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1. Introduction 

Materials and their properties have fascinated mankind since the early days 
when man started to use tools for everyday life. Man has learned to utilize 
the properties of various materials and developed several important materials 
manufacturing processes. In recent years the development of thin film proc-
essing has been of utmost importance for the unbelievable progress in areas 
like microelectronics, communication and sensors.  

Among the materials that have been developed during years, nitrides con-
stitute a class of materials with many technological functions. Generally, 
nitrides are classified by their crystal structure and bonding characteristics 
and are frequently divided into the following classes: Interstitial, covalent, 
ionic and metastable nitrides [1-3]. In the formation of nitrides three impor-
tant factors are accounted for, the difference in electronegativity between the 
nitrogen and the parent element, the sizes of the atoms and the bonding char-
acteristics of these atoms.  

In interstitial nitrides the difference in electronegativity and size between 
nitrogen and the metal is large. The bonding is often a less defined combina-
tion of metallic, covalent and ionic contributions resulting in metallic charac-
teristics such as high electrical and thermal conductivities. They have high 
melting points, are hard and chemically inert. The nitrides of Groups IV and 
V are called refractory nitrides.  

In covalent nitrides the differences in electronegativity and atomic size 
between the nitrogen and the parent element are small and their bonding is 
covalent. They include the nitrides of Group IIIb (B, Al, Ga, In, Tl) and 
those of Si and P. Of these, only three are considered to be refractory nitrides 
(B, Si, and Al). 

The ionic nitrides are composed of nitrogen and the alkali or alkaline 
earth metals, or the metals of Group III, including the lanthanide and acti-
nide series. The difference in electronegativity between these elements and 
nitrogen is large and the bonding is ionic. Some of these salt-like nitrides 
have high melting points (Th, U, Pu, Be and Ba) and react with water yield-
ing ammonia and the corresponding metal oxide or hydroxide.  

However, not all nitrides are stable materials. The least studied class is 
the metastable nitrides of Mn, Fe, Co, Ni and Cu, because these nitrides de-
compose to metals and nitrogen at quite low temperatures. This makes the 
preparation of these compounds troublesome since they need to be prepared 
at low temperatures and can not be prepared phase pure by nitriding metal 
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powders in N2 or NH3. However, it is possible to prepare Cu3N from com-
pounds such as CuF2 or Cu(NH3)4(NO3)2 and NH3. The metastable nitrides 
have as films wide applications in for example optical data storage, magnetic 
sensors, catalysts and in energy applications. 

Over the past decades, several materials research groups have focused 
their work and fascination on the metastable nitride of Cu, Cu3N, especially 
in the field of thin films. It has indeed been fabricated with many different 
techniques and with various reaction schemes. Reactive sputtering is the 
most frequently used technique to grow Cu3N films [4-30]. Other techniques 
like reactive pulsed laser deposition [31-32] and molecular beam epitaxy 
[33-34] have also been employed. Among the chemical deposition tech-
niques both Atomic Layer Deposition (ALD) and Chemical Vapor Deposi-
tion (CVD) have been used to deposit Cu3N [35-39]. The ALD work has 
been profiled towards film growth studies while the CVD work has been 
profiled towards chemical mechanistic studies.  

The present thesis has been directed towards CVD and film growth of 
Cu3N, i.e., employing a process usually working close to equilibrium to 
grow a metastable material. The overall aim has been to develop such a 
CVD process.  This involves control of growth rate dependence on precursor 
mass flows and deposition temperature which in turn determines the phase 
content and chemical composition of the deposit.  The properties of the CVD 
Cu3N films will be compared with Cu3N films prepared by sputtering tech-
niques and ALD. Also aspects of doping of Cu3N and fabrication of multi-
layers of Cu3N and Cu2O are covered in this thesis.  
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2. Background of Copper (I) nitride 

The history of Cu3N goes back to 1939. Powder of Cu3N was obtained for 
the first time by heating powder of CuF2 at 280°C in NH3 [40]. As mentioned 
in the introduction thin films of Cu3N have been grown be many different 
techniques, particularly sputtering. The increasing interest in films of Cu3N 
is not only due to the attractive properties but also due to the possibility to 
direct patterning by various focused beam techniques. The copper nitride 
decomposes into copper and nitrogen where the beam hits the film surface. 
By scanning the beam over the film surface a line pattern in copper metal in 
a Cu3N matrix is generated. Such a structure may be employed in e.g. sensor 
applications.  

2.1 Crystal structure, chemical composition and doping 
of Cu3N 
The crystal structure of Cu3N (Figure 2.1) belongs to the cubic anti-ReO3 
type with three Cu atoms and one N atom per unit cell (Pm3m, a=3.807 Å, 
density 5.84g/cm3).  

 
 

 
 

Figure 2.1 Crystal structure of Cu3N. 
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This structure is less dense than the elemental copper fcc structure with 4 Cu 
atoms per unit cell (a= 3.61 Å, density 9.0 g/cm3). Within the structure the N 
atom has a local surrounding of 6 Cu atoms and is built up by corner sharing 
NCu6 octahedra. The Cu atom on the other hand is linearly bonded to two N 
atoms. The framework of corner sharing octahedra has a very low space 
filling (22 %), which is mainly caused by the empty cuboctahedra of 12 cop-
per atoms. The empty space is just large enough to fit metals of about the 
size of Cu. 

The Cu-N bond length in Cu3N is 1.91 Å, which is much closer to the 
sum of the covalent Cu and N radii (1.87 Å) than the sum of the ionic Cu+ 
and N3- radii (2.67 Å). Obviously, there is a strong covalent contribution to 
the binding energy of Cu3N in the anti-ReO3 structure type. The metastabil-
ity and the low space filling in Cu3N may be explained by the covalent bonds 
with the linearly coordinated copper. The weak Cu-N bonding results in low 
decomposition temperature. Similar to iron nitrides (also metastable com-
pounds), the Cu3N phase is thought not to decompose below a certain tem-
perature due to the existence of a barrier, preventing the recombination of N 
atoms into N2 molecules at the surface. Film thickness as well as temperature 
measurement method influences the decomposition temperature and decom-
position temperatures in the range from 300 to 450 °C have been reported 
[41-44]. 

