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RESUMEN 

Películas delgadas de nitruro de titanio conteniendo 
entre 70.4 y 87.0% de nitrógeno fueron sintetizadas y 
depositadas en sustratos de silicón (100) mediante 
deposición electrónica de CD de magnetrón reactivo 
variando sistemáticamente la presión en el proceso y 
la temperatura de la superficie del sustrato. Dichas 
películas son únicas en su composición química. Se 
estudiaron propiedades ópticas en la región UV-VIS 
vs rugosidad superficial y estequiometría. Se 
encontró que las reflectancias difusiva y especular 
varían linealmente con la rugosidad superficial y que 
tanto la reflectancia como la absorción dependen de 
la longitud de onda. El coeficiente de absorción lineal 
fue determinado experimentalmente monitoreando 
transientes de temperatura en tiempo real y 
correlacionando los incrementos máximos de 
temperatura con el coeficiente de absorción lineal. Se 
encontró que éste varía entre 9.11x105cm-1 y 
3.84x106cm-1. La profundidad de interacción es entre 
2 y 11 nm, indicando interacción sólo en las 
cercanías de la superficie. 
 

ABSTRACT: 

Nitrogen-rich Titanium Nitride (TiN1+x) thin films 
containing between 70.4 at.% and 87.0 at.% nitrogen 
were synthesized and deposited onto single crystal 
silicon with a (100) crystallographic orientation vía 
the reactive magnetron DC-sputtering by 
systematically varying the Process Pressure, PP, and 
Substrate Temperature, TS. The UV-VIS optical 

properties of these chemically unique TiN1+x thin 
films have been explored vs. surface roughness and 
stoichiometry. The specular and diffusive 
reflectances (ESp and ED) are linearly coupled to the 
root mean square (RMS) surface roughness. The 
reflectance and absorption were shown to be 
wavelength dependent. Absorption coefficients for 
these non-transparent thin films were experimentally 
determined by monitoring the real-time transient 
temperature profile of the films and directly 
correlating the maximum temperature increment to 
the linear absorption coefficient. We find that the 
linear absorption coefficient ranges between 
9.11x105cm-1 and 3.84x106cm-1 and is strongly 
coupled to the incident wavelength and nitrogen 
content. The interaction depths range between 2-
11nm, indicating interaction only near the films’ 
surface. 

 

INTRODUCTION: 

Various transition-metal nitrides such as titanium 
nitride have attracted considerable attention from 
researchers and engineers spanning the spectrum of 
the physical sciences. This is a testament to the 
myriad of potential applications that the Ti-N system 
affords because of its unique properties, such as 
tailorability and affordability. In bulk, TiN tends to 
be quite brittle and difficult to produce, namely 
because hot pressing techniques are generally 
required, or at least often relied upon. The high 
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temperatures and pressures necessary during pressing 
often result in cracked ingots, particularly when the 
TiN is not allowed to cool and thermoelastically 
contract slowly [1]. Consequently, long term 
annealing is implemented, which requires large 
amounts of energy. As a result, TiN is rarely used in 
large quantities; rather it is often used in one- and 
two-dimensional systems, as wires, ribbons and 
mostly as thin films [2-6].  
 
Stoichiometric TiN thin films are quite popular as 
tribological coatings because of their high hardness, 
H~30 GPa, large Young’s Modulus, E~640 GPa, and 
low coefficient of friction, µ~ .05, when in contact 
with steel and aluminum surfaces [7-11]. 
Consequently TiN thin films have been used as wear 
resistant coatings on high speed cutting tools and 
medical scalpels in order to maintain sharpness [12-
14] , as well as on machined parts, such as gears, 
cams, bearings, and shafts, for increased part life 
expectancy. Recently, they have been integrated as 
surface layers within orthopedic prostheses and 
cardiac valves [15, 16], an application which takes 
advantage of their biocompatibility and 
hemocompatability [17, 18].  
 
Their electrical properties are also quite diverse, 
whereby stoichiometric films can behave as metals at 
room temperature [19] and as super insulators at low 
temperatures [20]. As a result they are used as 
microelectronic contacts [21], resistors [22], as super- 
insulating coatings atop superconductors [20]. The 
metal-like conductivities, good mechanical 
properties, high melting temperature, excellent 
chemical inertness, and the complimentary metal-
oxide-semiconductor (CMOS) compatibility of TiN 
has attracted attention from micro and nano electro-
mechanical systems (MEMS and NEMS, 
respectively) engineers who are searching for an 
alternative CMOS structural material [23], especially 
as the state of the art line width has decreased to 
approximately 42nm and the viability of continuing 
to use copper as the material of choice for 
interconnects within integrated circuits becomes less 
and less appealing. In particular they have been used 
as diffusion barriers [24-26] within integrated circuits 
to protect from the diffusion of metals into Si.  
 
