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Abstract 

Transistors are the key component of everyday electronics, so the search for new materials and production 
methods becomes indispensable. 

The present work has two main goals: the study of the optimal deposition conditions for the production of 
Zinc Nitride films by Pulsed Laser Deposition (PLD) and its later use to produce a Thin Film Transistor (TFT).  

We have focused our study on two main deposition parameters: laser wavelength and substrate 
temperature. The film properties, particularly its morphology, showed a strong dependence on laser 
wavelength. The green line of a Nd:YAG laser (532 nm) proved to be the best compromise. The substrate 
temperature also influences the film properties leading to the conclusion that Zinc Nitride might only be PLD 
produced at temperatures beyond 350ºC. The films showed crystalline structure, the estimated band gap was 
on average 3.22 eV and resistivity had a range of 10-2-100 Ω.cm. A high percentage of Oxygen was found on 
the film surface, as predicted by the literature. 

Three MIS structures were analysed using I-V and C-V measurements. We have decided to use two 
substrates for the TFT test structures: AlN on p-Si and ATO on ITO. Transfer characteristics and output 
characteristics measurements were undertaken. Although some optimization is necessary, we demonstrated 
that Zinc Nitride is a good candidate to be used as channel layer in TFT production. The AlN-based TFTs 
showed the best performance with threshold voltage of 1.1 V, sub-threshold voltage swing of 1.1 V/decade, an 
on/off ratio of 104 and 0.6 cm2/Vs saturation mobility. 
 
1. Introduction  

The TFT is a field effect transistor (FET). Its 
structure and operation principles are similar to 
those of the metal oxide field effect transistor 
(MOSFET). However, there are some important 
differences to consider: TFT frequently uses an 
insulation substrate, the production temperatures 
are usually lower and the absence of p-n junctions in 
the Drain and Source contacts, which leads to a 
slightly different mode of operation. 

In the last decade, a new impulse has been given 
to this research field especially in areas such as the 
transparent and organic TFTs.  

Some of the possible TFT applications include 
integrated displays, photovoltaics, sensing devices, 
smart labels, lightning, and integrated logic devices.  

Zinc Nitride (Zn3N2) is a group II-V compound 
semiconductor. This is still a poorly understood 
material with reported shifting properties, depending 
on the production method. It has recently drawn the 
attention of a number of research groups, including 
ours. Several production methods have been used. 
It is a hot topic in materials science, with several 
articles published in the last couple of years. 
Properties like the optical band gap are yet to be 
established by the scientific community with new 
results cropping up recently. 

Zinc Nitride is a promising semiconductor to use 
in electronic and optoelectronic applications 
(photovoltaic, sensors, TFTs and so on) owing to 
low cost and ecological friendliness. The high 
availability of its composing materials is also 
appealing. 

This work focuses on the Pulsed Laser 
Deposition of Zinc Nitride thin films and its possible 
use as the semiconductor layer of a Thin Film 
Transistor (TFT). An auxiliary programme was 
specifically built on the Labview 8.6 platform to 

perform the I-V measurements needed in this work. 
Several other characterization methods were used: 
transmission, SEM, C-V, XRD and XPS. 

This experimental work was done at the Physics 
Department of Instituto Superior Técnico, Lisbon, 
Portugal. The work was supervised by Professor 
Reinhard Schwarz and Dr. Rachid Ayouchi. PLD 
depositions, I-V, C-V and transmission 
measurements were obtained using the research 
group infrastructure available at the Physics 
Department. XRD and SEM were done with a 
diffractometer of the ICEMS group. XPS analysis 
was carried out at the Physics Department of 
Universidade Nova de Lisboa by the “Ciência de 
Superfícies e Tecnologia de Vácuo” group. 

Part of the experimental results of this work will 
be presented at a poster presentation at the EMRS 
2013 conference, in Strasbourg, France with the 
title: Reactive Pulsed Laser Deposition of Zinc 
Nitride thin films. 
 
2. Literature Review 
2.1 Pulsed Laser Deposition (PLD) 

Pulsed Laser Deposition (PLD) is a physical 
vapour deposition technique. There are three main 
types of PLDs: conventional, inert gas and reactive. 
In this thesis the Reactive PLD was used. 

An optical system focuses a high power laser and 
enters the deposition chamber through a viewport. It 
then travels through the chamber and hits the target, 
evaporating part of it. The evaporated material 
subsequently interacts with the environmental gas 
and deposits on the substrate. The deposition 
process may be split into four main phases: laser-
target interaction, gas phase transportation, 
deposition and nucleation and film growth.  

The presence of particles on the film and the 
unintentional sputtering of the film and the substrate 
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are two critical problems of this production method. 
[1-4] 
 
2.2 Zinc Nitride: Properties and Production 
Methods 

Zinc Nitride (Zn3N2) is a group II-V compound 
semiconductor with cubic antibixyte structure, the 
lattice constant of which is a = 9.78(1) Å. The crystal 
structure is shown in Figure 1.  
 