The stoichiometry of Cu3N seems to span over a wide range without de-
stroying the cubic crystal structure. In fact, both substoichiometric and over-
stoichiometric films with respect to nitrogen have been reported [9, 12, 15, 
32]. The relatively open Cu3N structure exhibits a large vacant site in the 
centre of the cell which could be used for intercalation reactions and doping, 
hence varying the properties of the material. In addition to the vacant site in 
the centre of the cell, there are also other interstitial positions available. For 
example, the fcc position (½, ½, 0) is empty giving a plan square arrange-
ment of 4 copper atoms. Also sites along the body diagonal are empty (¼, ¼, 
¼), forming a distorted tetrahedral copper arrangement with a copper va-
cancy. This means that for doping, not only the (½, ½ , ½) position is avail-
able but also these other sites. For example for Pd, the position (½, ½, ½) is 
used. However for doping with H and other elements the doping sites are not 
known. Up to now the doping possibilities have been utilised by several 
researchers for doping of Cu3N with a metal in order to influence for exam-
ple the electrical and optical properties of the material. For instance doping 
with metals such as Pd [45], Cu, Li [46], Al [47], Ti [48-49] and Ag [50] but 
also with non-metals such as H [51-54] and O [55-56] have been reported. 
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2.2 Properties of Cu3N 
There is a lot of work done on trying to optically characterize Cu3N, which is 
a semiconductor with a band gap of about 0.25-1.9 eV [15, 57-63]. There are 
two reasons for the large disagreement in the optical properties. The first 
reason is that there is a discussion about whether Cu3N has a direct or an 
indirect band gap. A direct band gap would immediately yield a larger band 
gap than an indirect one. To answer this, a more careful analysis has to be 
performed using the standard Tauc’s plot technique instead of assuming that 
Cu3N has a direct band gap. The second reason is that the band gap seems to 
be dependent on the copper and nitrogen content in the film. If a low amount 
of Cu impurities is present in the Cu3N semiconducting matrix, the films still 
have the overall behavior of a semiconductor, but with reduced band gap. It 
is clear that changes in the metal-metal interactions, stimulated by the forma-
tion of nitrogen vacancies, may result in band gap narrowing or even band 
gap overlap. However, Cu3N in a perfect lattice, or at least as long as the 
nitrogen deficiency is not very serious, is a semiconductor with an indirect 
band gap of ~1.3 eV. The report of band gap values below 1.0 eV for Cu3N 
is probably due to serious nitrogen deficiency in the sample, resulting in 
more metallic behavior.   

The electrical resistivity has been reported to be in the wide range of 10-3-
105 �cm [15-21], ranging from semiinsulators (103-1010 �cm), semiconduc-
tors (10-4-103 �cm) and conductors (10-6-10-4 �cm). The reason for this is the 
variation in chemical composition. It can be speculated that Cu3N become 
metallic if nitrogen vacancies are found, similar to other transition binary 
nitrides. Also, the thickness of the films is of importance since it is known 
that the resistivity of metal thin films decreases with increasing film thick-
ness, owing to several scattering effects induced by grain boundaries and 
impurities.  However, for stoichiometric Cu3N films the resistivity is increas-
ing with decreasing temperature, suggesting a semiconductor-like behavior. 
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2.3 Applications of Cu3N 
The metastability as well as the high electrical resistivity and a band gap of 
1.3 eV open applications in metallization, optical storage and solar cells. In 
the following some examples are given in more detail. 
 
Metallization 
The decomposition of the metastable Cu3N can be induced by heating or 
irradiation of light, electrons and ions and there are a number of metalliza-
tion applications that can exploit this property. Copper films, particles or 
rods may be grown via the nitride and a subsequent post-annealing to de-
compose Cu3N. This procedure might offer advantages with respect to 
growth rate, morphology, surface roughness, grain size, adhesion and nu-
cleation, compared to direct deposition of copper metal.  
 
Structures and nanodevices 
Next to the straightforward application in optical recording, a dot array of Cu 
on a Cu3N film could be used as a template for growing self-assembled 
nanostructures. Perhaps Cu3N deposited with CVD will be a component in 
future nanoelectronic and nanophotonic devices, such as spin tunnel junc-
tions and high density optical storage media where Cu3N nanorods, wires or 
particles could be interesting due to the quantum effect. The physical and 
optical properties of nanoscale Cu3N might be different than that of Cu3N 
thin films and has to be studied more in detail.  
 
Optical data storage 
The low decomposition temperature for Cu3N opens the possibility to induce 
metallic Cu clusters or particles in a transparent semiconducting material, 
which is suitable for write-once-optical data storage [6, 10]. It is known that 
the wavelength to read the CD-R is about 800 nm by the different reflection 
coefficient on the CD-R’s surface. The reflectance of as-prepared Cu3N film 
is much lower than that of thermally decomposed film near 800 and 1200 
nm, which means that there is a great potential to use Cu3N films as optical 
recording media at those wavelengths.  
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Solar cells 
Solar cells are important applications for semiconductors and the demand for 
new materials is always high. Cu3N is a potential material for this kind of 
application. By using a gradient in chemical composition of the Cu3N film 
the band gap can be optimized for maximizing the photo-voltage. Addition-
ally, the development of hybrid inorganic-organic solar cells has opened the 
interest in using Cu3N nanoparticles bonded in a suitable organic donor and 
or acceptor molecules.  
 
Others 
Other applications include Cu3N as a barrier in low resistance magnetic tun-
nel junctions [64] or as a a candidate for negative electrode material in re-
chargeable Li-ion batteries since it has a good cycle life and rate capability 
[65]. Finally it is a suitable material for electron field emitters [66].  
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3. General description of the used deposition 
and materials characterization techniques 

In this thesis chemical vapour deposition has been used to grow the films. 
The films have been characterized by a variety of techniques. A general de-
scription of both the deposition and characterization techniques is given be-
low. 

3.1 Chemical vapour deposition 
In CVD a solid material is deposited from gaseous precursors by chemical 
reactions on or in the surrounding area of a heated substrate surface. This is 
accompanied by the production of chemical by-products that are leaving the 
deposition chamber along with unreacted precursor gases. In addition to the 
conventional process there exist also CVD processes based on lasers and 
plasmas. The difference between these processes is how the energy is ap-
plied to induce and maintain the CVD reaction.  

The choice of precursor is extremely important in CVD and affects the 
deposition temperature, growth rate, film purity and microstructure. The 
precursors have to be transported in the gas phase into the reaction zone. 
This means that liquids as well as solids have to be vaporised before they 
can be used as precursors.  The vapour pressure and flows are controlled by 
the temperature of the precursor and the carrier gas flows. Two major groups 
of precursors are used; metal-organic (MO) and halide precursors, respec-
tively. The MO-precursors are generally more volatile than halides. How-
ever, using MO-precursors may introduce problems of contaminations in the 
films originating from the cracking of the precursor ligands. On the other 
hand, employing halides generally leads to lower contamination level but at 
the expense of higher deposition temperatures. Further etching effects can be 
a problem in halide processes, where the produced reaction products might 
react with the previously grown film. 

CVD has a number of advantages [67]. One of the primary advantages is 
that CVD films are generally quite conformal, which means that high aspect 
ratio holes and other features can be completely filled. Others are that films 
of high purity are deposited at relatively high deposition rates. CVD has also 
a number of disadvantages [67]. One of the primaries lies in the fact that 
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suitable precursors have to be found (see section 4.1). CVD precursors can 
be highly toxic, explosive or corrosive or the products of the CVD reaction 
can be hazardous.  

Growth of conformal CVD films on complicated shaped substrates re-
quires a surface kinetically controlled process. From Arrhenius’ plots (loga-
rithm of the deposition rate versus the reciprocal temperature) conditions of 
surface kinetics control can be identified. For surface kinetics control the 
slope of the Arrhenius´ plot has a high negative value often corresponding to 
an activation energy in the range 100-300 kJ/mole. For mass transport con-
trol the slope of the Arrhenius plot can be either positive or negative. When 
studying kinetics it is important that the CVD process really is kinetically 
controlled. This means that the growth rate follows the Arrhenius’ equation 
and that the activation energy for the process is high (Ea>40 kJ/mole) [68].  

3.2 Materials characterization techniques 
With the aim of characterizing the film of concern, one must ask what kind 
of information that is of interest. This question can range from how the film 
looks like on the microscopic scale, chemical composition, including impuri-
ties, and various properties. A short summary of the techniques that have 
been used and what kind of information that can be obtained from them are 
given in this section. 

