
Abstract 
We introduce new instrument that provides the spectral 

radiance at any incidence and azimuth angle in all the 

visible range. LCD emission and transmittance 
properties of display components can be measured 

precisely at each incidence and azimuth angle and 

wavelength. Full polarization spectral analysis can be 
also made.  

1. Introduction

Fourier optics based systems are now widely used 

for color and luminance viewing angle measurements 

of many types of displays and components. The 

measurement speed and the large amount of data are 

key parameters to estimate viewing angle properties 

rapidly and accurately. Nevertheless, standard color 

measurements, even if perfectly adjusted to the human 

eye sensitive, are quite restrictive compared to the 

complex spectral stimuli always emitted by any kind 

of display. A multispectral analysis with 20 to 30 

channels in the visible range can be helpful. For 

digital color imaging and color reproduction this 

approach has been used with success (1-3). For slight 

color variations it can be interesting to measure not 

only luminance or color but better spectral 

information (4). Some attempts have been made 

recently to characterize backlights with hyper-spectral 

camera (5). Transmission of display components such 

as polarizer, diffusion films, can exhibit complex 

spectral behaviors that need to be taken into account 

for precise predictions of the emissive properties. We 

present here after the new generation of viewing angle 

systems from ELDIM capable to provide multispectral 

information on the full cone of view of displays in 

reasonable measurement times. 

2. Experimental  

The new system is an extension of the well known 

Fourier transform EZContrast viewing angle 

instruments proposed by ELDIM for more than ten 

years (cf. figure 1). Mains features are the patented 

optical configuration which allows controlling the 

angular aperture of the system independently of the 

measurement spot size, and the high collection  

efficiency. The light rays are collected by ultra-large 

angular aperture Fourier optics (up to ±88°) and 

refocused on a large primary Fourier plane. This plane 

is reimaged on a CCD detector via field optics and 

imaging optics. The spot size is defined by a 

diaphragm at a location where we have a direct image 

of the measurement spot. Near this location different 

automated wheels allow selection of the light beam 

using 31 band pass filters regularly distributed in the 

visible range. The system makes automatically a quasi 

spectral image of the full Fourier plane at each filter 

and the sequence is repeated for all the filters. The 

system is calibrated in an absolute way to reconstruct 

the spectral radiance at each incidence and azimuth 

angle. Complete measurement sequence takes less 

than 3 minutes for 100Cd/m2 white source. Color and 

luminance properties can be recalculated with an 

excellent accuracy (better than ±0.002 for the color 

coordinates in the entire chromatic plane and for any 

spectral stimuli). Specifications are reported in Table I. 

Full spectral polarization analysis is also available. 

Fig. 1.  ELDIM EZContrastMS88 Photograph. 
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TABLE 1. Specifications of EZContrastMS88. 

Common specifications EZContrastMS88

Field Incidence angle

Azimuth angle

±88°

0-360°

Measuring area Max. diameter 2mm

optimum distance 1mm

Spectral specs Range 400-700nm every 10nm

Measurement time Full resolution

Half resolution

< 6mn  

<3mn

Accuracy  resolution  

Angle resolution 

Radiance 

Chromaticity

10nm

<0.15°

±3%

0.002 (for any stimulus)

Polarization 

analysis

(option)

Pol. degree

Po. orientation

Pol. ellipticity 

±3% up to 80° incidence 

±2° up to 80° incidence 

±2° up to 80° incidence 

3. Results and discussion 

We present here after examples of measurements 

on two brightness enhancement films and one 

emissive LCD display.  

a) Brightness enhancement film for backlighting 

Brightness Enhancement Films (BEF) are widely 

used in the design and manufacture of LCD screens 

and large-screen TVs. They increase backlight 

brightness towards the on-axis viewer. The BEF is a 

micro-replicated prism array as schematically 

represented in figure 3 (6). Near normal incidence 

rays are reflected back for backlight recycling. We 

have measured two films with a prism periodicity of 

50µm and with or without matte finish on the other 

side. Normal incidence spectral transmission has been 

measured using a Perkin Elmer LAMBDA 45UV/Vis 

spectrophotometer (cf. figure 4). The transmittance is 

lower with matte finish because of the addition light 

loss of the specular beam due to light diffusion. 

Multispectral measurements are reported in figure 4 

and 5. There are made with a white LED reference 

source which offers a regulated, quasi Lambertian and 

homogeneous emission on the entire visible range. 

The shape of the viewing angle transmittance pattern 

is characteristic of a prismatic structure. Near normal 

incidence rays are reflected back for backlight 

recycling. Along the grooves the reflection coefficient 

is reduced when it is increased above 1 in the 

perpendicular direction and at high angles. The 

transmission coefficient is of course different than 

using the spectrometer because of the different 

illumination configuration (cf. figure 4). Multispectral 

results are in fact more realistic for the intended using 

conditions of the films. Small differences can be 

detected between the two films. In particular and 

increase diffusion in the blue with matte finish and 

detection of small interference fringes in the low 

transmission region for the film without matte finish. 

Fig. 3.  Principle of brightness enhancement film. 
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Fig. 4. Transmittance of the two BEF films at 

normal incidence measured by a spectrometer and 

EZContrastMS. 

Backlight efficiency is dependent not only on the 

spectral and angular emissive properties but also on 

the polarization state of the light. So the impact of the 

different components in terms of polarization is also 

important. We have measured the spectral polarization 

dependence of the two BEF films. Polarization degree 

and ellipticity at 633nm are reported in figure 6. The 

difference between the two films is now extremely 

clear. The light is linearly polarized without matte 

finish and quasi circular with matte finish. 
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Fig. 5. Multispectral measurements of two BEF films: vertical cross section (top) and full viewing angle at 

487nm (bottom). Small differences can be detected with (right) and without (left) matte finish. 

Fig. 6. Polarization degree and ellipticity of the two 

BEF films at 633nm. 

b) Emissive LCD display 

One example of multispectral measurement on a 

emissive LCD is reported in figure 7. The instrument 

provides the spectral radiance of the display at each 

incidence angle from 0 to 88° and for all the azimuths. 

Some cross-sections along two azimuths are also 

reported on figure 7. From the spectral radiance it is 

possible to calculate the corresponding luminance and 

color coordinates with a better accuracy than with five 

color filters. We have reported the measurement on 

OFF state, but ON state and primary color 

measurements can be made in the same conditions 

(radiance measured at normal incidence in all these 

conditions on the display of figure 7 are reported in 

figure 8.a). Radiance contrast can then be calculated at 

any wavelength and angle and the performances of the 

display measured precisely. It is for example possible 

to calculate the radiance contrast for R, G and B 

pixels separately at any angle and wavelength (cf. 

figure 8.b).  A full polarization analysis is also 

possible with the same instrument. Liquid crystal cell 

behavior can be follow in all details for a better 

optimization of the performances.  
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Fig. 7. Multispectral measurement of an emissive LCD in OFF state: full viewing angle at 693nm (center) 

and cross sections at 45° azimuth (right) and 90° azimuth (left).  
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Fig. 8. Radiance (top) and radiance contrast 

(bottom) for each type of pixel measured at normal 

incidence with EZContrastMS. 

4. Summary

New generation of Fourier optics instruments 

capable to provide the spectral radiance at any 

incidence and azimuth angle has been presented. This 

device gives a more precise colorimetric 

characterization of the display emission and extensive 

characterization of display components. Polarization 

analysis option in addition to spectral characterization 

is, in addition, a powerful tool in many applications.  
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