Additionally, titanium nitride thin films also exhibit 
quite interesting optical properties. Interestingly 
enough, they also have a niche in the fashion 
industry, as they are used as inexpensive decorative 
coatings on pens, watch dials, etc. [27], because of 
their golden luster. From an optical spectometry 
perspective this is because TiN tends to reflect light 

of longer wavelengths, particularly those 
corresponding to wavelengths in the infrared quite 
readily. Thus, thin films of TiN have been deposited 
onto windows as infrared reflecting coatings [28-31]. 
This is particularly useful when designing 
skyscrapers, as architects are attempting to design 
structures that are energy efficient by using solar 
light instead of traditional electrical sources to 
illuminate the workplace, particularly on sunny days. 
However, damage to eyes and skin due to exposure to 
intense sources of infrared, which often do not occur 
as a result of direct exposure to the solar rays, but to 
focused rays that for example pass through glass, 
such as windows must be mitigated.  
 
Work conducted by Granqvist in 2007 et al. as well 
as others indicates that TiN thin films are promising 
candidates as optical absorption layers atop 
photovoltaic’s in order to improve the energy capture 
efficiency [32, 33]. Recent theoretical calculations 
vía the application of the Drude Model by 
Benhamida et al. suggest that the reflective and 
absorption properties of near stoichiometric TiN1+x, 
thin films with x>0, are dependent on the nitrogen 
content [34]. The calculations suggest that as the 
nitrogen content increases, the absorption will also 
increase, particularly as the photon energy increases, 
or as the wavelength decreases. This increase in 
absorption is attributed to an increased interband 
absorption as a consequence of increased lattice 
imperfections, particularly titanium vacancies and 
nitrogen substitutions [34]. 
 
While promising, these theoretical calculations have 
yet to be tested experimentally, particularly in films 
with high nitrogen contents. Much of the reason for 
this lack of experimentation on films with high 
nitrogen content has been the practical inability for 
producing super-stoichiometric TiN thin films. Prior 
to our previous report in January 2008, the maximum 
nitrogen content reported was 62 at.% vía triode ion 
plating techniques by Ristolainen et al. in 1987 [35]. 
Moreover, the optical properties of these films were 
not pursued. This in tandem with the wide range of 
potential application within industry and academia 
prompted the authors’ interest in characterizing some 
of the films’ fundamental physics. Optical 
reflectometry in the ultra-violet and visible portion of 
the spectrum was implemented in order to 
characterize the specular reflectances, diffusive 
reflectances and absorption properties of these 
nitrogen-rich films, as a function of surface 
roughness, nitrogen content, and wavelength. 
 
EXPERIMENTAL PROCEDURE: 
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The specular and diffusive reflectances, as well as the 
absorption characteristics of the super
TiN1+x thin films were determined for the UV
portion of the spectrum as a function of surface 
roughness and nitrogen contents, respective
optical reflectometry by means of an integrating 
sphere. Specular and diffusive reflections were 
directly measured, whereas absorption was obtained 
by subtracting the specular and diffusive reflection 
from the incident energy, as described in Eq. 
 
 

SpTA EEEE −−=

 
where EA is the absorbed energy, 
incident energy on the sample, ESp

reflected energy and ED is the diffusively reflected 
energy. This procedure is valid as a 500 nm thick 
metallic film does not have any light transmission. 
 
The light source consisted of a Q-Switched, Nd:YAG 
laser coupled to an Optical Parametric Oscillator 
(OPO), capable of emitting 9 ns laser pulses at 
wavelengths spanning from 355 to 2300 nm at a 
repetition rate of 10 Hz. The experiments were 
carried out at wavelengths of 355, 420, 532, 633 and 
709 nm. The energy in each laser pulse was 1 ± 0.3 
mJ; this energy value was selected because it was 
observed that it was appropriate for the experiments 
as it did not cause ablation of the TiN
the unfocused beam. The photodiodes (DET210A, 
Thorlabs) used have 1 ns time response, appropriate 
for the 9 ns laser pulses.  
 