Film thickness 
The film thickness was measured by an energy dispersive x-ray fluorescence 
spectrometer, EDS-XRF (Spectro X-Lab 2000). From these measurements 
the relative amount of deposited material can be obtained by integrating the 
intensities of the characteristic peaks of the elements. If an absolute thick-
ness is desired, standards with known thicknesses have to be used. In this 
work film thickness values are given in terms of the integrated area from the 
Cu K� peak in comparison with copper standards with known thicknesses. 
The obtained film thickness, using the standards, were then multiplied by the 
density quotient �(Cu)/�(Cu3N) to get the corresponding Cu3N thickness. No 
correction for absorption effects was required since the films were thin. 

Phase content, cell parameter and texture 
The texture was determined by �-2� scans using a Bruker D8 high resolution 
powder diffractometer. In order analyze the phase content in the film gracing 
incidence x-ray diffraction (GI-XRD) was used. By varying the incidence of 
angle it was possible to probe different depths of the multilayered films. The 
cell parameter was determined using stress measurements by a Philips MRD 
diffractometer. In addition, some of the films were also analyzed by Raman 
spectroscopy using a Renishaw micro-Raman system working at 514 nm.  
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Chemical composition 
The large variation in reported properties for Cu3N is mainly due to different 
chemical compositions of the films and difficulties in analyzing a metastable 
material. In particular analysis techniques using ion bombardment are very 
difficult to apply. Ion bombardment induces loss of nitrogen which means an 
uncertainty in determining the chemical composition.   

The films were analysed with Elastic Recoil Detection Analysis (ERDA) 
which generates concentration versus depth profiles. In ERDA an incident 
beam of ions hits a sample and the recoiling atoms are measured by means 
of an energy detector. Even though this technique is known to be non-
destructive it is not an optimal technique for a sensitive material like Cu3N 
because the heavy ion bombardment causes nitrogen losses and formation of 
copper metal.  

Also, the surface sensitive X-ray Photoelectron Spectroscopy (XPS) tech-
nique was used for determination of the chemical composition. XPS probes 
the occupied states of atoms in the core region. Thus, it allowed identifica-
tion of the chemical states and determination of the chemical composition of 
the elements present. By the use of argon ion sputtering also depth profiling 
was possible. In this work the ESCA Phi Quantum 2000 equipment was 
used. For quantitative analysis a low acceleration voltage had to be used to 
reduce the preferential sputtering and changes in the chemical composition 
of the film. 
 
Local bonding environment 
In Raman spectroscopy the position and width of the peaks will depend on 
the local bonding environment. When Cu3N is doped with oxygen, the vibra-
tions in the structure might change and therefore the films were analyzed 
using Raman spectroscopy. 

The Near Edge X-ray Absorption Fine Structure (NEXAFS) technique is 
very sensitive to the local bonding environment; number of valence elec-
trons, symmetry and coordination number. In this work, the local bonding 
environment of Cu, N and O in pure Cu3N and oxygen doped Cu3N was 
studied. The NEXAFS measurements require an intense tunable source of 
soft x-rays and were collected both in fluorescence (FLY) and electron yield 
(ELY) mode in order to give appropriate bulk and surface evaluation, re-
spectively.  

Morphology and microstructure 
Film morphology and cross-sectional microstructures were studied by Scan-
ning Electron Microscopy (SEM). In this work, a LEO 1550 Gemini, with an 
acceleration voltage of 5 kV was used.  

 



 21

Electrical and Optical properties  
The four point probe technique was used to measure the resistivity of the 
film.  In order to do so the thickness had to be known and carefulness has to 
be applied not to penetrate the films with the probes. 

For determination of the optical band gap, optical measurements with the 
spectrometer Lambda 900 were made. By measuring the reflectance and 
transmittance, the absorption coefficient � for the wavelengths was calcu-
lated by: �=1/d*ln(1-R/T).  
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4. Chemical vapour deposition of Cu3N 

An important part of the thesis work has been to identify deposition condi-
tions for CVD of Cu3N and investigate kinetics at surface kinetics control. 
Another important part has been to study the influence of growth conditions 
on microstructure of the produced films. 

4.1 Selection of precursor 
As mentioned before, the precursors usually affect the deposition condtions 
and materials properties in a CVD process. A number of copper precursors 
are available and many of them have been used successfully in the CVD of 
copper [69-70], copper oxides [35, 71] and copper nitride [35, 72] films. 
They include copper monochloride, CuCl and MO Cu �-diketonate deriva-
tives, such as Cu(acac)2, Cu(tfac)2 and Cu(hfac)2. CuCl is not an option for 
depositing Cu3N since the volatility of CuCl is so low that very high tem-
peratures (>400°C) must be used to evaporate and transport the precursor. 
The most studied Cu(II) precursors are the Cu(II) �-diketonates which in 
general require a reducing agent for deposition. Figure 4.1 shows some rep-
resentative examples.  

 
Figure 4.1 The structure of Cu(II) �-diketonates. 

The fluorinated chelates are more volatile than Cu(acac)2. The reason for this 
volatility is that the fluorine substitution in the ligand decreases the van der 
Waals attractive forces between the molecules. The Lewis acidity of Cu(II) 
in Cu(II) �-diketonates stems from the presence of fluorinated �-diketonate 
ligands which are strongly electron drawing, lowering electron density on 
the metal. 
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The decomposition of the �-diketonate precursors has been found to incorpo-
rate carbon and oxygen impurities in Cu films. The fluorine content in 
Cu(hfac)2 has also resulted in fluorine contamination of the Cu films. In the 
area of Cu films, a small addition of H2O during deposition has been found 
to increase the growth rate and lower the carbon level in the films [73-76].  

In a previous study, Pinkas et al deposited Cu2O with a small amount of 
CuO at 280°C using Cu(hfac)2*H2O and H2O [35]. Because of the low depo-
sition temperature they argued that water might play an important role in 
assisting the ligand removal from Cu(hfac)2. A stepwise intramolecular pro-
ton transfer according to the following reaction was predicted (Figure 4.2). 

 

 
Figure 4.2 Proposed mechanism for the reaction between Cu(hfac)2 and H2O. 

A second intramolecular transfer must be sufficient to liberate the remaining 
Hhfac molecules and form CuO. This process is most probably a side reac-
tion since the observed amount of CuO was small. Given the absence of any 
external reducing agent in the study, the observed reduction of Cu2+ to Cu+ 
(i.e. formation of Cu2O) can only be accomplished at the expense of ligand 
oxidation which also was confirmed by analyzing the reaction products. 
Note that the major consequence of the proposed mechanism is that the oxy-
gen in the oxide is derived from water and not the hfac ligand. As an addi-
tional test they used ammonia as a protonating agent and found that the pro-
ton transfer from NH3 to the hfac ligands promoted their removal in a man-
ner similar to H2O. Cu2+ was reduced to Cu+ yielding Cu3N. 

