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Abstract 
As the inner diameter of CCFL is increased in the 

range of outer diameters 3~5 mm, the luminance 
efficiency is increased by the low power consumption. 
For the outer diameter 5 mm, the efficiency is linearly 
increased even at the range of a high current. 
 
 

1. Introduction 
 

The cold cathode fluorescent lamps (CCFLs) have 
been adopted currently about 70 % as the light source 
to a backlight unit (BLU) for LCD-TVs. The 
luminance property depends mainly on the inner 
diameter and the length of the glass tube. The general 
trend with the dependence on the tube length is that 
the efficiency and the discharge voltage are increased 
as the tube length increases, which might be related 
with the plasma density in a gas discharge [1-3]. 
In this report the experiments for the purpose of 
improving the performance of CCFLs for a large area 
BLU of LCD-TVs are conducted. The influence of 
tube inner diameter on the lamp performance is 
investigated. The inner diameters of tube are adjusted 
on the glass thickness with 0.5 mm, 0.45 mm, 0.4 mm, 
and 0.35 mm. The inner diameters are also controled 
with the outer diameters as 3.4 mm, 4.0 mm, and 5.0 
mm with the constant value of 0.5 mm in glass 
thickness. In this experiment the glass tubes are tested 
for 40-inch LCD-TV with the glass tubes of 3.4 mm 
and 4.0 mm in outer diameter used most widely 
currently and with a newly 5.0 mm in outer diameter. 
The experimental data is required for developing a 
high performance and a low cost lamp for LCD-TVs. 
 

2. Experiments 
 
In this experiment, the CCFL tube is borosilicate glass, 
900 mm length, appropriate for 40-inch LCD 
backlight units. The inner wall of the glass tube is 
coated with RGB tri-phosphor, and the discharge tube 
is filled with 95% neon and 3% argon gases at a total 
pressure of 60 Torr and also contains mercury a few 
mg. The specifications of test sample glasses are list in 
Table 1. 
 
Table 1. The tube glass has a outer diameter 3.4 
mm with different glass thickness in (a) and the 
glass tube samples of different outer diameter with 
the same thickness in (b).  
 
(a)  

Lamp Diameter Sample
No. Inner [mm] Outer [mm] 

Glass 
Thickness 

1 2.4 3.4 0.5 
2 2.5 3.4 0.45 
3 2.6 3.4 0.4 
4 2.7 3.4 0.35 

 
b)  

Lamp Diameter Sample
No. Inner[mm] Outer[mm] 

Glass 
Thickness 

1 2.4 3.4 0.5 
2 3 4 0.5 
3 4 5 0.5 

 
The luminance of lamp is measured with SR3A. The 
lamp voltage and current of CCFLs attached with 
ballast capacitor 18 pF are measured with AS-128A. 
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The optical flux is calculated with the averaged 
luminance measured along the tube as, 
 

BAfluxF π=][        (1), 
 
where F is luminous flux in the unit of lm, B is 
luminance cd/m2, and A is the area (m2) of lamp 
emission.  
The current density which is directly related to the 
lamp luminance, is calculated with the lamp current 
as: 

A
IJ =                       (2), 

 
where J is current density A/m2, A is cross section m2, 
I is current mA. For the discharge property of CCFLs 
according to the thickness of glass tube, four kinds of 
test samples are prepared list in Table 1(a). The 
hollow electrode is a nickel metal of 2.1 mm diameter. 
The second group of test sample is list in Table 1(b) 
where three tube glass samples of different outer 
diameter. In Table 1(b), the diameter of hollow 
electrode is 2.1, 2.7, 3.6 mm according to the tube 
diameters. The lamp operation is the conventional 
method so call ‘High-Low method’. 
 
2-1) Variation of Glass Thickness 
With the test sample glasses listed in Table 1(a) the 
electrical and optical properties measured at the same 
value of lamp current are represented in Table 2. With 
the sample glass number of 1~4, as the inner diameter 
of sample glass is increased, the lamp voltage as well 
as the current density is decreased with the decrease of 
lamp luminance. 
 
Table 2. The electrical and optical properties with 
the current 6.5 mA. 

 
 
Figure 1 shows the ignition voltage. The ignition 
voltage of glass thickness 0.35 mm is 1,493 V lower 
by 105 V than the voltage of  1,598 V averaged with 
three samples of 1~3. As shown in Figure 2 The lamp 
voltage of sample 1~3 is lower by 5~10 V, the lamp 
voltage for the sample of 0.35 mm thickness is 1,284 
by decreasing about 100 V. 

 

 
Figure 1. The starting voltage versus glass 
thickness 
 

 
Figure 2. Lamp voltage versus lamp current 
 

 
Figure 3. Luminance versus glass thickness with 
lamp current 6.5 mA. 
 