 
Figure 1 - Zn3N2 crystal structure [11] 

 
Zinc Nitride has in the recent years drawn the 

attention of several research groups. The results, 
however, have been very scarce so far. In particular, 
reports differ strongly concerning the compound 
band gap, which has shown dependence on the 
production method. This fact makes the Zinc Nitride 
a still poorly understood material that requires 
further research. 
 
2.2.1 Zn3N2 Production by PLD 

The deposition of Zinc Nitride by PLD has not yet 
been extensively studied, to our knowledge, it has 
only been produced by S. Simi et al. [5] and our 
group either RF-assisted [6,7] or not [8]. 

The optical band gap was reported to be direct 
and its value varied from 3.2 to 3.5 eV [5-8]. The X-
Ray peaks seen were observed at 34.2° and 36.8° 
[6-8]. The morphology reported sub-micrometer 
crystallites distributed discontinuously over the film 
surface. 
 
2.2.1 Zn3N2 Production by other methods 

Several other methods were used to produce this 
material such as Molten Salt Electrochemical 
Process [9], Molecular Beam Epitaxy (MBE) [10], 
Filtered Cathodic Vacuum Arc Deposition [11], 
Plasma-assisted Metal Organic Chemical Vapour 
Deposition [12] and, predominately, RF Assisted 
Magnetron Sputtering [13-24]. 

Concerning the film morphology, there is no 
agreement in the literature whether the growth 
conditions influence the film morphology and grain 
size. Either no dependence was detected [13] or it 
was reported that the grain size increased with 
increasing temperatures [14]. 

Regarding the optical properties, there is a strong 
discrepancy between the results reported. The 
material is generally said to be a direct 
semiconductor. The optical band gap has a high 
inconsistency between the obtained values with two 
groups of values: 1.01-1.47 eV [9,13,14,16-18] and 
3.2 eV [21]. 

Most research groups study the crystal structure 
of Zinc Nitride using the X-Ray Diffraction (XRD) 

method. The mostly reported peaks are the 2θ 
angles: 34.4º that corresponds to the (321) Miller 
plane and 36.8º that corresponds to (400) plane. 
Both of these peaks exist in the antibixyte crystal 
structure [26]. However, the (400) peak is also 
observed in the metallic Zinc diffraction pattern [27]. 

The electrical properties of this material have 
also been extensively studied. Resistivity values are 
reported in the range of 10-3 - 10-1 Ω.cm with a 
strong dependence on the substrate temperature 
[13,15]. The carrier mobility of zinc nitride films was 
reported to have a range of 10-1-100 cm2 V−1 s−1 
[13,14,16.18,19,22]. Hall measurements reported n-
type films [13,14,18,19,32]. Metallic contacts with Al, 
Au and Cu showed good ohmic behaviour. [8] 

Oxygen contamination has been reported as a 
common Zinc Nitride production issue. Zinc is a 
hydrophilic material [18], which means it has the 
tendency to absorb the water vapour present in the 
atmosphere. Also, Oxygen is more reactive than 
Nitrogen because of their different electronic 
properties. These two facts make very probable the 
contamination of Oxygen in Zinc Nitrides films. The 
Oxygen may thus combine with Zinc atoms forming 
Zinc Oxide (ZnO), Zinc Oxynitride(ZnON) or Zn(OH)2 
structures and altering several film properties 
[9,13,18,23]. 
 
2.3 Thin Film Transistor (TFT) 

Thin Film Transistors (TFTs) are FETs and have 
a very similar mode of operation to the MOSFETs. 
However, MOSFETs work in inversion mode and 
TFTs in accumulation mode. The staggered bottom 
gate configuration will be used in this work. The 
following analysis is done for an n-type TFT. Two 
assumptions are made: carrier mobility and 
capacitance are constant along the channel length. 
 
2.3.1 Mode of Operation 
Off-state: When a negative voltage is applied to the 
gate (VG<0V), it induces a depletion of the electrons 
from the semiconductor-dielectric interface, which 
prevents the current flow from drain to source. 

 
Linear Region: When a positive voltage (VG>0V), 
higher than the threshold voltage, is applied to the 
gate electrode, it produces a downward band 
bending and an accumulation of electrons in the 
semiconductor-insulator interface. This creates a 
conducting channel between the drain and the 
source contacts. When a positive voltage is applied 
to the drain contact, with 푉 < 푉 − 푉 , the induced 
electrons flow from the source to the drain through 
the channel and the current has the opposite 
direction. The higher the voltage applied to the drain, 
the higher the current flow.  The device is in the 
linear region and its drain current is given by: 

퐼 =
W
퐿  µ C  [(푉 − 푉 )푉 −

1
2푉 ] 

 
Saturation Region: When the drain voltage reaches 
the point when there is virtually no voltage drop at 



3 
 

the drain end of the channel, with 푉  ≃ 푉 − 푉  , 
which prevents the induction of the channel and the 
device is said to be pinched-off. The drain current in 
the saturation region is given by: 

퐼  ≃
1
2

W
퐿 µC [(푉 − 푉 ) ] =

1
2

W
퐿 µC (푉  )  

 
2.3.2 Non-ideal TFTs  

Insulator and insulator-semiconductor interface 
charges, scattering mechanisms and leakage 
current may seriously compromise the device 
operation. 
 