Inspired by the mechanistic CVD work of Pinkas et al and the ALD 
work by Törndahl et al, Cu(hfac)2, ammonia and water were chosen as pre-
cursors in this thesis work [38]. Water has been shown to affect particularly 
the nucleation process on oxide substrates but has also been reported to in-
crease the deposition rate [38]. 
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4.2 The CVD reactor 
The CVD reactor used in the experiments was a hot wall reactor (Figure 4.3) 
[I-IV]. Individually controlled resistance heaters maintained the different 
desired temperatures of the zones. The temperature of the first zone was 210 
°C to prevent condensation of precursor as well as to avoid deposition reac-
tions. The deposition reactions took place in zone two, where the tempera-
ture could be set independently of the temperature of the first zone. Experi-
ments were performed in a temperature range 250 to 500 °C. The reaction 
gases were admitted into the reaction zone, via three separated silica tubes in 
order to avoid mixing of gases as well as condensation of adducts. The cop-
per precursor, Cu(hfac)2, was sublimated in an external vessel at 65°C. Since 
the precursor contains water it was preheated for 30 minutes at the sublima-
tion temperature before the deposition experiment to ensure a precursor, free 
of crystal water. The flow of Cu(hfac)2 was usually 0.5-0.7 sccm at this tem-
perature, where the mass flow was obtained from measurements of the 
weight loss. The flows of argon plus NH3 were usually kept at 40 sccm and 
controlled by mass flow meters. 

Water was introduced to the reactor by effusion, where the water flow 
was controlled by a needle valve and a thermo-bath, which usually was 
maintained at 10°C. The mass flow was obtained from mass loss measure-
ments. The total flow in the reactor was typically 155 sccm. The deposition 
experiments were performed at a total pressure of 5 Torr. The linear gas flow 
velocity in the large tube was approximately 80 cm/s.  

The substrate holder was made of nitrided Ti to obtain a uniform tempera-
ture. The deposition temperature was measured by a thermocouple placed 
inside the substrate holder. The SiO2 substrate was cleaned using a metha-
nol-ethanol solution in an ultrasonic bath and dried in a nitrogen gas flow. 

 
 

 
Figure 4.3 Schematic picture of the CVD-reactor. 
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4.3 Growth stability diagram 
With the choice of the precursors a lot of reactions might occur in a CVD 
process. Examples of reactions are shown below. 

 
(1)  3 Cu(hfac)2 + NH3 � Cu3N + 6 Hhfac  
(2)  2 Cu(hfac)2 + H2O � Cu2O + 4 Hhfac   
(3)  3 Cu2O + 2 NH3 � 2 Cu3N+ 3 H2O    
(4)  2NH3 � N2 + 3H2    
(5)  Cu(hfac)2 + H2 � Cu + 2 Hhfac   
(6)  2 Cu3N� 6 Cu +   N2   
(7) Cu2O + H2 � 2 Cu + H2O   

     
All these reactions result in different reaction products depending on deposi-
tion conditions. In order to determine the growth stability region of Cu3N, 
films were deposited at different temperatures (250-500 °C) and different 
molar ratios between NH3 and H2O in the vapour, xNH3, defined as xNH3 = 
PNH3/(PNH3 + PH2O). Figure 4.4 summarizes the results where the phase 
content (as measured by XRD) has been plotted at different temperatures and 
different vapour compositions, xNH3 [II]. 
 

 
Figure 4.4 Schematic growth stability diagram in the Cu-N-O system. 

From the growth stability diagram it can be seen that for the highest H2O 
concentration (xNH3= 0), only Cu2O was grown in the range 250-400°C. 
Above this range a phase mixture of Cu2O and Cu was obtained. Moreover, 
Cu2O is more stable at low deposition temperatures and high ammonia con-
centrations in the gas phase. For higher NH3 concentration in the gas phase, 
Cu3N was deposited in the temperature range 250-400°C. Above this tem-
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perature a phase mixture of Cu3N and Cu was obtained. Further increase in 
the deposition temperature results in the formation of the Cu phase. At an 
intermediate gas phase composition range, the two phase mixture Cu3N and 
Cu2O was obtained.  

The various chemical deposition reactions will be commented below in 
connections to the growth stability diagram (Figure 4.4). Reaction (1) occurs 
in the temperature interval 250-400°C for the experimental conditions given 
in [I] and the results are in agreement with Pinkas et al [35]. Compared to 
other methods for growth of Cu3N films such as ALD and sputtering synthe-
sis, growth of Cu3N can be performed at much higher temperatures using the 
CVD technique and thus yielding a higher growth rate. Cu3N has also been 
synthesized from Cu2O and NH3 [77], reaction (3). However, this transfor-
mation is very time consuming and requires high partial pressures of NH3 
during long times, up to 3 days. At higher temperatures, NH3 decomposes 
according to reaction 4 and thereby yielding H2 which in turn is responsible 
for reaction (5) where Cu formation occurs. Since Cu3N spontaneously de-
composes at higher temperatures (~400°C) this would lead to copper and 
nitrogen gas, reaction (6). Finally, reaction (7) between Cu2O and H2 will 
lead to the formation of Cu.  
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4.4 Depostion rate  
For the deposition rate investigations the growth stability region for Cu3N 
(see Figure 4.4) was chosen and each process parameter was studied indi-
vidually. The influence of deposition temperature and precursor mass flows 
on the growth rate is shown in Figure 4.5. 

 

 
Figure 4.5 a) Arrhenius plot, b-d) Growth rate dependence on mass flows of 
Cu(hfac)2,  NH3 and H2O, respectively. 

 
The deposition temperature was varied between 250 and 400°C, without the 
addition of water while keeping the mass flows of Cu(hfac)2 and NH3 con-
stant. The corresponding Arrhenius´ plot of deposition rate as a function of 
the deposition temperature is shown in Figure 4.5 a. The activation energy 
was calculated to 66 kJ/mole, which is comparable to earlier CVD investiga-
tions of Cu (80 kJ/mole) and CuO (48 kJ/mole) using Cu(hfac)2 as the cop-
per containing precursor [78-79]. 

The growth rate as a function of Cu(hfac)2 mass flow was measured at 
constant deposition temperature and constant mass flow of NH3. The result 
can be seen in Figure 4.5 b. It can be seen from the graph that growth rate 
increases up to a mass flow of ca. 0.75 sccm, which corresponds to a growth 
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rate of about 240 nm/h; a constant growth rate appears to be reached above 
this mass flow.  

The influence of the ammonia mass flow on growth rate can be seen in 
Figure 4.5 c. A steep increase is seen in growth rate when the NH3 flow in-
creases from 10 to 80 sccm.  

The growth rate as a function of H2O mass flow was measured at constant 
deposition temperature and constant mass flows of Cu(hfac)2 and NH3. The 
growth rate without any addition of water yields a Cu3N film with a growth 
rate of about 180 nm/h. On admitting water to the process, the growth rate 
continuously increases as the mass flow of water is increased, see Figure 4.5 
d. However, the activation energy was found to be independent of water 
concentration. 

From the graphs in Figure 4.5, it can be concluded that the growth rate 
was dependent on the amount of the reactant gases available. Especially the 
introduction of water was found to increase film growth on the SiO2 sub-
strate. 

