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A VCSEL chip of 250 µm by 250 µm is placed inside a liquid crystal cell with a gap 
between the emitting area and the upper glass plate of about 30 µm. This allows 
covering the VCSEL with a thin layer of liquid crystal after filling the cell through 
capillary forces. The light emitting properties are investigated, including the optical 
power, divergence and polarization, all in function of the applied current to the VCSEL. 
It is observed that the polarization states of the laser beam can be changed by using 
different type of liquid crystal. This technology opens an effective way to fabricate 
integrated VCSEL chips in optoelectronic devices and different experiments are planned 
in the future with the fabricated devices. 
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Introduction 
The bandwidth of electrical interconnects in traditional silicon based integrated circuits 
are reaching the physical limitations [1-4]. Optoelectronic devices become an alternative 
which can provide high-speed, high-capacity and low power consumption optical 
interconnects [5-9]. Vertical Cavity Surface Emitting Lasers (VCSELs) have been used 
in optoelectronic devices in the past decade [10-15]. The application of the VCSEL laser 
in optoelectronic devices benefits of high light emission efficiency and low energy 
consumption. In addition, it has been demonstrated that the properties of the emitted 
light can be controlled, in both wavelength [11, 12] and polarization [13], by using a 
liquid crystal (LC) layer in close contact with the VCSEL chip. The orientation of the 
liquid crystal in the layer is controlled by an applied voltage. In these articles however, 
he VCSEL is optically pumped, in order to avoid technological difficulties. In other 
publications, an external liquid crystal device was used as a computer controlled 
hologram to achieve reconfigurable optical interconnects [14, 15]. 
In this work, we fabricated and characterized electrically driven VCSEL cells, in which 
the emitting area was covered with a thin extra-cavity LC layer. We demonstrate that the 
lasing properties are not fundamentally changed because the liquid crystal layer is a very 
weak external cavity which introduces only minor reflections. However, the LC layer 
affects strongly the polarization state of the VCSEL emission due to its birefringent 
properties. In a next stage we plan to drive the liquid crystal separately in order to 
control the polarization state and to incorporate the LC layer in an external cavity with 
high reflection in order to control other properties of the VCSEL emission.  

Technology and experimental setup 
A single mode VCSEL (LASER COMPONENTS GmbH) with 850 nm wavelength and 
0.5 mW output optical power was used in our cells. The cell structure was demonstrated 
in Figure 1 (left). Both the top and bottom glass substrates were covered with ITO thin 

Proceedings Symposium IEEE Photonics Society Benelux, 2011, Ghent, Belgium

53



films as electrodes of VCSEL. A single layer of gold coated spacers of 30 µm size were 
mixed in optical glue, which was cured by UV light. 130 µm spacers were used in the 
glue seal. One optical microscope picture of VCSEL cell is shown in Figure 1 right. 
Gold coated spacer balls on the anode pad and the bottom of the chip are shown by 
arrows. 

 
 
Figure 1. Schematic structure (left) and microscopic picture (right) of the VCSEL cell. 
The bottom and the anode pad of VCSEL were conductively connected to the bottom 
and top ITO electrodes, respectively, through micro-sized gold balls embedded in cured 
optical glue (white arrows). 
 
The optical setup, shown in Figure 2, was designed to characterize the optical properties 
of the light emitted from the VCSEL cell. Two convex lenses were used to produce 
parallel light beam and focused it, respectively. The divergence θ can be calculated by 
measuring the size of the spot (D) in between the two convex lenses. 

 
Figure 2. Optical setup for VCSEL cell measurement. The divergence θ can be 
calculated by measuring the size of the spot (D) in between the two convex lenses. 
 

Results and Discussions 
Electro-optical characteristics were investigated by I-P curve before LC was filled in. 
The maximum operating current is 1.8 mA. We observed that the threshold current was 
0.5 mA, and the output optical power linearly increased with the driving current. 
In order to test the polarization state of the emitted beam, one rotatable absorptive infra-
red (IR) polarizer was set in between the two lenses. The dependence of optical power 
on the current at different polarization directions was measured. I-P curves were taken at 
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0°, 45° and 90° for cells filled with 5CB and E7 LC, respectively (Figure 3, top left and 
bottom left).  
The polarization state can be described by Stokes parameters S1, S2 and S3 [16]. S1 
describes the linear polarization along 0° or 90°; S2 describes the linear polarization 
along ±45°; S3 describes the degree of circular polarization. These parameters were 
calculated from above data and shown in the right column in Figure 3. It is observed that 
the polarization states of the light from two cells were different. For the 5CB cell, 
Stokes parameters S1 and S2 changed with driving current when it was higher than the 
threshold (top right in Figure 3). In contrast, they stayed stable in the working range 
(from 0.5 to 1.8 mA) for the E7 cell (bottom right in Figure 3). This can be explained by 
the different temperature sensitivity of LC 5CB and E7. Compared with broad nematic 
phase temperature range of E7 (from -10 to 60.5°C), it is only from 24 to 35.3°C for 
5CB. That means 5CB is much more temperature sensitive than E7. When VCSEL is 
working, its temperature increased with the driving current, in the result, the 
birefringence of 5CB, consequently the phase retardation of the transmitted laser beam, 
changed with the current. 
 

  

  
Figure 3. Electro-optical characteristics of VCSEL cells filled with 5CB (top) and E7 
(bottom). Left: I-P curves in polarization direction 0°, 45° and 90°. Right: Stokes 
parameters. 
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Conclusions and outlook 
We have designed and fabricated a novel LC cell for optoelectronic devices. A VCSEL 
laser was located in the cell and covered by extra-cavity LC layer. The optical 
properties, including the optical power and polarization state of the laser beam were 
investigated. It is observed that the polarization state of the laser beam can be changed 
by using different types of liquid crystal. We have shown that the polarization state 
changes when changing the driving current when we use a LC with a low isotropic 
transition temperature. This is an indication that the VCSEL chip is heated during its 
operation. Our technology opens an effective way to fabricate integrated VCSEL chips 
in optoelectronic devices and in further work we plan to demonstrate the control of the 
polarization state by applying a voltage to the LC layer, independent of the VCSEL 
current. 
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