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We proposed a new Mercury-free flat fluorescent lamp 
(MFFL) for LCD backlight which has the scanning ability 

to reduce the blurring edges of moving images. We 
expanded the single cell MFFL with 2.2 inch diagonal size 

into the multi-cell MFFL for the 32-inch LCD-TV backlight 
application, and examined its response characteristics and 

proposed a driving scheme for scanning.  

1. Introduction

LCDs have been one of the main display devices 

used in wide application areas including mobile 

displays, computer monitors and digital TVs since 

LCDs were successfully developed and mass-

produced for laptop PCs in the early 1990’s.

However, as the LCD extends its application area to 

the large size TVs, the conventional backlight system 

is facing the problem of blurring edges in moving 

images due to the slow response times of the liquid 

crystals and the hold-type of displays that are being 

currently used [1].  

In view of these problems, we propose a new 

Mercury-free flat fluorescent lamp (MFFL) for LCD 

backlight which has the ability of scanning to reduce 

these blurring edges of moving images [2]. The paper 

is organized as follows: section 2 presents the basic 

cell structure that can be used to build large panels. 

This uses a 2.2 inch diagonal size single cell that can 

be repeated in row and column direction to make a 

large size panel. A 16×10 32-inch lamp is built and 

examined its response characteristics of the proposed 

scanning driving scheme. 

2. Results 

2.1. Structure of lamp 

The cross section of a unit cell MFFL is shown in 

Fig. 1 (a), and that of the multi-cell MFFL is 

illustrated in Fig. 1(b). The parallel-running, main 

electrodes are separated by 30 mm and covered by 

dielectric material. The auxiliary electrode is located 

on the opposite plate and is used as the data electrode 

for the scanning. Ne-Xe (18 %) mixture gas is used as 

the discharge gas. The lamp has a very simple 

structure which is composed of two flat glass plates 

separated by barrier walls with a height of 2–4 mm 

schematically shown in Fig. 1(a). It has a pair of 

electrodes which runs parallel to each other and are 

covered by an 80 m thick dielectric. The discharge 

gas is Ne-Xe mixture with the Xe content varying 4–

30 % and the total pressure 10–25 kPa. The lamp is 

driven by square voltage pulses with amplitude 2–3 

kV and frequency 10–20 kHz.

When such a lamp is lit and the operating voltage 

or the frequency is increased to get high luminance, 

the contraction instability usually sets in and prevents 

the device from delivering a highly efficient, uniform 

glow discharge. It has been found that this instability 

can be prevented and a wide voltage margin for stable 

operation obtained if an auxiliary electrode is 

deployed [3].  

A simple increase of the lamp size having the basic 

electrode structure results in the increase of the 

driving voltages. Instead it is better to use a multi-

lamp structure as shown in Fig. 1(b). The fundamental 

basic building units are repeated in both directions on 

one single large glass substrates and the main 

electrodes are connected in the row or column 

directions so that the operating voltage characteristics 

of the whole lamp can be operated by a single inverter.

By adopting a cellular structure like this, it is possible 

to increase the lamp size without limit in both 

directions but with still low driving voltages and wide 
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margins. Fig. 1(c) shows a 32-inch MFFL which 

consists of 10 separated line blocks for scanning.  

(a) Cross section of a unit cell 

(b) Schematic of the multi-cell 

(c) 32-inch MFFL 

Fig. 1 Structure of the multi-cell MFFL 

2.2. Emission characteristics of unit cell 

Fig. 2 Driving pulse, discharge current, visible, and 

IR emission waves of MFFL 

Fig. 2 shows the voltage, discharge current 

waveform, the infra-red (823 to 828 nm) and blue 

visible (480 nm) emissions. The emission of infra-red 

wave lengths 823 nm (Xe : 2p5  1s4) and 828 nm 

(Xe : 2p6  1s5) are chosen as the signature of the 

plasma formation. Because this uses a Mercury-free 

gas, the plasma formation takes less than 1 s and the 

visible blue emission reaches its peak within 3 s. Fig. 

3 shows the formative and statistical delay time of the 

Ne-Xe discharge and its dependence on the lamp 

temperature. The sum of the two delay times is 220 ns 

for the lamp temperature of 30°C and increases only 

by 95 ns when the lamp temperature drops to – 15°C. 

Thus, MFFLs containing Xe as the radiative source 

show very short discharge time delays regardless of 

ambient temperature compared with CCFLs with 

Mercury. 

(a) Formative time lag of MFFL 
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(b) Statistical time lag of MFFL 

Fig. 3 Discharge time delay vs. panel temperature 

of MFFL 

2.3. Driving scheme for scanning of MFFL 

LCDs have many advantages over other display 

devices, such as high resolution, high brightness, slim 

size, low weight, etc. But LCDs have the tendency to 

produce blurring edges in dynamic video motion. 

There are two causes for this blurring of the edges of

the images, namely; the slow response times of the 

liquid crystal and the hold-type display characteristic 

used LCDs. Impulsive-type displays such as CRTs 

shows sharp motion image, because they make 

moving picture appear on the center of the retina in 

human eyes [1]. 

Scanning backlights can be one of the solutions to 

make LCDs impulsive-type displays. Blurring edges 

can be reduced by scanning of backlight synchronized 

with that of LCD data as shown in Fig. 4. The blurring 

edges can be reduced by ensuring that the scanning of 

the backlight is synchronized with that of the image 

data being displayed on the LCD as shown in Fig. 4. 

Fig. 5 shows the driving scheme for scanning a MFFL 

with 10 line blocks where each line block is turned on 

after the liquid crystal in the corresponding part of the 

LCD reaches the target gray scale. The timing of the 

driving scheme should be optimized according to the 

characteristic of the liquid crystals and the turn-on 

time of each line block should also be adjusted for the 

proper brightness and sharp moving picture to be 

displayed in a dynamic manner.  

For the realization of the scanning of MFFL with 10 

line blocks, the auxiliary electrode of MFFLs can be 

used to select the appropriate line block so that only 

one inverter is needed [4]. Fig. 6 shows the selectivity 

of MFFLs using the auxiliary electrode.   

Fig. 4 Synchronized operation between LCD data 

sequence and backlight scanning 

Fig. 5 Driving scheme for scanning of MFFL with 

10 line blocks 

Fig. 6 Selectivity of MFFL using the auxiliary 

electrode 
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3. Conclusion 

We have reported a Mercury-free Flat Fluorescent 

Lamp which can be used for the scanning backlighting 

system of LCD. A stable, diffusive, uniform discharge 

could be obtained when an auxiliary electrode was 

deployed in a simple, dielectric barrier type, flat lamp 

which uses Ne-Xe mixture as the discharge gas.   

The instant turn-on characteristics of the Mercury-

free lamp and the selectivity provided by the voltage 

condition of the auxiliary electrode enable us to 

realize a one inverter driven, scanning backlight 

system for the LCD which improves the moving 

image qualities of LCD reducing the blurring edges. 
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