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Abstract

In this research tight-binding method has been applied to calculate the band structure in ZnSe crystal,
the matrix elements of have been calculated using the method used by Vogl and Cohen. A computer
program has been designed in MATLAB language to calculate the band structure in the ZnSe crystal,
a sample of points has been formed in the first Brillouin zone (reduced zone) between the high
symmetry points (L - I',T' - X - (U,K) — I'). The energy eigen values is calculated along the high
symmetry paths, the obtained results have been compared with previous works of Vogl and Cohen
which shows a good agreements. A comparison between the ZnSe band structure based on sp® and
sp®s* models has been done and the energy gap between the conduction and valence bands at the high
symmetry points is calculated for the sp3s*. The effect of pressure on the ZnSe band structure is
calculated in the range (10-40) Gpa by calculating the matrix element under different pressure, the
results show broadening in band gap due to applied pressure, the conduction band is shifted toward
the high energy while the valence band is shifted toward the lower energy. The band gap is calculated
values for high symmetric points were determined with pressure change and compared with theoretical
calculations.
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Vss -6.14
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d 2.45 2.45 2.45 2.45
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X5 -5.60 -6.0789 -4.8 -4.8142
X? -2.65 -2.6500 -1.9 -1.9315
X§ | 4.5400 4.5400 4.7 4.6542
X§ | 5.1700 5.1700 9.0 9.0821
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Egap(eV) Sp® Sp3s*
Egap(L) 3.8808 35788
Egap(K) 45868 4.9204
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. ZnSe < ilida b g i (@)) Al Silis (d)) 5 Jsh pd (5) Jssad

P(Gpa) a, (A% d, (A
0 5.6692@ 2.4542®
5 5.4877 2.3762
10 5.3838 2.3312
15 5.2982 2.2942
20 5.2229 2.2616
25 5.1547 2.2320
30 5.0917 2.2047
35 5.0328 2.1793
40 4.9774 2.1552
a. Ref,[ 17]
Adlid Ja g dic 4dgluaall alic ad (6) Jgaad)
Matrix Pressure p(Gpa)
elements
0 10 20 30 40
Esa -11.8383 - 13.4025 -14.4160 -15.3250 16.1846-
Epa 1.5072 1.7064 1.8354 1.9511 2.0606
Esc 0.0183 0.0207 0.0223 0.0237 0.0250
Epc 5.9928 6.7846 7.2977 7.7578 8.1930
Es*a 7.5872 8.5897 9.2393 9.8218 10.3728
Es*c 8.9928 10.1810 10.9509 11.6414 12.2944
V/ss -6.2163 -7.0377 -7.5699 -8.0472 8.4985-
Vxx 3.0054 3.4025 3.6598 3.8906 4.1088
Vxy 5.9942 6.7862 7.2994 7.7596 8.1949
Vsp 3.4980 3.9602 4.2597 4.5283 47823
Vps 6.3191 7.1541 7.6951 8.1802 8.6391
Vs*p 2.5891 2.9312 3.1529 3.3517 3.5397
Vps* 3.9533 4.4757 48141 5.1177 5.4047

s aall asall 0 it 3 shadll jualic ad aladiuly Ld ZnSe J Al o5 a5 <G e Ll 80 (Gl (il
«(5) «(4) JEIY (e Adlida La g ie (7) ¢(6) ¢(5) «(4) JEEY) A daia sl @il e Jpaall 235 (7) dsaall A
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Guawa YK 95X 5Ly [ bl vic Zaall 5 b Claa &8 paal g JSG 2l o328 Adaadle (i jal g baaall 334 ) ae gLl
de p =40 Gpa S p = 0 (e sall aaall 304 ) ae 48Ul 3 gad a3 (7) Jsaad) Gaw g [ Adadill die 5 jdlul) A8l 5 50
A83al) o3 dapka 38 jaal g Jaricall 30l ) ma (o a8 JS 48U B gad 2o 35 Cus Jalail) o2 2ic 48U 5 gad et (8) JSA (uw
Al s )l (e ABMle ISy 585 A 5 Jarall ae 48U 5 sadd
Eq(p) = v+ Bp + ap® (22)
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171



Journal of Education and Science (ISSN 1812-125X), Vol: 30, No: 2, 2021 (165-174)