4.5 Materials characterization 
4.5.1 Phase content, texture and cell parameter 
Figure 4.6 displays a typical �-2� scan for a Cu3N film deposited at 325°C. It 
can be seen that the film have the characteristic anti-ReO3 structure diffrac-
tion peaks. In particular, a strong 111 texture is observed, which is seen 
more clearly as the thickness of the film increases or for films deposited at 
high deposition temperatures. The texture is in general dependent on the 
deposition technique as well as the growth conditions employed. For Cu3N 
films prepared by sputtering techniques the preferred orientation is often in 
the 100 direction when applying high N2 partial pressures and the 111 direc-
tion for low N2 partial pressures [16-20]. This is due to the fact that at low N2 
partial pressures and low substrate temperatures, the density of N atoms, 
reaching the substrate with high kinetic energies is interpreted to be rather 
insufficient for constructing N-rich planes like 100. In such a case, the film 
is expected to grow along the direction with planes containing only Cu at-
oms or small density of N atoms like 111 in the crystal structure of Cu3N. 
For Cu3N films deposited by CVD or ALD the preferred orientation 111 is 
observed which is more pronounced at higher deposition temperatures. 
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Fig 4.6 Typical �-2� scan for a Cu3N film, indicating a very strong 111 texture. 

The strain free cell parameter was measured to be 3.805-3.816 Å, which 
agrees well with the cell parameter determined for Cu3N powder, 3.817 Å 
[40]. 

The lattice parameter might depend on stresses induced by the miss-
match to substrate. For the case of Cu3N traces of copper might expand the 
crystal structure [6], produce stress in the structure or even form a new cop-
per rich phase, Cu4N [80]. There are also reports that the lattice constant 
increases with nitrogen content [16]. 

4.5.2 Chemical composition 
Analysis of chemical composition of a metastable compound is very difficult 
with techniques using ion bombardment. In order to study the influence of 
the argon ion energy on the film composition with respect to nitrogen and 
copper, the acceleration voltage was varied between 0.2 kV and 4 kV (see  
Figure 4.7). The straight lines indicate the stoichiometric values of copper 
and nitrogen, respectively. It was found that the nitrogen and copper content 
were highly sensitive to the applied acceleration voltage. As the energy of 
the argon ions increases from 0.2 to 4 kV the measured nitrogen content 
decreases from the stoichiometric value of 25 atomic % to a deficient value 
of 8 atomic % and simultaneously the copper content increases from 75 to 92 
atomic %. Therefore, a very low acceleration voltage was used in this work 
to avoid preferential sputtering and changes in the chemical composition of 
the film. [I-IV] 
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Figure 4.7 Atomic content versus Ar ion sputtering energy  

Since the reaction mixture consists of Cu(hfac)2, ammonia and water, co-
deposition of carbon, fluorine and oxygen is expected. However, no impuri-
ties such as carbon or fluorine were observed in any of the films and the 
oxygen content was reduced by the use of large excess of NH3. However, for 
higher water concentration in the vapour during deposition oxygen was de-
tected in the films (see below). 

The chemical states of Cu and N were determined by the displacement of 
the core electron binding energies measured by XPS. In Figure 4.8 a the Cu 
2p peak of the Cu3N film is shown. The Cu 2p peak at 932.2 eV in Cu3N is 
slightly shifted to higher binding energy with respect to metallic Cu (932.0 
eV). 

 

 
Figure 4.8 a) Cu 2p peak and b) N 1s peak in Cu3N after two minutes of 0.5 keV 
argon ion sputtering.  
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The presence of N in the film can be seen in Figure 4.8 b by the N 1s peak. 
This peak indicates that the Cu 2p energy shift is due to the formation of a 
copper nitride compound. The main peak (397.8 eV) is ascribed to N in the 
Cu3N phase with a shoulder attributed to nitrogen dissolved in the film [14]. 
The origin of the weak peak at about 403 eV is somewhat unclear but could 
be assigned to weakly bound nitrogen or molecular nitrogen adsorbed at the 
surface or trapped in grain boundaries [81-82]. The energy shifts are inter-
preted as a result of charge transfer between Cu and N atoms, as has been 
reported in the literature [32, 83].  

4.5.3 Morphology 
It was found that the film morphology varied markedly with both Cu(hfac)2 
concentration and deposition temperature. Increasing the Cu(hfac)2 mass 
flow resulted in larger grains. Cu3N films deposited at high temperatures 
(above 325 °C) yielded grains with more well-defined facets (111-texture 
also seen in XRD) than films deposited at lower temperatures.  

SEM images for Cu3N films deposited without water at two different 
deposition temperatures are shown in Figure 4.9. The surface morphology is 
very sensitive to the changes in film texture. Sputtered films grow usually 
along the 100 direction and show nodular like grains [15, 17, 19], while the 
CVD films that grow along the 111 direction show facetted like grains. From 
SEM cross-sectional images, it can be seen that the CVD Cu3N films often 
grow in a columnar manner, perpendicularly to the substrate. 
 

 
Figure 4.9 SEM micrographs of films deposited at a) 300 °C b) 400°C with thick-
nesses of 90 and 80 nm, respectively. (Cu(hfac)2 0.4 sccm,  NH3 40 sccm). 
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4.5.4 Annealing of Cu3N films  
The decomposition temperature of Cu3N films as a function of film thickness 
was investigated by annealing the Cu3N films in UHV between 150 and 500 
°C at a rate of 4°C/min. The resistivity of the films was measured both at 
room temperature and during the annealing.  

The as-deposited CVD  films have very high resistivities, whereas the an-
nealed samples were in the range of 7-260 μ�cm, depending on thickness, 
see Figure 4.10 a.  The decomposition temperature increases with film thick-
ness between 350 and 420°C, which is in agreement with earlier work (300-
470°C [8, 84]).   

The change in decomposition temperature with film thickness can be at-
tributed to the diffusion of nitrogen gas through the film, which also was  
confirmed by in-situ mass spectrometry analysis, see Figure 4.10 b. Nitrogen 
gas started to effuse from the Cu3N film at approximately 240°C, showing a 
maximum at about 420 °C, depending on thickness.  
 

 
Figure 4.10 a) Absolute resistivity values for CVD films and b) Relative resistivity 
and nitrogen partial pressure versus annealing temperature (4°C/min). 

It was confirmed by XRD that the thermally decomposed Cu3N films con-
sisted of pure copper metal. The results show that copper films can be pro-
duced by thermal decomposition of CVD Cu3N films. 
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5. Deposition and characterization of oxygen 
doped Cu3N 

From careful analysis of both phase and chemical composition it was obvi-
ous that a relatively high concentration of oxygen could be introduced in the 
Cu3N phase while keeping the anti-ReO3 type structure. A more detailed 
investigation of oxygen doping of Cu3N was performed within the growth 
stability region of Cu3N on six different samples deposited at 325 °C with 
different XNH3 values (0.36, 0.50, 0.67, 0.80, 0.96 and 1, respectively) [II]. 

5.1 Phase content, texture and cell parameter 
All the oxygen doped Cu3N films were confirmed to have anti-ReO3 type 
structure. In addition, all films had a preferred 111 orientation although it 
became weaker as the oxygen content increased. It was found that the incor-
porated oxygen did not have any influence on the cell parameter and stress 
free values in the range 3.805 to 3.816 Å were obtained. These values lie in 
the range of reported lattice parameters for non-doped Cu3N (3.807-3.820 Å) 
[4, 85] 

5.2 Chemical composition 
By adding different amount of H2O to the Cu(hfac)2/NH3 process it was pos-
sible to incorporate different amount of oxygen in the Cu3N structure in a 
controlled way. The chemical composition was determined by both the XPS 
and ERDA techniques. No impurities such as carbon or fluorine were ob-
served in any of the films, similar to the case with the pure Cu3N films. The 
results from XPS and ERDA analysis on the atomic content of nitrogen, 
oxygen and copper of Cu3N films grown with different xNH3 values can be 
seen in Figure 5.1.  

