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Prof. Sahu's group is providing us Ag2Se and HgTe nanocrystal film samples to measure in the IR-VASE



Abstract 

Developing new materials and devices for improved mid-wave infrared (MWIR) 
photodetection requires a fundamental understanding of the optical properties of the 
materials. Variable-angle-spectroscopic ellipsometry is the gold standard for determining 
the optical properties of thin-film materials. Unfortunately, MWIR ellipsometers are rare, 
making it challenging to determine the MWIR optical properties of new materials. The 
requested IR ellipsometer will allow the PI to measure the MWIR optical properties of 
various candidate materials for high-performance MWIR photodetection. Furthermore, 
the requested temperature-controlled stage will allow these measurements to occur under 
real device operating conditions, which is important for optimizing these new materials 
and integrating them into actual devices. 

Objectives 

1. Acquire a multiangle spectroscopic infrared ellipsometer, manufacturer: J.A. 
Woollam, make: IR-VASE 

2. Setup the IR-VASE instrument in the LSU Nanofabrication Facility 
3. Train users on the IR-VASE 
4. Study the MWIR optical properties of HgTe and Ag2Se nanocrystal films 

provided by our collaborator, Ayash Sahu, at NYU. 
5. Study the MWIR optical properties of noble-transition metal alloy films. 

Findings 

1. Acquire a multiangle spectroscopic infrared 
ellipsometer, manufacturer: J.A. Woollam, 
make: IR-VASE 

An IR-VASE was purchased from J.A. Woollam 
company. 

2. Setup the IR-VASE instrument in the LSU 
Nanofabrication Facility 

J.A. Woollam set up the IR-VASE in the LSU 
Nanofabrication facility (NFF) from January 23rd through 
25th of 2023. Figure 1 shows the tool installed in the NFF. 

 

 
Figure 1. IR-VASE setup in the 
LSU Nanofabrication facility 



3. Train users on the IR-VASE 

Dr. Nina Hong from J.A. Woollam trained users on 
the IR-VASE in the LSU Nanofabrication facility (NFF) 
on January 26th and 27th of 2023. Figure 2 shows Dr. 
Hong during the training event. 

4. Study the MWIR optical properties of HgTe 
and Ag2Se nanocrystal films. 

Our collaborator at NYU, Prof. Ayash Sahu, has 
provided us with thin films of HgTe nanocrystals. The 
nanocrystals were solution synthesized, and the films 
were fabricated by dip coating and subsequent ligand 
exchange. Figure 3 is an electron micrograph of the 
HgTe films post ligand exchange. Figure 4 shows the 
MWIR ellipsometry properties (ψ and Δ) for the HgTe 
films measured by the IR-VASE. The HgTe NC films 
show negligible optical absorption in the MWIR. 

Figure 5 shows the calculated NIR 
optical properties (n and k) for the HgTe 
NC films. The PI used a B-spline fitting 
function and a two layer optical model 
(NC film / Si substrate)  to calculate 
these optical properties from the 
measured ψ and Δ values  Note the 
increase in n and k around 2200 nm, 
corresponding to increased NIR 
absorption in the film. Studies are 
ongoing to determine the ideal NC 

growth and ligand 
exchange conditions. 
The synthesis and film 
assembly procedures 
for the Ag2Se NC films 
have not been 
completely worked out 
yet. Therefore, the PI 
has focused on using 
the IR-VASE to 

Figure 2. Dr. Nina Hong from J.A. 
Woollam trains users at the NFF on the 
IR-VASE. 

Figure 4. ψ and Δ values from 200 nm thick Ag2Se nanocrystal films 
measured on the IR-VASE 

Figure 3. Electron micrograph of a 200 nm thick HgTe 
nanocrystal film post ligand exchange. 



determine the NIR/MIR 
optical properties from 
HgTe NC films and 
provide feedback to our 
NYU collaborators.  

 

 

 

 

 

5. Study the MWIR optical properties of noble-transition metal alloy films. 

The PI also uses the IR-VASE to study the optical properties of noble-transition metal 
alloy thin films. Previously, the PI reported that band hybridization between Cu 3d and Pd 
4d bands resulted in emergent optical properties, which could be observed through NIR 
ellipsometry. The IR-VASE allows us to extend our studies into the MWIR, probing direct 
and indirect transitions close to the Fermi level. Currently, the PI is studying binary and 
ternary alloys of Cu, Pd, Au, and Ni constituent elements.  Figure 6 shows the calculated 
real part of the permittivity (ε1) for 100 nm thick CuxPd1-x alloy films with three 
stoichiometric ratios. The feature at 15 µm in the Cu50Pd50 ε1 requires more investigation 
but indicates the emergent properties of these alloy materials even in the MWIR.  

 

 

 

 

 

 

 

 

 

Figure 6. Real permittivity (ε1) at mid-infrared 
wavelengths for 100 nm thick CuPd alloy films on silicon. 

Values were calculated based on measured ψ and Δ 

values from the IR-VASE.  

Figure 5. Calculated index of refraction (n) and extinction coefficient (k) for 
HgTe NC films. 


