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Abstract 
Helical thin films and microparticle suspensions were 

prepared with Glancing Angle Deposition. Differential 
circular transmittance measurements were performed on 
both. The films show the expected Bragg peak; the 
suspensions show it shifted towards shorter wavelengths, 
and also show a change in sign in the region where the 
film’s Bragg peak appears. The Discrete Dipole 
approximation is used to study the scattering of a helical 
particle, and model the suspension as a medium with 
independent randomly oriented chiral scatterers. 

1 Introduction 
Glancing Angle Deposition (GLAD) is a specialized 

Physical Vapour Deposition technique that allows 
producing thin films with different morphologies: 
columnar, zigzag, and helical [1]. The helical thin films 
present two effects related to their structural chirality: 
optical rotation, and the Circular Bragg Phenomenon [2]. 

If the columns are detached from the film, one obtains a 
collection of helical microparticles. These have been used 
to fabricate nanostructured propellers [3]; however, their 
transmittance properties haven’t been reported. The 
scattering properties of randomly oriented chiral spheres 
have been presented in [4]. In this work we describe the 
fabrication of the microparticles, how their transmittance 
properties vary from those of the films, and how we are 
modelling their scattering using the Discrete Dipole 
Approximation (DDA).   

2 Experiment and simulation 
Silicon thin film coatings were grown by GLAD, using a 

custom deposition chamber [1]. The material source was 
high purity silicon, and it was evaporated with an electron 
beam, and deposited on a glass substrate. The deposition 
angle was 85 degrees from the substrate normal, with a 
flux of 5 Ås-1 measured by a quartz crystal microbalance. 
The helical particles were detached from the substrate by 
ultrasonic agitation, and suspensions in water were 
prepared. Differential circular transmittance (DCT) 
measurements were done using a custom 
spectrophotometer [5].  

The scattering of a helical microparticle was studied 
numerically using DDA[6]. The simulations were done 
using Open DDA [7], in Mammouth Parallel II from Calcul 

Quebec (http://calculquebec.ca).  The helical target 
consisted in a 5 turn, right handed helix, composed of ~105 
dipoles. From the simulations the Extinction matrix K was 
calculated. 

3 Results  
Figure 1a and 1b show a SEM image with a cross-

section of the right-handed (RH) and left-handed (LH) 
helical film, respectively. A comparison between RH and 
LH microparticles is shown in figure 1c. A powder of 
microparticles is shown in figure 1d. These films have a 
helical pitch (height of one turn) of 300 nm. 

 

 
Figure 1 SEM images of (a) RH, and (b) LH helical films. (c) 
Detail of a single RH and LH microparticle (d) Powder with 

helical microparticles. Adapted from [5].  
 
Figure 2 shows the measured DCT, for thin films and 

microparticle suspensions. We can see that the films 
produce the expected Circular Bragg Phenomenon [2]: a 
RH film transmits left circularly polarized light (LCP), and 
a LH film transmits right circularly polarized light (RCP). 
For the suspensions, we see that the Bragg peak shifts 
towards shorter wavelengths, and that the region where 
the film's original Bragg peak is located now shows a 
change in sign; therefore, the suspensions (in this region) 
transmit light with the same handedness as their structure. 

A similar behaviour can also be seen for the 
measurements done in powders with helical 
microparticles, shown in figure 3. The plot also shows that 
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a racemic mixture of the powders does not produce any 
Bragg peaks. 

 

 
Figure 2 Normalized DCT measurements for helical thin films 

and microparticle suspensions, adapted from [5].  
 

 
Figure 3 Normalized DCT measurements for microparticle 

powders and racemic mixture, adapted from [5].  
 
The DCT is proportional to the K14 element of the 

extinction matrix [8]. Figure 4 shows the simulated K14 
element, with light going through the helical axis of a RH 
microparticle, for several helical pitches. We see that the 
Bragg peak (where transmittance of LCP light is higher) 
shifts to longer wavelengths by increasing the helical pitch. 
This agrees with what we expected, as the Bragg 
wavelength is proportional to the product of the refractive 
index and the helical pitch [2]. 

For a helix with fixed pitch, the variation of the width 
also shifts the Bragg peak. Figure 5 shows this behaviour 
for a 350 nm pitch helix, varying the width relative to the 
helical axis, from 140 to 420 nm. As the width decreases, 
the Bragg peak shifts to shorter wavelengths, which 

resembles the effect observed in figure 4, when the helical 
pitch decreases. 

The microparticle suspensions have an estimated 
concentration 108 particles cm-3, so we can regard them as a 
medium containing independent chiral scatterers in 
random orientations. For such a medium, the extinction 
matrix K has the form [4,8]: 

 

 
Figure 4 Simulated K14 for a helical target with different helical 

pitches (see labels). 
 

 
Figure 5 Simulated K14 for three helices with a pitch of 350 nm, 
with different widths relative to the helical axis (see labels). 

 
K11 0 0 K14

0 K22 K23 0

0 −K23 K33 0

−K14 0 0 K44





















 (1) 

 
where all the non-zero elements are averaged over 

single particle orientations. In the previous equation we 
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are assuming all the particles are identical, so there is no 
averaging over particle sizes. 

To study light incident at oblique angles relative to the 
helical axis, we need to identify the orientations that don't 
modify the scattering. From equation (1) we see that any 
rotation of the particle about the direction of the incident 
beam (described by the φ  Euler angle) should not affect 
the value of K14. The only Euler angles that should change 
the scattering, and contribute to the ensemble average in 
equation (1), are θ  (tilt of helical axis with respect to the 
incident beam), and ψ  (rotation about the helical axis).  

As we vary θ  from 0 to 90 (helical axis parallel and 
perpendicular to incident beam, respectively), we see in 
figure 6 that K14 changes sign. Simulations show that the 
reverse trend occurs by varying θ  from 90 to 180. 

 

 
Figure 6 Simulated K14 element for a helix with pitch 350 nm. 
Each colour corresponds to an orientation in θ (see labels). 

 

 
Figure 7 Simulated K14 element for a helix with pitch 350 nm. 
Each set of coloured curves corresponds to a fixed θ (labelled in 
the figure), and varying ψ . 

 

In figure 7 it is shown that for fixed θ , and varying ψ  
the changes in the K14 element are approximately the same. 
Therefore, to a first approximation, the DCT can be 
described by only varying θ . 

Literature shows the Bragg peak of a helical film shifts 
towards shorter wavelengths, when light is incident at 
oblique angles (with respect to the helical axis) [2]. In the 
case of the microparticle suspensions, if we assume they 
are all randomly oriented, then light is equally likely to 
encounter particles in any orientation. However, the 
orientations for which θ  is different from 0 or 180 have a 
larger geometrical cross-section, so most of the light 
scattered by the medium comes by particles receiving light 
at oblique angles.  

4 Future work 
A size distribution function will be added, to yield a 

better approximation of the extinction matrix of a 
suspension of helical microparticles. Radiative transfer 
theory will then be used to study multiple scattering from 
these mediums, and compare with microparticle 
suspensions in higher concentrations. 
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