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Abstract 

 

In this work columnar nanospirals of AlInN were grown on top of TiN-coated sapphire 

substrates by magnetron sputtering. A variety of samples with different growth parameters 

were fabricated and investigated. 

The main objectives in this work were to optimize the degree of circular polarization and to 

control the active wavelength region for where this polarization effect occurs. Attempts were 

made to achieve a high degree of circular polarization in both reflected and transmitted light. 

It is shown that for reflected light it is possible to achieve a high degree of circular 

polarization within the visible wavelength regions. For transmitted light the concept of 

achieving circularly polarized light is proven.  
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Sammanfattning 

 

I det här projektet har tunna filmer av AlInN i form av nanospiraler tillverkats med 

magnetronsputtering på TiN-belagda safirsubstrat. En mängd olika prover med olika 

beläggningsparametrar har tillverkats och undersökts. 

 

Målen med det här arbetet var att optimera graden av cirkulärpolarisation och att kontrollera 

den aktiva våglängdsregion där denna polarisationseffekt inträffar. Försök att uppnå en hög 

grad cirkulärpolarisation för både reflekterat och transmitterat ljus utfördes. 

Resultaten visar att det är möjligt att uppnå en hög grad av cirkulärpolarisation i det synliga 

spektrat för reflekterat ljus. För transmitterat ljus visas det att det är möjligt att åstadkomma 

cirkulärpolariserat ljus.  
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Introduction 

 

The research on nanorods and similar structures has increased significantly during the last 

decade, and so have their practical applications. This is due to a better understanding of how 

to master the assembly of nanostructures, as well as their synthesis from different materials.
1)

 

When considering potential use of nanostructures in general, the most obvious effects are due 

to their size. For example, in batteries, the nano scale will ensure a high surface-to-volume 

ratio for catalysts, and also shorten diffusion lengths 
2,3)

. However, for nanorods, the focus lies 

as much on the structure itself as on the size of the structure. When films are grown as 

columns, it is often referred to as columnar thin films (CTFs). Using a method allowing 

changes in column direction during growth, as in the case for nanorods, the structures are 

often referred to as sculptured thin films (STFs). The chemical composition of the constituent 

materials in STFs can be anything from insulators to metals, giving them a wide range of 

properties.
4)

 Therefore they can also be of use in many different areas, e.g.: 

 Optics, with improvements of optical filters, sensors, photonic materials and 

electrically addressable displays 
4)

. 

 Chemical gas sensors, reducing the response and recovery time of the sensor 
5)

. 

 Catalytic reactions, reducing the temperature at which the catalyst can operate 
6)

. 

And this is just to mention a few. 

One very interesting topic within the optical research area that has not been investigated to a 

large extent is manipulation of polarization states. Here more specifically how nanorods or 

nanospirals can be used to induce circular polarization of light. 

This work is aimed to determine how unpolarized light is circularly polarized when reflected 

of, or transmitted through a surface on which Al1-xInxN spirals has been grown by DC 

magnetron sputtering. Different parameters, such as the nanorod height, pitch of the helicodal 

structure and substrate growth temperature, are varied. 

Recently it has been shown that unpolarized light can be circularly polarized when reflected 

of a surface with Al1-xInxN nanospirals 
10)

. However, the polarization has a maximum degree 

of circular polarization outside the visible range (around 300-400 nm). This work is aimed to 

build upon these findings and further determine how unpolarized light is circularly polarized 

when interacting with the Al1-xInxN nanospiral films prepared with different growth 

parameters, such as the nanorod height, pitch of the helicodal structure and substrate 

temperature.  
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A first and general objective is to increase the degree of circular polarization. A second 

objective in this work is to move the wavelength range at which the polarization phenomenon 

occurs into the visible region (above 400 nm). A third objective is to see if circularly 

polarized light also can be achieved when light is transmitted through the Al1-xInxN 

nanospirals.   
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Theory 
 

 

Sputtering 

 

There are many methods used for synthesis of surface coatings and thin films, e.g., 

evaporation, sputtering and chemical vapour depositions. The films in this work were 

prepared using DC magnetron sputtering. During DC sputtering, a negative potential is 

applied to the source material, also called a target. In presence of a low pressure gas a plasma 

will form in front of the target, and the ions in the plasma will be accelerated towards the 

target. The ions hitting the target surface will either cause the target atoms to be ejected or 

they will be reflected. The ejected atoms will be transported in the line of sight from the 

cathode and some of them will condense on the substrate, causing a thin film to grow. 

