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Automated growth of AlAs/GaAs Bragg mirror
with real-time feedback reflectometry.

P. Gadras, L. Bourdon, K. Ben Saddik, G. Almuneau, A. Arnoult EpiCentre

LAAS CNRS - RIBER

Motivations

High performances VCSELs are complex component posing a challenge for epitaxial grower. They require extensive calibrations and are
sensitive to deviations. Improved control over the epitaxy process through direct measurement could be a game-changer. 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 [ —
e real time. RIBER
S g e e IN this work, we demonstrate the automated controlled growth of a GaAs/AlAs Distributed Bragg —\

Reflector (DBR) centered at 940 nm without prior precise cell flow calibrations.
 Under MBE growth conditions, we measured the refractive indices (n, k) of the Al,Ga{_,As

Spectrometers

alloys using in-situ reflectometry. o) D :
 Based on these preliminary calibrations, we grew a DBR sample using a feedback-controlled .._-----------'
from PhysicsWorld website process from in-situ spectral reflectance measurements.
OptICGI indices measurement | Optica[ growth control
To measure optical indices, we grow a layer of given composition mscmsts-vo [ Growth Strategy:
and measure in-situ in real time the spectral reflectance. e * measurement  Simulate the in-situ reflectance of a perfect 5xGaAs/AlAs DBR using the measured optical
e R indices and the scattering matrix method.
In the same time, we set the growth temperature to 600°C * |dentify wavelengths where reflectance reaches an extremum at the end of each perfect
through band-edge thermometry (BandiT) qguarter-wavelength layer.
) )  Use these optimal wavelengths [2] during growth to trigger shutters in real time upon
T * Measurement at 600nm £ = Measurement . ~GaAs » Measurement .
1.00: | — Fitting — Fitting L YAI=527+01% —— Fitting deteCtlng d FEHECta nce EXtremum.
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line) allows the extraction of T and y at the given wavelength In-situ spectral reflectance measurement during the growth of automatic-  Reflectance intensity during the growth of GaAs and AlAs layers for each

(blue dashed line). With DBR. Red line the optimal lambda for each layers. optimal wavelengths
ith :
A T : Reflectance oscillation period 100
n = . - = Measurement (... ..= 941.0 nm) -
2%G *T * cosO y : damping coefficient . center : 25%~75%
1% 1 A : wavelength F— T NAlayers (A= 940.8 nm) 5 o1 1 5%~95%
I — 14 G : growth rate -~~~ Fitted thickness from XRD ; B GaAs calculated /4
41 * G * cosbO, 0, : propagating angle within the film 75 TNy 851 ans el -
B AlAs calculated A/4

Detailed calculation in [1]
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Combining in-situ reflectance with ex-situ X-ray Reflectometry measurement, we deduce optical

indices dispersion of Al,Ga_,As at growth temperature :
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35| simulation measurement of the GaAs/AlAs DBR compared to the calculated
' I ' M4 thickness.
0.5
AlAS o Very good agreement to the center wavelength of the DBR :l_ Self-phase compensation
3.0 - = . . .
~ ol e Layers thicknesses differ from calculated value and are variable. effect [3]
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Wavelength (nm) 400 °00 Wsa?,%length}?,?ﬂ) 1200 1400 - Challenge to accurately identifying extrema in the reflectance signal during growth
In-situ measured a) refractive indices and b) extinction coefficients of Al,Ga,_,As at 600° C. Shaded colors correspond to the estimated vertical errors. —> Need to do more sample with more periods and configurations (FP cavity)

Conclusion & Perspectives

Key Contributions:
o Established methodology to measure refractive index (n, k) of AlGaAs at growth temperature - Complements

limited literature data.

o Used measured refractive indices to model in-situ reflectance during DBR growth. 5 ;.
o Implemented optimal wavelength method for real-time DBR growth control. : MU LA (et ittt as il J// , ” bbbl |
£ 1000- NAAAAAA ’ 88444 /| 12
_: | as NN
. etk ool o e Mg
o Achieved targeted DBR center wavelength with high reflectivity, but with non-ideal quarter-wavelength layers. || (y | gt it
Perspectives: 5

= Optical flux measurement [4] - Enables alloy concentration control.
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Normalized in-situ spectral reflectance of a VCSEL at 940 nm
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» Toward fully controlled VCSEL growth
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