The experimental set up is shown in Figure 
specimen to be tested was placed in the posterior port 
of the integrating sphere and precisely aligned normal 
to the incident beam. The beam splitter transmission 
and reflection were measured for each λ; it 
98% and reflects 2% of the incident light for all λ> 
355 nm and it transmits 85% and reflects 15% for 
λ=355 nm. The laser energy incident on the TiN
sample was monitored with photodiode one, PD1, 
which was previously calibrated against an ener
meter placed in the main beam’s path, succinctly 
before the sphere’s inlet. The diffusively reflected 
light from the sample collected by the sphere was 
monitored by  
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The specular and diffusive reflectances, as well as the 
absorption characteristics of the super-stoichiometric 

thin films were determined for the UV-VIS 
portion of the spectrum as a function of surface 
roughness and nitrogen contents, respectively, via 
optical reflectometry by means of an integrating 
sphere. Specular and diffusive reflections were 
directly measured, whereas absorption was obtained 
by subtracting the specular and diffusive reflection 
from the incident energy, as described in Eq. 1,  

DE  (1) 

is the absorbed energy, ET is the total 
Sp is the specularly 

is the diffusively reflected 
energy. This procedure is valid as a 500 nm thick 
metallic film does not have any light transmission.  

Switched, Nd:YAG 
laser coupled to an Optical Parametric Oscillator 

tting 9 ns laser pulses at 
wavelengths spanning from 355 to 2300 nm at a 
repetition rate of 10 Hz. The experiments were 
carried out at wavelengths of 355, 420, 532, 633 and 

The energy in each laser pulse was 1 ± 0.3 
ed because it was 

observed that it was appropriate for the experiments 
as it did not cause ablation of the TiN1+x films with 
the unfocused beam. The photodiodes (DET210A, 
Thorlabs) used have 1 ns time response, appropriate 

experimental set up is shown in Figure 1. The 
specimen to be tested was placed in the posterior port 
of the integrating sphere and precisely aligned normal 
to the incident beam. The beam splitter transmission 
and reflection were measured for each λ; it transmits 
98% and reflects 2% of the incident light for all λ> 
355 nm and it transmits 85% and reflects 15% for 
λ=355 nm. The laser energy incident on the TiN1+x 
sample was monitored with photodiode one, PD1, 
which was previously calibrated against an energy 
meter placed in the main beam’s path, succinctly 
before the sphere’s inlet. The diffusively reflected 
light from the sample collected by the sphere was 

Figure 1: Schematic of optical reflectometry 
experimental set

 

 
PD2, which was calibrated using a surface that was 
100% diffusively reflective. The specular reflection 
was monitored with PD3. A calibration factor for this 
third photodiode was obtained by taking the average 
of 100 readings and comparing it with the average 
energy of 100 pulses measured in its location; as the 
exact transmission and reflection is known for each 
wavelength, the specular reflected energy can be 
calculated with the following equation:
 
 





= 3

BSR

BST
EE PDSp

 
where ESp is the energy specularly
sample, EPD3 is the energy calculated with PD3 
calibration factor, BST and 
light transmitted and reflected by the beam splitter, 
respectively, and λ is the corresponding used 
wavelength. 
 
The linear absorption coefficient of the TiN thin 
films was determined experimentally. The purpose of 
this experiment is to use a Single Element Detector 
(SED) to record real time temperature transients 
induced in our thin films upon irradiation at different 
wavelengths with the Nd:YAG
previously described. 
conditions occur if a laser pulse is shorter than the 
thermal relaxation time according to equation 3 as 
follows, 
 

τ =

 
here τ is the thermal relaxation time, 
characteristic length, and α
Thermal confinement conditions are fulfilled in our 
experiments: assuming a thermal diffusivity of 
cm2/s and considering the sample thickness of 500 
nm, the characteristic heat diffusion
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Figure 1: Schematic of optical reflectometry 
experimental set-up. 

calibrated using a surface that was 
100% diffusively reflective. The specular reflection 
was monitored with PD3. A calibration factor for this 
third photodiode was obtained by taking the average 
of 100 readings and comparing it with the average 

100 pulses measured in its location; as the 
exact transmission and reflection is known for each 
wavelength, the specular reflected energy can be 
calculated with the following equation: 





+1

)(

)(

λ

λ

BSR

BST
 

(2) 

is the energy specularly reflected from the 
is the energy calculated with PD3 

and BSR are the percentage of 
light transmitted and reflected by the beam splitter, 

is the corresponding used 

coefficient of the TiN thin 
films was determined experimentally. The purpose of 
this experiment is to use a Single Element Detector 
(SED) to record real time temperature transients 
induced in our thin films upon irradiation at different 

e Nd:YAG-OPO system 
previously described. Thermal confinement 
conditions occur if a laser pulse is shorter than the 
thermal relaxation time according to equation 3 as 

α

2
cL

 

(3) 

is the thermal relaxation time, Lc is the 
α is the thermal diffusivity. 

