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Abstract 
We simulate the guiding and out-coupling of light in strongly 

curved backlight units with edge illumination using a 3D ray-

tracing tool with custom light emission and scattering features. 

The impact of the display curvature is assessed regarding the 

uniformity and angular characteristics of light outcoupling in a 

complex backlight with position-dependent bottom roughness, a 

diffuser element and a textured brightness enhancement film.     
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1. Introduction 
Curved (Organic) Liquid Crystal Displays [(O)LCD] are 

becoming increasingly popular in the consumer electronics and 

automotive sectors (see, e.g., www.flexenable.com for a range of 

example applications).  An essential component of (O)LCD are 

the backlight units (BLU), which provide uniform white 

illumination to the (O)LCD pixel array. In order to achieve the 

required level of spatial and angular uniformity as well as of 

luminance, modelling of the BLU is an instrumental element in 

the BLU design process, but in general represents a major 

challenge [1].  In the case of flexible, thin and lightweight 

applications, an edge-lit configuration (indirect illumination) is 

often favored, where the light needs to be scattered as a function 

of distance from the source, and light extraction is at an angle 

normal to injection. Ray-tracing simulations were shown to be 

useful for the design of various beam shaping features for 

optimized light-guide plate design [2-12]. However, the beam 

shaping features were optimized for flat display applications. As 

this might no longer be ideal for non-flat light guide plates, we 

investigate the simulation of backlights in bent geometries for use 

with curved (O)LCD. 

2. Simulation approach 
The simulation is performed using the newly developed optics 

module of the large area optoelectronic simulator LAOSS [13], 

which has previously been used to study electrical and optical 

cross-talk in AMOLED pixel arrays [14,15]. The core of this tool 

is a 3D ray-tracing engine. The structure is defined via layers and 

interfaces, to which optical properties are attributed. In addition to 

the thickness, the layer properties contain the optical constants 

(refractive index and extinction coefficient) as a function of 

wavelength. Ray propagation at interfaces is described either via 

Fresnel equations for simple refraction, or by angle dependent 

transmission and reflection coefficients, or, in the case of diffuse 

scattering, by a bi-directional scattering distribution function 

(BSDF) read from external files. In this way, behavior inferred 

from coherent sub-wavelength optics can be combined  with ray 

optics for a multi-scale optical simulation. The topography of an 

interface, on the other hand, is specified either via an XYZ 

topography or via an explicit surface including the triangulation 

required to run the ray-trace algorithm. As a special feature of 

LAOSS, user-defined or generated topographies can be 

transformed onto cylindrically curved surfaces with arbitrary 

radius of curvature.  

The interfaces can be provided with a geometry, defining two-

dimensional domains to which specific interface properties such 

as the aforementioned transmission, reflection, or scattering 

functions, but also emission with a spectrum that can be specified 

with full angular (polar and azimuth) and spectral dependence. In 

this way, arbitrary light sources can be defined. 

Rays are detected at two planes at the top and the bottom of the 

simulation domain. Lateral walls are described via corresponding 

boundary conditions, which can be absorbing, periodic or 

mirroring. The ray statistics at the detectors is evaluated in terms 

of the angular integrated intensity with spatial resolution, and also 

regarding the angular dependence of the detected light in the far 

field (i.e., after spatial integration over the detector plane). The 

detector can be adjusted to the device geometry, i.e., to curved 

configurations in the present case. In addition to the 

characteristics of the light at the detector plane, ray statistics in 

terms of absorption and extinction are evaluated for each layer of 

the structure.  

The intuitive layer-based definition of the structure, the freedom 

in the choice of geometry and the possibility to import optical data 

directly from the OLED device simulator SETFOS makes LAOSS  

a suitable tool to design and investigate flexible OLED/OLCD 

displays for application in curved configurations. 

3. Curved Backlight Unit 

In order to showcase the capabilities of this dedicated display 

simulation tool, we investigate the impact of curvature on the 

guiding and out-coupling of light in a state-of-the-art flexible 

BLU. In order to keep the computational burden at a manageable 

level, the simulation domain is restricted to a subset of the BLU 

(Fig. 1), however with the full complexity in terms of functional 

components. The implemented BLU with its key elements is 

shown in Figure 2. In the following, the details are given for the 

implementation of the different components. 

 

Figure 1. Picture of a flexible BLU with reduced simulation 
domain (red rectangle). 

http://www.flexenable.com/


 

Figure 2. Curved backlight with sample rays and details of 
the different functional components. 