2.3.3 TFT Performance Evaluation:  

A few parameters are typically used to 
characterize the quality of operation of a Thin Film 
Transistor such as: on/off ratio, sub-threshold swing 
(S) and mobility (µ). 
 
2.3.4 TFTs with Zn3N2 and ZnON 

Zinc Nitride and Zinc Oxynitride have also drawn 
the attention of the researchers as potential 
semiconductors to use as channel layer in TFTs. To 
our knowledge, three groups have successfully done 
this: two by Sputtering [19,28] and one (ours) by 
PLD [8]. 

Concerning the PLD case [8] a Zn3N2 layer was 
deposited. The mobility was 0.073 cm2 V-1 s-1 and 
the threshold voltage was -6.8 V. A poor 
semiconductor-insulator interface and damage 
caused to the insulator during the deposition were 
also reported. 

For the Zinc Nitride TFT produced by Sputtering 
[19] the researchers reported that no transistor-like 
characteristics were observed with the deposited 
structures and a rapid thermal annealing was 
necessary. The TFT was said to work in 
enhancement mode and the threshold voltage varied 
according to the annealing temperature: 14V for 
300ºC and 6V for 400ºC. The mobility increased with 
increasing annealing temperature. 

For the case of TFT produced with Zinc 
Oxynitride by Sputtering [28], the on/off ratio was 
said to be 4*108, the threshold voltage 0.5V, the sub-
threshold swing 0.8V/decade and the saturation 
mobility 10 cm2 V−1 s−1. 
 
3. Experimental Methods 

 
Figure 2 – Our PLD system 

 

In this experimental work, Zinc Nitride films were 
prepared by Pulsed Laser Deposition (PLD). A UHV 
stainless steel chamber was used. Two vacuum 
pumps (rotary and turbomolecular) were used to 
produce vacuum, reaching a base pressure of 
around 10-6 mbar. A metallic target (99.9999% 
purity) from Alfa Aesar was used and the deposition 
was made in Nitrogen (N2) background at a constant 
0.2 mbar pressure. During deposition, the substrate 
is in contact with a set of irradiating lamps that 
increase the substrate temperature. The 
temperature will be varied in the range 100-500ºC. 

 A Nd:YAG laser was  used in the Q-switching 
mode. The laser has three possible wavelengths: 
266 nm (UV), 532 nm (Green) and 1064 nm (IR). 
Deposition with the three wavelengths will be 
studied. The frequency and duration of the pulses 
were set to 10 Hz and 5 ns. The laser pulse hits the 
target with a 45º angle of incidence. 

After deposition, several characterization 
methods were used to grasp the film/device 
properties. The optical properties were studied with 
a transmission setup with a Xenon lamp and with a 
linear array CCD based spectrometer (Horiba Jobin-
Yvon, VS140). The morphology was studied using a 
Jeol 7001F SEM instruments. This instrument has a 
magnification up to 100,000 times, but we paid 
special attention to the 1,000x and 50,000x 
magnified images. For the electrical measurements, 
were used two/three probes, a Lock-In Amplifier 
SR830 and a Keithley 6485 picoammeter. I-V curves 
were acquired with the help of a Labview 
programme built on purpose for this work. C-V 
measurements were done using an auxiliary circuit 
and another Labview programme. A Philips Pw3020 
with CuKα radiation X-ray diffraction (XRD) 
instrument and a 20-60º range was used to 
understand the structural properties. The chemical 
composition of the surface was analysed with a 
VSW XPS system with the Class 100 energy 
analyzer X-Ray Photoelectron Spectroscopy (XPS) 
instrument. 
 
4. Film Deposition and Characterization 

In this Chapter, we study the influence of two 
important parameters of PLD in the film properties: 
the laser wavelength and the substrate temperature. 
In this process, the thin films were deposited on a 
Glass (BK7) substrate. 

 
Figure 3 – Plasma plume during deposition 

 
4.1 Film Properties vs Laser Wavelength 

One fundamental parameter in PLD is the laser 
wavelength. Since our instrument has three possible 
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lines, in this step we studied the most suitable one 
for the deposition of Zinc Nitride thin films. The three 
samples used in this study are: ZnN23 (266 nm), 
ZnN21 (532 nm) and ZnN22 (1064 nm). 
 
4.1.1 Morphology 

Figure 4 shows the morphology comparison of 
the films deposited with the three lines of the laser. 
To obtain these images the magnification of the 
SEM microscope was set to a micrometric scale. 

 

 
Figure 4 - SEM images with 1000x magnification: a) 266 

nm, b) 532 nm and c) 1064 nm. 
 
