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ABSTRACT 

 

This paper presents the effects of various driving 

waveforms on the discharge characteristics of the 

Hg-free backlight unit (BLU).  

First, the square-type and sine-type waveforms are 

compared. The sine-type driving waveform shows the 

unstable discharge characteristics even at a higher driv-

ing voltage condition.  

Next, for the square-type driving waveform, two 

types of square-type waveform, that is, with and without 

a transformer, are examined.  

Finally, for the two types of square-type waveform, 

the effects of duty ratio on the luminance, consumption 

power and luminous efficiency are examined in detail. 
 

 

I)TRODUCTIO) 

 

Since the LCD-TVs are non-emissive display, the 

backlight unit is required. The cold cathode fluorescent 

lamp (CCFL) and the external electrode fluorescent 

lamp (EEFL) using the mercury (Hg), have been used 

mainly as the LCD backlight units (BLUs).  

However, these types of BLUs have many disadvan-

tages. In particular, a big problem is to use the mercury. 

The use of Hg enables a high luminous efficiency and 

low cost fabrication, but simultaneously causes a prohi-

bition due to the environmental problem. Furthermore, 

since the Hg needs a warm-up time until the nominal 

light intensity is approached, the use of Hg is consi-

dered to be unsuitable for enhancing the capability of 

BLU, such as a scanning capability.  

In this sense, the Hg-free flat backlight unit using the 

Xe gas instead of the Hg has been introduced [1].  

In this paper, with a view to finding the proper driv-

ing waveforms for the Hg-free flat backlight unit using 

the Xe gas, the effects of the driving waveforms such as 

the sine-type and square-type waveforms on the dis-

charge characteristics are examined intensively.  

 

 

EXPERIME)TAL SETUP 

 

Fig. 1 shows a schematic diagram of experimental se-

tup comprising of photometer (PR-650), photo-sensor 

amplifier (C-6386), and power meter (WT-210) to 

measure the luminance, IR intensity and consumption 

power.  

 

 

 
Fig. 1. Schematic diagram of test equipment employed in 

this study. 

 

 

 
Fig. 2. Schematic diagram of the lamp structure used in 

this research. 

 

 

 

 

FMCp - 31

IDW ’07       627



Table 1. Specifications of test lamp employed in this 

study. 

Gas composition Xe (30 %) + Ne 70 (%), 250 Torr 

Glass thickness 1.1 mm (Soda-lime glass) 

Discharge gap 2 mm 

Reflective layer Al2O3, 60 µm 

Electrode Mesh type using Cu 

 

Fig. 2 shows a schematic diagram of the 6-in. lamp 

employed in this study. The main discharge-type inves-

tigated in this study is the plate-gap discharge, so that 

the electrode are the mesh-type, and its width and 

plate-gap are 10, 300 µm, respectively. The electrodes 

are attached on the outside of glass, so the dielectric 

barrier discharge is available. The white phosphors 

(R+G+B) were coated with a thickness of 10 µm on the 

front glass, and of 40 µm on the rear glass, respectively. 

The reflective layer of 60 µm is deposited on the rear 

glass for reflecting the visible light on the rear glass. 

The spacers are placed between the front and rear 

glasses to maintain the discharge space. Table 1 shows 

the detailed specification of the test lamp employed in 

this study.  

 

 

RESULTS & DISCUSSIOI) 

 

Fig. 3 shows the changes in the IR emission characte-

ristics when applying two different driving waveforms 

(i.e., sine-type and square-type) under the same lumin-

ance condition of 1600 cd/m
2
 at a frequency of 25 kHz. 

In this case, the square-type without using a transformer 

was adopted. To obtain the same luminance, the higher 

voltage was required for the sine-type waveform. Fur-

thermore, in this condition, the discharge state was ob-

served to be more unstable. In other words, the 

square-type waveforms enabled a stable discharge even 

though its driving voltage was lower. This phenomenon 

is mainly related to the fast rising time of the 

square-type driving waveform. For the case of a 

rare-gas discharge lamp such as the Xe-FFL, a dis-

charge has a general tendency that the positive column 

is easy to be contracted. Once the positive column is 

contracted, the light output becomes unstable and low. 

To keep away from the contracted positive column, it is 

necessary for the lamp to be driven by pulse-mode op-

eration [2]. 

Fig. 4 shows the changes in the discharge current and 

IR emission relative to the duty ratio at 25 kHz in the 

case of adopting the square-type waveform without us-

ing a transformer. In the IR emission and current wave-

form, the self-discharge phenomenon appeared, as 

shown in Fig.4 [3]. The IR emissions were observed to 

be increased as with an increase in the duty ratio.  

