Kypc: EneKTpoHHa CTPYKTYpPa Ta BAACTUBOCTI HU3bKOPO3MIPHUX CUCTEM

Jlekmop: OnekcaHap RopatoK

Jlekyia 3: EneKTpoHU B Nepioagu4HOMY NOTeHLiani - 30HHa CTPYKTypa

* BinbHI eNeKTPoHM 3 TPAHUYHUMM YMOBaAMM

e Bia xBWAb N1aCKMX A0 B6/10XIBCbKMX. 30Ha bpintoeHa

* HabauxeHHsa cnabKoro noTeHuiana — 30HHA WiMHa

* MeTo/ CMNbHOrOo 3B'A3KY — MOZE/Ib MEPECKOKIB

* 30HHI WIMHW Ta MOAe/1b NepecKoKiB y 2D

e KiNbKICTb €N1eKTPOHHMX CTaHIB: meTan abo i301aTop

* [lpuKnaan AMCKpeTn3aLlil CTaHIB Y HU3bKOPO3MIPHUX CUCTEMAX

e 3ada4ya 0odomy: nobyaysati DOS(®) y moaeni nepeckokKiB 40 HaMBAMMKIMX
cycigis ana 1D 1a 2D


https://eduportal.kau.org.ua/course/view.php?id=10
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Born-Von Karman boundary condition
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Teopema bnoxa

Hy=(—a V24U (r)) y= &y U(r+ R) = U (1)

W(r) = e u(r)

vﬂuﬂvmvnvmu”b

Wnk = € t(r) 26 Uni(r + R) = tpi(r)

P (r+-R) = e R (r)

Yo, k+K (F) = Pnx (1)

gn, K+K —™ g’nk
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K =2m/a



K =2m/a



(n8) ABisua Buipuig

K =2mn/a

Momentum in units of (x, n)






Band gaps

K =21/a



Band gaps

K =21/a



Band gaps

K =21/a
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Disp0 = (x)"2 + y"2 i
Displ = (x-2)"2 + y"2 =

Lgr o oy [(Fa ok V|
3 (€ + €40 & | (U ) Uk

Variable Delta = 0.5

Disp2 = (Disp1(x)(y) + Disp0(x)(y))/2 + sqrt( ( (Disp1(x)(y) - Disp0O(x)(y) )/2 )*2 + Delta’2)

Disp3 = (Disp1(x)(y) + Disp0(x)(y))/2 - sqrt( ( (Disp1(x)(y) - DispO(x)(y) )/2 )*2 + Delta’2)



MeTtoa, cunbHoro 38°a3ky — Tight binding (TB) model

H oy = E Py, H=H, AU (r)




MeTopa, cunbHoro 38’a3Ky — Tight binding (TB) model

a af

B4+ D v (R) &R
1+ e (R) kR

€ (k)=E,

=._5 dr AU (r) | ¢ (v) 1,
a (R) = Sdrqb*(r)qs(r-— R),
v (R) = —{ dr¢* (1) AU (1) ¢ (r — R).

€ k) = E;, — f — 4y (cos Y/ k.a cos 1/ kya +
«+ cos Y,k a cos Y/ k,a + cos Yok,a cos Yk a)



Mopaenb nepecKoKIB
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Mopenb nepecKokis B 2D

E=E,+ tl(cos(akx) + cos(aky)) + t, (cos(Zakx) + cos(Zaky)) + ...

0\0 ; (k) = eo + t?c&s.@) + to cos(2ka)

tZ Low Temp. Phys. (2016)
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Z = | -cos(pi™/2)-cos(pi*y/2)

Number of Gridlines

Developed with support from NSF-IUSE #1524 968.

https://c3d.libretexts.org/CalcPlot3D/index.html



https://c3d.libretexts.org/CalcPlot3D/index.html

HabnauxeHHa cnabKoro 38'A3Ky Mogaenb nepeckokis
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Electronic spectrum in momentum-energy 3D space

KiHeTn4yHa eHepris (eB)

TiSe2 - «excitonic insulator»

IMnynbe enekTpoHa (1/A)

Borisenko JoVE 2012



Metal vs Insulator

e

dk = 27/L



Quantum confinement

Energy (eV)
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ARPES data for atomically-uniform Ag films ARPES data on graphene multilayers
of 12, 16 and 20 monolayers (ML) grown on

Si(111)-(7x7) substrates V. N. Strocov https://arxiv.org/abs/1801.07505

http://groups.mrl.uiuc.edu/chiang/Speer/Nathan%20J%20Speer/Umklapp-
Mediated%20Quantized%20States.html



http://groups.mrl.uiuc.edu/chiang/Speer/Nathan J Speer/Umklapp-Mediated Quantized States.html
https://arxiv.org/abs/1801.07505