As previously predicted, films produced by PLD 

have particles at the surface. These particles have a 
diameter of up to a few micrometers and, taking into 
consideration their size and geometry, were 
probably ejected from the target (particulates). The 
fact that we used a metallic target promotes the 
deposition of these unwanted particulates. We also 
found that the films have pinholes. These structures 
are due to the unintentional sputtering caused by the 
fraction of the particles that hit the film with high 
kinetic energy and are unable to deposit in it, as 
reported by the literature. 

The particles were particularly detected when 
using the infrared line (ZnN22) and their presence in 
the films increases with increasing wavelength just 
as it is predicted by the literature. 

The nanometric scale microscope imaging of the 
three samples showed that the films are uniform and 
have different grain sizes, with larger dimensions for 
the films deposited with the green line. At this 
wavelength, the grain size appears to be 40-50 nm. 

Concerning the morphology, the UV line seems 
to produce the films with the best quality. However, it 
was detected a power diminishing effect caused by 
a layer of a Zinc compound in the chamber quartz 
window. This effect is particularly significant for 
lower wavelengths and, combined with the fact that 
the UV line has originally a lower power, may 
explain the extremely low deposition rate of the UV 
line. 
 
 

4.1.2 Optical Properties 
Figure 5 presents the transmittance of the three 

samples. At low incident photon wavelengths, even 
beyond the optical band gap, there is light 
transmission leading to a pedestal. This behaviour 
may be explained by the non uniformity of the films, 
the film thickness and the presence of pinholes 
shown in the SEM images. In sample ZnN21 one 
might detect an interference fringe pattern that can 
be explained by the multiple reflections at the 
different interfaces (air-film-substrate) that take 
place for films with a larger thickness. 

 

 
Figure 5 - Transmittance spectrum of the three samples. 

a) 266 nm, b) 532 nm and c) 1064 nm 
 
4.1.3 Electrical Properties 

Current-Voltage measurements were undertaken 
and the film resistivity was then computed taking the 
geometrical parameters into account. The obtained 
values were: 3760 Ω.cm for ZnN23, 72 Ω.cm for 
ZnN21 and 338 Ω.cm for ZnN22. Hence, the 
resistivity varies greatly with the laser wavelength 
and has its minimum with the Green laser line. This 
phenomenon may be explained by the different 
morphologies shown above considering that the 
maximum of conductivity corresponds to the 
maximum of grain size in the Green line deposition. 

Moreover, the existence of pinholes, particularly 
present in the IR deposited sample, and the film 
thickness, lower in the UV deposited sample, also 
deeply affect the current flow 

 
After analysing the previously stated results, we 

decided to use the Green line. This is a compromise 
since this line reaches the target with an 
intermediate power.  

From this point on, all the depositions presented 
were done using this line (532 nm). 

 
4.2 Film Properties vs Substrate Temperature 

In this step, the influence of the substrate 
temperature on the film properties was studied. For 
this purpose, a different temperature was chosen for 
each sample deposition. The samples used and 
their substrate temperatures are as follows: ZnN32 
(100ºC), ZnN33 (200ºC), ZnN34 (300ºC), ZnN39 
(400ºC) and ZnN37 (500ºC). 
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4.2.1 Morphology 
The SEM images of each sample at micrometric 

scale showed that the uniformity and particle 
presence is extremely dependent on the substrate 
temperature. At low temperatures, there is a higher 
density of these particles. 

The target-originated particulates travel trough 
the space between the substrate and the target, 
which is filled with Nitrogen, and their surface suffers 
nitridation forming Zn-N bonds. As the deposition 
temperature rises, it causes the melting of the 
particles present at the film surface inducing also its 
later on nitridation. In addition, the particles that 
reach the substrate but are not deposited on it might 
cause pinholes on the film surface. This effect is 
also diminished with a higher surface temperature 
since the film structure is able to reorganize itself 
and fill some of the pinholes created. 

The particle presence dependence on 
temperature presented is in accordance with the 
typical results reported by the literature when using 
PLD as production method. 

 

 
Figure 6 - SEM images with 50000x magnification.  

a) 100ºC b) 450ºC 
 
Figure 6 shows the SEM images at a nanometric 

scale. The films are crack free and densely packed. 
It is also clear that the grain size varies with the 
temperature. Each sample grain size was estimated 
and found to have a nanometric size. The grain size 
first increases with the temperature until the 300ºC 
and then decreases.  
 
4.2.2 Optical Properties 

Transmission measurements were undertaken 
for each sample and the resulting computed 
transmittance is plotted in Figure 7. 

The higher the substrate temperature the higher 
the estimated transmittance. Some phenomena that 
occur at the film surface, such as light scattering and 
reflection prevent the light transmission and are 
extremely film morphology dependent. The plateau 
seen at lower wavelengths also increases with 
increasing temperature and may be due to lower film 
thickness.  

The correlation of the transmittance beyond the 
band gap with the substrate temperature is in 
accordance with the consulted literature. 

