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Abstract

In this paper, the semi-empirical tight binding method for the nearest neighbors in the first Brillouin
zone has been used to calculate the energy band structure of GaAs crystal which have zinc blend ZB
structure, the band structure has been calculated by using sp® model which have 9 parameters and
sp3s* which have 13 parameters, both these models are used to calculate the main characteristic of
both valence and conduction bands. The matrix elements were determined using the method followed
by Cohen and Vogl, by identifying points in the wave vector space within the reduced Brillouin zone
between the points of high symmetry and calculating the eigenvalues of all these points by building a
computer program in MATLAB to form the energy band structure. The effective mass m* along the
direction [111] for the lowest conduction bands has been calculated. A comparison between the sp3
model used by Cohen and the sp3s* model used by Vogl has been made. The energies of the band
structure at points the high symmetry I" and X obtained from the study were compared with the results
of the published research. The results showed that there is a difference in the energy gap between sp3
and sp3s* models and there is good agreement between the band energies at high symmetry points
between these two models and the published results.
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GaAs 5,54l eViiag ZB oSl Jilail) bk b Al daja cuS s il (2) Jgaal

parameters sp? sp3s* sp3s* [17] sp3s* [13] sp3 [12]
ry -12.427 -12.5500 -12.55 -13.100 -12.4
re 1.6265 1.5500 1.55 1.424 1.6
rs 4779 4.7100 4.71 4.865 4.8
X7 -9.7149  -9.9655 -9.83 -4.710 -9.7
X5 -6.7598  -7.4958 -6.88 -3.151 -6.8
Xg -2.8175 -2.8901 -2.89 -3.023 -2.8
x¢ 2.1598 2.0300 2.03 1.932 2.2
X§ 7.5975 2.3800 2.38 2.117

Ly X (I Jilal) bl & GaAs bygll A8Ual) 5gad (3) Jgaal

Others works

Band Gap (eV) sp3s* sp?
[19] [20]
Eg 1.5500 1.6250 1.519 1.538
Eg 2.0300 2.1598 1.981 2.049
Eg 1.6902 1.7000 1.815 1.889
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s S Gl dllia o LDl 3 sp3st 5 SP3 paadsaill aladiul dnal) aSi o Aliall (6) ISl G
paa LA Aa Bads i Hseh ae Al Aajadly (A1 Aajall G daaly 358 ek Juagll daja Lol ¢l

SP3s* sl & LdlaY) cOle L) dil) dai H o silals ddshias

Energy (eV)

Sokskskk
b 'y

L A r A X U,K ) r
Wawe vector (K)

sp3s” gisais sp3 gisal o GaAs byshd Blall daja S 4jlha (6) Jid)

Adladl) Aligy) Glua

Al G Al et Al dejall S Qlus P e Bpdle S8 GaAs 8ysld m” Alladl) ASH Qs a3

Ln b gmnd b clasall sbudl alaxe Ciias dale 8ypem (Ko - S1S1 Aajay Juasill Aajal K Aasall 43iay E
Lezie 23]l Zajal 25K 23Ul cilimidia (g waall I ZLaYL k= 0 die o) aaS 3aaly A8l Gamidic e Juagill
Cfiye Al (5 Aledl) ASH Claal k= 0 vie IS Aaja Aila e Bjd Lo A3l p3a 3DG dlis s 3k £ 0

:[20] 45y Aally Alledl) ALY _Jaes 3 (K Aagal) dnie ) Al

* = p? aE]” 28
m = | (28)

eSadl) Loyl dsyha plazind GaAs A duagill daia 3V [111] dlall Hpma ol Jsha o m* Alladll 4B Gl o513
AN Ol Ahaie 355 (8 s S ANlad) ALK 2 s o5 (8) 5 (7) oS8 b A5 5 SPS” 5 5% Cmdpeil
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3 (MATLAB) sl daball o3 b odlael o5 sl ol plasindy (28) alsbaall Ja D& (e el (4) Jsaadl 3T
[20] A5 38all oy Linte G gall dnial Fanlly 35Ul A0l Aiall losny (e ool b Aysllaall Aajall aass o
d?E|  E;_y— 2E; + E;1q

drz| "~ (Ak)? (29)

