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The crossing between absolute (L,) and secondary (~,) minima which 
occurs in Ge under the application of a hydrostatic pressure has been 
found to evidence the strong multi-valley interactions responsible of 
an anomalous pressure depe ndence of the A , level. Two alternative 
experimental investigations are suggested to evidence these expec
tations. 

WE PRESENT in this paper a detailed analysis of 
the ground state levels of shallow donors in Ge 
when pluri-minima effects are considered . The 
valley-orbit and subsidiary minima interactions 
have been here accounted for the first time in the 
configuration of the conduction band structure of 
Ge which, under hydrostatic pressure, assumes the 
typical features of the GeSi alloys. 1 Our results 
evidence iinporta nt effects whe n the four L , minima 
and the six ~, minima (Si-like ) lie at about the 
same energy a configuration in which the multi
valley interactions playa domina nt role . The non 
crossing rule (among states of the sa me s ymmetry) 
is here clearly evidenced and an anomalous pressure 
depende nce of the binding ene rgy of the A, leve l is 
predicted for the fir s t time. These re sults could 
suggest new expe riment a l inve sti gations to e vi
dence the strong interactions arising from pluri
minima configurat ions , he re theore tically predicted. 

At atmospheric pressure in Ge the shallow 
donors ground s tates is split into two levels of 
de ge ne ra nc ies 1 a nd 3 whose s ymmetries are A , 

and T, respecti ve Iy , a nd for the Si-like minima 
into three leve Is of degene rac ies 1, 2 and 3 whose 
s ymme tries are .4, , E and T, re spective ly . All 
these levels are he re computed taking into account 
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the valley-orbit 2, 3 and subsidiary minima 4 inter
actions . Central cell correctionss were not in
cluded, since the exact location in energy of the 
A, leve1 2 is not the aim of the present study . 

Following6 the complete formal treatment of 
Bassani, Iadonisi and Preziosi 7 we have started 
with the conduction band structure of Ge at atmos
pheric pressure and separated the k-space in the 
extended zone scheme into ten subzones 
n (i =. 1, 10). Every subzone contains a minimum 
located at k 0 i , four for the absolute L, minima, 
and six for-the ~, subsidiary minima (Si-like), B 

which are about 0 .18eV above, located at ko = 

2 7T/a o(0.82, 0,00) , being a o the lattice parameter. 
The e igenvalues £ of the impurity states are so 
obtained from the solution of the secular deter
minant 7 

Det I (£iO 
- E) Bi.i + V ij (1 - Oij) I = 0 (1) 

where V ii is defined by: 

Vij = f d!5, f d~' rb~*(/:) Uij (!5:., Ii) cD;~') (2) 
. Q i Qj 

being U'J (~, 15::) the Bloch matrix ele ments con
necting states of different subzones through the 
impurity potential VCr) = -e 2 /rE. ,l.,O(k) and EO "fJt _ \ 

are the eigenfunction and eigenvalue respectively 
of the zero order solution for the ground state cal
culated for each minimum i (considered as inde
pendent) in the EMA.9 The q-dependence of the 