The determination of the optical band gap was 
undertaken using the method presented by Tauc et 
al. [29] assuming a direct band gap, as described by 
the majority of the literature. The determined energy 
gaps are very similar among them and are on 

average 3.22 eV, except for the ZnN32 (2.78 eV) 
due to its surface roughness and  high density of 
metallic Zinc particles at the surface. Besides this, 
there seems to be no major correlation of the band 
gap and the substrate temperature.  

 

 
Figure 7 - Transmittance spectrum for different substrate 
temperatures. a) 100ºC, b) 200ºC, c) 300ºC, d) 350ºC, e) 

400ºC and f) 500ºC 
 

The estimated band gaps are closer to the 
second group of values mentioned in the literature 
and are near the tabulated Zinc Oxide band gap (3.3 
eV). From this characterization method we can infer 
that there is possibly Zinc Oxide in our films caused 
because of the Oxygen contamination at the film 
surface.  
 
4.2.3 Structural Properties 

X-ray diffraction was done to all the samples and 
the scan range was set to 20-60º. In Figure 8 are 
plotted the diffraction patterns of three of these 
samples (ZnN32, ZnN35 and ZnN37). One can note 
the presence of two main peaks: one at 34.4º and 
the other at 36.8º. Both peaks have been reported 
by the literature to correspond to the Zinc Nitride 
diffraction pattern.  

 

 
Figure 8 - XRD spectrum of the different samples. 

Logarithmic scale logarithmic with range [30; 3000] for 
each sample. a) 100ºC, e) 400ºC and f) 500ºC 

 
At low substrate temperatures, the 36.8º peak is 

predominant. This peak corresponds to the (400) 
Miller plane and is tabulated to exist on both the Zinc 
Nitride [26] and Zinc spectra [27]. However, it is 
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predominant in the metallic Zinc spectrum and can 
thus be used as a strong indication of the presence 
of this element in the film. This peak preponderance 
in our spectra decreases as the temperature rises. 
This phenomenon may be explained by the fact that 
at higher temperatures the nitridation of the ablated 
species is more likely to occur. In addition, at low 
temperatures, as seen in the SEM images, there is a 
high density of Zinc particles at the film surface and 
the high intensity of the (400) peak may be due to 
this fact.  

The 34.4º peak thus gains relative intensity for 
higher substrate temperatures which may be 
assumed to be caused by a higher presence of Zinc 
Nitride in the film. This effect is particularly 
noticeable for temperatures beyond 350ºC, leading 
to the assumption that a true Zinc Nitride film is only 
deposited beyond this point. 

The structural properties dependence on the 
substrate temperatures follows the same trend as 
the consulted literature, where the (321) peak also 
gains preponderance with increasing substrate 
temperatures in detriment of the (400) peak. 

The crystal size of the samples with temperature 
above 200ºC was estimated. The crystal size in the 
(321) orientation first decreases with increasing 
temperature until the 350ºC and increases beyond 
that point. This observation corroborates the 
hypothesis that 350ºC is a turning point in the Zinc 
Nitride film deposition.  
 
4.2.4 Electrical Properties 

Figure 9 shows the resistivity as a function of the 
substrate temperatures. The curve has its maximum 
at 350ºC. This behaviour may be explained by the 
different ratio metal/semiconductor on the film.  

 
Figure 9 - Resistivity temperature dependence 

Furthermore, the resistivity variation with the 
temperature is coherent with the crystal size 
variation. This might be explained by the fact that 
lower crystal sizes generate a higher number of 
potential barriers that the signal has to overcome to 
flow through the film. 

These are generally higher resistivities than the 
results reported by the literature where the range 
was 10-3-10-1Ω.cm. Also, the temperature 
dependence is similar but the peak is at 350ºC 
whereas in the literature it is at 100ºC. 

4.2.5 Oxygen Contamination  
XPS measurements were performed to samples 

with two different substrate temperatures (300ºC and 
400ºC). Four main elements were found in this 
analysis: Carbon, Oxygen, Zinc and Nitrogen. The 
presence of Carbon is justified by the typical 
contamination of this element at the surface of 
samples that were in contact with the atmospheric 
ambience. Oxygen contamination at the film surface 
also occurs, which is in agreement with the literature 
and our previous assumptions. A low percentage of 
Nitrogen was detected. However, this element is 
difficult to detect mainly due to its low XPS 
sensitivity. 

Atomic concentrations, showed in Table 1, were 
determined from the photoelectron peak areas using 
Shirley background subtraction and sensitivity 
factors provided by the instrument manufacturer. 

 
Ts  Composition (%) 

(ºC) C O Zn “N” 
300 19.1 40.1 36.6 4.2 
400 27.4 47.7 22.3 2.6 

Table 1 - Sample surface composition 
 
After this first analysis, sputtering was done to 

the sample with 300ºC of substrate temperature.  
Argon was used to remove the first layers of material 
and to do a deeper analysis.  