Secondary electrons are also emitted from the target surface, and will maintain the plasma 

where the ions are generated. To increase the ionisation efficiency around the target, hence 

getting denser plasma, magnetrons are used. They have magnets arranged so that one pole 

creates a ring around the target, while the other one is centred on the target (Figure 1). The 

magnetic field created between the magnets keeps the electrons in vicinity of the target and 

increases the plasma density. This gives a higher ion bombardment of the target, which also 

yields higher sputtering and deposition rates. 
7)

 

 

In a reactive sputtering process, a chemical reaction between the sputtering gas and the target 

material takes place, before forming the film. The main reason for the chemical reaction is 

that the reactive gas, such as nitrogen or oxygen, has a positive charge. The negatively 

charged target material reacts with the gas before forming a film on the substrate. By varying 

the amount of gas let into the reaction chamber, the composition of the compound can be 

controlled. 
7,8)
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Figure 1. Cross-section of a magnetron, showing the position of magnets. Modified from Ref. 9. 

 

Some of the energetic particles created during the sputtering process, e.g., sputtered atoms, 

and backscattered gas atoms will hit the growing film surface and cause alterations of the 

nucleation and growth process, by providing energy to the adatoms on the surface. This is 

often used to improve, or modify, the crystal quality of the film 
7)

. If the energy is too high the 

energetic particles might also introduce defects in the growing film.  

 

There are three different modes for how thin films can grow 
10)

. These are 

 Island growth: the adatom-adatom interactions are stronger than the adatom-surface 

interactions, causing islands to form 

 Layer-by-layer growth: adatom is more likely to attach to the surface of the substrate 

than to another adatom, causing fully formed layers that grows layer-by-layer 

 Stranski-Krastanov growth: a mixture between island growth and layer-by-layer 

growth 

 

Different methods can be used to fabricate a surface which is not a flat thin film, but instead 

has a three-dimensional structure, i.e., a sculptured thin film (STF). A typical STF has a 

structure consisting of rods with space or low-density material between them. One of the most 

common deposition methods for sculptured films is glancing angle deposition (GLAD), where 

the target atoms are deposited on the substrate at a small angle, causing the initially grown 

islands to shadow the nearby region.
11)

 This method results in a columnar structured thin film 

(CTF) instead of a homogeneous film, but the columns will be tilted with reference to the 

substrate. 
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Growth of curved structures 

 

Manufacturing curved crystalline nanorods by using mismatched structures can be done in a 

number of ways where the bending occurs due to induced stresses. However, it is also 

possible to create curved nanorods without applying any external forces. One way to obtain 

this is due to tilted “crystal planes” caused by a gradient in lattice parameter, yielded from a 

composition gradient. That is, the bending of the nanorods occurs without including external 

forces. AlInN is one material system allowing for this kind of growth. When sputtered 

directly onto a sapphire substrate, a continuous Al1-xInxN film will form. By adding a seed 

layer, for instance VN or TiN on top of the substrate, columnar nanorods can form 

spontaneously onto the c-plane sapphire substrate under certain growth conditions.
12)

 

This growth, and the reason for it to occur, was shown by Radnòczi et. Al 
13)

. It is explained 

by the fact that the unit cells for the InN rich side of the crystal rods will be larger than for the 

AlN rich one, visualised in Figure 2. That is, the side of the rod closest to the Al target in the 

deposition chamber will have the highest concentration of AlN and the rod will tilt towards 

the Al target.
13)

 This type of growth is called controlled curved-lattice epitaxial growth 

(CLEG) 
14)

.
 
If the substrate then is slowly rotated while deposited, spiral shaped Al1-xInxN 

rods will be created.  

