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Abstract  Simulation of the immersed light source with 
microstructure on the emitting surface is critical for next 
generation optical and bio-photonics components. Several 
design procedures that corresponding to the modulation of 
the emitting pattern is addressed. The writers are at present 
operating on a MOST project “Investigation of Solid Human 
Eye Model with 3D Printing Technology and the Evaluation 
on the Associate Specialized Optoelectronic Sensing 
Structures Fabrication to the Biocompatible Surface”. We 
are preparing the methodology that can construct the human 
eye model with immersed emitting energy by the 3D printing 
material, and furnishes the real time estimation on the image 
qualities of the human eye. Our aim is to build a practical 
platform to evaluate the immersed optical-electronic 
components of the human eye. By doing this, the evaluation 
of the visual qualities can be amended, and it becomes 
possible for us to fill in an accurate measurement system that 
based on the eye model with immersed source. In this 
account, we provide several comments on the conduct of the 
immersed light source and the application to the details 
human eye modeling. 
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1. Introduction 
Layer structure with light source immersed in the material 

provides as important applications for information display 
[1-8]. One of the applications for such device is to develop 
the optoelectronic component for the building and evaluation 
on the metrics of the (artificial) human eye. It is anticipated 
that a flexible and emitting light source layer can be attached 
or embedded in the human eye for specific uses. Granting to 
the comments by ophthalmologists, we realized that the 
current clinicians often meet the difficulties to describe the 
visual improvement of the patients, before and after the 

discussion or the operating room. No question those 
expensive facilities can simultaneously assess the visual 
metrics of the patients. Yet, for the patients and relevant, it is 
not easy to understand these complicated medical conditions 
and phenomena. On the other hand, the specialist sometimes 
will be difficult to predict and interpreted the possible effects 
of the treatment, for the unexpected scenario that the patients 
will endure-through for their daily life (such as Halo, glare 
phenomena while driving under different visual/head 
position). Moreover, for the upcoming aging society, to 
depict the subjective visual experience of the patient may not 
be easy - wearable and immersed type device is possible one 
of the answers. Based on these demands, this report will pay 
attention on the ray tracing of the immersed layer device. 

Referable to the complicated fabrication procedures for 
these novel devices, there are sometimes contradictions 
between the numerical simulation and the experiment report. 
For example, it is anticipated that the projected light source 
that immersed under the tissue, without textures on the top 
emitting surface should take in a flatten apodization for the 
smaller solid angle region, while the one with microstructure 
will lead to the Lambertain pattern (due to the increasing of 
the extraction efficiency). However, experimental results 
differ for single layer and multi-layers situations. This is 
imputable to the combinations between the refractive index, 
interface conditions and the surface properties for each layer 
that lead to these disagreements. Such divergence in the 
planning stage will cause serious and severe consequences 
for developing medical applications. To clarify such 
contradictions, we demonstrate the emitting patterns of a 
single layer immersed light source to prevent possible issues 
for practical application with 3D printing. 

2. Material 
Through the using of the 3D printing technologies, an 

accurate solid eye model with immersed light source for a 
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specific patient can be fabricated by the specialist. We 
cooperate with the 3D printer fabricator, to evaluate and 
investigating the appropriate printing bio-compatible 
material. The evaluation also includes the performance of the 
optical element and the sensing circuits. To complete the 
reliable correlation between the material properties, it is 
critical to understand the metric of the image while these 
optical components are layered structure of the tissues of the 
human eye. Simulation on the Glaucoma, Cataracts and 
Age-Related Macular Degeneration (AMD) can be also 
complete through proper pigment injection and the 
pressurized of the example. During the designing of the 
complicated layer structure and the combinations of the light 
source for layer device, appropriate modelling is vital for the 
comparability between the experimental results and the 
designed human eye model. If the construction is planned 
under the immersed light source for information display or 
illuminating purpose, and so it is essential to interpret the 
light propagating phenomena between these optical systems. 
To investigate the effect, figure 1 is the basic model that a 
light source immersed in the material. n1 and n2 are the two 
refractive indices. A defined relative ratio Γ≡n2/n1 is 
introduced to observe the emitting radiant pattern 
(apodization) of the device. Note that this kind of 
configuration can be the adaptive light source that immersed 
in the specific bio-compatible material - while the refractive 
index can be modulated through the physical, 
electro-chemical effects, even mechanical treatment.  
Observe the light source can be charged up from the 
extraneous. 

