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Abstract 
For the life estimation of CCFLs in edge-lit LCD 
modules has been required CCFL blackening test, 
which is executed in the state of low current and 
long-time operation under the high temperature 
condition. We investigated the reason why CCFL 
blackening happened more easily in the above test 
conditions and the way how mechanical parts had 
influence upon CCFL blackening in the edge-lit 
LCD modules.

1. Introduction

We can estimate the life of CCFL by executing 
long-time operating test under normal circumstances
or ALT(Accelerated Life Test). As a kind of ALT is 
required CCFL blackening test which operates under 
low current and high temperature condition. Through 
CCFL blackening test, we may decide whether 
mercury agglomeration near the electrode of CCFL 
happens as shown in Fig. 1.  

Fig. 1. Mercury agglomeration near the electrode  
of CCFLs. 

Generally the main reason of mercury 
agglomeration may be narrowed down to the surface 

temperature in CCFLs, the waveform of driving 
voltage and external forces, for example, gravity[1-2]. 
The temperature in a CCFL varies in the longitudinal 
direction. Maximum temperature occurs on the 
electrode cup at each end and minimum temperature 
at the center. In edge-lit LCD modules temperature 
distribution of CCFLs is similar but changed due to
current leakage and heat transfer, which happen 
between CCFLs and mechanical parts of LCD 
modules. However, we did not find out obviously its 
mechanism related to the mechanical parts because we 
can not measure accurately temperature distribution of 
CCFLs in edge-lit LCD modules. Especially the 
temperature distribution near the electrode of CCFLs 
is very important because the stem wire is soldered to 
an electric wire and the lamp-holder wrapping the 
electrode and the stem wire is exposed to the 
atmosphere. 
  In this work fixing other two factors, e.g., the 
waveform of driving voltage and external forces, we
concentrate on temperature distribution of CCFLs in 
edge-lit LCD modules. Thus we investigate how the 
electrode of CCFLs and the mechanical parts around 
CCFLs make influence upon temperature distribution 
and mercury agglomeration. 

2. Experimental  

Since CCFL makers have estimated the surface 
temperature of a CCFL alone using IR cameras, 
temperature distribution near the electrode can be 
easily measured. However, it is difficult to measure 
the surface temperature of CCFLs in an edge-lit LCD 
module using IR cameras because of mechanical parts 
around CCFLs. Thus we have estimated the surface 
temperature of CCFLs using thermocouples at a few 
points in the long the longitudinal direction of CCFLs. 
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With the surface temperature data at a few points, we 
can not estimate accurately temperature distribution 
and moreover mercury agglomeration around the 
electrode.  

Firstly we try to measure effectively the surface 
temperature of CCFLs in an edge-lit LCD module via 
IR cameras as shown in Fig. 2. And using ICEPAK we 
make a simulation model in Fig. 3 of an edge-lit LCD 
module and analyze temperature distribution of 
CCFLs through thermal simulations. In a simulation 
model we consider all mechanical parts which include 
lamp-holders, lamp-reflectors, chassis frames, a LGP, 
sheets and a panel. And a CCFL consists of a glass 
tube, an electrode cup and a stem wire at each end.

Fig. 2. Temperature distribution near 
the electrode of a CCFL alone  
using an IR camera. 

Fig. 3. Simulation model with mechanical parts 
 and CCFL components using ICEPAK.

We assume that 80% of input power is converted 
into heat and 35% of heat generates at the electrode of 
a CCFL. The material of electrode cup makes effect 
on the surface temperature and the material of a stem 

wire changes temperature distribution near the 
electrode of CCFLs[1-2]. And the thermal resistance 
between mechanical parts is considered as 
0.0002Km2/W because heat transfer between 
mechanical parts changes the surface temperature of 
the CCFL. Then we find out the local temperature 
distribution near the CCFL electrode is very important. 

Fig. 4. Reproduction of temperature distribution 
 near the electrode of a CCFL alone.

From the surface temperature of CCFLs alone in 
Fig. 2 measured using an IR camera and 
thermocouples we can reproduce the temperature 
distribution of CCFLs using ICEPAK as shown in Fig. 
3. We select the electrode’s material, the stem wire’s 
length and material and input power as variables. To 
analyze the influence of CCFL components upon 
temperature distribution, we apply the Box Behnken 
RSM(Response Surface Method), which has 4 factors 
with 3 levels in Table 1.  

Table 1. Factors and levels for RSM. 

Level
Input 
power
(W) 

Material of 
electrode 
(W/mK) 

Material of 
stem wire 
(W/mK) 

Length of 
stem wire

(mm) 
-1 2 54 17 1 
0 3 97 93.5 11 
1 4 140 170 21 

Next, from the surface temperature of CCFLs in 
edge-lit LCD modules in Fig. 5 using an IR camera, 
we can investigate the surface temperature of CCFLs 
using as shown in Fig. 6. Initially we select 6 
variables : material of the stem wire, length and 
material of the lamp-holder, chassis material, gap 
between a CCFL and a lamp-reflector and gap 
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between a CCFL and chassis frames. For 2 variables 
the shape of temperature distribution is similar but the 
surface temperature increases or decreases according 
to varying the level of variables. For the others, the 
shape of temperature distribution is changed 
according to varying the parameter of variables. In 
other words, the location of minimum temperature can 
be changed from the lamp center to both ends. So we 
reselect 4 variables and apply DOE(Design Of 
Experiment) by 4 factors with 2 levels to analyze the 
influence of mechanical parts upon temperature 
distribution of CCFLs in edge-lit LCD modules. 

Fig. 5. Temperature distribution near 
the electrode of a CCFL in an edge-lit 
LCD module using an IR camera. 

Fig. 6. Simulation results near the electrode  
of a CCFL in an edge-lit LCD module 
varying the parameter of a variable. 

3. Results and discussion 

By analyzing CCFLs we verify that the electrode 
material and the stem wire material have much effect 
on temperature distribution near the electrode of 

CCFLs in edge-lit LCD modules as well as alone. 
By analyzing relation between CCFLs and 

mechanical parts, we find out that the gap between 
CCFLs and chassis frames and the length and the 
material of lamp-holders influence upon temperature 
distribution of CCFLs. 

As temperature distribution is changed, the location 
of minimum temperature in CCFLs can move from 
lamp center into both ends. Then if mercury moves 
into near the stem wire, mercury agglomeration will 
occur easily in the CCFL blackening test.  

We can draw a conclusion that main factors driving 
mercury agglomeration to happen in edge-lit LCD 
modules are the location of minimum temperature in 
CCFLs and the difference of maximum temperature 
and temperature at the lamp center.  

4. Summary

We investigate how CCFL components and 
mechanical parts near CCFLs influence the surface 
temperature of CCFLs and mercury moving into both 
ends of CCFLs drives mercury agglomeration in the 
CCFL blackening test. And we verify that if minimum 
temperature is located at both ends the CCFL 
blackening test will accelerate mercury agglomeration 
around the electrode of CCFLs in edge-lit LCD 
modules.  
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