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Abstract 
Dual-sided LCD displays are ideally suited for the public 

information display (PID) application. The UV excited flat 
lighting (UFL) was successfully demonstrated to perform dual-
sided illumination with the features of flat lighting, uniform 
luminance and high brightness on a 42” TFT-LCD display. 
Compared to conventional CCFL or LED lighting source, UFL is 
superior for the dual-sided display application with its slim 
backlight module profile and power saving. 

1. Introduction 
The public information display (PID) is to be expected as a 

highly potential display application. From the TFT-LCD 
manufactured substrate size enlargement, the application 
progressed from the early Note PC display, desktop monitor, to 
large size TV, and now moving to the PID market application. 
The dual-sided display is a very desirable feature for the 
commercial PID application. 

 
However, conventional CCFL or LED backlight designs can 

not perform dual-sided display with high uniformity, high 
brightness, and slim module. Consequently, we proposed and 
demonstrated an UV-excited flat lighting (UFL) technology [1] by 
a 42” LCD display to achieve a distinctive dual-sided illumination 
design with high optical quality, brightness and slim backlight 
profile. We introduced 254 nm wavelength ultraviolet (UV) lamps 
and applied phosphor coating on diffuser plates (called composite 
plate) to construct dual-sided display with UFL backlight system 
as shown in Fig. 1. 

2. Dual-sided Lighting System 
A 42” experimental platform for this dual-sided lighting system 

was developed as shown on Table 1. The lighting source was 
visible-CCFL lamps plus normal diffuser plate, or UV-CCFL 

lamps plus composite plate, depending on the experimental 
arrangement. 

 

2.1 Luminance Uniformity Index 
  In order to compare the luminance uniformity and performance 
of UFL light source vs. traditional visible-CCFL light source, the 
diffusion angle (�ÿ ) and the luminance uniformity (U) were 
defined as Eq. (1) & (2), respectively: 
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Where, diffusion angle (�ÿ ) means the angle of neighbor 
adjacent lamps linked to the position “O” located on the diffuser 
plate. Then, by mathematics, diffusion angle (�ÿ ) can be 
expressed by the function of lamp gap (d) and lamp pitch (P) as 
equation (1) shown. When the diffusion angle is larger, means the 
lamp pitch is larger or the lamp gap is near. Relatively, the “Lamp 
Mura” will be worse to deal with. Lmin, Lmax represented the 
minimum and maximum value of luminance in the measured area, 
respectively. The equation (2) is defined to represent the light 
source luminance uniformity. All these parameters relation are 
shown in Fig. 2a. 

 

Table 1 Experimental Construction 

Fig. 2a The definition of the lamp pitch (P), lamp 
gap (d), diffusion angle (�ÿ�ÿ�ÿ�ÿ ) and Lmin, Lmax. 
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Fig. 1 UV-excited flat lighting (UFL) system 
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Fig. 3b The wavelength converting mechanism and 
ray tracing of UFL lighting system. 
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Fig. 4a The schematic drawing of BSDF measurement and normal luminance distribution; Fig. 4b Conventional 
CCFL backlight BSDF distribution; Fig. 4c Proposed UFL backlight BSDF distribution. 
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Fig. 3a The ray tracing of conventional visible 
CCFL lighting system. 
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As Fig. 2b experimental data shown, when diffusion angle was 
larger, the UFL system was found to be a chief luminance 
uniformity technology for the dual-sided application as compared 
to the conventional lighting system. 

 

2.2 Wavelength-converting Mechanism 
For the conventional TFT-LCD backlight system, the metal 

back covers with optical reflector sheet played an important role 
to utilize the backward light and enhance the total module 
brightness. Also, the reflection light can recover the dark area 
between lamps and improve the illumination uniformity. 

In the dual-sided display system as shown in Fig. 3a, due to the 
absent of the optical reflection sheet, the area between lamps will 
get less light and look darker. It will cause serious “Lamp Mura” 
issues, which are difficult to eliminate. In contrast, when UFL 
backlight is used, the lamps will illuminate in the UV first (first 
light), then the UV will hit the extrinsic phosphor and convert to 
visible light (second light). With mechanism of illumination, the 
area between lamps can get light from wavelength converting 
mechanism, and maintain good luminance performance, as shown 
in Fig. 3b. 

In addition, Fig. 3a shows the light Lambertian distribution 
center located on visible-CCFL lamp, but Fig. 3b shows the light 
Lambertian distribution center located on the composite plate. 
Two opposite phosphor films will emit light to both up and down 
directions, thus the UFL dual-sided display can perform much 
uniform luminance and yield slim dual-sided backlight module. 