 

 

Figure 2. Schematic growth of AlInN nanorods. Reprinted from Ref. 14.  
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Ellipsometry 

 

Ellipsometry is an optical method for measuring characteristics on the surface of a material, 

for example structural parameters including composition, doping concentration, roughness 

and crystallinity of thin films or interfaces, as well as optical properties, such as complex 

refractive index or dielectric functions. The technique is based on polarized light and 

measures the change in amplitude and phase difference of the incoming and the reflected 

light. The way the light interacts with the sample is different for different ellipsometry 

methods. Distinctions can for instance be made between reflection-, transmission- and 

scattering ellipsometry.
15,16)

. The polarization state of the light in this formalism can be 

described by 

   
  

  
 (1) 

 

for both the incident and reflected light, where Ep and Es are the complex-valued 

representations of electric field in the p- and s-direction 
15)

, see Figure 3. The complex 

reflectance ratio can then be written on polar form according to 

   
  

  
         (2) 

 

 

Figure 3. Principle of basic ellipsometry. Reprinted from Ref. 17. 

 

The measured parameters in an ellipsometric experiment are Ψ, the relation between the 

change in amplitude for the polarized light in the p- and s-directions, and Δ, the relation 

between the changes in phase difference for p- and s-direction.  
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In this project the main focus is to investigate how much light is circularly polarized when 

transmitted through or reflected on a material. It is therefore effective to use the Stokes 

formalism, since it has a direct way to express circularly polarized light.  

 

A Stokes vector S is a combination of four parameters, which can describe any polarization 

state of light according to 

 

    

  
  
  
  

  

 
 
 
 

     
     

           
      

 
 
 
 (3) 

where Ix, Iy, I+45° and I-45° are the irradiances of linear polarizations in the x-, y-, +45°- and -

45° directions and Ir and Il the irradiances of right- and left-handed circular polarizations, 

respectively. 
17)

  

 

The Stokes vector is usually normalized by Ix + Iy = 1. Therefore the vector for unpolarized 

light is written 

    

 
 
 
 

  (4) 

 

For totally polarized light 

       
    

    
  (5) 

 

and the degree of polarization can be defined as 

   
   

    
    

 

  
 (6) 

 

The degree of circular polarization can then be written 

    
  

  
 (7) 

 

where the sign of S3 determines the handedness. 

Some other examples of Stokes vectors are presented in Table 1.  
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Table 1. Some examples of normalized Stokes vectors 

Polarization Stokes vector 

Linearly polarized, x-direction              

Linearly polarized, +45˚              

Circularly polarized, right handed              

 

An optical component can then be represented by a Mueller matrix which is defined trough 

 

  

   
   
   
   

   

 
   
   

   

  

   

   
   

   

  

   

   
   

   

  

   

   
   

   

  

   
   
   
   

  (8) 

 

where Si and So denotes the incoming and outgoing light respectively.
17)

 This Mueller matrix 

is normalized, and therefore the m11 element is 1. 

 

The Mueller matrix gives a full description of how a sample is affecting the light. That is, 

within this matrix there is a lot of information to be received. The m41 is of most interest in 

this work, since it describes the degree of circular polarized light if unpolarized incoming 

light is assumed. The m41 element can vary from -1 to 1, where -1 represents left-handed 

circularly polarized light and 1 represents right-handed polarized light. 

 

Because of the definition of the degree of circularly polarized light (Equation 7) 

 

        (9) 

when using normalized vectors             
 . 

 

Here it is also important to note that two different conventions are used to denote right- and 

left-handed polarization in the literature. In this work we use the convention defined from the 

point of view of the receiver, i.e. when looking into the incoming beam. The wave seen in 

Figure 4b is then left-handed circularly polarized.  
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Figure 4. Schematic views of (A) left-handed circularly polarized light seen from the front and (B) 

from the side. Modified from Ref. 18. 
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Experimental 
 

 

Three different substrates were used, single polished (SP) and double polished (DP) sapphire, 

Al2O3 (001), as well as single polished MgO (111). Single polished means that one side of the 

substrate is polished, leaving the backside opaque. On the double polished substrates, both 

sides are polished, making the substrate transparent. For transmission experiments, double 

polished substrates are of course necessary, but due to cost reasons single polished substrates 

were used for initial tests. A few attempts were also made to polish the backside of some SP 

samples after deposition. The most important samples for this study and some corresponding 

parameters are represented in Table 2. A full list of fabricated samples is presented in 

Appendix A (Table A1). 

 

The depositions of the TiN seed layer and the nanospirals were made in an ultra-high vacuum 

(UHV) DC sputtering system, seen in Figure 5. The system has a stainless steel chamber 

which is all metal-sealed and water-cooled. The sample holder can be rotated using an electric 

stepper motor. If rotated very slowly during growth the rotation speed will determine the 

spiral pitch, which is one of the more crucial parameters in this project.  

