
BROADBAND 1×2 LIQUID CRYSTAL OPTICAL SWITCH 
WITH LOW THERMAL DEPENDENCE 

P.J. Pinzón, I. Pérez, C. Vázquez, J.M.S. Pena 

Grupo de Displays y Aplicaciones Fotónicas, Universidad Carlos III de Madrid, Butarque 15, 28911 Leganés, Spain. 
Corresponding author: ppinzon@ing.uc3m.es 

Abstract: In this work, the optimized design of a broadband 1×2 liquid crystal (LC) optical switch (OS) is pre-
sented. The design is based on a polarization rotator (PR), which is composed of two nematic LC cells. The 
azimuth angle and thickness of each LC cell is obtained with a simple computational optimization approach, 
with performance comparable with more complex existing procedures. The LC-OS is capable to route, in a uni-
form way, optical signals in the visible spectral range (400 nm – 700 nm) with low thermal dependence in the 
range from 15ºC to 40ºC, making it ideal for wavelength division multiplexing applications in POF systems. 
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1. Introduction 
In the last years, wavelength division multiplexing (WDM) has been proposed as one potential solution to ex-
pand the usable bandwidth of step index polymer optical fibers (SI-POFs) based systems. This requires the de-
velopment of devices capable of routing optical signals in a broadband range, in the visible spectrum (VIS), in 
order to cover proposed SI-POF WDM spectral grid (400 nm − 700 nm) [1]. 

Optical switches are key components in WDM networks. They selectively switch optical signals delivered 
through one or more input ports to one or more output ports. Different technologies could be applied to route 
optical signals [2], [3]. The final choice depends mainly on the optical network topology, switching speed and 
spectral range required. 

Liquid crystal optical switches (LC-OS) are mainly based on polarization modulation in combination with polar-
ization selective calcite crystals to steer the light [4]-[6]. Main advantages of LC technology include no need of 
moving parts for switch reconfiguration, low driving voltage and low power consumption. Its response time is in 
the order of milliseconds, so it is ideal for protection and recovery applications and optical add/drop multiplex-
ing, which demand fewer restrictions on switching time [2]. Usually, LC-OS use twisted nematic (TN) LC cells, 
acting as polarization rotators (PRs) [7]. However, their crosstalk (CT) is optimum only for specific wave-
lengths, called Mauguin Minima [2], [4]. Besides, LC birefringence, which defines Mauguin Minima, is very 
temperature dependent [8], requiring temperature compensated designs or controllers. 

In this work, the design of a broadband 1×2 LC-OS is presented. It is based in a PR, which consist in a TN LC 
cell in series with a nematic homogeneous (NH) LC cell. The design has optimum response across 400 nm − 
700 nm spectrum with low temperature dependence, up to 40°C. The LC cells are designed with the same thick-
ness and azimuth angle. Therefore, they are easy to join together, which facilitates the LC-OS construction and 
reduces its losses. The switch performance is simulated with a 3-channels system in the VIS range and it is com-
pared against a non-optimized design (a 1×2 LC-OS based in a single TN cell). 

The paper is organized as follows. In section 2, the operation principle and modeling of a LC-PR device is de-
fined. Then, the operation of a LC-OS, based in a PR with a single TN cell, is depicted in section 3. In this sec-
tion, the wavelength and thermal dependence of the non-optimized LC-OS are analyzed. An achromatic PR is 
required in order to obtain a broadband LC-OS. Therefore, in section 4, the design of a 2 stages achromatic PR is 
presented. And, in section 5, the operation of the proposed LC-OS, which is based in the 2 stages achromatic PR, 
is analyzed in the temperature range from 15ºC to 40ºC. Finally conclusions are given in section 6. 

2. LC Polarization Rotators 
PRs modify the orientation of a linear polarized beam in a specific angle, e.g. from being x-polarized (parallel to 
x-axis) to be y-polarized (parallel to y-axis), which represents a 90º rotation. Most common PR scheme consists 
of a single TN cell, see Fig. 1, while achromatic or broadband designs include TN cells, retardation plates and/or 
nematic homogenous LC cells (NHs), see Fig. 6. 

2.1. Nematic LC devices modeling 

The operation of a LC cell is based on the optical birefringence, �n, between the fast and slow axes of its 

89



π
λ

ΔΓ

α α α

Γ−

−
Γ

× ×

α α
α

α α−

φφ φ
α α α

φ φ φ

−

Γ−−
× ×

Γ−

π
ΒΓΒ − Γ

Β

θ α

90



λ
Δ −

μμμμ
μμμμ

λλλλ

91



λλλλ

ΔΔ ΔΔ

λλλλ

α α

λ−

92



λλλλ

↓↓↓↓ ↓↓↓↓ ↓↓↓↓

λλλλ

↓↓↓↓ ↓↓↓↓ ↓↓↓↓ ↓↓↓↓ ↓↓↓↓ ↓↓↓↓

93



channels ch1, ch2 and ch3, respectively (Fig. 9.a). The Fig. 9.b and 9.c show the power variation at S1, when it is 
the inactive port, for the LC-OS based in a single TN cell (non-optimized), Fig. 2 scheme, and for the proposed 
LC-OS based on the optimized PR, Fig. 7 scheme, respectively. 

In the Fig. 9b and Fig. 9c it is shown that, with the non-optimized LC-OS the different channels have power 
variations of about 16 dB, in the considered temperature range. While with the optimized LC-OS the power 
variations are less than 2 dB, with values of about 20 dB. For example, with the non-optimized design at 20ºC 
(red dashed lines), the channels ch1, ch2 and ch3 have -26.7, -14.6 and -31.4 dB of power, while at 35ºC (red 
solid line) those channels have -16.34, -22.55, -16.22 dB of power, which represent variations of 10.4, 7.9 and 
15.18 dB, respectively. On the other hand, in the same temperature range (20º to 35ºC), with the proposed design 
the power variations are less than 0.9 dB. 

6. Conclusions 
The optimized design of a broadband 1×2 LC-OS has been presented. This device is capable of switching optical 
signals from the input port to one of its output ports with a uniform response, with IL < 0.80 dB and CT < -17.78 
dB in the range from 400 nm − 700 nm. In the same range the non-optimized design presents IL < 0.18 dB and 
CT < -13.9 dB, with many minimum and maximum (non-uniform response). It is also demonstrated that the 
proposed design has a low thermal dependence in the range from 15ºC to 40ºC, with CT variations of less than 
2 dB. 

The proposed design allows a significantly improvement of the spectral response of 1×2 LC-OSs in a broadband 
range (400 nm–700 nm). Which is required for implementing POF-WDM networks [1], and it can be achieved 
without highly complicating their construction and using commercially available LC cells (fixed thicknesses). 
Since the LC cells have the same azimuth angle, they are easy to join in a single device, reducing the losses 
caused by adding another LC cell.  
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