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Calculationsof thetotal dielectric functions and the optical bandgap energy (OBGE) of 4H-SiC
were performed by the full-potential linear muffin-tin-orbital method. The results are compared to
spectroscopic ellipsometry dielectric measurements agreeing closely over in awiderange of ener-
gies. The obtained theoretical value of the (OBGE) agrees very closely with the measured ones
obtained by transmission and photoacoustic spectroscopies at room temperature performed on
470 pm thick wafer and a 25 pm thick homoepitaxial layer of 4H-SiC samples grown (n-type,
Si-face) by hot wall CVD.
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1. Introduction

The physical properties of the large bandgap 4H-SiC
makeit aprominent material for high-power, high-tempera-
ture, and high-frequency devices. Devices like field effect
transistors, bipolar storage capacitors, and ultraviolet de-
tectors have been fabricated'-23,

Inthiswork, we haveinvestigated the optical properties
of undoped and n-type 4H-SIC, both experimentaly and
theoretically. The transmission and photoacoustic
spectroscopy techniques have been used for the measure-
ment of the optical bandgap energy®®. The total dielectric
functions were determined by spectroscopic €llipsometry
(SE), a powerful non-destructive technique for high accu-
racy measurements>’. The calculations of the total dielec-
tric functions were performed by the full-potentia linear
muffin-tin-orbital method®®.

2. Experimental Details

The experimental transmission and photoacoustic
*e-mail: aderbal @unb.br

spectroscopy apparatus consists of a halogen lamp used as
the light source for the measurement. The polychromatic
beam is diffracted by a plane diffraction gratings attached
to astep-motor. The beam can bevaried from 925 to 360 nm,
aset of lensand collimator produces amonochromatic light
focused onto the sample, see Refs. 3-5.

3. Calculation of the Dieletric Function

The di€lectric function was calculated in the momen-
tum representation, which requires matrix elements of the
momentum, p, between occupied and unoccupied
eigenstates. To be specific theimaginary part of the dielec-
tric function, €,(w) = Ime(q = 0,¢), was calculated from®

i 4rre? : ,
&) (w) = wazkz (kna|p,|kn'g)(kn'a|p;|kna) x
x fkn (1_ fkn')a—(ekn’ _ekn _nw) (1)



44 Oliveira ef al.

In Eq. 1, eisthe electron charge, mits mass, W is the
crystal volume and f, | is the Fermi distribution. Moreover,

|kno) isthe crystal wave function corresponding to the n
eigenvalue with crystal momentum k and spin s.
With our spherical wave basisfunctions, the matrix ele-

ments of the momentum operator are conveniently calcu-
lated in spherical coordinates and for this reason the mo-

mentum iswritten p =y €, p, , wheremis-1, 0, or 1, and

_1 . -1 .
p-l—ﬁ(px—lpy),pozpz, and pl_ﬁ(px_u)y) 23

The evaluation of the matrix elementsin Eq. 2 is done
over the muffin-tin region and the interstitial separately®. A
full detailed description of the calculation of the matrix el-
ements was presented somewhere else®. In our theoretical
method the wave function [Eq. 1] inside the muffin-tin
spheresis atomic-like in the sense that it is expressed as a
radial component times spherical harmonic functions (also
involving the so called structure constants), i.e.,

Wi ()= Y ox:, @

where inside the sphere R’ the basis function is

X :%Ff)% -;%Ff)sﬁ- , @

and
o, ()=i"E Y(r) + (D)) @

In the equations above S\ is the muffin-tin radius for

atom R, S isthe structure constant, D is the logarithmic

derivative, ¢(+) isthe numerical solution to the spherical
component of the muffin-tin potential and ¢(r) istheener-
gy derivative of ¢(r) . Therefore, this part of the problemis
quite anal ogous to the atomic sphere approximation (ASA)
calculations and we calculate the matrix elementsin Eq. 2
as

(kno

p ko) =Sceilx, | ®

Since, X, involves a radial function multiplied with a
spherical harmonic function, i.e., f()Y," (wewill label

thisproduct |I, m) ), we can calculate the matrix elementsin
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Eq. 5 using the relations

I+1
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and
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A general matrix element, (I’,m|p|l,m), is then calcu-

lated using the Wigner-Eckart theorem®. Matrix elements
of the momentum over theinterstitial are obtained from the
relation
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By use of Green’s second theorem the expression above
can be expressed as

I ) o e T

Inthe expression abovethe surfaceintegral istaken over
the muffin-tin spheres and since the interstitial wave func-
tion by construction isthe same asthe muffin-tin wave func-
tion we can usefor ¢ the numerical wave function defined
inside (and on the boundary of) the muffin-tin spheres. In
this way the evaluation of the integral above is done in a
quite similar way as done for the muffin-tin contribution
[Egs. 6-8] to the gradient matrix elements.

The summation over the Brillouin zonein Eqg. 1iscal-
culated using linear interpolation on a mesh of uniformly
distributed points, i.e., the tetrahedron method. The matrix
elements, eigenvaluesand eigenvectorsare calculated inthe
irreducible part of the Brillouin-zone.

The correct symmetry for the dielectric constant was ob-
tained by averaging the cal culated dielectric function. Finally,
thereal part of thedielectric function, & (w), isobtained from
€,(w) using the Kramers-Kronig transformation,

£,(w) °Re(&(q=0,w) ) =

e dore o s
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Figure 1. Thetotal real part e and imaginary part e, of the dielec-
tric functions.

Table 1. Obtained values of the bandgap energies E, of 4H-SiC
using photoacoustic (PA) and transmission (TR) measurementsand
theoretical (Theory) calculation.

PA TR
3.30+£ 0.02 3.30£ 0.02

TR n-type
3.26+ 0.01

Theory
3.40+£ 0.01

4H-SIC

Thetotal average dielectric functions are given by

£1,(0) +28,,(c)

3 (11)

€ (W) =

4. Results

Thevaues of the optical bandgap energiesare shownin
Table 1. They are very close when compared to different
measurements as well as to the theoretical result. From the
electronic structure and the partial density of states we can
identify the optical absorption described by the imaginary
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part of the dielectric function and then obtain the bandgap
energy®. The measured total dielectric functions, €, and €,
are shown in Fig. 1 together with the theoretical results.
There is a good agreement between the measured and the
calculated dielectric functions.

5. Conclusion

We have measured the optical properties of 4H-SIC,
using transmission and photoacoustic spectroscopies and
spectroscopic ellipsometry. The resulting total dielectric
functions and optical bandgap energies are in excellent
agreement with our full-potential calculations. By compar-
ing the total dielectric functions we conclude that the opti-
cal anisotropy issmall in 4H-SiC.
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