 

 

Figure 5. The UHV DC sputtering system, called Ragnarök, used in this work.  
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Before deposition each substrate was ultrasonically cleaned in the solvents trichloroethylene, 

acetone and iso-propanol, for 5 minutes each. Before deposition the substrates were heated to 

1000 ˚C for 30 minutes, and then cooled down to the deposition temperature. This method has 

proved to be good for cleaning MgO surfaces 
19)

. As sputtering gases, argon (Ar) and nitrogen 

(N) was used. To ensure growth of Al1-xInxN rods on nonconducting substrates, a seed layer 

must first be deposited 
13)

. Therefore, the AlInN films were grown on a seed layer of TiN. 

 

For the TiN seed layer, the total discharge pressure was kept at 5 mTorr, with the Ar:N 

relation 4:1. Both gases were purified to 99.999999% before entering the deposition chamber, 

using getter purifiers. The power to the 75 mm titanium (99.999% pure) target was 300 W. 

The thickness of the seed layer varied from 0 to 400 Å, and the growth temperature was either 

850 ˚C or 900 ˚C (Table 2). The deposition rate of TiN was determined to 95 Å/min, using x-

ray reflectivity measurements. To ensure a uniform TiN film, the substrates were rotated at 

2500 rph during deposition. 

 

 

Figure 6. Deposition chamber during growth of Al1-xInxN.  
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Following the growth of the TiN seed layer, the temperature was lowered to 600-750 ˚C, for 

the growth of AlInN nanospirals (Table A1). The Al1-xInxN rods were grown by cosputtering 

of the 75 mm aluminium target (99.999% pure) and the 50 mm indium target (99.999% pure). 

The films were sputtered in N2, purified to 99.999999%, and the discharge pressure was kept 

at 5 mTorr. The power of the magnetrons were 350 and 10 W for Al and In, respectively. 

When growing the Al1-xInxN nanospirals the substrate was rotated making the spiral pitch 

either 233, 280 or 326 nm. Most spirals were grown for 5 turns, but 4 turns were also tested. 

The different spiral pitches and number of turns are shown in Table 2 and Table A1. During 

deposition of both seed layers and nanospirals a bias voltage of -30 V was applied to the 

substrate. 

 

Table 2. A list of the most important samples and some corresponding parameters. 

Sample 

number 

 

 

Substrate 

 

 

 

Buffer layer Nanospiral layer 

Thickness 

(Å) 

 

Growth 

temp. 

(˚C) 

Pitch 

(nm/turn) 

 

Turns 

 

 

Growth 

temp. 

(˚C) 

1S Al2O3 200 850 N/A 

1D Al2O3 200 850 N/A 

2S Al2O3 200 850 233 5 600 

2D Al2O3 200 850 233 5 600 

3S Al2O3 400 850 233 5 600 

3D Al2O3 400 850 233 5 600 

4S Al2O3 200 900 233 5 700 

4D Al2O3 200 900 233 5 700 

5S Al2O3 100 850 280 5 650 

5D Al2O3 100 850 280 5 650 

6S Al2O3 200 850 233 5 600 
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Reflection and transmission ellipsometry measurements were made on an RC2
®
 ellipsometer 

from J.A. Woollam Co., Inc. shown in Figure 7. This system has dual rotating compensators 

and a wavelength range of 245-1700 nm. 

 

 

Figure 7. The RC2
®
 ellipsometer used in this work. Here fitted with a translator substrate table. 

 

The reflection ellipsometry measurements were carried out using a rotating sample holder, 

enabling an automatic rotation of the sample while measuring at different angles of incidence 

(θ). Different angular ranges and steps were tried out. Typically a full 360° rotation was 

carried out with a step of 5°, and θ was varied from 20 to 60°, also with a step of 5°.  

 

For the transmission ellipsometric measurements, a more basic sample holder was used, since 

measurements at smaller incident angles were needed. Different settings were tried out, but 

for the main measurements θ was varied from 0 to 60° with a step of 5°. 

 

The transmittance measurements were conducted with a Variable Angle Spectroscopic 

Ellipsometer (VASE), from J.A. Woollam Co., Inc. These transmittance measurements were 

carried out on two double polished substrates.  
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For the structural investigations, the samples were investigated using different techniques. 

