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Optical and X-ray Characterization of Ge, Sn  Alloy on GaAs

Haley B. Woolf,! Matt Kim,? Carola Emminger,* Carlos Armenta,* Stefan Zollner?

Abstract:

A Gey,Sn, alloy layer with 1600 nm thickness grown on GaAs by chemical vapor epitaxy.

(004) reciprocal space maps and rocking curves: lattice constants.

(224) reciprocal space maps: strain and relaxation.

Ellipsometry spectra (y, A) were modeled to determine the dielectric function of the Ge, ,Sn, layer.
The optical constants for the layer was compared to bulk Ge.

The second derivative of the dielectric function of Ge, ,Sn, was fitted with analytical line shapes to
determine the critical point parameters.

Methods:

The sample was cleaned ultrasonically with water and isopropanol to remove organic layers and
most of the native oxide before performing ellipsometry measurements.

Using high resolution X-ray diffraction, we were able to obtain (004) and (224) rocking curves, o-
20 scans, and (004), (224) grazing exit, and (224) grazing incidence reciprocal space maps of
Ge,,Sn, alloy on GaAs, bulk Ge, and bulk GaAs for comparison. Below is the configuration for the
x-ray diffraction for (224) grazing exit geometry

Using a vertical variable angle of incidence ellipsometer equipped with a Berek wave plate
compensator, we obtained the ellipsometric angles of y and A from 0.5 eV to 6.5 ¢V and 60 to 75°
Incidence angles.

The pseudodielectric function was fitted using a four-layer model consisting of a GaAs substrate, a
pure Ge layer, a GeO, oxide, and air as the ambient.

!‘.‘ X\ oEibid |

@] /__‘1({‘ ):%', Viomeehir il

Y oa¥ Cu XAI‘V N \Wdenechis linear Detector
e \ T 1

\ “.. | . é/r /*

AN &

—
| Ké

J.A. Woollam WVASE

Ultrasonic cleaning, first with water then with
iIsopropyl alcohol.
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Bragqg’s Law: A = 2d sin@

A psn=5.679 A
Ag,a= 5.653 A

Vegard’s Law:

aGeSn =da

a = (1 + gl)aRelaxed(y)
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Agesn = 4d

a..= 5.658 A
a..=6.489 A

aRelaxed(y) = aSny + aGe(l _ y)

5.653 A Pseudomorphic Condition
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Poisson Ratio: v = 0.3

If layer is fully relaxed, the % Sn is 2.6%
If layer is fully strained, the % Sn is 1.2%
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beaker. Placed new beaker into ultrasonic cleaner for

« Remove sample and dried sample with compressed air.

S, = g—; = %[cos(a)) — cos(20 — w)]
q, _ 1 . .
S =5-=7 [sin(w) + sin(260 — w)]
A = 1.5406 A
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Critical Points of GeSn (Blue)
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Critical Points of Ge (Orange)

E, 2.113 5.32 246

2314 3.53 246

3.099 1.33 175

N . 3.344 0.486 266
3.0 3.5 ; . ;

Energy (eV) 4354 11.2 318

Relaxed:

E{®™ = yEi"™ + (1 — y)E{® — bgesny(1 — ¥)

| (E1 + A" = y(E; + A" + (1 — y)(Ey + A1) = bgesny(1 = )
| bgesn = 1.350 eV

| Strained:

AE? small shear

A4 approximation

AE?
(El + Al)GeSn — (El_l_Al)Relaxed + AEy + n S AEK Ay
1

ElGeSn — E{%elaxed + AEH _

[ — — -E, Relaxed

[ - - -E,+A, Relaxed _ AEy= \/5[)’011 S (1- )’)D11 Ge]gH
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" 3

% of Sn AEg= V6[yD35" + (1 — y)D3 ¢°]eg

D35" = —-38eV, D3% =—-56eV,

Conclusion:

EJ_+€||

Using Vegard’s Law, continuum elasticity theory, and the (004) reciprocal space map, we determine that

the tin content is y=0.012.

The (224) reciprocal space maps allow us to find that the alloy layer was grown pseudomorphically on

the GaAs substrate despite the large thickness.

After modeling the ellipsometry data, we found that the oxide thickness is 2.6 nm and the epilayer

thickness is 1600 nm.

The point-by-point fit of the Ge,_,Sn, dielectric function was very similar to bulk Ge.
Using the second derivative, we found the critical point parameters, including amplitude, energy,

broadening, and phase angle.

E, is found to have a slightly higher energy in Ge, ,Sn, than in bulk Ge. That is puzzling, even with the

phase angle fixed to be the same.
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