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4. Metoda k.p

Rovnice pro periodickou ¢ast Blochovy funkce,
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obsahuje v Hamiltonianu ¢len
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Ten je maly v blizkosti k = 0 (stfed Brillouinovy zény) a budeme ho povazovat za poruchu. Piedpokladejme,
ze nedegenerovany N-ty pas zde ma extrém s hodnotou energie Eg ,; poruchovy pocet dava
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Parabolickou disperzni relaci (4.4) obvykle zapisujeme ve tvaru

kde m* je efektivni hmotnost n-tého pasu:
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(4.6)

Po rozboru symetrie funkci u pro strukturu ZnS s bodovou grupou T4 ztistane v sumé (4.6) jediny s¢itanec

pro efektivni hmotnost dna vodivostniho pasu (stav 77.), spojeny s nejbliz§im nize lezicim (valen¢nim,
trojnasobn¢ degenerovanym) stavem /,. Odstup energii obou stavil je pfimy gap E,, tedy namisto (4.6)
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Dimenze reprezentace 77 je tii a jeji bazové funkce oznacujeme jako [x>, |y> a |[z>. VSechny tfi maticové
prvky operatoru hybnosti ve (4.7) jsou vzhledem k symetrii stejné:
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Vztah (4.7) se tedy dale zjednodusi na
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Pro praktické vyuziti tohoto vysledku zbyva uz jen odhadnout velikost P, nebo Iépe veli€iny 2P%/m

s rozmérem energie. Ta je pro vétSinu zajimavych polovodica IV, III-V a 1I-VI zhruba stejna (~20 eV).
Zjistujeme tedy, ze efektivni hmotnosti vodivostnich elektronil jsou nejméné o fad mensi nez v prazdném
prostoru, a zmensuji se s klesajicim gapem.



EofeV] 089 155 134 045 ~ 081 024 159
miimi (exp) ~ . 0041 0067 0073 0026 0047 - 0015 011
mgim (244). 004 - 0078 0067 0023 .. 004 0012 008

Gapy a efektivni hmotnosti, z Yu-Cardona.

Oznaceni reprezentaci bodovych grup

Chemicka notace (Mulliken,1933) bézna v molekularni fyzice nebo v mfizové dynamice. Pouziva symboly
A a B pro jednorozmérné reprezentace (B tehdy, je-li lichd pti nejmensi rotaci kolem hlavni 0sy),

E pro dvojrozmérné reprezentace,
T,U,V,W pro reprezentace dimenze 3,4,5,6.

Fyzikalni (Bethe, 1929; Koster, Dimmock, Wheeler and Statz, 1963):

A4

I3, I, I3,...; vnovéjsi literatute o kondenzovanych latkach.

Alternativni (BSW, Bouckaert, Smoluchowski and Wigner, 1935); dosti Casto.



Ptiklad pro Ty:

Mulliken KDWS BSW
A 1 1
A, 1, 1)
B 13 Iy
Iy 1y L5
1 15 s

Basis functions

Ay 1 1 1 1 1 .ryz

A, 1 1 -1 ~1 1 A2 - 22) + v xl} + z24(x* —y?)
E 2 2 0 0 -1 {(x? —yz),z- — i(x +y2}}
3 -1 1 -1 0 {x(y? = 22, 9(2% — fl) z(x* — y%)

T, 3 -1 ~1 1 0 {x,y,z}




polytypismus (SiC), kovalentni vazby reprezentované "vazebnym nabojem" (bond-charge)
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A full-potential band structure calculation. within the local density approximation to the density
functional theory. has been performed for the polytypes 3C. 2H. 4H. and 6H of SiC. The calculated
effective electron masses are found fo be in very good agreement with experimental values. The
electron-optical phonon coupling has been estimated and the polaron masses are calculated to be
3%—13% larger than the corresponding bare masses. The effective electron masses of the second
lowest conduction band minima are also presented and the calculated energy difference between the
two lowest minima in 4H-SiC is only 0.12 eV. The lowest conduction band in 6H-SiC is found to
be very flat and to have a double-well-like minimum along the ML line. The top of the valence
bands has been parametrized according to the k-p approximation, whereupon the effective hole
masses have been determined. The spm-orhitmiferaction was found to have a strong influence on the
value of the effective hole masses—Furthermore. total and partial densities of states are presented.
© 1997 American sttt of Physics. [S0021-8979(97)03923-6]