The surface morphology of the seed layer was studied using a Dimension 3100 atomic force 

microscope (AFM) with a Nanoscope IV controller, from Bruker Inc. X-ray diffraction (ϴ-2ϴ 

scans), were performed with a Philips PW1820 powder diffractometer. The measurements 

were made between 30˚ and 110˚ in 2ϴ. Cross sections of the Al1-xInxN films were studied 

using a Scanning Electron Microscope (SEM) Leo 1550 Gemini, operated at 5 kV. 
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Results and Discussion 
 

 

Optical characterization 

 

Figure 8 shows a complete Mueller matrix for sample 2S at a specific angle of incidence (θ) 

and rotation (ϕ). Due to the lack of reference direction for the rotation of the samples, ϕ is 

chosen so that the highest possible degree of circular polarization is achieved. At higher 

wavelengths the sample reflects light as an ordinary dielectric surface whereas more optical 

activity is found at lower wavelengths. 

 

 

Figure 8. The full Mueller matrix for sample 2S. θ is 25˚ and ϕ is 210 ˚. 
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Effect of the spiral structure 

In Figure 9 m41 values as a function of wavelength are presented. The measurements were 

carried out on a sample without any spirals deposited on it (1S) and one with spirals (2S). 

 

 

Figure 9. Ellipsometric data showing the m41 value vs. wavelength for (a) films with spirals (2S) and 

(b) with only the TiN seed layer (1S). The angle of incidence was 25˚. 

 

The m41 value is close to zero for the 1S sample, with no nanospirals (Figure 9b). The 2S 

sample, on the other hand, has pronounced features in the curve near 400 nm. These results 

clearly show that the circular polarization seen in the ellipsometric measurements are caused 

by the spiral grown Al1-xInxN nanorods. 

 

Showing all ellipsometric data (as in Figure 8) would not be practical, especially since a large 

number of samples were investigated. Moreover, since the degree of circular polarization is 

our main data of interest, the ellipsometric reflection measurement results are instead 
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summarized in Table 3. It can be seen that the Pc varies significantly with seed layer thickness 

and also if the substrate is single- or double polished.  

 

Table 3. Ellipsometric reflection results of the samples dealt with in the result part. 

Sample 

 

 

 

Substrate 

 

 

 

Buffer layer Nanospiral layer Ellipsometric results 

Thickness 

(Å) 

 

Growth 

temp. 

(˚C) 

Pitch 

(nm/turn) 

 

Turns 

 

 

Growth 

temp. 

(˚C) 

Pc 

max 

(%) 

Wavelength 

at Pc max 

(nm) 

1S Al2O3 200 850 N/A 0 N/A 

1D Al2O3 200 850 N/A 0 N/A 

2S Al2O3 200 850 233 5 600 69 409 

2D Al2O3 200 850 233 5 600 33 380 

3S Al2O3 400 850 233 5 600 66 416 

3D Al2O3 400 850 233 5 600 44 417 

4S Al2O3 200 900 233 5 700 49 347 

4D Al2O3 200 900 233 5 700 47 345 

5S Al2O3 100 850 280 5 650 71 471 

5D Al2O3 100 850 280 5 650 17 437 
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Optimization of parameters for ellipsometric reflection measurements 

 

One of the objectives with this work was to maximize the amount of circular polarized light, 

and to change the wavelength of this maximum into the visible range, keeping the seed layer 

thickness thin. To do this, a few samples were made with different periodicity of the spirals. 

The periodicity was changed by changing the rotation speed and the corresponding growth 

times. The growth temperatures of the different layers were also varied. A summary of these 

samples can be found in the Appendix A.  

 

One of the most successful samples (5S) had a maximum of Pc far into the visible wavelength 

range. The m41 values for this sample are shown in Figure 10. 

 

 

Figure 10. Ellipsometric reflection data showing the m41 value vs wavelength for sample 5S.The 

angle of incidence was 25˚. 

 

As seen, the maximum Pc has a value of 71% at a wavelength of 471 nm.  
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Difference in reflection measurements for single and double polished substrates 

 

Since there is a clear difference in the polarization properties of SP and DP substrates, some 

attempts were made to polish the backside of the SP samples, hence making them double 

polished. This was made to test if the fact that the lower degree of polarization for films 

grown on the DP samples depended on their polished backside. Ellipsometric reflection 

measurements were performed on sample 6S and thereafter the rough backside was polished 

using a rotating cooper disc and diamond paste where after the ellipsometric measurement 

was repeated. The resulting m41-values are presented in Figure 11. T is clear that the degree of 

circular polarized light is lower after polishing. 