Thermal confinement conditions are fulfilled in our 
experiments: assuming a thermal diffusivity of 0.66 

/s and considering the sample thickness of 500 
nm, the characteristic heat diffusion time is 38ns, 
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which is 6 times longer than the laser pulse duration 
used. 
 
Under thermal confinement conditions, the maximum 
temperature increment is directly correlated to the 
linear absorption coefficient of the material by 
equation 4 as shown below, 
 
 

pc

F
T

ρ

µ
=∆  

 
where ∆T is the temperature increment, 
absorption coefficient, F is the laser fluence and 
and cp are the material density and specific heat, 
respectively.  
 
Figure 2 shows the experimental set up. The SED is a 
liquid nitrogen cooled device that produces a voltage 
signal with nanosecond resolution upon incident 
thermal radiation. In the configuration used, the laser 
beam from the Nd:YAG-OPO system is brought onto 
the thin film samples as shown in the schematic. A 
combination of convex and concave lenses L1 and L2 
is used to reduce the size of the beam to a 1/e
mm diameter, which is appropriate for our sample’s 
size. The thin film samples and SED are positioned 
such that the signal from the SED is maximized. 
Laser pulse energy is monitored by means of the 
photodiode previously calibrated against an energy 
meter placed at the target’s position. A long
filter with 1 µm cutoff wavelength is used in front of 
the SED to filter all visible and UV radiation. Laser 
fluence for the experiments is kept below 40
to avoid ablation of the thin films. 

Figure 2: Experimental set up for determination of 
TiN1+x thin film absorption coefficient

 
The SED was independently calibrated against a k
type thermocouple for each thin film tested as each 
film has a unique emissivity. The thin film and 
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er than the laser pulse duration 

Under thermal confinement conditions, the maximum 
temperature increment is directly correlated to the 
linear absorption coefficient of the material by 

(4) 

is the temperature increment, µ is the linear 
is the laser fluence and ρ 

are the material density and specific heat, 

shows the experimental set up. The SED is a 
liquid nitrogen cooled device that produces a voltage 
signal with nanosecond resolution upon incident 
thermal radiation. In the configuration used, the laser 

OPO system is brought onto 
hin film samples as shown in the schematic. A 

combination of convex and concave lenses L1 and L2 
is used to reduce the size of the beam to a 1/e2 2.675 

m diameter, which is appropriate for our sample’s 
size. The thin film samples and SED are positioned 

ch that the signal from the SED is maximized. 
Laser pulse energy is monitored by means of the 
photodiode previously calibrated against an energy 
meter placed at the target’s position. A long-pass 
filter with 1 µm cutoff wavelength is used in front of 

ED to filter all visible and UV radiation. Laser 
the experiments is kept below 40 mJ/cm2 

Figure 2: Experimental set up for determination of 
TiN1+x thin film absorption coefficient 

The SED was independently calibrated against a k-
type thermocouple for each thin film tested as each 
film has a unique emissivity. The thin film and 

substrate were high-temperature epoxied
block in which a cartridge heater was introduced. The 
heater temperature was controlled by means of a 
variac and the thin film surface temperature was 
monitored by a k-type thermocouple. The calibration 
curves were obtained taking values of the thin film 
surface temperature and the SED voltage while the 
cartridge heater was energized. Such calibration 
curves allowed us to correlate the voltage curves 
from the SED during the experiments to a 
temperature reading that was used for the calculation 
in equation 4.  
 
