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/ntroduction

Why the compound SiGgN, ?
1. Itis a stable compound
2. Favourable band gap
3. Small conduction band

Basic informations:

SiGegN, is a cubic spinel ABX,
Space group Fd3m (# 227).
Atomic positions are: (1/8,1/8,1/8) for A

(1/2,1/2,1/2) for B
(u, u, u) for X 0.240<u<0.275
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O The performed calculations using a full-relativistic version of thiepotential with the
mixed basis APW+lo method implemented in WIEN2K computer package.

O The exchange correlation (XC) effects are treated by the generaligadient
approximation (GGA). Moreover, the (GGA-EV) is also used for band structure
calculations.

a0 The RMT (Si, Ge, N)=(2, 2.1, 1.4).

a The cut-off K =12/R,;

O The valence wave functions in side the spheres are expanded up to Imax=9.
O The charge density was Fourier expanded up to Gmax=14.

O The integrals over the Brillouin zone are performed up to 18 k-points in tkduaible
Brillouin zone (IBZ), using the Monkhorst-Pack special k-points approach .
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Structural and elastic properties

m  Optimization of internal parameter u

m Determination of structural properties : a,, B,et B".

In Table 1, we summarize our calculated structural and efasiperties of
SiGe2N4 at zero pressure.
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Structural and elastic properties

Table 1.Calculated lattice structural parameters

Present work Other theoretical works
ay (A) 8.182 8.087 a; 8.142D
B (GPa) 247.09 241.7a; 273.1
B’ 4.55 48a; 3.02b
u 0.2541 0.3785a; 0.3772b
Cl11 441.53
ci1z 149.8
C44 126.29
E 340.71
G 134.12
\ 0.27
L 133.76
A 157.81
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Structural and elastic properties

m Pressure effect on the internal parameter u=f(P)
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Fig.1l. Pressure dependence of the internal paramete3iGe2N4
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Structural and elastic properties

m Determination of the elastic constanis C
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Fig. 2 Energy as function of the square orthorhombic and monoclinic
strain used to determin@11-C1zand C44 respectively.

m For isotropic cubic crystal, the bulk modulus&=(C11+2C12)/3
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Structural and elastic properties

m Derivation of shear modulus G, Young's modulus E
Poisson’s ratiosvj, Lamé’s coefficients u aridfrom the following

equations:

E=9BG / (3B+G) (1)
G=(C11-C12+3C44)/5 (2)
v=(3B-E)/ (6B) (3)
u=E/(2(1+v)) (4)
I=vE/N(1+v)(1-2v)) (5)
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Structural and elastic properties

We study the pressure dependence of the elaspedres. Cij & B=f(P)
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Fig. 3. Pressure dependence@j and B for
SiGe2N4
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Structural and elastic properties

m The Debye temperature is calculated by using

13
th 9 = h| 3n v
Wi " Tk A, |
and ) :H3+iﬂm
" o13lv Y
Y2
L 3 e
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Structural and elastic properties

m Results are summarized in table2

m Table 2 Calculated GGA-density(n g.cm?), the longitudinal,
transverse and average sound velocity (¢, vm in 13 m.s?1) calculated
from polycrystalline elastic modulus and the Detsrmaperature (in K) for

SiGe2N4 compound.
P IV M[ |/m HD
34.65 3.501 1.962 2.559 356
Z R TSN
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Electronic properties

We present the (BS) of Si@¢, within GGA and EVGGA irFig.4.

The valence band maximum (VBM) and the conductiamdominimum
(CBM) are located dt point, resulting in a direct band gdpK)

Results are summarizedTiable3

To elucidate the nature of the electronic (BS) haee also calculated the total
and the atomic DOS displayedhiyg.5.
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Electronic properties

_______________________________________________________
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Fig. 4 : Calculated band structure of cubic spinel SiGe2N4
with GGA (a) and EVGGA(b)
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Electronic properties

Table 3. Calculated first- and second-order pressure coefficients of dwatt and
indirect band gapd¢ I', I'-L, andI'-X) for spinel SiGe2N4.Eg (P )= Eg (0) & P+

P P2 Egin eV, ain eVx10-2 (GPa)-14in eVx10-4 (GPa)-2.

I-T I'-L
GGA
Eg0) 1.68 3.75
a 1.26 A3
B 0.80 1.29
Other studies
Eg0) a 1.58
Eg0) b 1.85
EV-GGA
Eg(0) 2.35 4.1
a 0.2 1.9
B 1.88 1.98
)f UNIVERSITE PARIS
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I'-X

4.79
.98
1.44

5.14
1.8
2.64

band-width

10.5
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Electronic properties
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Fig. 5: Calculated Total and Partial (DOS) of SiGe2N4
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Electronic properties

m We investigate the effect of the pressure on the af the energy gaps

Energy Gap (eV)

Pressure(GPa)

Fig. 6: The calculated energy band gap of SiGe2N4 versus pressure
with (dotted line). GGA and, (solid line). EVGGA.
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Optical properties

m  Since the spinel nitride SiGe2N4 has cubic symmete/need to calculate
only one dielectric tensor component to compleligracterize the linear

optical properties

= We note that the dielectric function ig{ @) = & (w) +i &, (W)

m And the refractive index:n(a)) =

+&5 (@)

ECREE
2

2

12

m Fig.7. displays the both imaginary (absorbtive) and paat of the at O and

60GPa
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Optical properties
gt at P=0
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Fig .7: Calculated EVGGA- real and imaginary parts of the

dielectric function of SiGe2N4: (solid line) at P=0 GPa
and (dotted line) at P=60GPa.
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Optical properties

Investigatios performed with 256 k-pts in IBZ
EV-GGA was used

Analysis of absorptive parté; (w)

Threshold for direct optical transition (fund absor edge) at 3.21ev
The main peak 7.12 followed by two other peaks 9.05 and 12.24ev
Under pressure all peaks, positions of all peaks are <

Analysis of real part

At high freq the zero crossig ef(w)  carstreened plasma freq 24.7ev
Theg (0) s the static optical dielectric camdéte, 5.85ev

The behaviour of static dielectric const (staticaetive index)is linear

A linear fit gives® 91 ande 9" \with 2B. 103 GPal and 0.38
nO dp n, dv
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Optical properties
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Fig. 8: Pressure dependence of the static optical dielectric comastant
of SiGe2N4 within EVGGA
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Conclusion

m The calculated ground state properties sg;lB,and B’ agree quite well
with available theoretical results.

m The calculated Band Struct show that SiGe2N4 isectivand gap

m Dielectric function was investigated and analyzedlentify the optical
transition:

m To the best of our knowledge, there are no eastiaties on the elastic
constant as well as the effect of pressure onldatrenic structure and
Imaginary part of the dielectric constant, we fidal our calculations can
be used to cover the lack of data for this compound
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