
F I  Z I K A  V O L U M E  10 S U P P L E M E N T  2 ,  1978
Proceedings of the VI Yugoslav Symposium of tne Physics 
of Condensed Matter , Kruievac , September, 18-22, 1978 

D. R . MASOVIC 
Facul ty of El ectron i c Engi neeri ng , Nis 
S . ZEKOVIC 
Laboratory of Theoreti cal Physi cs ,  Boris Kidric I nsti tute
of Nucl ear Sci ences , Beograd 
MOD IFIED VELJKOVI C  AND SLAVIC 'S MODEL PSEUDOPOTENTIAL FOR Si , Ge AND Sn 

The poss i bi l i ti es of the phenomenol ogi cal correct ion of the VS pseudo-

potenti al *)  / 1/  are i nvesti gated in the reference /2/ by means of very wel l 

known experimental  formfactors of Cohen-Bergstresser and Brust /3 ,4/ .  Thi s  

i dea i s  deve loped i n  thi s work l i ke a general procedure for fi tti ng pseudopo­

tential to the experimental va l ues of trans i tion energies in the g iven crystal . 

The band structure of the el ementary semi conductors can be obtai ned by 

sol v i ng the secu l ar equation:  

det l { (k-g}2-e (k) }o99, + S (g-g ' ) < k + g j v l k + g '> I  = 0 ( 1 )

where e (k) i s  i n  ( Ry) . I n  the equation ( 1 ) , g and g '  are vectors of the rec i­

proca l l atti ce , whi l e  S(g-g ' )  i s  the geometri cal s tructure factor of the l at­

tice wi th a di amond crystal structure . <k+g l v l k+g '> i s  the formfactor of the 

pseudopotential . 
** ' The resul ts for the energy bands of Si , Ge and Sn obtai ned by the VS 

pseudopotential are canpletely usel ess , especi al ly for extremely sensi ti ve 

energy l evel s  of r2 type whi c� affect a l ot el ectron i c  features of these ma­

terial s . That i s  why we suggest ,  for cal cul ati ng the energy band , the modi fied 

fonnfactor of the VS pseudopotential 

-+ -+  -+ 3 
<k+q j v j k> = a 1 a2j

0
(2na2q/2kf) + . E  Cij 1 (2na2q/2kf) 

1 =1 
(2 )

The fi rst term in ( 2 )  corresponds to VS pseudopotenti al . I ts parameters are 

shown in the table  i n  the reference / 1 / .  j
0

,j 1 ,j2 and j3 are spheri cal Bassel 's 

functions of zero , fi rst ,  second and thi rd order. 

The unknown constants c 1 , c2 and c3 in ( 2 )  are determi ned by fi tti ng the 

*) We are goi ng to mark Vel j kovic and Sl avi c 's genera l model pseudopotential
wi th VS , and i ts modifi ed vers i on wi th mVS . 
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sol ution of the equation ( 1 )  to the experimental  val ues of trans i tion energi es 

of the gi ven semi conductor. 

The al gori tham of the method cons i sts of the fol l owi ng b l ocks : 

1 .  Input data : 1 a ) fonnfactors of some very wel l known phenomenologi cal 

pseudopotential that g ives a 11good 11 enerQ.X band , and 1 b )  l imi ts of rel i ab i l i ty 

of the sol ution of the equation ( 1 )  wi th reference to ' the experimenta l data . 

2 . For sol vi ng the equation ( 1 ) we apply Brust ·s modi fi cation of Lowd i n ·s

perturbation techni que /4/ wi th the parameters N and r chosen i n  that way so 

that the di vergence of the sol ution of the equation ( 1 ) does not bring about 

changes beyond the detennined l imi ts of rel i ab i l i ty.  

3 . The i n i ti al values of constants c 1 , c2 and c3 i n  (2 ) are cal cu l ated

so that the mVS pseudopotential  goes through i nput phenomenol ogical fonnfactors . 

4 . The phenomenol ogical fQnnfactor , to whose changes the energy band i s

optimal ly sens i ti ve ,  i s  detennined . The others are fi xed . 