A typical temperature curve obtained from the 
experiments is shown in Figure 3
a sharp temperature rise when the laser pulse is 
incident on the sample followed by exponential 
temperature decay. Such exponential decay 
corresponds to the temperature decay due to heat loss 
dye to radiation, the actual temperature decay may be 
even more pronounced due to the combination of 
heat radiation and natural convection cooling.
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Figure 3: Typical SED signal obtained f
with 70.4 at. % irradiated with 532 nm

Laser pulse energy was 3.45

RESULTS AND DISCUSSION:

Optical reflectometry of the TiN
a decreasing linear coupling between the specular 
reflectance and the RMS surface roughness for each 
of the 5 wavelengths studied, as shown in Figure 
where the percent energy specularly reflected is 
plotted against the RMS roughness.
expected phenomena, as specular reflectance occurs 
when the surface roughness is much smaller than the 
wavelength of the incident light. 
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temperature epoxied to a copper 
block in which a cartridge heater was introduced. The 

eater temperature was controlled by means of a 
variac and the thin film surface temperature was 

type thermocouple. The calibration 
curves were obtained taking values of the thin film 
surface temperature and the SED voltage while the 

dge heater was energized. Such calibration 
curves allowed us to correlate the voltage curves 
from the SED during the experiments to a 
temperature reading that was used for the calculation 

A typical temperature curve obtained from the 
iments is shown in Figure 3. These curve shows 

a sharp temperature rise when the laser pulse is 
incident on the sample followed by exponential 
temperature decay. Such exponential decay 
corresponds to the temperature decay due to heat loss 

the actual temperature decay may be 
even more pronounced due to the combination of 
heat radiation and natural convection cooling. 

250 375 500

 

 

Time (ns)

 

Figure 3: Typical SED signal obtained from sample 
irradiated with 532 nm wavelength. 

Laser pulse energy was 3.45 mJ 
 

RESULTS AND DISCUSSION: 

Optical reflectometry of the TiN1+x thin films reveals 
a decreasing linear coupling between the specular 
reflectance and the RMS surface roughness for each 
of the 5 wavelengths studied, as shown in Figure 4a, 
where the percent energy specularly reflected is 
plotted against the RMS roughness. This is the 

specular reflectance occurs 
when the surface roughness is much smaller than the 
wavelength of the incident light.  
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The maximum decrease in specularly reflected 
energy as a function of RMS surface roughness 
occurs for λ=709 nm, where it decreases from ~81 % 
to ~23 % with the RMS roughness increasing from 
28 nm to 211 nm, a 58% decrease in ESp. The 
increased RMS surface roughness is responsible for 
an average decrease in ESp = 41%. The increased 
RMS roughness caused a decrease in ESp = 57%, 
49%, 39%, and 1% for λ = 630 nm, 532 nm, 420 nm, 
and 355 nm, respectively. It is interesting to note as 
the wavelength decreases the specularly reflected 
energy diminishes. As λ→355 nm only 
approximately 1% of the incident energy is 
specularly reflected, regardless of the RMS surface 
roughness, while at 709 nm as much as 81% of the 
incident energy is specularly reflected. Again, this is 
expected as the ratio between λ and RMS surface 
roughness decreases. 
 
Conversely, the diffusive reflection was found to 
have a linearly increasing dependence on the RMS 
surface roughness for each of the wavelengths 
explored as is displayed in Figure 4b. The maximum 
increase in ED occurs for λ = 355 nm and the 
minimum increase occurs at λ =709 nm. This is 
exactly what a classical theoretical treatment predicts 
should happen, as λ/(SRrms) is maximized when the 
wavelength is minimized and the ratio is minimized 
when the wavelength is maximized. While it is 
evident that the surface morphology impacts the 
diffusive reflectance, it is interesting to note that the 
maximum diffusively reflected energy for all cases 
was only approximately 5% of the total energy 
incident on the film and on average only ~1% of the 
incident energy was diffusively reflected, indicating 
that the specular reflectance is the dominant 
reflection mechanism. 
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Figure 4a: Percent ESp as a function of RMS surface 

roughness for each λ tested. 
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Figure 4b: Percent ED as a function of  RMS surface 
roughness for each λ tested. 

 
As discussed above, since the TiN1+x films are 
electrically conductive, i.e. non-transmissive to light, 
the absorption can be determined, by subtracting the 
reflected energy from the total incident energy, as 
displayed in Equation 1. While it has been discovered 
that the reflectance is strongly coupled to the surface 
morphology, it was found that the absorption is 
coupled to the film nitrogen content as well as the 
wavelength as displayed in Figure 5. As the film 
nitrogen content increases, it is found that the 
absorption increases monotonically for each constant 
wavelength. This indicates that the prescribed 
processing parameters afford control over the 
ultimate thin film optical properties. The maximum 
increase in absorption occurs at λ = 709 nm, where 
EA increases by 59% from 18% to 77%. The 
increased nitrogen content caused an increase in EA = 
57%, 48%, 35%, and 2% for λ = 630 nm, 532 nm, 
420 nm, and 355 nm, respectively.  
 
