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Fyzika kondenzovanych latek II -- polovodice

1. Uvod

1931, Wolfgang Pauli — Rudolf Peierls:

“Ueber Halbleiter sollte man nicht arbeiten, das ist eine Schweinerei, wer
weiss, ob es Uberhaupt Halbleiter gibt.”

Il 1947, Bardeen, Brattain, Shockley: tranzistor.

Obvykl¢ definice polovodice:

e mérny elektricky odpor ~ (10'3 — 108) Qcm, s rostouci teplotou
klesa,

e v elektronové pasovée struktuie je pas zakazanych energii (,,gap*,
E,) velikosti (0 — ~4) eV.

Problémy s pouzitim udaje o elektricke vodivosti:
o zavislost na teploté¢
o zavislost na Cistoté (mozny ,,doping®),
o zavislost na pfitomnosti poruch (,,Spatn€ vodivé kovy*),
®

Problémy s pouzitim udaje o gapu
o neostrd horni hranice (napt. polovodivy diamant s Eg ~6 eV),
o samotna existence Eg, pasova struktura elektronovych stavi
miuize byt jen hrubou aproximaci (,,stavy uvnitf gapu).



Elementarni polovodice

Sloupec IV v periodické tabulce (4 valenc¢ni elektrony v 1zolovaném
atomu), struktura diamantu
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Tabulka je interaktivni, naptiklad (identifikovat chybné vyroky by
mélo byt veelku snadn¢):

Kremik

Zdroj: http://www.tabulka.cz/prvky/ukaz.asp?id=14

nazev Kremik
latinsky Silicium
anglicky Silicon
francouzsky Silicium
némecky Silicium
znacka Si

protonové Cislo 14


http://www.tabulka.cz/prvky/ukaz.asp?id=14

relativni atomova hmotnost 28,0855

Paulingova elektronegativita 1,9

elektronova konfigurace [Ne] 3s°3p?
15?25%2p®3s%3p?

teplota tani 1687 K, 1414°C

teplota varu 3173 K, 2900°C

skupina 14 (IV.A)

perioda 3

skupenstvi (pii 20°C) pevné

oxida¢ni ¢isla ve slou¢eninach |-4, +2, +4

Objevitel

Rok objevu Objevitel
1824 Jons Jakob Berzelius (1779-1848)

Vyskyt

Kiemik je po kysliku druhym nejrozsitenéjsim prvkem na Zemi, ale vyskytuje se pouze ve
slouceninach (napt. kiemicitany, hlinitokfemicitany). Vyskytuje se v zivych organizmech, a
proto je to také biogenni prvek. Napt. piesli¢ky obsahuji kifemen (SiO; - oxid kiemicity) a
kiremicité kyseliny ve svych bunécnych sténach.

Vlastnosti

Je to modroSedy a krystalicky polokov, ktery ma ¢aste¢né kovovy lesk a jehoz struktura je
velmi podobné diamantu. Zakladem molekuly kiemiku je Ctyi'stén SiOg, ktery se miize
spojovat do fetézcl, cykld, vrstev a do 3D struktury. Vazba kiemik - kyslik je velmi pevna, a
proto jsou jeho kyslikaté slouceniny hodné stalé a tudiz hodné rozsitené.

Tvrdy a kiehky kiemik je za normalnich podminek velmi malo reaktivni a odolava plisobeni
vzdusného kysliku i vody, protoze se jeho povrch pokryva velmi tenkou vrstviékou oxidu
kiemicitého (SiO,). Velmi dobfe také odolava roztoktim kyselin (krom& HNO3 a HF), ale
snadno se rozpousti v horkych vodnych roztocich alkalickych hydroxida:

Si + 4NaOH — NasSiO4 + 2H;
SiO, + 4HF — SiF, + 2H,0

Je to velice dobry polovodic a s ostatnimi prvky se slucuje az za vysokych teplot.
Laboratorni priprava

Reakci ki*emene a hliniku - tzv. aluminotermii (viz. informace o hliniku):

3Si0, + 4Al — 3Si + 2A|203


http://www.tabulka.cz/prvky/ukaz.asp?id=8
http://www.tabulka.cz/prvky/ukaz.asp?id=8
http://www.tabulka.cz/prvky/ukaz.asp?id=8
http://www.tabulka.cz/prvky/ukaz.asp?id=13
http://www.tabulka.cz/prvky/ukaz.asp?id=13

Priimyslovad vyroba

Kiemik se primyslové vyrabi v elektrické obloukové peci redukci ki‘femene velmi ¢istym
koksem za ptitomnosti zeleza jako katalyzatoru:

SiO; + 2C - Si + 2CO,

PouZziti

Samotny kiemik se vyuziva k vyrob¢é polovodi¢ovych soucastek (diody, tranzistory). Dale se
také pridava do riznych slitin (napf. ferosilicium - kiemik a zelezo). Ve slou¢eninach
(ki*emen) se potom pouziva hlavné ve stavebnictvi jako pisek a pii vyrobé skla a porcelanu.

