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Literature : 

 at 600°C (V. Bardinal, 1995)

 at 540°C (H. Yao, 1991) 

Model : 

 at 540°C

E0

E0+D0

E1

E1+D1

E'0

0.40.50.60.70.91.2 0.32.0

wavelength (µm)

UV-VISNIR

b)

UV-VIS NIR

Repeat over wavelength range:
➢ Optical indices dispersion with 

wavelength 

Problems:
• Substrate hypothesis: fitting results 

are really dependent on the optical 
indices model for substrate

𝑛𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 = 𝑓(𝑇, 𝑑𝑜𝑝𝑖𝑛𝑔)

→ Experimental measurement

• Fitting requires growth of thick layer: 

𝑑𝑙𝑎𝑦𝑒𝑟 >
𝜆

2𝑛
(1 period)  

In-situ monitoring in molecular beam epitaxy: 
Advanced material growth control through 

spectroscopic reflectance measurement

Theoretical model for 𝑮𝒂𝑨𝒔 based on literature: 
• Rakić’s model [2]  
• critical points variation in temperature [3] 

Experimental:
Using fitting model complemented with ex-situ thickness measurement (XRD), we extract 

optical indices at growth temperature that we use to refine our 𝑛, 𝑘 model.  
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Motivations
Better control over epitaxy process is a key element for the realization of high efficiency solar cells, and more generally, complex multilayer semiconductor structures. However, no universal practical
tool has been implemented to date.
With EpiCentre, joint lab with Riber, we’re working on combining in-situ measurements in molecular beam epitaxy (MBE) to achieve advanced materials growth control in real time.

In-situ tools: 
• Reflection high-energy electron diffraction (RHEED)
• Optical flux monitoring (OFM)
• Spectroscopic reflectometry 
• Curvature measurement 
• Band-edge measurement 

✓ Surface morphology
✓ Cells fluxes 
✓ Growth rates
✓ Compositions 
✓ Substrate temperature  

Feed-back control 

Optical constants 
Band-gap, Doping  

Model Fitting

Fitting over one wavelength:

• Virtual substrate model [1]

𝑟 𝑡 =
𝑟∞+𝑟𝑖𝑒

−𝑖4𝜋
𝑁𝐺𝑡
𝜆

1+𝑟∞𝑟𝑖𝑒
−𝑖4𝜋

𝑁𝐺𝑡
𝜆

Fitted results : 
➢Optical indices, n𝐴𝑙𝐺𝑎𝐴𝑠
➢Growth rate, 𝐺𝐴𝑙𝐺𝑎𝐴𝑠

More informations 

Goal: Deduce layer thickness from spectroscopic reflectance 
measurement 

Problem: Reflectance response depend on multiple parameters 
• Optical indices dispersion

• Temperature
• Composition (alloy and doping)

• Thickness of the layer

In-situ spectroscopic reflectance 

How to separate those contributions to deduce 
materials parameters in real time ? 

High temperature AlxGa1-xAs optical indices 

Perspectives

• Combining in-situ measurements:
o Using 𝑛 𝜆, 𝑇 database to deduce growth rate from reflectance measurement
o With in-situ curvature measurement to extract alloy composition

Feed-back control on the 
process parameters for 

complex multilayers (VCSEL) 

• Development of in-situ curvature measurement and applications:
o Auto-matching: composition control of alloy for lattice match applications

o Strain monitoring during the growth of metamorphic heterostructures

Development of 
𝐼𝑛𝐺𝑎𝐴𝑠𝑁 material for solar cell 

for spatial applications [4,5]   

Inverted metamorphic 
multijunction [6]

Target = 1 µm/h

Normalized spectroscopic reflectance fingerprint measured during the growth of a GaAs solar cell

Fitted parameters

Optical indices dispersion of GaAs computed  with our model at a) 25°C and b) 540°C,  compared to measurements from literature. 
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Literature : 

  at 25°C (I. P. Kaminov, 1997) 

  at 25°C (H. Yao, 1991) 

Model : 

  at 25°C 

E0

E0+D0

E1

E1+D1

0.40.50.60.70.91.2 0.32.0

wavelength (µm)

UV-VISNIR

a)

Proposed experimental plan to measure optical indices at high temperature in our MBE reactor.
Inspired by (Perner et al., 2023)    

Schematic of a VCSEL, 
from (Cao, 2020)

Example of IMM solar cell, from [10]

Schematic of 3 junctions solar cell with 𝐼𝑛𝐺𝑎𝐴𝑠𝑁 sub-cell lattice 
matched on GaAs, from [5]

Normalized reflectance at 500 nm during the growth of a GaAs solar cell and model  

Measured normalized reflectance 

Model (Scattering matrices)

for

for
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