 

 

Figure 11. Ellipsometric reflection data showing the m41 value vs wavelength for sample 6S (a) 

before polishing of the backside, and (b) after polishing. The angle of incidence was 25˚.  
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The results in Figure 11 could indicate that a polished backside gives a reflection that 

interferes with the reflection on the surface of the sample. It is therefore possible that the Pc 

results from the SP samples would be similar to the corresponding DP samples, if the 

backside was polished. However, the result could also be explained by a possible damage of 

the chiral structure itself during the polishing, hence causing less circular polarization of the 

light. 

 

Ellipsometric transmission measurements 

 

Table 4 shows a summary of the growth conditions and the Pc results from all samples on DP 

substrates. Compared to the results for the same samples found in Table 3, it can be seen that 

a high Pc reflection measurement does not have to mean a high Pc in transmission. 

 

Table 4. List of all double polished samples and their ellipsometric transmission results. 

Sample 

 

 

 

Substrate 

 

 

 

Buffer layer Nanospiral layer Ellipsometric results 

Thickness 

(Å) 

 

Growth 

temp. 

(˚C) 

Pitch 

(nm/turn) 

 

Turns 

 

 

Growth 

temp. 

(˚C) 

Pc 

max 

(%) 

Wavelength 

at Pc max 

(nm) 

2D Al2O3 200 850 233 5 600 4 653 

3D Al2O3 400 850 233 5 600 11 673 

4D Al2O3 200 900 233 5 700 2 573 

5D Al2O3 100 850 280 5 650 1,5 578 

7D Al2O3 300 850 233 5 600 11 658 

8D Al2O3 200 900 233 5 650 2 629 

 

It seems that, for the ellipsometric transmission measurements, more light is circularly 

polarized when the buffer layer is >300 Å. But it is also needed to consider that the Pc is only 

a percentage of the total light passing through the sample, and the higher level of Pc could be 

due to the fact that a thicker buffer layer would cause less light to pass the sample in total.  
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Transmittance measurements 

 

Figure 12 shows optical transmittance measurements for sample 1D and 2D. For wavelengths 

below 650 nm the transmittance is higher for the sample with the fewest layers of film (i.e. 

without any AlInN). This is reasonable since the absorption should be higher in that sample. 

For higher wavelengths however, the substrate with the Al1-xInxN spirals has higher 

transmittance. This could be due to the fact that the Al1-xInxN layer acts as an anti reflectance 

layer for the higher wavelengths. 

 

 

Figure 12. Transmittance for samples 1D and 2D, both p-pol and 45˚-pol light. 
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Structural characterization 

 

The ratio of Al/In varies depending on which part of the a nanorod that is investigated. The 

reason for this is the composition gradient mentioned earlier that runs throughout the sample. 

However, an estimated average composition value of the Al1-xInxN is      . 
12)

 

 

To further investigate the observed difference in reflected circular polarization between DP 

and SP substrates AFM and XRD measurements were made on seed layers grown on both 

types of substrates. 

 

ϴ-2ϴ XRD scans of substrates with only the TiN seed layer (sample 1S and 1D) can be seen 

in Figure 13. The two highest peaks come from the sapphire substrate while the two smaller 

peaks come from the TiN seed layer. Also seen in the XRD scan is the forbidden 009-peak of 

for sapphire. The scan was done to make sure that the difference in light polarization does not 

depend on a difference in the crystal structure of the TiN seed layers on the two different 

substrates, SP and DP. As seen in Figure 13, the XRD measurement reveals no differences 

between the two samples. They show a very similar intensity for all peaks, indicating a similar 

crystal structure. However, the diffractograms do not show possible difference in the in-plane 

distributions or grains which could affect the growth of the AlInN films. 

 

 

Figure 13. XRD measurement for TiN seed layers grown on samples 1S and 1D.  