However, what is most interesting to note is which 
wavelength is most efficiently absorbed, moreover 
the magnitude of the absorption. We report that the 
maximum absorption occurs at λ = 355 nm where EA 

≈ 99% of the total incident energy for any titanium 
nitride thin film with nitrogen contents in excess of 
70 at.%. We believe that this is the first report of such 
ultra-violet absorption efficiency for TiN thin films.  
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Figure 5: Percent EA vs. Nitrogen Content for each λ 
tested. 

The linear absorption coefficient was also found to be 
dependent on wavelength and nitrogen content. The 
maximum absorption coefficient occurs at λ=355 nm 
where µ=3.84x106 cm-1 for the film with 87 at.% 
nitrogen and decreases to 2.06x106 cm-1 for the film 
containing 70.4 at.% nitrogen and this is displayed in 
Figure 6a. This range in absorption coefficient 
corresponds to a range in interaction depths (1/µ) to 
4.85-2.6 nm as shown in Figure 6b. For λ=420nm 
and 532 nm the absorption coefficients have a wider 
range with respect to nitrogen content, indicating a 
stronger stoichiometric dependence. At λ=420nm the 
absorption coefficient is as high as 3.82x106 cm-1 
with a nitrogen content of 87.0 at.% and reduces to 
by a factor of ~3 to 1.24x106 cm-1 as the nitrogen 
content reduces to 70.4 at%. These values correspond 
to interaction depths of 8-2.61 nm. At λ=532 nm the 
absorption coeffiecient decreases by a factor of 4 
over the same nitrogen content range from 3.55x106 
cm-1 to 9.11x105 cm-1 which corresponds to 
interaction depth range from 11nm to 2.81 nm. These 
interaction depths are quite in line with theoretical 
expectations for interaction depths for electrical 
conductors such as metals, although TiN1+x is a 
conducting ceramic. Additionally, these interaction 
depths confirm that all of the interaction is at the 
surface of the thin films which indicates that thermal 
confinement is plausible as we assumed in the 
discussion above. 
 
The increased absorption as a function of nitrogen 
content correlates with the predictions offered by 
Benhamida et al. in 2007 via the application of the 
Drude Model, which suggested that the optical 

properties should be stoichiometrically dependent 
[34]. Benhamida et al. propose that the increased 
nitrogen content is due to interstitial inclusion of 
excess nitrogen atoms within the NaCl crystal 
structure of TiN. Under these assumption they 
calculate an increase in the electronic interband 
transitions with an increased photon energy, or 
decreased wavelength. Our results are qualitatively in 
line with these calculations. however, a quantitative 
discussion is lacking, as do the means for 
experimentally confirming the interband transitional 
mechanism. 
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Figure 6a: Linear Absorption Coefficient µ vs. 
Nitrogen Content 
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CONCLUSIONS: 

Nitrogen-rich Titanium Nitride (TiN1+x) thin films 
containing excess nitrogen ranging between 70.4 
at.% and 87.0 at.% were synthesized and deposited 
on (100) Si via the reactive magnetron DC-
sputtering. The reflectance and absorption were 
shown to be wavelength dependent, with EA,max=99% 
occurring at λ=355 nm and ERef,max occurring at λ = 
709 nm. The linear absorption coefficient ranges 
between 9.11x105cm-1 and 3.84x106cm-1 and is 
strongly coupled to the incident wavelength and 
nitrogen content of the films. The interaction depths 
range between 2-11 nm, indicating interaction only 
near the surface of the films. The specular and 
diffusive reflectances were discovered to be 
monotonically dependent on the RMS surface 
roughness, indicating that the surface morphology of 
the produced films cannot be ignored when trying to 
develop an optically reflective coating using super-
stoichiometric titanium nitride thin films. In 
particular it was found that the specular reflectance is 
the dominant reflectance mechanism as opposed to 
diffusive reflectance. The absorbance was also found 
to be monotonically dependent on the nitrogen 
content. A qualitative argument was proposed to 
explain the absorption’s stoichiometric dependence 
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