Slouceniny

1. bezkyslikaté slouc¢eniny

SiC - karbid kfemiku

velmi tvrda latka, ktera se pouZziva jako brusny material

SiCly - chlorid kfemidity

meziprodukt pti vyrobé polovodi¢ového kiemiku

silicidy - napt. Mg,Si

silany - napt. monosilan (SiHg), disilan (Si,Hs)

obecny vzorec SipHzn + 2; bezbarvé plyny nebo kapaliny, jejichz stalost klesa s délkou fetézce
2. kyslikaté slouceniny

a) oxidy

SiO; - oxid kiemicity

velmi pevna latka, ktera ma vysoky bod tani; v pfirodé se vyskytuje jako ki*emen - barevné odriidy: ametyst
(fialovy), zahnéda (hnéda), citrin (Zluty), riZenin (rizovy), kri§tal (bezbarvy), opal (amorfni - SiO, . nH,0)

b) kyseliny

H,SiO; - kyselina dihydrogenkiemicita
malo stala

H,;SiO, - kyselina tetrahydrogenkiemicita
malo stala

Copyright © 1998-2013 Jan Straka (straka@tabulka.cz)
VSechna prava vyhrazena.



http://www.tabulka.cz/prvky/ukaz.asp?id=26
http://www.tabulka.cz/prvky/ukaz.asp?id=26
mailto:straka@tabulka.cz

Struktura — ,,vysoka symetrie®:

® C

Struktura diamantu a sfaleritu (ZnS, blejno zinkové)

Elektronova hustota:

Yang and Coppens, SSC (1974). (b) Vypocet s nelokdlnim
pseudopotencialem, Chelikowsky and Cohen, PRB (1976).




Precizni méfeni rozptylu rtg zéfent:

Solid State Communications,Yol. 15, pp. 1555-1559, 1974, Pergamon Press, Printed in Great Britain

ON THE EXPERIMENTAL ELECTRON DISTRIBUTION IN SILICON
¥.W. Yang and P. Coppens™®
Chemistry Department, State University of New York at Buffalo, Buffalo, New York 14214, US.A.

{Received B August 1974 by A.G. Chynoweth)

Very accurate experimental measurements on silicon are used 1o caleulate
the valence density and the bonding deformation density in the silicon
erystal, Comparison with a pseudo-potential calculation density shows
good agreement for the height, but an appreciable discrepancy for the
shape of the bond maximum. The discrepancy is far beyond the estimated
standard deviations in the experimental density functions. Cross sections
perpendicular to the Si—5i bond confirm its cylindrical symmetry.

2. COMPILATION OF THE
STRUCTURE FACTOR LIST

The room temperature Mo Ko values of Aldred
and Hart® were complemented with four additional
Mo Ko measurements reported by Kato and coworkers,?
The weak “forbidden’™ 442 reflection has only been
measured with CuKa radiation.® As the anomalous
dispersion contribution is essentially zero for this
reflection, no complications arise from the mixing of
measurements at different wavelengths. The full set is
listed in Table 1. Estimated standard deviations
{column 2) are typically 0.1 per cent of the value of
F, and represent an order of magnitude improvement
in accuracy in comparison with conventional diffrac-
tion experiments. All measurements were-made on an
absolute scale.
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where H and r are the reciprocal lattice vector and a
vector in cryvstal space respectively, and Vis the
volume of the unit cell.



Table 1. Experimental structure factors™
froom temperature, per primitive cell)

hkl Fraxo(0(F)) sin /)

000 (28.00)

111 —15.134(1) 0.159 ]
220 —16.960(12) 0.260 3
311 —10.988(10) 0.305 .
2272 0.338(10) 0.319 a
400 —[4.154(20) 0.368 a
I131 2.634(10) (0.401 a
4 212 12.416{18) 0.451 a
333 8.296(10) 0478 a
a1l 8.307 (10) D478 a
440 10,824 (8) 0.521 a
531 TA52(102) 0.545 b
442 0.0088 (5) 0.552 ¢
620 9420(131) 0.582 b
533 —6.348 (88) 0604 b
444 —&8.402(10}) 0.638 i
55 1 5,797 (81) 0,658 b
642 —7.464(14) 0,689 a
660 —5974(14}) 0781 ]
555 4.050(10) 0,797 a
844 4.420(12) 0.902 a
80 1.178(156) 1042 ]

4 B F o=

-+

Reference 5,

Reference 3,

Reference 8.

Signs as calculated, except for (222) and (442)
which are as given in references 7 and 8.

The amplitude of this reflection is so small, that a
change in its sign does not affect the difference
maps.

FIG. 3. The deformation density in the plane of the $i—8i bonds, Contours at 0.05 ¢ A* . Negative contours broken,
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F1G. 4. The valence density in a section perpendicular
tor the 5i—Si bond through its midpoint, Contours at
0.1e A7'. Negative areas cross-hatched,

(1) Both experimental and theoretical valence
maps, show a maximum at the midpoint of the bond,
while valence densities in first-tow atom bonds tend
to peak at the atomic pmiﬁnns.m The difference is
compatible with the larger radius of the M shell radial
maximum.

(2) The heights of the bond maxima in exper-
imental and theoretical maps are almost exactly equal

(0.69 and 0.65 e A7 respectively).

{3) The valence density is elongated along the
bond rathér than in the perpendicular direction as
suggested by the pseudopotential caleulation.

(4) Except for the first contour the perpendicular
cross sections of the bond maxima are almost perfectly
circular (Figs. 4 and 5). This confirms the cylindrical
symmetry of the 5i—5i bond and agrees well with

similar contour maps for the C=N and C-C but not
the C=C bonds in tetracyanoethylene,*”



Tranzistor MOS - skalovani, spinani
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rychlost spinani v NMOS Si
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