Both the XPS and the ERDA analysis show the same trend regarding the 
atomic content. As the H2O concentration in the vapour increases so does the 
amount of oxygen incorporated in the film (0-9 atomic %). The copper and 
nitrogen ratio was always close to 3/1, while the ratio between copper and 
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the sum of nitrogen and oxygen content is much less than 3/1 (about 2.2/1) 
which is more than it would be in the ideal anti-ReO3 structure. 

However, it should be noted that the ERDA technique systematically 
yields 5 atomic % less nitrogen than XPS when the influence of the argon 
ion sputtering effect is taken into account. Gosh et al. did a careful analysis 
of Cu3N with the ERDA technique and observed that the nitrogen content of 
the film decreased rapidly with the time of irradiation [26]. The nitrogen 
depletion of Cu3N during the analysis was attributed to the decomposition 
into copper and nitrogen by the ion impact. 

 

 
Figure 5.1 Atomic content as a function of xNH3, obtained from XPS and ERDA 
analyses. 

The chemical shift of the O1s peak was investigated in both pure and oxygen 
doped Cu3N films and compared with Cu2O. The presence of oxygen is seen 
in Figure 5.2 by the O1s peak (529.8 eV).  

Interestingly, there is no difference in binding energy peak position be-
tween O1s in Cu2O and O1s in Cu3N, even though the O1s peak in Cu3N has 
much lower intensity. The equality in binding energy may indicate that the 
oxygen atoms in both  the oxygen doped nitride and the oxide experience the 
same chemical environment, i.e., the oxygen binds to copper in the oxygen 
doped Cu3N films as in the Cu2O. 
 



 35

 
Figure 5.2 XPS spectra of O1s for Cu3N films with two different compositions, 
Cu3N (black), Cu3N with 9 atomic % oxygen (grey) and Cu2O (light grey), respec-
tively. 

5.3 Sites for oxygen doping in the Cu3N crystal 
structure 
Since the nitrogen content is rather constant and the oxygen content in-
creases as the xNH3 decreases, while keeping the anti-ReO3 structure of Cu3N 
(fully occupied N positions), oxygen might be incorporated interstitially in 
some position(s) of the Cu3N structure. Another alternative might be partial 
replacement of the N in the structure by the O.  In the latter case the replaced 
N has to find an interstitial position. However, preliminary calculations show 
that it is not energetically favourable for oxygen to replace nitrogen with the 
result of N2 formation.  

Comparative chemical shift investigations for both the oxygen doped ni-
tride and the oxides indicate that the chemical environment of the oxygen 
atoms in Cu3N and Cu2O might be the same. Further support of this hypothe-
sis could be obtained from Raman spectroscopy of the oxygen doped Cu3N 
and from measurement of reference spectra of Cu2O and Cu3N. Recorded 
Raman spectra are depicted in Figure 5.3.  

The Raman spectrum of Cu2O is quite complex in its nature and several 
peaks are observed while only two distinct Raman peaks are observed for non-
doped Cu3N at 220 and 634 cm-1. The Raman spectrum of oxygen doped Cu3N 
shows two additional peaks at 290 and 486 cm-1 compared with non-doped 
Cu3N. These additional peaks correspond well to some of the vibrational 
modes reported for Cu2O (A2u and the multi photon process) and could further 
give evidence for the interstitial position of oxygen in the Cu3N structure. 
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Figure 5.3 Raman spectra of Cu3N film and maximum oxygen doped Cu3N together 
with Cu2O. 

A further investigation of the local bonding environment in different oxygen 
doped Cu3N films was done by the NEXAFS technique and the results are 
summarized in Figure 5.4 [III]. It was found that increasing the oxygen con-
tent from 0 to 8 atomic % will not influence the Cu L edge, see Figure 5.4 a. 
The N K edge seems to be affected in such a way that the peak at 400 eV 
splits up to three peaks, see Figure 5.4 b. This could be a sign of nitrogen in 
amorphous phase in grain boundaries, molecular nitrogen or in the spacious 
lattice of Cu3N. 

The O K-edge seems to be very sensitive to the oxygen doping of Cu3N. 
As the oxygen content increases the intensity of the absorption increases and 
more distinct features appears in the spectra. This is more visible when the 
spectra for the oxygen doped Cu3N is subtracted from the pure Cu3N spectra 
from which only the surface contribution is seen. In Figure 5.4 c the fluores-
cence yield spectra is given for the Cu3N films with oxygen contents varying 
between 0 and 8 atomic %. As the oxygen content increases, the O K-edge 
spectra changes significantly in terms of distinct peak positions and in-
creased absorption intensity.  
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From Figure 5.4 d, it can be observed that the spectra for the 1% atomic 
oxygen-Cu3N film show a broad absorption feature with few distinct peaks. 
As the oxygen content increases to 2-4 atomic %, the peaks at 534.7 and 
539.2 eV become more distinct. For oxygen concentrations higher than 6 
atomic %, the spectra now consist of four distinct peaks at 533.2, 534.7, 
536.1 and 539.2 eV. It seems that one oxygen position is occupied initially 
and as the amount of oxygen increases another position becomes more fa-
vorable. 
 

 
Figure. 5.4 Fluorescence yield NEXAFS spectra of the a) Cu L edge b) N K edge c) 
O K edge and d) O K-edge after subtraction of Cu3N background.  

From the XPS analysis it is obvious that oxygen occupies an interstitial site. 
However, there are basically two different sites that are available; the pseudo 
tetrahedral site along the space diagonal and the fcc sites. Both Raman spec-
troscopy and XPS support that the oxygen atom occupies a site similar to 
that in Cu2O, i.e., the tetrahedral arrangement. However according to 
NEXAFS the oxygen starts to fill one position (up to roughly 4%) and then 
the second position will be used. Preliminary DFT calculations also indicate 
that there are very small energy differences between the two alternatives. 
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5.4 Morphology 
It was found that the film morphology varied markedly with both deposition 
temperature and water concentration in the vapour during deposition. Cu3N 
films deposited at 325°C or higher or at low concentration of water yielded 
grains with more well-defined facets than films deposited at lower tempera-
tures and higher water concentrations. The morphology of the Cu3N crystal-
lites also depends on oxygen content. As an illustration two micrographs of 
films with different oxygen content are shown in Figure 5.6.  Increasing the 
oxygen concentration from 2 atomic % to 9 atomic %, films with smoother 
and more sphere like grains are obtained. 
 

 
Figure 5.6 SEM micrographs of Cu3N films deposited at 325 °C with a) 2 atomic % 
oxygen and b) 9 atomic % oxygen, with corresponding thicknesses of 240 nm, re-
spectively. 

5.5 Properties 
The resistivity of six films, containing different amount of oxygen (0-9 
atomic %) was found to vary between 10 and 100 �cm, where the non-
doped Cu3N film showed the lowest resistivity. For Cu3N films the resistiv-
ity has been found to be in the range 10-2-1500 �cm [9, 17, 32].  

