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Introduction
Titanium nitride (TiN) is a promising alternative plasmonic
material displaying spectral tunability, CMOS compatibility and
refractory properties. As a refractory material, TiN may be
suitable for high temperature and thermo-plasmonic applications
(e.g. HAMR, energy harvesting and photothermal therapy and
imaging).
Here, we present a comparison of the temperature stability of
discrete plasmonic components made of TiN and gold.

Conclusions 
• TiN plasmonic components display improved

morphological stability compared to Au.
• Simulations identify spectral features and confirm TiN

degradation mechanism.

• Degradation mechanism of TiN discs is oxidation,
whereas Au discs is deformation.

• Plasmonic nitride components may benefit from an
encapsulation layer for TiN as an oxidation barrier.

Annealing study
The temperature stability of gold and TiN discs was
assessed in an annealing study. Samples were annealed in
air for 30 minutes at 100, 200, 300, 325°C and CL data
collected after each anneal.

Variation in morphology of Au nano-discs visible at 300 °C.
TiN nano-discs retain shape up to 600°C, however there
are spectral changes for both Au and TiN nano-discs from
200°C.

Degradation mechanism for TiN discs is oxidation, as
confirmed by simulations. Au disc deformation is dominant
degradation mechanism.

Heating in air
Measuring CL

Cathodoluminescence
Titanium nitride and gold discs (h=50 nm, d=150 – 450 nm)
were prepared using electron beam lithography.
Cathodoluminescence (CL) emission spectra were collected
for each disc diameter in the visible spectral range.

CL peaks for TiN discs are broader and at lower energy 
than Au discs. TiN discs display redshift with increasing 
diameter (oxidation), whereas Au blue-shifts slightly.

Au

Au 260 nm TiN 220 nm

Cathodoluminescence Simulations 
Spectral features were identified using a finite element
method. Extinction spectra from plane wave illumination
(s- and p-polarisation) of Au and TiN discs was simulated
and charge distribution maps generated:

Observe higher order modes with increasing disc diameter.

175 nm TiN disc: (Left) λ = 560 nm, 
p-polarised. Out-of-plane dipole
(Right) λ = 1600 nm, p-polarised. 

In-plane dipole

350 nm Au disc; λ = 1040 nm, 
p-polarised (top and bottom 

excitation). 
Out-of-plane quadrupolar mode.
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SEM images of Au (top)  and 
TiN (bottom) at RT (left) and 

after annealing (right). 

Simulated CL response from TiN disc with 
11nm surface TiON layer with increasing 

oxygen content displays red-shift