These trends of electrical property show the 
difference according to the lamp current as shown in 
Figure 2. At the low current of 4 mA, the deviation of 
lamp voltage to each lamp is large and the deviation 
becomes small with the increasing of lamp current. 
Figure 3 is the luminance for the different lamp 
thickness with the lamp current 6.5 mA. The usual 
lamp of thickness 0.5 mm is the highest luminance as 
19,500 cd/m2, the lamp samples of 2~4 have the 
luminance reduction by 5.5%, 5.3%, and 6.6%, and 
the luminance of glass 0.35 mm is decreased by 18.5% 
compared to that of glass thickness 0.5 mm 
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2-2) Variation of Glass Diameter 
The tube samples list in Table 1(b) is outer diameter 
3.4 mm, 4.0 mm, and 5.0 mm with the same thickness 
of 0.5 mm so that three samples have the inner 
diameter of 2.4 mm, 3.0 mm, and 4.0 mm which is the 
sample number 1~3. Table 3 is the measurement result 
with lamp current 13 mA. As the inner diameter is 
increased, the lamp voltage is decreased and the 
current density is decreased with the reduction of lamp 
luminance. 
 
Table 3. Electrical and optical property with three 
different lamp diameters as listed in Table 1(b) 

 
 
Figure 4 is the property of starting voltage, the 
ignition voltage is decreased as the inner diameter is 
increased as was the Paschen’s law. Figure 5(a) shows 
the lamp voltage decreases to be an advantage in the 
power consumption as the increase of tube diameters. 
Figure 5(b) is the property of luminance for the tube 
samples 1~3. The rate of luminance increasing shows 
slow down for the diameters 3.4 mm and 4 mm in the 
current range below 10 mA. On the other hand the 
luminance for diameter 5 mm is increased linearly. 
The reason is the phosphor radiation will not saturated 
at the low range of current density as the inner 
diameter is increased. 
 

 
Figure 4. Starting voltage with three samples of 
1~3 
 
 
 
 
 
 
 

 (a) 

 
 
(b) 

 
Figure 5. Lamp voltage (a) and luminance (b) 
versus lamp current according to the variation of 
inner diameter with the same thickness 0.5 mm. 
 
 

3. Results and Discussions 
 
 From the experimental results of the variation with 
inner diameter 2.4 mm ~ 2.7 mm according to the 
variation of thickness and to the variation of inner 
diameter as 2.4 mm, 3 mm, and 4 mm according to the 
outer diameter, the luminance is high for the tube 
sample of smaller inner diameter with a high current 
and a high current density. If the inner diameter is 
large, the distance between the plasma center to the 
phosphor is long and the loss of UV is expected. 
When the inner diameter is large, the phosphor coating 
area is also large and it is merit for the high current. 
However, the efficiency increasing effect is not 
expected since the phosphor radiation is not saturated 
with the current of 10 mA. 
In the experiment of section 2-1, the luminance 
reduction of 18% is disadvantage while the decrease 
of lamp voltage by 8% is advantage. The power 
consumption is the same as the electrode inner 
diameter is 2.1 mm. 
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Figure 6. Power consumption versus lamp current 
with the variation of outer diameters 
 

 
Figure 7. Luminous flux and lamp current with the 
variation of lamp diameters 
 

 
Figure 8. Luminance efficiency versus lamp 
current with outer diameters 
 
Figure 7 represents the lumen flux versus lamp current 
obtained from Eq. (1) calculating the averaged 
luminance and the radiation area of lamp surface with 
the sample tubes in section 2-2. For the out diameter 
3.4 mm the high flux is sustained with a high 
luminance and a high current density even if the 
radiation area is small. However, for the lamp of a 
small diameter with the current above 10 mA, it 
cannot be adoptable to BLU since the high heat 

generation at the electrode, the deterioration of 
phosphor, and the problem of lamp life time. In the 
sample of outer diameter 5 mm, the luminance is 
linearly increased and is not saturated even for the 
high current of 13 mA. In this case we have the 
additional advantage of the protection of phosphor 
deterioration and the low temperature of electrode due 
to low heat generation. 
 
 

4. Summary 
 
For the purpose of improving the efficiency of CCFLs 
for LCD-TVs, the basic property is investigated 
according to the inner diameter of glass tube. 
In the experiment with the variation of inner diameter 
according to the glass tube thickness, the possibility of 
improving efficiency is established by increasing the 
inner diameter by 2.1 mm with the reduction of UV 
loss. 
The experiment with the variation of inner diameter is 
conducted according to the outer diameter. The 
efficiency reaches to be 81 lm/W at the lamp current 
of 7 mA and it is decreased for the tube of outer 
diameter 3.4 mm. For the lamp of outer diameter 4 
mm, the peak value of luminance is 73 lm/W at the 
lamp current of 9 mA and also it is decreased. For the 
outer diameter 5 mm, the luminance is linearly 
increased even if the current is high as 13 mA. so that 
this tube of outer diameter 5 mm is advantage for a 
high lamp current. 
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