Figure 10 shows the XPS spectrum before and 
after 20 and 40 sputtering cycles. These last two 
curves are fairly similar to each other and different 
from the surface spectrum. The obtained sample 
composition is as follows: C 13.6%, O 35.6%, Zn 
32% and “N” 18.8%. 

 
Figure 10 - XPS spectrum for substrate temperature of 
300ºC before sputtering, after 20 cycles and after 40 

cycles of sputtering 
 
A decrease in the Carbon, Zinc and Oxygen 

predominance is clear. Hence, the Nitrogen 
apparently gains preponderance. However the XPS 
sensitivity does not allow guaranteeing that the 
observed peak corresponds to the Nitrogen. In 
addition, it is important to take into consideration the 
fact that, even though sputtering was done, we are 
still analysing the first layers of the sample as is 
testified by the high percentage of Carbon detected. 
Moreover, it has been reported that sputtering done 
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with Argon gas does a preferential sputtering to the 
Nitrogen atoms. 

The previous analysis confirms the presence of 
Oxygen on our film surfaces. This is coherent with 
the literature and may be the cause of the high 
optical band gap obtained previously. A further 
sputtering treatment would be necessary to 
understand how deep the Oxygen contamination 
reaches. 
 
5. Results on MIS and TFT Production 
5.1 MIS studied 

In this section we study three structures to 
possibly be used as substrates of our TFT test 
structures: Glass+ITO+ATO, AlN+Si - 1 and AlN+Si 
- 2. The three structures had Aluminium deposited 
on top of the insulator to form a true MIS structure. 

The ATO layer has a 200 nm thickness whereas 
the AlN thickness is approximately 200 nm. The 
Silicon is p-type. 

To better understand the behaviour of these and 
to decide if they are viable to be used as TFTs 
substrates, measurements of transversal I-V and C-
V curves were done. 
 
5.1.1 I-V Characteristic 

 
Figure 11 - Transversal I-V Curves of the MIS structures 

 
Figure 11 shows the transversal I-V curves of the 

three substrates. Even though ideally an insulator 
should not allow any charge flow through it, in real 
insulators that is not the case. In the transversal I-V 
curve of the three structures, there is, in fact, current 
flow through the insulators. The substrates show two 
different behaviours. AlN+Si – 1 shows a Schottky 
barrier with relatively high leakage currents (10-5 A) 
that might compromise the performance of a TFT 
device. AlN+Si – 2 and ATO+ITO show ohmic 
conduction. 

ATO+ITO and AlN+Si - 2, both curves show an 
ohmic characteristic with high resistance. We can 
observe hysteresis on both curves being 
considerably higher for the ATO+ITO structure. 
 
5.1.2 C-V Characteristic 

The C-V curve of the three substrates is shown in 
Figure 12. The AC signal had a frequency of 1 kHz 
and amplitude of 100mV. 

 
Figure 12 - C-V curves of the MIS structures 

For the AlN+Si (1 and 2) substrates, we obtain a 
typical behaviour of a p-type MIS structure. 
Considering that the AC signal had a relatively high 
frequency, the electrons do not have time to respond 
to it and the device does not enter the strong 
inversion region of operation.  

Concerning the ATO+ITO, there is no significant 
variation of the capacitance with different bias 
voltage. This may be explained by the fact that the 
ITO has a very high conductivity and behaves 
almost as a metal.  

Taking into consideration the electrical properties 
shown above, it was decided to use the ATO+ITO 
and AlN+Si – 2 as substrates of the TFT. The ATO 
and the AlN will be the insulators and the ITO and 
the Si will be the gate electrodes on our structures. 
 
5.2 Zinc Nitride Deposition Conditions 

Two substrate temperatures will be tested: 400ºC 
and 450ºC. A layer of Zinc Nitride with approximately 
150 nm thickness was then deposited on both 
substrates. 
 
5.3 Contact geometry 

The source and drain contacts, necessary for the 
TFT structure, were approximately 100 nm thick and 
have a rectangular geometry. The W/L ratio was set 
to: 4000 µm/750 µm.  
 
5.4 TFT structure 

The final TFT test structures have a staggered 
bottom-gate configuration. 

 
6. Results on TFT operation 

TFTs were produced depositing Zinc Nitride films 
on top of two substrates (ATO+ITO and AlN+Si) with 
two substrate temperatures (400ºC and 450ºC). 
Four samples were hence analysed: ATO400, 
ATO450, AlN400 and AlN450.  

SEM images, optical and electrical 
measurements were performed, showing similar 
properties to the ones described before.  
 
6.1 TFT on ATO+ITO Substrate 
6.1.1 Output characteristics 
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Figure 13 shows the output characteristics of the 
TFT ATO400 and ATO450 samples. The two plots 
have very different characteristics between each 
other and deviate from typical output characteristic 
of a TFT. 

The ATO400 shows diode-like curves with 
increasing currents as the gate voltage increases. 
The intersection of the different curves occurs at VD 
~ -4V. For further negative Drain voltages, 
particularly for high gate voltages, there is a high 
Drain-Source current up to microamperes. 