 
Fig. 3. Comparison of sine-type waveform with 

square-type waveform and corresponding IR emission 

characteristics. 

 

 
Fig. 4. Changes in voltages, currents and IR intensities 

when adopting square-type driving waveform without 

using transformer.  
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Fig. 5. Changes in voltage margin relative to duty ratio 

when adopting square-type waveform without using 

transformer. 

 

 
Fig. 6. Changes in luminance and luminous efficiency 

relative to duty ratio when adopting square-type wave-

form without using transformer. 

 

On the other hand, the firing voltage was decreased 

with an increase in the duty ratio. This means that the 

more amounts of wall charges and space charges are 

created under the higher duty ratio condition.  

Fig. 5 shows the changes in the voltage margin of the 

lamp relative to the duty ratio when adopting the 

square-type waveform without using transformer. In Fig. 

5, the upper line means the firing voltage, whereas the 

lower line means the minimum sustaining voltage. As 

shown in Fig. 5, the voltage margin was wider with an 

increase in the duty ratio. When the voltage margin was 

wider, then the lamp could be driven at lower voltage 

condition. 

Fig. 6 shows the corresponding luminance and lu-

minous efficiency relative to the duty ration when 

adopting square-type waveform without using trans-

former. As shown in Fig. 6, the luminous efficiency was 

decreased with an increase in the duty ratio. In Figs. 5 

and 6, the relation between the voltage margin and cor-

responding luminous efficiency shows the trade-off 

relation for the square-type waveform without using the 

transformer. 

Fig. 7 shows the changes in the discharge current and 

IR emission relative to the duty ratio at 25 kHz in the 

case of adopting the square-type waveform using a 

transformer. The type of backlight unit needs a high 

driving voltage due to its large gap. Without using a 

transformer, the expensive driving IC & circuit and IC 

are needed. Thus, the transformer, that can amplify the 

low voltage to the high voltage, was used to reduce the 

cost of the driving circuit. Like the results of Fig. 4, the 

higher IR emission was observed with an increase in the 

duty ratio, as shown in Fig. 7. The higher duty ratio 

facilitates the creation of the more amounts of wall and 

space charges within the lamp.  

 

Table 3. Voltage margins of lamp when adopting 

square-type waveform using transformer. 

Duty ratio 

[%] 

Firing voltage 

[kV] 

Sustaining voltage 

[kV] 

10 1.10 1.10 

30 1.02 1.02 

50 0.86 1.06 

 

 
Fig. 7. Changes in voltages, currents and IR intensities 

when adopting square-type driving waveform using 

transformer.  
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Fig. 8. Changes in luminance and luminous efficiency 

relative to duty ratio when adopting square-type wave-

form using transformer. 

 

However, as shown in Table 3, the voltage margin of 

the lamp was not observed when adopting the 

square-type waveform using the transformer. This phe-

nomenon is deeply related to the undershooting occur-

ring during the falling period of the voltage waveform. 

The undershooting voltage at the falling period causes 

the elimination of the wall and space charges within the 

lamp space necessary for the subsequent discharge, the-

reby resulting in no voltage margin. 

Fig. 8 shows the changes in the luminance and lu-

minous efficiency relative to the duty ratio when adopt-

ing the square-type waveform using the transformer. 

Like the results of Fig. 6, the luminous efficiencies were 

decreased with an increase in the duty ratio, as shown in 

Fig. 8.  

 

 

CO)CLUSIO)  

 

In this study, the effects of various driving wave-

forms on the discharge characteristics are examined 

under the Hg-free backlight unit. The square-type driv-

ing waveform has an advantage over the sine-type 

waveform because of the higher luminous efficiency 

under low sustain voltage, thus resulting in more stable 

discharge characteristics. For the square-type driving 

waveform, the voltage margin was observed to be in-

creased with an increase in the duty ratio, and the firing 

voltage was also decreased. However, the correspond-

ing luminous efficiency was observed to be decreased. 

To overcome the trade-off relation between the duty 

ratio and the luminous efficiency, the further study is 

needed. 

Since the circuit generating the square-type wave-

form without using a transformer is too expensive, the 

discharge characteristics of the square-type waveform 

using a transformer were also observed. However, the 

square-type waveform using a transformer induces a 

large overshooting phenomenon at a falling-period, thus 

resulting in removing the wall and space charge in the 

lamp space. This needs further study to minimize the 

overshooting phenomenon at a falling period. 
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