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Energy band structure calculation of crystalline solids

using meshfree methods
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ABSTRACT

A meshfree formulation for the calculation of energy band structure is presented. The conventional meshfree
shape function is modified to handle the periodicity of Bravais lattice, and applied to the calculation of real-space
electronic-band structure. Numerical examples include the Kronig-Penney model potential and the empirical
pseudopotentials of diamond and zinc-blende semiconductors. Results demonstrate that the meshfree method be a

promising one as a real-space technique for the calculations of diverse physical band structures.

.M B

bu
rH

Fol v AAYANY AARAL TP e oAl A% FHEEA, FREANT AYLYF
A4 A BRlel st @Al Frketn ok dF A dxvlE g A2AddA FAsy 53}
Uehdr] AjFetER o] JE ojate gl thebd AURALE F¥steW 72407 YA $PH
g FAEHA 7]‘23—% A4 Y AATE oje] B2 BY Rojnh. ofH AFe| mef & =RAAE A

ok
o

SofA 2 < AT o] &8t Azt FHE FHYA HFHAE E1, AHuAY ARTRE AA
e Wl 43t dde) gl AR TZE 2E AN ARY 5L 9EEA F7)3 A4S Ho
L=R-8 B2} 7102 HARY (plane—wave method) o 7128 W Eo] o] o]y m Yt} 2} 3

WA AAR (reciprocal lattce) kNN ol 7128 WolRg AFROT FYof HAstE A
S FRE A dh o W Fof W@ HH At vEEAHA AoT F LA JOET &FI A
Atel ojef o] wEnt, =8 Fduyel A& dedsFe vFaH)7] i FEE §Y Hgo] FYg
A e DHE Ak ol @ off WEe] AFTAA Fasd JAEFE FAFFE WA ANsE
Ao A A7 §ygn Qop

A e WA F& BAee YA A4S Fosgos HAsstud & @ Fosor @

£ 389, ¥RA71 22 AATLY 2Yns
= 59, #2A129 JABYY 25

- 623 -



SARE7E A4 37198 BEeek Bke Jolth ol e 2] 4% ¢ Uk WA, A

2
—Zi—Vzu/k(x)+V(x)y/k(x)=Ek|//k(x) Y]
m
A710M & EZ3 AFolY m, B, yvi(xE 27 FF59E k o dFste A2 FadF, 94A,
TEFE Yuldth. Bravais A2 F7142 oo} ol XA el WxEo| Yt
V(x)=V(x+L) (2)

mlo
R
rie

o) W, L& AZ74 9 Az #Wejolt). Bloch Ao W@ 39 A WA (2)49 F714
a4z 389 4 3385 p, ()& Fdy 59 #7859 o7 JEd 5 Qo

Y (%) = iy (x)exp(ik - X) (3)

3714, #F u ()7t EF 2ol FHE vt

 (x) = i (X + L) (4)
293 o g5d dal ABLHANG Foi BARE YA FAA4Y A58 1PeT 19EE
Tos YAPSE ERAE DAY WY F2AE BIAEF FYEFE FAstelol st ol
0 A4 Fas 43 W 7128 ol AAE AIFAN wolnd e,

2

AP A BdYARANE FAoFZ 7 F/A4E¢ 4HBY Fig. 1 (@)% 2o 299 Ao 8 o] o
#ad NPHS BHE o] &3 Fo4 & ZASE ofgsl zo] Ve

NP
W(x)=Y 3 Ny(x+L)u, —Z{ZNJ(X+L)}uJ = ZN, (X)u, (5)

L J=1 J=1
N,(x+L)=N(x, -x-L)=p’(x, -x-L)b(x) W(x, -x-L) (6)

- 624 -



g o] Aodu, Wy pE BFY BFAY ZUE YT FHHG. & o 1 EHE ¥k gSH

o] 74 AL nst] Aol B},
NP

Mx) =D Y W(x, -x-L)p(x, -x-L)p’ (x, ~x-L)
L J=1

ojgh & ol s Fd, FY F29 Jo H3ete FLEFE Fig 1b) ol AR

1=

(a) (b)

Fig. 1 (a) The ‘translation-and-searching’ algorithm and (b) a periodic meshfree shape function.
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Fig. 2 Meshfree results for the Kronig-Penney model potential: energy levels of 9x9x9 nodes (left) and
convergence of the eigenvalues at k = (#/a)(0.5, 0.0, 0.0) (right).
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Fig. 3 Energy levels of (a) Si and (b) GaAs by meshfree method (0) and plane wave method ( ). 9x9x9 nodes are

used for meshfree method.
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