
The solid source, dual-reactor Veeco GEN200 
Molecular Beam System (MBE) system is capable of 
the epitaxial growth of dilute nitrides and 
antimony-based films in addition to arsenide- and 
phosphide-based films. 
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The materials deposited in the laboratory are 
characterized optically by ellipsometrya, 
photoluminescence, spectrophotometry, 
structurally by high resolution x-ray diffractionb, 
scanning electron microscopyc, optical microscopy, 
electrically by Hall effect measurements and 
capacitance - voltage measurements. 

IAS is used to deposit 
high quality and low 
loss amorphous or 
poly-crystalline films 
by making use of a 
beam of Argon ions 
directed towards the 
substrate to make the 
sputtered film denser 
and smoother. 
 

The objective of our research is to create and develop advanced and future technologies that create, manipulate and utilize photons.  
To achieve this objective, 

•state-of-the-art deposition techniques are utilized to create new materials and layered structures monolayer-by-monolayer, 
•new devices/structures/components are designed and fabricated to manipulate light, 
•discrete photonic components are monolithically integrated to create photonic integrated circuits. 

Long Wavelength Devices 

A series of aluminum-
cladded, phosphide-based 
laser structures with 
strained InGaAs quantum 
wells were grown and 
characterized.  

A laser is a device that 
emits electromagnetic 
radiation via stimulated 
emission within a gain 
medium between two 
mirrors. A schematic of a 
semiconductor laser is 
shown to the right. 

A mid-infrared semiconductor laser device is of 
great importance in terms of use in ultra-sensitive 
molecular sensing applications, since several crucial 
toxic gas molecules (CH4, CO2, CO, and HCl) have 
their fundamental absorption lines within the 
spectral region spanning from 2 to 4 microns. 

Nanoprecision Deposition Laboratory (NDL) Characterization Methods 

Doped Oxides for Integrated 
Silicon Photonics 

Since silicon is not able to generate light at the 
telecommunication wavelength of 1550nm, 
erbium/ytterbium doped oxides are used to 
generate light in silicon integrated photonic circuits. 
Ion-beam-assisted sputtering is used to deposit the 
doped oxides at substrate temperatures that are 
compatible with silicon CMOS electronics and 
photonic devices (approximately 400 oC). 
 
Shown above is a schematic of a CMOS wafer fused 
to a silicon photonics wafer with a hybrid 
integrated laser and SBR. The erbium-doped 
aluminum oxide layers are deposited using IAS into 
trenches that are subsequently planarized and 
buried with oxide.  

Er-doped aluminum 
oxide to be deposited 
using the IAS in NDL 
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MBE is used to 
deposit single 
crystal films by 
directing molecular 
beams towards a 
heated sample. 
 
 
In the figure, Ga (blue) and As (green) are incident 
on the GaAs surface where they can migrate and 
incorporate at energetically favorable sites. 

The Kurt J. Lesker 
Lab 18 Ion-Beam-
Assisted Sputtering 
System (IAS) is 
capable of 
depositing erbium-
ytterbium-doped 
oxides of aluminum 
and silicon. 

The substrate can be heated to a maximum of 800 oC 
as well as being rotated. The system has a loadlock to 
reduce the impurities incorporated into the film 
during deposition. Additionally, simultaneous 
sputtering from multiple sources is also possible. 

180 μm 

The figure above shows the optical power 
spectrum of a laser with two quantum wells that 
emits at 1.966 microns. 

In the figure to the left, two 
ring resonators are 
incorporated into a laser to 
allow the emission 
wavelength to be varied. 

Devices such as lasers are 
characterized by their 
current-voltage and 
current-light intensity 
measurements. The L-I-V 
measurement system for 
lasers is shown to the right. 

Components for 
Ultra-Short Pulse Lasers 

SBRs have been grown via molecular beam epitaxy 
to work in lasers that operate at a center 
wavelength of 800nm, 850nm, 910nm and 
1550nm. For SBRs with the largest reflectivity 
bandwidth, the dielectric mirror stack contains 
AlxOy as the low index material. In these oxide-
containing SBRs, the AlxOy is formed by the thermal 
oxidation of the as-grown AlAs layers. 

Saturable Bragg Reflectors (SBRs) are used to initiate 
and maintain the generation of optical pulses in free 
space and within a fiber based or waveguide laser.  In 
the laser schematic above, the SBR acts as an 
intensity dependent reflector (mirror). 

SBRs are dielectric mirrors 
made from alternating 
layers of materials with 
different refractive indices. 
An SEM image of an 
AlGaAs/AlxOy SBR is shown 
to the right. 

ahttp://www.tifr.res.in/~arora/Ellipsometry%20setup.jpg, bhttp://dc423.4shared.com/doc/q8ZbKvBm/preview.html , cIchiko Misumi et al 2012 Meas. Sci. Technol. 23 015002 