23 

 

The surfaces of the two samples with only TiN seed layers (samples 1S and 1D) were also 

investigated with AFM to examine if a possible difference in seed layer surface structure 

could explain the ellipsometric difference between single- and double polished substrates. The 

AFM micrographs are shown in Figure 14 and 15. It can be seen that the DP sample has lower 

root mean square roughness (Rq) than the SP one. The SP one has more high defects on the 

surface, but both are still very smooth. 

 

 

Figure 14. AFM image of sample 1S. 

 

 

Figure 15. AFM image of sample 1D. 
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Single polished vs double polished substrates 

 

Figures 16 and 17 shows SEM images for the samples 2S and 2D, respectively. Disregarding 

the “debris” that can be seen on the SP and the additional bent pillars on top of the DP, the 

two SEM pictures looks very much alike. Both the spirals themselves and the thickness are 

quite similar. That is of course to be expected when they are grown at the same time in the 

same conditions in the chamber, with the only difference that one of them has a polished 

backside. This, together with AFM and XRD of the seed layers, supports the reasoning earlier 

that the big difference in the amount of polarized light between samples 2S and 2D (Table 3) 

is due to reflection interference at the backside of the DP sample rather than structural 

differences between the samples. As a reminder, it can be pointed out that 2S measured a 

maximum Pc of 69% at 409 nm, while 2D only reached 33% at 380 nm.  

 

 

Figure 16. Cross-sectional SEM image of the sample 2S. TiN thickness of 200 Å. 
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Figure 17. Cross-sectional SEM image of the sample 2D. TiN thickness of 200 Å. 
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Branching pillars on top of the nanospirals 

 

Figure 18 shows a SEM image of the sample 3D. It has a TiN seed layer of 400 Å, twice as 

thick as for 2D, but has otherwise the same growth conditions as the previously shown 

samples. The bent pillars that were found on top of the 2D (Figure 17) appear again in this 

sample. However, this time there are additional branches on top of the pillars. These branches 

were much smaller for sample 2D. A top view of the sample reveals that these branched 

pillars can be found all across the sample, see Figure 19. The spirals themselves look even 

better for 3D than for 2D, with more spacing between individual spirals and less tendency to 

lump together. This corresponds well to the ellipsometric results found in Table 3, where the 

maximum Pc for 3D is 44% at 417 nm. The height of the spirals appears to be about 13% 

higher for 3D than for 2D, something that could be explained from the fact that the pillars 

looks to be more widely spaced in the sample 3D. The same amount of material would then 

give a thicker total film. 

 

 

Figure 18. Cross-sectional SEM image of the sample 3D. TiN thickness of 400 Å. 
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Figure 19. SEM image for the sample 3D, top view. TiN thickness of 400 Å. 
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Figure 20 shows a SEM image from sample 4D, which appears to be without any external 

nanospiralic structure. The external structure has collapsed, causing the nanorods to become 

more closely packed. As a result, the film has become denser, and therefore thinner, than for 

the samples 2D and 3D. However, the 4D sample still shows high circular polarization when 

investigated with ellipsometry in reflection mode (Table 3). The reason for this is believed to 

be the results of the internal crystalline structure in the CLEG growth method. Even though 

the external nanospirals are not present in this sample, the internal crystalline structure is still 

intact. This causes the light to be circularly polarized when reflected of the surface of the 

sample. 
14)

 

 

 

Figure 20. Cross-sectional SEM image of the sample 4D. TiN thickness of 200 Å. 
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Conclusions 

 

 

It is shown that it is possible to achieve a high degree of circular polarization (      ) for 

ellipsometric reflection measurements in the visible wavelength (471 nm) by using a 

sculptured thin film of Al1-xInxN nanospirals on a substrate of sapphire with a seed layer of 

TiN. There is a difference in the degree of circular polarization from samples grown on SP 

and DP substrates, deposited at the same time. Since the XRD and AFM measurements of the 

seed layers are very similar, and polishing the backside of a SP substrate after deposition 

show a similar polarization effect as the DP one, it is possible that the difference is due to a 

difference in backside reflection of the substrates.  

 

The concept of circularly polarizing light by transmission ellipsometry is proven. However, 

the method needs more work to reach a Pc in the same range as for the reflection ellipsometry.  
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Suggestions for further work 

 

 

There are some things that I have not had the time to investigate within this project that would 

be interesting to investigate further in the future.  