 

(a) Light source. We use an edge emitting cool white light-

emitting diode (LED) with spectrum shown in Figure 3(a). The 

spectrum is assumed to be Lambertian in the polar angle and 

rotationally symmetric in the azimuth. Edge emission is achieved 

by implementation of a surface topography with a vertical wall at 

the position of the LED, and by defining the corresponding 

interface geometry such that the LED domain lies within the 

vertical part [Fig. 3(b)]. 

 (b) Specular reflector. The reflection is described using the 

optical constants for silver, and Fresnel equations for specular 

reflection are used. 

(c) Light guide. Features position dependent bottom roughness 

for uniform light outcoupling. A refractive index of n=1.5 is 

assumed. The light scattering features are implemented in the 

form of a dome-shaped bottom surface texture, with a dome 

spacing with positional disorder decreasing with distance from the 

LED (Fig. 4).  

(d) Diffuser sheet. A diffuser sheet is included using the 

specifications of IMOS-LDO-310-B (PET type material). The 

function of this element is to widen a beam at any angle of 

incidence into a cone with opening angle of 20 degrees and is 

implemented via a corresponding BSDF for the top surface, while 

Fresnel-type reflection and transmission is assumed for the 

bottom surface. The BSDF is generated based on a 3D-Lissajous 

type parametrized surface (Fig. 5a). The BSDF is normalized to 

provide unit overall transmission probability (Fig. 5b). 

 

Figure 3. (a) Spectrum and (b) spatial domain of light 
source at the left edge of the backlight. 

 

 

Figure 4. Dome-shaped light-scattering/out-coupling 
features at the bottom surface of the light guide plate. (a) 
Both density and ordering increase with growing distance 
from the light source (i.e., from left to right). (b) View of the 
surface texture close to the LED. 

 

 (e) Brightness enhancement film (BEF). This component 

is again implemented as a 3D surface topography in the shape of 

triangular prisms (in the direction of curvature), as implemented, 

e.g., in standard 3M BEF films. The refractive index is set at 

n=1.5 also for this component. 

Additionally, the BLU is framed in white reflecting plastic, which 

is implemented as reflective walls surrounding the simulation 

domain. The simulation is then performed with absorbing 

boundary conditions, such that there is no spurious reflection from 

the domain boundaries. For the suppression of the direct emission 

of steep rays close to the LED, a 5 mm wide black cover is used, 

which is implemented in the form of an angular reflection-

transmission file with unit absorptance (T=R=0). 

  

Figure 5. (a) Angular dependence of the transmission 
function used in the definition of the diffuser BSDF. (b) 
Corresponding azimuthal BSDF for azimuth angles (in and 
out) fixed at 0°. 

4. Results and Discussion 
We simulate the BLU described in the previous section in a flat 

configuration and for bending with different radii of curvature. 

We thereby assess the impact of the different functional 

components and how this differs when passing from flat to curved 

geometry in dependence of the curvature radius. 

Uniformity: Figure 6 displays the enhancement of the light 

outcoupling uniformity at the top surface by application of the 

bottom texture. In the flat case (a), a high level of uniformity is 

achieved. Using the same bottom texture in the curved situation 

(b), on the other hand, does not lead to the same level of 

uniformity. The reduction in width is due to the smaller projected 

area of the curved surface. 



 

 

Figure 6. Position resolved intensity at the top surface, for 
smooth light guide (top) and with bottom texture, in the flat 
situation (a) and for the curved light guide (b). 

 

Angular characteristics: Figure 7 displays the evolution of 

the angular characteristics of the light emitted at the top detector 

for increasing complexity of the layer stack: In the left image, 

only the bottom texture is present, while in the central figure, the 

diffuser sheet was added, and the right figure shows the result for 

an additional prism film. The top row (a) refers again to the planar 

case while the bottom row (b) refers to the curved case. Contrary 

to the situation for the uniformity, the diffuser and BEF act 

similarly on the angular characteristics, with a final pattern that is 

comparable, with even slight advantage of the curved structure. 

Hence, angular characteristics seem to be more robust than spatial 

characteristics if strongly diffusing and redirecting elements are 

present. 

 

 

 

Figure 7. Polar map of emitted light at top detector, for 
configuration with bottom texture only (left), plus diffuser 
(center), plus prism sheet (right), for the flat configuration 
(a) and the curved light guide (b). 

 

5. Conclusions 
Conventional (O)LCD backlight units designed for flat displays 

may fall short of providing ideal illumination conditions in terms 

of uniformity and angular distribution of the light if applied in 

strongly curved geometries. Even nominally identical functional 

microstructures can lead to different angular and spatial light 

outcoupling properties. Using ray-tracing simulation with 

curvature adapted micro-textures and light scattering features 

allows to assess these shortcomings and provides the means for 

geometry dependent light guide optimization. 
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