5 . The val ue of the optimal fonnfactor changes at the l ast decimal wi th

an arbi trary step and we ca l cu l ate constants of mVS whi ch now goes through new 

poi nts . We l ook for the step which causes changes i n  the energy band wi th i n  the 

l imi ts of rel i abi l i ty .  If we state ·that s uch a step does not exi st ,  we move to 

the next decimal and the whole procedure i s  repeated unti l we obtain  i t  at some 

decimal . Fi nal ly , we i nvesti gate the resul ts and detenni n� the formfactor whi ch 

i s  most suitabl e  for the experiment .  

Resul ts .  In /5/ i t  i s  mentioned that the l imi t of accuracy o f  the experimental 

transi tion energies , obtai ned from the opti cal and photoemi ss i on spectras , is 

±0 . 0SeV . By choosi ng LBwdi n 's parameters N=SO and r=89 , we provide the convergen-

ce of the sol ution of the equation ( 1 )  wi thi n  al l owed experimenta l  accuracy +0 . 01 eV .  

The fonnfactors of Cohen-Bergstresser are taken a s  i nput data i n  1 a ) . By changi ng 

the optimal fonnfactor v(220 ) , we determi ne constants of mVS i n  Tab . 1 .  The other 

two fonnfactors : v ( 1 1 1 )  and v (3 1 1 }  have fi xed values g iven  in the ref ./3/ .  

The transi tion energies for Si , Ge and Sn , are shown i n  Tab . 2 , . compared 
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wi th the experimental data . Thei r energy bands are shown i n  Fi g .  1 -3 .  The 
authors were not abl e to i ndentify l evel s i n  the higher conduction band 
between the points r-K and W-L of the fi rst Bri l loui n ·s zone because they
l acked both i nformation and sufficient number of poi nts i n  1r space for 
which t(il) was cal cul ated . That i s  why they only give energy bands for Si
and Ge al ong the direction [100] and [1 12' 1/2 1/2] . For the same reason ,
the whol e hi gher conduction band i s  l eft out i n  the band structure of Sn, 
calcul ated al ong al l the characteri sti c di rections of the fi rst Bri l l oui n ·s ·  
zone . 

Tab . 1 .  The optimal val ue and accuracy of the fonnfactor v (220 ) for Si ,Ge and 
Sn . The val ues of c1 , c2 and C3 are obtai ned from the condi ti on that the
mVS goes through the poi nts : v ( 1 1 1 ) ,v (220) and v ( 3 1 1 ) .  Al l the data 

,, are i n  ( Ry ) .  

v (220 ) 
accuracy
c, 
C2
C3

S1 Ge 
0 . 0390 0. 0000 
0 . 0005 0 . 0005
o. 1 475 0 . 2035

-0. 3490 -0 . 6803 
0 . 1 029 0 . 39 1 4  

Tab . 2 .  The transi ti on energi es for Si , Ge and Sn 
s1 Ge 

mvs expJ627/mVS exp./5/ 

r2-r25 4 . 1 5  4 . 1 5  0 . 97 0 . 99 

r 1 5- r25 3 . 35 3 . 45 3 . 1 8  3 . 23 
L1 - r 25 2 . 07 1 .00 0.84 
x ,  ( t11 )-r25 

- 1 . 49 1 . 26 
L1 - Lj 3 . 3 1 3 . 40 2 . 1 9 2 . 34 
L3 - Lj 5 . 4 1 5 . 1 5 . 39 5 . 80 
x1 - x4 4. 1 2  4. 30 3 . 98 4 . 50

sn 
-0 . 01 20
0 . 0005
0 . 2600

-0 . 6285 
0 . 3803 

(eV ) 
Sn 

mVs exp./3,8/
-0. 20 -0 . 16
2 . 60 2 . 9  
0 . 68 0 . 32 
1 . 60 
1 . 39 1 . 4 
4 . 33 4 . 4  
3 . 29 3 . 5  

The resul ts for energy trans it ion obtai ned by mVs pseudopotential are more 
precise and i n  a better agreement wi th experimental data than very wel l 
known Cohen and Bergstresser ·s resul ts , esspeci aly for very important tran­
si tion around band gap : r 2 - r25 , L1 - Lj and x 1 - x4 . Thi s pseudopoten­
tial has been tested by cal cul ati ng the res i stivi ti es i n  the l i quid phase 
of Si , Ge and Sn , whereas obtai ned resul ts wi l l  be presented in one of the 
fol l owi ng works . 
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