:0.03 culS clbaal) 8 dariiedl Ak dads lledl) A Glual dad domdl ) Joensll Ak 3 A o8 303 5 3
sl U5 O (B sl ALK (goluts A5l ()5S Alledll ABSH () 4oy el apnal] danilly A ol ABle (5SS
05 Ay ALK o @lling K Aasall antie 50L) vie 38T Vs L cndil) Ale (565 Y 3 gyl 8 Taaes S

J21] dasall annad dla

sp? gisals sSp3s” g isai GaAs 55kl [111] slai¥) & Juasil) dajal ™ Aldl) A (4) Jgaall

This work Others works

3%

sp3s sp?

me(T)/m,  0.0626  0.0735  0.067[13]  0.067[19]

6 : 15
5t “
I
4r “
|
3 i
|
2 ‘\
2 A 2
B E
e,
- \ S
S ||
1 ||
i \‘
2r \
‘1 “‘
‘
L ‘
-3 L
4 : : : : : : : : : 2 : : : : : : : : :
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

Wavwe Vector 111 Wavwe Vector 111

[111] slad¥) b Jsasil) Aajad m* Alladl) AUQY (8) JS&N  [111] olad¥) b Juuasil) dajad " Alladd) ALY (7) Y
aSaal) o)) Al aladiuls SP3 zisal GaAs 35k pSaall bl Ak pladiuls SPPs™ zisal GaAs 55k
CJ}AJ (:\J;:u.ut.} ?SA.AS\ J:u_)j\ @_)L A.Lu.n\‘y GaAs ‘-_A [111] Jilail) s d}h ‘_A.C- m* el a<) L‘)LEA ;\)A\ r‘ﬁ
et oda )l vie . (9) JSE) 8 miage LSy mdgan JSI DD (piidali dgag JaaDl Cua sp3s* zasais sp?
4xie slad i 23 o IS5 ) agm lld g (Sl ) ALl N dasgall sl (0 Jgaiig IS Alladl) ALY Ao

(oanl ) el a 5l) el ) ol iy (53 Al
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m*/mo
o L
>
&.

LLLLLLLLL

c c c r r c c c c
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Wawe Vector 111

pSaal) Jay)l Aiyh aladiul sp3s”® g isaly SP? gisal o GaAs gl [111] olas¥) & m” Dladl) ALl 4l (8) Jeall

clalifiuy]y Addlial)

z s aladinl GaAs S Jase 4nd G A S A8l Aoja S Glus oSl Jayl) 2apha aladsul 8

tsb Lo g il 5 5 (GA1 Gismn aa il A3)lae o5 3 sP3s” 5 spB

O dgatll (8 Aol i) CDA) e a2 )l duagilly SISHN ada aShi Al (8 (peadiall (padsail) SIS A 385 Sl
Al 5yad cilblua cupelal L sl e sp? 5 sp3st uadsal) sladiul 1.6250 eV 5 1.5500 eV dojal) syd (35
die Aal) 5end b 5 sdial) bl ae Wl Sl 33 @3t Jael SP3ST zisaill o) Ly X5 T bl dille L)
@ T i) sie 5yl 38la 55 aey (pndsail S o) bl iy LS . L adaitl) e Gl J8ly X il T ol
AECH )5 . ISl Aaja Chuay b el Ul (e salll SIS jelaly ¢ b % 0 die 5pdle e A8l Clsady ko= 0 Lexie
Gt ulS 3 Ly Al Aed b Al Akl Spe Jia lly T Akl die ) (sl Al dila die Alladl)

(sl e sp® 5 spdst cuadsall U ,30.0735 5 0.0626

R g K

il e o elyulll audy Adjeall agell Gl A salee iy SN (sl asiy
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