The band gap of Cu3N as a function of oxygen content was studied by op-
tical spectroscopy.  In Figure 5.7, �1/2 is plotted versus energy for two copper 
nitride films with different oxygen content (0 and 9 atomic %). For the non-
doped Cu3N film, the band gap seems to be represented by two transitions, 
one indirect, originating from the Cu3N phase, and also a small absorption 
below the band gap. The oxygen doped Cu3N film shows a more distinct 
optical behaviour with two clear absorption peaks present below the optical 
band gap. Such an effect might be due to absorption by the incorporated 
oxygen. The optical band gap increases to some extent (1.25 to 1.45 eV) as 
oxygen is introduced (9 atomic %). This increase in the optical band gap is 
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small but the trend is clear. As the oxygen content increases the band gap 
increases. The measured band gaps in this work lie in the range reported in 
earlier investigations 1.2<Eg<1.9 eV [8, 13].  

 

 
Figure 5.7 �1/2 plotted versus hv for pure Cu3N and 9 % oxygen doped Cu3N. 
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7. Multilayers of Cu3N and Cu2O 

Multilayers of different materials play an important role in advanced tech-
nology today. Application areas include optics, metal cutting tools, solar 
cells and magnetism. Many applications require sharp interfaces without any 
reactions at the interfaces between the layers while other applications require 
reactions at interfaces to generate composition gradients. This thesis demon-
strates for the first time successful processing by CVD technique of multi-
layers combining metastable layers (Cu3N) with thermodynamically stable 
layers (Cu2O). The multilayers of Cu3N and Cu2O were grown at 300 °C 
using Cu(hfac)2, NH3 and Cu(hfac)2 and H2O as precursors. The dual layers 
were produced in two different stacking sequences, Cu3N on top of Cu2O 
and Cu2O on top of Cu3N, respectively. The stacking sequences were than 
expanded in such a way that an additional layer of either Cu3N or Cu2O was 
deposited. Texture, morphology as well as chemical composition were af-
fected by the stacking sequence. 

7.1 Cu3N on top of Cu2O and Cu2O on top of Cu3N 
The phase content was determined by GI-XRD at different incidence angles 
for probing at different depths in the film. It was found that the Cu3N and 
Cu2O layers were well separated from each other.  

The cross sections and surface morphologies of the dual layers were stud-
ied by SEM and are depicted in Figure 7.1. The layers can be well distin-
guished from each other in the cross sectional view, see Figure 7.1 a and b. 
The two layers are uniform in thickness over large distances. The micro-
structure of the individual layers as can be seen in the cross section images 
was dependent on the stacking sequence. For example for Cu3N deposited on 
the silica substrate  a columnar growth behavior was observed while Cu3N 
films deposited on Cu2O did not show any columnar growth. The develop-
ment of the columnar microstructure of Cu3N for the case of Cu2O on Cu3N 
is associated with a 100 texture for Cu3N.  

The surface morphology of the Cu3N and Cu2O phase can be seen in Fig-
ure 7.1 c and d, respectively. The film surface consists of distinct grains of 
Cu3N or Cu2O, respectively.  

The chemical composition of the individual layers was determined by 
XPS after argon ion sputtering. The chemical composition of the Cu3N layer 
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was found to be different in the two stacking sequences. For the Cu3N layer 
on the Cu2O film, stoichiometric values of both copper and nitrogen were 
obtained. However, when changing the stacking sequence (Cu2O on Cu3N) 
much lower nitrogen content and also oxygen were observed in the Cu3N 
layer. The origin of the lower nitrogen content might be a result of annealing 
of Cu3N during the subsequent deposition of the Cu2O layer resulting in 
nitrogen release. No nitrogen was however detected in the Cu2O layer, but 
the nitrogen might be trapped at the interface of Cu3N and Cu2O. The origin 
of the oxygen might be due to the fact that the Cu3N surface is exposed to 
water during the nucleation of the Cu2O. The water might react with Cu3N to 
produce an oxygen doped Cu3N film at the very beginning of the Cu2O proc-
ess.  

 

 
Figure 7. a and b) Cross sectional and c and d) surface SEM micrographs of dual 
layers with Cu3N on top of Cu2O and Cu2O on top of Cu3N respectively 
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7.2 Cu2O/Cu3N/Cu2O and Cu3N/Cu2O/Cu3N 
The separation of the individual layers and the sharp interfaces in the three 
layer structures was confirmed by both GI-XRD and SEM.  

The cross section microstructure of the films seen in Figure 7 a and b 
seems to be dependent on the stacking sequence. The Cu2O/Cu3N/Cu2O film 
shows no attempt to columnar growth while for the Cu3N/Cu2O/Cu3N film 
the columnar structure in the Cu3N layers can clearly be seen. The develop-
ment of the columnar microstructure in the case of Cu3N/Cu2O/Cu3N is as-
sociated with a 100 texture for Cu3N and a 111 texture for Cu2O.  

 In Figure 7 c and d it can be seen that the film surface consists of distinct 
Cu2O or Cu2O grains, respectively.  

 

 
Figure 7.2. a -b) Cross sectional and c-d) surface SEM micrographs of the multi-
layers deposited at 300 C, Cu2O/Cu3N/Cu2O and Cu3N/Cu2O/Cu3N respectively. 

The chemical composition of the individual layers was determined by XPS 
after argon ion sputtering. The chemical composition of the Cu3N layer was 
found always to contain oxygen and the Cu2O layers always showed 
stoichiometric values. 
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8. Summary and concluding remarks  

In this work a CVD process using Cu(hfac)2, NH3 and H2O has been devel-
oped for production of  the metastable phase Cu3N. Each process parameter 
was studied individually in order to gain a better understanding of the 
mechanisms involved. It was found that growth parameters such as deposi-
tion temperature and flows of precursors influenced the phase content, tex-
ture, chemical composition and morphology of the deposits. Phase pure and 
stoichiometric Cu3N films with the anti-ReO3 type structure could be depos-
ited in the temperature range 250 to 400 °C. However, at a deposition tem-
perature of 425 °C, metallic copper began to form. The growth rate was de-
pendent on the supply rate of the reactants where especially the introduction 
of water was found to increase both the nucleation rate and the growth rate 
on the SiO2 substrate. The morphology varied markedly with the flow of 
Cu(hfac)2, where an increase in the precursor flow yielded larger grains. The 
deposition temperature influenced also the morphology. Films deposited at 
higher temperatures showed well facetted grains which could be related to 
the strong 111 texture. 

It was found that by varying the molar ratio between NH3 and H2O in the 
vapour in the deposition process the phase content could be varied from 
Cu3N at large excess of NH3 to Cu2O at large excess of H2O, respectively. A 
significant amount of oxygen could in a controlled way be introduced in the 
Cu3N structure (up 9 atomic %), while keeping the copper to nitrogen ratio 
to 3/1. The anti-ReO3 host crystal structure was unaffected but the texture of 
the films changed from a strong 111 orientation to a less pronounced one 
upon oxygen doping. 

