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Summary 

This document describes the various optical element fabricated at MicroFab. The two main methods of 
fabrication at MicroFab are discussed together with the ways of controlling the shape of the optical elements. 
Illustration of the optics elements created using ink-jetting is presented in the document and in the referenced 
papers. 

Optical elements created at MicroFab using ink-jet deposition and the various approaches 

Some of the methods used in the fabrication of the spherical microlenses are described and compared by 
Ottevaere et. al1. MicroFab has used ink-jet piezoelectric dispensing to fabricate the spherical microlenses as 
well as other optical elements. 

The following types of optical elements were created at MicroFab by ink-jetting an optical UV curable 
material: spherical, ellipsoidal, cylindrical or square microlenses on flat substrates2,3, spherical lenses4,5 or 
couplers6 at the end of fibers or on top of posts (optical spacers for VCSELs)7, waveguides on flat surfaces 
(thermoset epoxy)3,8 or in channels (for single mode waveguides). 

For elements created on non-flat surfaces (end of fibers or waveguide in channels), the geometry (side of 
the channel or of the post) provided the boundary for the materials. For elements on flat surfaces, two 
approaches were taken:  

1. the shape of the lens defined by the equilibrium position of the liquid on the surface 
2. an area of non-wetting coating surrounds the region where the optical element will be placed 
A discussion of these two approaches is provided below for spherical lenses, but it is applicable to other 

shapes as well. 

Lenses defined by the interaction between the fluid and the substrate 

The final shape of the volume of fluid 
deposited on the substrate defines the lens. The 
major parameter defining the shape is the wetting 
between the optical material and the substrate 
measured through the contact angle. 

Under this scenario, the deposited material will 
take a spherical shape with the contact angle 
defined by the interaction between the liquid and 
the substrate. If more material is deposited 
(multiple drops), the lens will grow in height and 
diameter while maintaining the contact angle 
constant.  

Figure 1 shows in blue the shape of the lens 
obtained by depositing by depositing n1 drops. In 

 

Figure 1. Lenses defined by the fluid-substrate 
interaction.  
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red it is shown the shape of the lens 
obtained when depositing n2 drops with 
n2>n1. The contact angle should remain 
close to the same value or it might increase 
slightly. The height and the diameter of the 
region in contact with the substrate increase 
with the number of drops. 

The disadvantage of this method is that 
non-wetting uniformities could cause the 
shape to deviate from spherical and could 
cause placement errors. Most of the glass 
substrates are wetted by the optical material 
which leads to very “flat” lenses that could 
also be of non-spherical shape due to non-
wetting uniformities. For “taller” lenses the 
entire substrate can be treated with non-
wetting materials that increase the contact 
angle with the substrate. 

Lenses defined by non-wetting 
surrounding area 

Another option is to define the base of 
the lens by coating the glass wafers with a 
non-wetting coating everywhere except the 
areas where the optical elements will be created. If 
sufficient material to fill the base is deposited, the 
deposited material will have a spherical shape. 
Increasing the amount of optical materials will produce 
lenses with shorter focal length (with almost no change 
in the base diameter). 

Figure 7 shows in blue the shape of the lens obtained 
by depositing n1 drops. In red there is the shape of the 
lens from the deposition of n2 drops, with n2>n1. The 
diameter of the region in contact with the substrate is 
constant. The height and the apparent contact angle 
increase with the number of drops. This means that, as 
more drops are employed, the lens has a smaller radius 
and a shorter focal length (Figure 3). 

Even though this method requires additional steps 
for the process, it has the advantage of placement 
accuracy (placement is defined by the pattern which, being 
fabricated through a photolithographic process, is very accurate) 
and ability to easily adjust the focal length for a specific base 
diameter of the lens (Figure 3).  

The method is presented for spherical lenses, but a similar 
approach can be taken for ellipsoidal, square and cylindrical 
lenses. Note that the cylindrical lenses are similar to waveguides 
(Figure 5).  

 

Figure 2. Lenses defined by patterned non-wetting material. 

 

Figure 3. Lenses created with varying amount 
of material. Side view produces the reflection 
on the glass substrate; the lens is only the top 
half. 

 

Figure 4. Cylindrical lens fabricated by 
printing onto a rectangular area defined by 
non-wetting pattern. 

 

Figure 5. Cylindrical lenses (165μm 
wide) imaged at the focal plane. 
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Optical material 

In the past, MicroFab has used thermosetting materials for the fabrication of optical elements. Lately, 
MicroFab has been using an UV curing epoxy. This material has better optical properties. The properties are 
shown in the Appendix. 

Lens fabrication 

Ink-Jet dispenser and printhead 

The material is too viscous for room temperature ink-jet dispensing 
so it needs to be warmed around 110ºC. The high temperature 
piezoelectric dispensers (Figure 6) are required to reach this temperature.  

These dispensers are mounted in a “polymer printhead” that includes 
two heating blocks with independent heaters and thermocouples for 
accurate temperature control. 

The dispenser operation follows up the general principles of ink-jet 
actuation as described in the technical notes on MicroFab’s web page 
under the Support section.  

Fabrication of the lenses 

To fabricate the lens, the substrate is placed on 
an XY printing system that accurately moves it 
under the dispensing head.  

The number of droplets is determined from the 
volume required by the optical element and these 
droplets are deposited at the lens location. The 
deposition can be done at a single location or 
distributed within the base area of the optical 
element – the distributed deposition is generally 
applicable only for patterned substrates. 

Limitations 

Substrates treated uniformly with non-wetting 
material are limited to a very narrow range of 
contact angle which corresponds to a specific lens 
shape; this can be thought of as the radius of 
curvature of the lens being related to the base diameter of the lens and not independent but related through the 
contact angle.  

Patterned substrates have limitations in terms of maximum and minimum focal length / f #. The upper 
bound determined by the minimum amount of material that spreads all the way to the edge and the lower 
bound determined by the maximum amount of material deposited on the wetting area that does not spill over 
the wetting barrier. The focal number range is (slightly over) 1 and smaller than 4, but depends on the size of 
the lens. 

 

Figure 6. MJ-SF type ink-jet 
dispenser. 

 

Figure 7. Schematic of printing lenses using multiple 
droplets per location. 
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Appendix 

Material properties 

The most important properties for the material consist of the index of refraction (as a function of 
wavelength) and transmission characteristics.  
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Figure 8. Index of refraction as a function of the wavelength. 

 

Figure 9. Transmission properties for optical polymer. 