 

Figure 1.  Concept for immersed light source model with particles and 
microstructures 

The Intensity distribution of the light source (yellow color) 
is defined as the Lambertian model in the following 
configuration: 

Ω=Ω cos)( 0II S  

where I0 is the peak intensity of the apodization patterns, Ω 
is the spatial angle that measure from the z axis. After 
emitting out through the layer structure, the Intensity 
distribution IL(θ) will be transformed. Since the giving of 

power is set as 1 unit (1W), therefore the followings should 
stand if one considers the possible power consumption 
inside the tissues. 

ΩΩ≥ΩΩ ∫∫ dIdI Ls )()(  

3. Results and Discussions 
During the simulation, an alternative that turns-on/off the 

immersed status is present by different simulators. By 
comparing the apodization of previous fundamental 
configuration shown in figure 1, we found that such option 
for the absorption of the light source of the fabric might not 
contribute to significant effects. However, this turn on 
procedure is important for the Boolean operation in the latter 
layer stacking sequences, since it is extremely important to 
indicate the properties of the material that encapsulates the 
light source.  In the case of the human eye, the material can 
be the vitreous body or the lens. Meanwhile, as the ratio Γ 
approach to 1, the emitting patterns for this device return to 
the Lambertian type (figure 2). Notice that there are two 
intensity peaks occurring along 45 degrees, and then 
disappears during the increasing of the ratio Γ. The green 
circles in figure indicating the same intensity, as the scale 
measure for the comparison of the intensity distributions. 
As expected that if there are designed micro-structures or 
specific patterns on the top surface of the immersed light 
source, the extracting energy will occur. It is worth to 
mention that the fabrication of the bio-compatible 
microstructure on the tissue is one of the tasks in our project.  

 
Figure 2.  Scenario for Immersed type light source 

Thus, through the careful combination between the two 
procedures (adjusting the Γ ratio and the surface texture), the 
emitting radiant than can be accommodated to spread over 
several critical apodization - such as the uniform distribution 
along the target plane, the side emitting and the Lambertian 
type. Stand on these phenomena, the writers have already 
filed the patents with such simple concept for the 
information display and bionic and bio-compatible device. 
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Still, the troubles with the delicate controlling of the 
refractive ratio and the cost efficient method to regulate it are 
indeed a challenging job. 

 

Figure 3.  Effect of reflective layer to microstructures on the top surface of 
the source 

Immediately one of the interesting things is the effects of 
the microstructure that build on the refracting layer of the 
gimmick. The microstructures can be helpful for the 
extraction of the power from the light source, and there are 
two strategies to manufacture it – bumps and hollows. 
Observe that the biological tissues also exhibit these 
microstructures that should sustain the significant 
importance during the evolution. 3D printing methods to 
fabricate the microstructures can be contained by the 
resolution and the filling pattern options. It is clear to see in 

figure 3 that almost all three types of configurations reveals 
the Lambertian-like pattern. With and without the surface 
structure indicates a 2.5 times extraction efficiency than the 
one without surface treatments. Moreover, the size of the 
micro-constructions (in this example a semi-spherical is 
introduced) is almost not relevant to the emitting patterns. 
This argues that the fabrication criterion for this type of 
gimmick is much gentler for a compact, portable/wearable 
and small size requirement. However, bumps and holes lead 
to slightly different in the small angle region. If one is to 
design the illuminating condition with more uniformity, the 
light source should be immersed under the hole type surface 
structures since there are less irregular peak patterns that 
shown in figure 3.  

This formula can be applied to the provision of the 
wearable eye device (an eye model is depicted later in figure 
4), since the emitting angle and the uniformity will related 
to the angle of the incident ray, which can be interpreted as 
the F-number, object Numerical Aperture (N.A.) and the 
pupil diameter of the human eye. On the other hand, the 
structure of the retina also demonstrated as layer structures 
[9], photons can be treated as emitting from specific layers 
for successive ray tracing to explore the efficiency and 
sensitivity of the retina. Such that the emitting patterns 
reveals in figure 2 and 3 provide the estimation on the 
power spreading of the photons.  

 

Figure 4.  Modelling the Emitting radiant for visual science – Left: Wearable device outside the human eye; Right: Layer structures [9] in the retina part 
can be modelled to understand the photon intensity distribution within layers  
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4. Conclusions 
Simulation of the optical layer structure with 

microstructure on the emitting surface is critical for next 
generation Bio-photonics components. Through the present 
discourse, one can reason out that the combination of the 
textures, refractive layer; immersed and Boolean operations 
can represent several kinds of emitting patterns. The end of 
this report is to complete the integration between the present 
methods and the 3D printing for visual information and 
associated bio-compatible applications. 
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