XPS, Raman spectroscopy and NEXAFS were used to identify the oxy-
gen doping site(s) in the Cu3N structure. Even if the doping site(s) could not 
be determined unambiguously the three above-mentioned techniques indi-
cate that the pseudo-tetrahedral site is one position and according to 
NEXAFS the fcc position may also be a doping site. The oxygen doping 
affected also the morphology and the optical and electrical properties of the 
Cu3N films. The surface morphology changed from facetted grains for un-
doped films to more nodular grains for the oxygen doped films. The 111 
texture became also less pronounced when the oxygen doping increased. The 
indirect band gap as well as the electrical resistivity of the films increased 
continuously with the amount of incorporated oxygen.  
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It has also been demonstrated that multilayers, composed of alternating 
Cu3N and Cu2O layers, could be grown by CVD technique. However, the 
stacking sequence affected the texture, morphology and chemical composi-
tion. The interfaces between the different layers were sharp and no signs of 
decomposition of the initially deposited metastable Cu3N layer could be 
detected.  

Analysis of metastable films is extremely difficult because of the fact that 
many analytical techniques employ accelerated ions and electrons with an 
obvious risk of inducing structural changes and decomposition of the films 
upon analysis. It was found during this thesis work that for instance depth 
profiling during XPS investigations could be carried out in a reliable way by 
using extremely low acceleration voltage of the argon ions. 

The open crystal structure Cu3N opens for extensive doping and hence 
varying the properties. However, changes in bond length and coordination 
chemistry as a function of doping have to be studied more in detail. Use of 
the bcc position of the crystal structure for doping with metals in combina-
tion with oxygen in other positions may be an interesting alternative to tai-
lor-made the properties of Cu3N based films.  

Direct deposition of copper with chemical techniques for metallization 
applications in microelectronics is extremely difficult due to the complicated 
nucleation process. A new alternative might be to grow a Cu3N film and then 
use this film as a copper precursor. Upon annealing the precursor will de-
compose into copper nitrogen gas.  
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10. Summary in Swedish 

Inom området materialkemi finns det en mängd olika material som dagligen 
framställs och karaktäriseras. En del av dessa material utgörs av tunna fil-
mer. Med tunna filmer menas skikt av material med en tjocklek som sträcker 
sig från några få enskilda atomlager till åtskilliga mikrometer. Tunna filmer 
av de här slagen finns överallt omkring oss utan att vi tänker på det – på 
nötningsbeständiga skikt på verktyg, antireflexbeläggningar på bildskärmar 
och glasögon, för att minska friktionen i stekpannan, dekorativa och korro-
sionsresistenta filmer på olika slags produkter, i solceller och, inte minst, i 
all elektronik.  

Genom att belägga en yta med tunna skikt av olika material kan man änd-
ra egenskaperna hos den belagda ytan väsentligt jämfört med den icke be-
lagda ytan. I dessa beläggningsprocesser är insikt om hur processen funge-
rar; hur själva filmtillväxten sker viktig. Utan denna kunskap kan nämligen 
inte filmegenskaperna kontrolleras. För att bilda dessa ytskikt används 
många olika slags fysikaliska och kemiska beläggningsmetoder. 

I detta arbete har Chemical Vapour Deposition (CVD)-metoden använts 
för att framställa tunna filmer av kopparnitrid. CVD är en kemisk depone-
ringsmetod där filmerna växer genom kemiska reaktioner på eller i närheten 
av den yta som ska beläggas och äger rum under tryck. Filmerna beläggs 
genom att utgångsmaterialen tillförs via gasfas till en beläggningszon. För att 
erhålla filmtillväxt måste aktivering ske. Detta görs genom att värma zonen 
där själva tillväxten sker. CVD-metoden passar bra för framställning av 
mycket tunna skikt eftersom tjockleken på skikten kan kontrolleras noggrant 
samt att alla ytor som exponeras för reaktionsgasen beläggs och därmed blir 
skiktens sammansättning konstant. I takt med att behovet av extremt tunna 
filmer ökar kommer de framställningsprocesser som utnyttjar kemin i gräns-
ytor bli viktig och därmed får CVD-metoden en framträdande plats i framti-
den. 

Kopparnitrid kristalliserar i den relativt öppna och kubiska anti-ReO3 
strukturen och är en metastabil förening med vilket menas att den sönderfal-
ler till kopparmetall och kvävgas vid ungefär 400°C. Metastabiliteten och de 
stora hålrummen i strukturen kan förklaras genom de svaga kovalenta Cu-N-
bindningarna. I och med att strukturen är så öppen har den plats för tillförsel 
av atomer (så kallad dopning) och med detta kan materialets egenskaper 
ändras väsentligt. Tunna filmer av kopparnitrid har en rödbrun färg, och 
föreningen är en halvledare med ett bandgap på ungefär 1.3 eV. Ett bandgap 



 48 

är skillnaden i energi mellan valensband och ledningsband. Kopparnitrid är 
alltså ett material som leder ström, men inte lika bra som en metallisk ledare, 
som har överlappande band. Resistiviteten hos kopparnitrid är relativt hög 
och minskar med ökande temperatur, vilket är karaktäristiskt för en halvleda-
re. En tänkbar tillämpning för framställda Cu3N-skikt är metallisering till 
koppar som en effekt vid värmebehandling. Även optiska minnen är ett till-
lämpningsområde där den höga resistiviteten och den låga sönderfallstempe-
raturen utnyttjas. Inom området för solceller skulle kopparnitridens bandgap 
vara intressant. En solcell eller en fotovoltaisk cell är en enhet som omvand-
lar ljus till elektricitet. 

I den här avhandlingen har tunna filmer av kopparnitrid deponerats med 
CVD-metoden på kvartsglas utgående från ett kopparinnehållande material, 
koppar hexafluoroacetylacetonat samt ammoniak och/eller vatten. I Figur 
10.1  finns en bild på CVD-systemet som används för att belägga dessa fil-
mer.  

 

 
Figur 10.1 CVD-system för beläggning av kopparnitrid. 

Tillväxthastigheten hos Cu3N har studerats utifrån olika processparametrar 
såsom flöden av de olika reaktanter och temperatur. Det är viktigt att förstå 
processerna bakom reaktionen och dess mekanism för att kunna kontrollera 
tillväxten. Resultatet av den undersökningen visade att ren kopparnitrid kan 
framställas i skikt i temperaturintervallet 250-400 °C och att tillväxthastighe-
ten hos filmen ökar med mängden tillförda reaktanter. Kopparnitrid kan de-
poneras med eller utan vattenånga. Då man har med vatten i processen ökar 
tillväxthastigheten drastiskt. Men det mest intressanta med att variera vat-
tenmängden är att det är möjligt att interstitiellt (i hålrum) syredopa koppar-
nitriden. 
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I själva fallet kan man på ett kontrollerat sätt variera syreinhållet mellan 0 
och upp till det maximala värdet av 9 atom-% samtidigt som de stökiomet-
riska värdena på koppar (75 atom-%) och kväve (25 atom-%) bibehålls. 
Denna syredopning sker utan att påverka eller förstöra den ursprungliga kris-
tallstrukturen. Även undersökningar på syreinnehållets inverkan på de optis-
ka egenskaperna har gjorts och det visade sig att både bandgapet och resisti-
viteten ökade med ökande syreinnehållet. Syrets position i strukturen har 
skapat mycket huvudbry och även om experimentella tekniker gett viss väg-
ledning om var det satt sig har den definitiva placeringen av syret varit en för 
svår nöt att knäcka.  

Vidare har multilager med olika staplingsfrekvens av kopparnitrid och 
kopparoxid deponerats. Det visade sig att beroende på hur i vilken ordning 
de olika skikten belagts kunde orientering på filmen, morfologin och den 
kemiska sammansättningen varieras.      
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