runyan and S. B.Watelski, in Handbook of Materials and Processes for

Electronics, C.A. Harper, Ed., McGraw-Hill Book Company, New York, 1970.

Semiconductor Dopant E,—E4(eV) E,(eV)
Si P 0.044 —
As 0.049 —
Sb 0.039 —
Bi 0.069 —
B — 0.045
Al — 0.057
Ga — 0.065
In — 0.160
Tl — 0.260
Ge P 0.012 —
As 0.013 —
Sb 0.096 —
B — 0.010
Al — 0.010
Ga — 0.010
In — 0.011
Tl — 0.010
GaAs Se 0.005 —
Te 0.003 —
Zn — 0.024
Cd — 0.021

Source: Data from W. R. Runyan and S. B. Watelski, in Handbook of Materials and Processes for
Electronics, C. A. Harper, Ed., McGraw-Hill Book Company, New York, 1970.
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