kubicka vs. hexagonalni struktura, BZ



FIG. 1. Bnllomin zones of the face-centered cubic and hexagonal structures.



kubicka a 4H modifikace

(c) 4H-5iC




nepiimy gap

TABLE II. Indirect band gaps E, calculated with the PW and EV potentials.
The crystal-field sphitting A_; 1s essentially the same for the two potentials.
The total valence bandwidth. calculated with PW potential, 1s W, and the
bandwidths of its two subbands are denoted W, for the lower and W5 for the
higher subband.

3C—51C 2ZH-51C 4H-51C 6H—-51C

E, (eV)
PW 130 2.11 217 1.97
EV 2.04 311 2.90 2.69
exp. Ref 33 240 333 3.29 3.10
Ay (meV) 160 72 53

W, (V) 1542 1561 15.52 1538
W, (eV) 541 542 542 5.35
W, (eV) 862 8.83 8.73 8.62

“Exciton energy gap value. The exciton binding energy 1s probably in the
range 10—100 meV.
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energie v bodech vysoké symetrie (eV)

4H-SiC
Band ['(Cé.) M(Cy,) K(C5,)

E,q —074 Toy —330 Msyy —443 Kg
E, ~060 I'gey —243 Mss —406 Ky
E,, ~0.58 T —238 Msy —294 Kgp
E,. —008 Ty —225 Msy —294 Ky
E, —000 g5y —1.13 Msy —1.69 Ky
E, 514 Thqy 217 Msy, 387 Ky
E,, 571 Ty 229 Msy, 387 Ksg
E. 635 Igyy 416 Msyy 387 Kep
E., 646 7y 473 Msyy, 519 Kyp,
E.s 691 ['ysy 523 Mswy — 5.55 Ksq
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kiivosti vodivostnich past kolem dvou nejhlubSich minim

TABLE IV. The effective electron masses for the two lowest conduction band nmunima, calculated with the PW
and EV potentials. The polaron masses m, are obtained by using the bare masses from the PW potential All
values are m units of m;. The second mimimum was found to be 2.92. 0.60. 0.12. and 1.16 eV above the first
minimum for 30—, 2H—, 4H—. and 6H—51C. respectively. The subscnipts on the masses mdicate which direc-
tions in the BZ the mass components refer to.

First minumum Second minimum
m PW m EV mp exp.® m PW m EV My

3C-s:C

m= 0.68 0.69 0.73 0.67 my= 1.00 1.05 1.10

m, = 023 025 0.24 0.25 m, = 0.25 027 026

2H-S:1C

m= 0.26 0.29 027 - ML= 1.07 1.10 1.18

m, = 043 0.49 046 - M= 0.96 1.01 1.05
m = 0.14 0.15 0.14

4H-S1C

My = 031 034 0.33 0.33 M= 0.71 0.75 0.77

myr= 0.57 0.59 0.61 0.58 M= 0.78 0.80 0.85

M= 0.28 031 029 031 m = 0.16 0.18 0.17

6H-S1C

My = 1.83 535 207 20202 myg= 0.56 0.56 0.60

M= 0.75 0.75 0.81 ° M= 1.08 1.12 1.19

MyE= 024 0.29 0.25 ° m = 0.17 0.18 0.18

*Reference 34 for 3C-51C. Ref 38 for 4H-5%C. and Ref 43 for 6H-51C.
"The geometric average /7y My equals 0.42, which agrees with the theoretical value.
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