 

To further investigate the impact that a polished backside of a sample has on reflection 

ellipsometry measurements it would be interesting to first measure the reflection on a double 

polished substrate and then scratch the backside of the substrate to make it unpolished and 

redo the measurement. This should result in a higher Pc for the second measurement if our 

assumptions are correct. For this purpose it would also be of interest to make optical 

simulations of AlInN spirals on double polished sapphire. Simulations might also help 

understand why the correlation between ellipsometric reflection measurements and 

ellipsometric transmission measurements is so small for the same sample. 

 

It would also be interesting to compare the internal and external spiralic structures, investigate 

how they correlate and determine which of them has the biggest influence on the Pc.  
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Appendix A 
 

 

Table A1. List of all produced samples, and their ellipsometric reflection results 

Sample 

(original 

name) 

 

Name 

in 

thesis 

 

Substrate 

 

 

 

Buffer layer Nanospiral layer Ellipsometric results 

Thickness 

(Å) 

 

Growth 

temp. 

(˚C) 

Pitch 

(nm/turn) 

 

Turns 

 

 

Growth 

temp. 

(˚C) 

M41, 

max 

(%) 

Wavelength 

at Pc max 

(nm) 

SE001 SP 

 

Al2O3 190 850 N/A 

SE002 SP 

 

Al2O3 0 N/A 233 5 750 0 N/A 

SE002 SP 

 

MgO 0 N/A 233 5 750 25, 24 377, 421 

SE003 SP 

 

Al2O3 50 850 233 5 600 0 N/A 

SE003 SP 

 

MgO 50 850 233 5 600 0 N/A 

SE004 SP 6S Al2O3 200 850 233 5 600 64 364 

SE004 (D) 

 

Al2O3 200 850 233 5 600 47 368 

SE004 SP 

 

MgO 200 850 233 5 600 75 379 

SE005 SP 

 

Al2O3 100 850 233 5 600 38, 38 376, 491 

SE005 SP 

 

MgO 100 850 233 5 600 73 401 

SE006 SP 

 

Al2O3 150 850 233 5 600 62, 52 398, 447 

SE006 SP 

 

MgO 150 850 233 5 600 68 419 

SE007 SP 

 

Al2O3 0 N/A 233 5 600 0 N/A 

SE007 SP 

 

MgO 0 N/A 233 5 600 10 396 

SE008 SP 2S Al2O3 200 850 233 5 600 69 409 

SE008 DP 2D Al2O3 200 850 233 5 600 33 380 

SE009 SP 

 

Al2O3 300 850 233 5 600 69 405 

SE009 DP 7D Al2O3 300 850 233 5 600 39 371 

SE010 SP 3S Al2O3 400 850 233 5 600 66 416 

SE010 DP 3D Al2O3 400 850 233 5 600 44 417 

SE011 SP 

 

Al2O3 200 900 233 5 650 42, 43 373, 533 

SE011 DP 8D Al2O3 200 900 233 5 650 48 371 

SE012 SP 1S Al2O3 200 850 N/A 0 N/A 

SE012 DP 1D Al2O3 200 850 N/A 0 N/A 

SE013 SP 4S Al2O3 200 900 233 5 700 49 347 

SE013 DP 4D Al2O3 200 900 233 5 700 47 345 

SE014 SP 

(center) 

 

Al2O3 

200 850 280 5 600 73 445 

SE014 SP 

(side) 

 

Al2O3 

200 850 280 5 600 63 448 
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Table A1, continuation. 

Sample 

(original 

name) 

 

Name 

in 

thesis 

 

Substrate 

 

 

 

Buffer layer Nanospiral layer Ellipsometric results 

Thickness 

(Å) 

 

Growth 

temp. 

(˚C) 

Pitch 

(nm/turn) 

 

Turns 

 

 

Growth 

temp. 

(˚C) 

M41, 

max 

(%) 

Wavelength 

at Pc max 

(nm) 

SE015 SP 

(center) 

 

Al2O3 

200 850 326 5 600 38 482 

SE015 SP 

(side) 

 

Al2O3 

200 850 326 5 600 43 454 

SE016 SP 

(center) 

 

Al2O3 

200 850 326 4 600 35 470 

SE016 SP 

(side) 

 

Al2O3 

200 850 326 4 600 45 433 

SE017 SP 5S Al2O3 100 850 280 5 650 71 471 

SE017 DP 5D Al2O3 100 850 280 5 650 17 437 

 