ZnSe Znse

10%{//_—\5\§ 10%/%%&

Enemy (ev)
o [=]

E nemy (%)
o [=]

A5t + -15F
—\_\_\_\_\_\_\_\_\_\_ _\_\_\_\_‘—‘—\—\_\_\_

-20
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(20 Gpa) il sie ZnSe 4 dajall cus i : (5) JS&ll (10 Gpa) kiwal) e ZnSe - 4ajall cus 5 1 (4) Jsdd)

20

e e

5———%5__/_—_;__-\\_ 5————-a__/f—fx

= = =

Energy (eV)
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E nergy (eV)
h o
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: Wave Vector B Wawe Vector

(40 Gpa) biuall sie ZnSe ddajall cusS 5 : (7) J8al (30 Gpa) kil die ZnSe - dajall qus i : (6) Jsa

LB Alle L) die bl ad it aa 4BUal) B gad 4l (7) Jead)

P(Gpa) Eg (I'T) Eg(r'L) Eg(r'X) EQ(r'K)

0 2.6799 3.5788 4.5400 4.9204

5 2.8979 3.8699 4.9092 5.3206
10 3.0341 4.0517 5.1399 5.5705
15 3.1531 4.2108 5.3417 5.7893
20 3.2635 4.3771 5.5286 5.9918
25 3.3683 4.4980 5.7061 6.1841
30 3.4693 4.6329 5.8771 6.3695
35 3.5676 4.7642 6.0437 6.5501
40 3.6638 4.8927 6.2068 6.7269

i Al gall Clane e Jsaanll s yilall pue o3 bl O il (e JSI(7) sl 8 Leale Llian 3l ilial) 4] ga o
(9) JSa) Cm (22) Aalaall a5 A A5 5all (e 3 50n daxial (5 jrall Cilag yall 43 Hla Crardiul Caa carall 3l
s < pgdal g a3 5 Ll 3 )y 5 B s ot Al sl CDMalre (st (8) sl Ll cdarcall ae 48U 5 gy

Ay ) aSadl day Hl A3k aladiiuly Lo Liad ) Glload) aa o
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il ga ZNnSe 85t A8l 5 gad i (8) JSdd)
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]
4k + ]
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35F :
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pressure(Gpa)

Gl da) e (o Jabal) aa ABUaY) 5 gad juis (9) JSAN)

Allad) B Bl Nie y 9 B 9 o pd ol (8) Jgsad)

Hight symmetry points o B Y
r 0.0338 -0.0002 2.6925
L 0.0452 -0.0003 3.5956
X 0.0573 -0.0004 4.5614
K 0.0621 -0.0004 4.9436
YRR

IS Al il e g jlie die 455 KV o adl G5l Caad) 13 8 llias 3l ) G Jans Wit Uaa

ALl o a S 5 B da ja ) Jelat Jakeall b vie Jakall il ¢ 5 [13] Cohen s Chadi s [8] 4ielea s Vogl 0
138 5 Jaracall 32 ) e A8l B gnd 8 gLl Hsebas AoV gad Juaill o s 215 ey JauY) s IS a3 ) 55 G
O a5 IS T18] lielen 5 Zhao o2 s Lo ge i Candl b Lgale J gumnll o5 3l giliil) < jelal | lalial) Jalss aaes Jadia
a8 Lle Ulias 3l il o s AY) Jilall Jaliy 45 jlie 7 Jilaill ddass die Jaraall 530 dai jeday gLl alac|
AUl 5 g o 45 jlie 2ie [13] ¢ [9] AY) 8 siitall Culas¥) milis ae s Gl g3 aet Jiladll dlle Lalsil) vie 43U & sad
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I bl b sie gp3s* #3 saill (3 581 5P z3 saill 48U 3 928 28 Lias 5 SP3s* 3 5aill 5 SP3 23 sl Caven 4 guundl)
zaseill (K) ddadill aie 48Ul 5 58 da Uaa g (oa (A (X) Adadill ie A8l 5 sad ol (g o )8 Juadl Ol a5 L 5 X
.(0.3336 eV) (38 iy Sp° g3 saill 8Ll 5 52 dad (sa ,SI spYs*

sl g <4
Ll aes ool 5l and g 4d puall o glall 4y il S Balee I i) SN Gliall) aa8,

J.\L«AA”
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