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Background

X-ray diffraction uses Bragg’s Law to determine the
characteristics of different materials. Omega Rocking
curves were used to determine the lattice constants and

reciprocal space maps were used to determine the strain
and relaxation.

Bragg’s Law:
2d sinf@ = nA

Distance between | ‘ Wavelength of the rays

layers of atoms Ax—rays = 1.5406 A

Angle between incident
beam and the surface of the
crystal
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This X-ray is reflected by
the first plane of atoms.
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Background

In UV ellipsometry, light is reflected/transmitted from a B _
material causing the polarization to change. | is the Betacior ( BITE Fiber Optic Cable
amplitude ratio and A is the phase difference of the light. 4 ,

and A depend on the material’s optical properties and

thicknesses. i
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Introduction

* Ge, ,Sn, layer is 1600 nm thick and was grown on GaAs by chemical vapor epitaxy. The tin
content can be found with (004) reciprocal space map and omega rocking curves.

* (224) and (224) reciprocal space maps will determine the strain and relaxation of the
epitaxial layer

* UV ellipsometry can determine the sample’s optical properties, including the dielectric
function and the optical constants.

* GeSn is often used in lasers and inferred detectors.

Relaxed epitaxial layer Pseudomorphic/strained
epitaxial layer
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(004) Rocking Curves (Open Detector)
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(004) Reciprocal Space Maps
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(224) & (224) Rocking Curve (Open Detector):

Grazing Exit: Grazing Incidence:
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(224) Grazing Incidence Reciprocal Space Map
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(224) Grazing Exit Reciprocal Space Map
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Bragqg’s Law:
nl=2dsinf QAgesn = 4d

Vegard’s Law:
aRelaxed(y) — aSny + aGe(l — y)
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Pseudodielectric Function Before/After Cleaning
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The Ge, Sn, on GaAs sample was cleaned
{10 ultrasonically with water and then
10 - _ isopropanol to remove organic layers and

N most of the native oxide.
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Pseudodielectric Function and Optical Constants
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2"d Derivative of the Dielectric Function
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for E; and E;+A; were fixed to be the same.
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Theoretical E; & E1+A with Tin Content
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The marked squares are the measured energies of
bulk Ge and the Ge, Sn, epitaxial layer. The Ge, Sn,
energy for the E, is slightly higher.
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Conclusion

* The (224) reciprocal space maps showed that the GeSn epitaxial layer was grown
pseudomorphically (fully strained).

» Using Vegard’s Law, continuum elasticity theory, and the (004) reciprocal space map, the tin
content is found to be y=0.012.

* After cleaning the sample, the thickness of the oxide was reduced to 26 A

* Using the ellipsometry data, the fitted GeSn dielectric function was similar to bulk Ge most
likely because of the low tin content.

* The fit second derivative of the dielectric function helped find the critical point parameters
and compared to bulk Ge

* The energy for the E, is slightly higher in the GeSn layer despite theory. Gél Sh
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Questions?
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