The ATO450 sample shows several square-root 
curves with higher slopes for higher gate voltages. 
However, almost no saturation can be seen and the 
lines intersect at Drain voltage of -8V. 

On both of these plots it is noticeable a strong 
influence of a leakage current from the gate 
electrode (ITO), through the insulator (ATO) onto the 
semiconductor layer (Zn3N2). This current seriously 
compromises the device operation.  The estimated 
resistance at VD=0V post deposition is 10 MΩ. We 
see that the resistance decreases by about two 
orders of magnitude after the deposition. The 
occurrence of leakage currents across ATO layers 
had also been reported by the literature [9,10]. 

 

 
Figure 13 - Output Characteristics of the TFTs: a) ATO400 

b) ATO450 
 
6.1.2 Transfer characteristics 

The square-root transfer characteristic of both 
TFTs showed a linear behaviour. The extrapolated 
threshold voltages are -1.8V for the ATO400 and -
5.2 V for the ATO450. Since these are n-type TFTs, 

the threshold voltages indicate that these are 
depletion-mode devices. 

Both TFTs have a low amplification power as 
demonstrated by the sub-threshold voltage swing 
values (3 and 6 V/decade). The on/off ratio however 
has a very low value (~10) as a result of the leakage 
currents that exist in these devices. 

The device mode of operation detected is similar 
to those obtained with a back-to-back diode 
configuration, typical of a Bipolar Junction Transistor 
(BJT). More work would be needed to fully analyse 
those models which are commonly adopted in 
electrotechnical circuit simulation that is outside the 
present work focus. 
 
6.2 TFT on AlN+Si-2 Substrate 
6.2.1 Output characteristics 

Figure 14 shows the output characteristics of 
two TFTs produced on top of the AlN+Si - 2 
substrate deposited at different substrate 
temperatures and we can see a FET-like behaviour. 
However, there are several deviations from the ideal 
case. 

 

 
Figure 14 - Output Characteristics of the TFTs:  a) AlN400 

b) AlN450 
 
Two main characteristics of these plots have 

drawn our attention: relatively high ID currents for 
zero and negative Drain voltages. At both of these 
conditions, only a negligible current should be able 
to pass through the Zinc Nitride film. However, that 
is not the behaviour that we observe on both of 
these plots. For VD in the range [-8, 0] V, non-zero 
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currents that clearly increase with, with increasing 
Gate and Drain voltages are visible. This effect is 
particularly noticeable in Figure 14b). 

The existence of a leakage current through the 
insulator (AlN) may be one of the causes of such 
behaviour. As it has been explained above, the PLD 
production method has the tendency to damage the 
substrates and the substrate-film interface caused 
by the incidence of high energy particles. These 
species bombardment compromises the interface 
and the substrate itself primarily by two phenomena: 
implantation on the substrate and unintentional 
sputtering. These effects most likely occurred on our 
film depositions particularly taking into consideration 
that a metallic target was used.  

The phenomena mentioned above may thus 
have caused defects, local short-circuits, traps, 
amongst others on the AlN layer irreversibly 
damaging it. So, when a voltage is applied to the 
Gate electrode, a leakage current is able to pass 
through the insulator onto the Zinc Nitride layer, 
inducing an extra unwanted current and an offset to 
the output characteristic. The estimated shunt 
resistance (for VD=0V) is 0.1MΩ which is 3 orders of 
magnitude below the resistance obtained in the 
analysis previously done to the MIS structure. This 
observation corroborates the hypothesis that the AlN 
layer was damaged during the deposition. However, 
this is a rough estimation as we can observe in 
Figure 14a) that this effect is not directly proportional 
to the applied Gate voltage. 

The existence of alternative current paths 
strongly influences the TFT operation. The TFT 
output characteristic shown in Figure 14a) has a 
better performance than the one shown in Figure 
14b). This fact is probably due to lower leakage 
currents, allowing the Drain-Source currents to show 
a more FET-like behaviour. 

 
6.2.2 Transfer characteristics 

 
Figure 15  Square-Root Transfer Characteristic at the 

saturation region of the TFTs: a) AlN400  
b) AlN450 

The square-root transfer characteristics at 
saturation (VD=8V) are displayed in Figure 15. The 
threshold voltages were estimated. For the AlN400 
sample a VT=1.1V and for AlN450 a VT=0.8V.  
Seeing that these values are positive and that this is 

an n-type TFT, the TFTs should both be 
enhancement-mode transistors.  

Assuming an unaltered insulator capacitance 
than the value estimated in the previous Chapter, 
the carrier mobility was computed. The Field-Effect 
mobilities, for VD=3V, were: 0.6 cm2V-1s-1 for the 
AlN400 and 0.1 cm2V-1s-1 for the AlN450. The 
estimated saturation mobilities (VD=8V) were: 1.1 
cm2V-1s-1 in the AlN400 and 0.3 cm2V-1s-1 in the 
AlN450.  