2.3 UFL Light Distribution 
Following, we employ CONOSCOPE to analysis the 

Bidirectional Scatter Distribution Functions (BSDF) of the 
conventional CCFL vs. UFL lighting system. As Fig. 4a shows, 
point A just located above the lamp and point B is in between the 
center of two lamps. The measurement result exhibits the 
conventional lighting system has serious luminance variation at 
the top normal viewing angle (Angle=0 degree, compared point A 
to point B), but UFL performs very slight luminance variation, as 
show in Fig. 4b, Fig. 4c. Therefore, UFL demonstrated its 

superiority for dual-sided display application compare to that of 
conventional CCFL backlight system. 

3. Thermal Simulation & Mechanical 
Design 

In the dual-sided UFL backlight system, the original metal back 
cover used in a single is removed and replaced by another set of 
diffuser plate plus optical films, as shown in Fig. 1. We therefore 
evaluated the effect of this change on thermal conduction. 

3.1 Thermal Conduction Mechanism 
We employed two models to simulate the thermal conduction 

when the backlight structure was changed from the conventional 
single to dual-sided display. The metal back cover in a 
conventional single sided display plays an important role for 
thermal releasing. Usually metals with a good thermal conduction 
are used as metal back cover materials, which can easily release 
the heat of the lamps. The most popular metal back cover 
materials like Aluminum (thermal conductivity: 237 W/m.K) and 
SECC (Steel Electro-galvanized Cold-rolled Coil), (thermal 
conductivity: 80.4 W/m.K) have good thermal conductive 
characteristic. Therefore, though lacked metal back cover thermal 
conduction, we constructed the dual-sided backlight mechanism 
with Aluminum extrusion frame. On the one hand, the Aluminum 
supplied mechanical strength supporting; on the other hand, the 
thermal conduction of Aluminum frame also can assist in 
releasing the heat. 

3.2 Thermal Radiation Mechanism 
Due to the poor thermal conductivity of the plastic composite 

plate, 6 W/m.K, dual-sided display lost good thermal conduction 
mechanism, hence thermal radiation of plastic composite plate 
will be evaluated for thermal releasing. From former study [2], 
plastic plate thermal emissivity �»�í) is 0.94 and steel is 0.22. 

(a) 

(b) 

Fig. 2b The luminance uniformity comparison of UFL 
lighting system with conventional lighting system. 

Fig. 5a The thermal simulation result of a 
conventional single-sided display; Fig. 5b The 
thermal simulation result of a dual-sided display 
with UFL lighting system. 
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Therefore, in a dual-sided UFL display the main thermal 
releasing mechanism is thermal radiation. From thermal 
simulation result, dual-sided UFL lighting system with Aluminum 
extrusion frame can perform better uniform thermal distribution 
compared with original single sided backlight design, as shown in 
Fig. 5a and Fig. 5b. 

 

4. Experimental Results & Discussion 
The dual-sided display optical performance of conventional 

CCFL lighting system and UFL lighting system is compared in 
Fig. 6. The UFL system shows a gentler curve than conventional 
CCFL system. It means the dual-sided UFL lighting system 
exhibits higher uniform luminance performance. Fig. 7a and Fig. 
7b is the demonstration of opposite two sides of UFL dual-sided 
display sample. 

Finally, a dual-sided display with backlight luminance 7000 
nits (measured by BM7) is accomplished. When stack with high 
definition resolution panels (1366× 768) with 4.5% transmittance, 
the finally module luminance can be over 500 nits per side. The 
following is the calculation formula [3]: 

nits 5674.5% gain) (DBEF 1.87000 =´´  

Typically, the backlight power consumption of such a UFL 
dual-sided display system is 250 Watt. In contrast, a commercial 
TFT-LCD TV with 500 nits is 168 Watt per set. Therefore, dual-
sided display can significantly save power compared to two sets 
of traditional single-sided TV displays as Table 2 shows. 

5. Summary & Impact 
Our study shows that the dual-sided display equipped with UFL 

backlight exhibited excellent optical performance which is 
difficult to obtain by conventional CCFL or LED lighting system. 
The thermal radiation mechanism of the plastic combine with the 
Aluminum extrusion frame thermal conduction mechanism is 
efficient for the thermal releasing. Consequently, a 42” dual-sided 
display with 32 lamps and 43 mm module thickness (33 mm 
backlight thickness) can yield >90% luminance uniformity, >500 
nits brightness, 250 Watt power consumption had already been 
successfully demonstrated as a good candidate for some special 
display application such as public information display. 
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Table 2 Power Consumption Comparison 

Fig. 7 The 42” Dual-sided Display: (a) Side A; (b) Side B 

Fig. 6 UFL dual-sided display performs much 
uniform luminance compared to conventional 
CCFL dual-sided display system. 