Figure 16 shows the logarithmic transfer 
characteristic. The On/Off ratio is 104 and 103 for the 
AlN400 and AlN450, respectively. These are modest 
values probably resulting from the leakage current 
that does not allow a better on/off state separation.  

The sub-threshold swing (S) is approximately 
1.1V/decade and 1.4V/decade for the AlN400 and 
AlN450.  
 

 
Figure 16 - Logarithmic Transfer Characteristic at the 
saturation region of the TFTs: a) AlN400 b) AlN450 

 
In general, the previously stated results 

demonstrate that Zinc Nitride is a good candidate to 
be used as channel layer in TFT production.  The 
TFT test structures with AlN+Si as substrate showed 
a FET-like behaviour with two clearly demarked 
operation regions: linear and saturation. The Gate 
voltage clearly influences the coplanar currents with 
a reasonable amplification power as demonstrated 
by the sub-threshold swing parameter obtained. Out 
of all the tests structures produced, the AlN400 TFT 
showed a better TFT operation. 

However, leakage currents caused by the 
substrate damaging during the deposition prevent an 
optimal performance of these test structures. 
Performance evaluation parameters were thus 
severely influenced by this behaviour. A complete 
study of the interface structure would be necessary 
to have a better understanding of the occurring 
phenomena. A further optimization of the Zinc 
Nitride thin films deposition to completely avoid the 
impinging of high energy species on the substrate 
and film would also be necessary.  
 
7. Conclusion and Future Work 
7.1 Conclusion 

All the goals established for this work were 
accomplished: the study of the Zinc Nitride 
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deposition by PLD, the development of an auxiliary 
Labview-based program and the production of TFT 
Zinc Nitride based test structures 

A Labview-based program was developed for 
this work. The program helped to ease the 
measurement workload and save time. 

Zinc Nitride films were grown by Pulsed Laser 
Deposition (PLD). The influence of two essential 
deposition parameters (laser wavelength and 
substrate temperature) on the film properties was 
studied. Both parameters were proven to have a 
strong influence. 

Concerning the laser wavelength, the Nd:YAG 
laser system could be operated in the basic mode in 
the infrared at 1064 nm, in second-harmonic 
generation at 532 nm, and in fourth-harmonic mode 
in the UV spectral region at 266 nm. The three laser 
lines produced very different film properties. The 
contamination of target-originated particles was 
dominant for higher wavelengths, as predicted by 
the literature. On the other hand, the power of the 
laser as it hits the target also increased with the 
wavelength. The green line (532 nm) was thus 
concluded to be a good compromise. 

As for the substrate temperature, the 
morphology, the structural, optical and electrical 
properties of the films varied significantly with 
increasing temperatures. XPS measurements 
showed the presence of Oxygen at the film surface, 
as predicted by the literature. 

Three MIS structures were then studied as 
potential TFT substrates. After evaluating the 
electrical behaviour of those, it was decided to use: 
AlN+Si and ATO+ITO. For deposition temperature 
below 350ºC the film properties were not adequate 
for the TFT semiconductor. Test structures of 
staggered bottom-gate TFTs (without any 
lithographic patterning of contacts) were then 
produced with substrate temperatures of 400ºC and 
450ºC and with width/length ratio of 4000 µm/750 
µm. 

The produced TFTs demonstrate output and 
transfer characteristics that allowed to estimate the 
on/off ratio, the threshold voltage shift, and the sub-
threshold voltage swing. The characteristics showed 
some deterioration with respect to ideal curves due 
to the presence of leakage currents. The coplanar-
to-leakage current ratio still needs optimization. 
However, in this work, we observed that Zinc Nitride 
is a potential candidate to be used as channel layer 
in TFT production. The best values were obtained 
with AlN-based TFTs. 
 
7.2 Future Work 

Several problems were encountered during this 
work. Some possible solutions will be presented in 
the following paragraphs. 

A study of the deposition parameters was made 
but further optimization is still necessary. A 
compromise decision had to be made in the laser 
wavelength choice. The use of a higher power UV 
laser might increase the film quality, inducing less 

target deformation and less target-originated 
particles and producing more uniform films.  

Another possible solution to avoid the presence 
of particles in the film would be the use of a shutter 
between the target and the substrate. The influence 
of the subsequent thermal annealing may also be 
exploited to increase the film uniformity. Another 
possible solution would be to use sintered targets 
made from powder. 

To improve TFT performance the avoidance of 
high kinetic energy particles to the film as well as the 
use of a thicker and more resistant insulator should 
be considered. 

A better understanding of the interface 
morphology would help to better understand the 
effects of PLD on those. Atomic Force Microscopy 
(AFM) and Transmission Electron Microscopy (TEM) 
would be possible methods to use in this kind of 
study. 

One of the major aspects with the production of 
Zinc Nitride is the presence of Oxygen at film 
surface. This problem has been extensively studied 
by the literature but still no solution has been 
accomplished. One possible solution would be to 
passivate the film surface in-situ, that is, before the 
film is taken out from vacuum, using an inert cover 
layer on top. 
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