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ABSTRACT 
The new driving method and circuit are proposed 

for a low cost local dimming Xe backlight unit. The 
basic concept of the proposed driving method is that 
the subsequent discharge can be produced easily 
under the low voltage condition thanks to the wall 
charges induced by the previous discharge. 
Therefore, this driving method can drive the 40-in. 
backlight with 64 local dimming blocks by using only 
four transformers. 

 

INTRODUCTION 
The liquid crystal display (LCD) has become 

leading display technology today. The LCD requires 
the backlight unit (BLU) because it does not 
generate the light itself.  

Various kinds of the BLUs are being developed 
toward low cost and high efficiency. In particular, 
the cold cathode fluorescent lamp (CCFL) and the 
light emitting diode (LED) BLUs are considered to 
be promising under the current backlight technology. 
However, the CCFL BLU uses the mercury that is 
not environmentally friendly. The LED BLU is too 
expensive. The Xe backlight unit (Xe BLU) is 
environmentally friendly because of using the inert 
Xe gas and cheap because of simple structure 
[1][2].  

The demands of low power consumption and 
high contrast of the LCD requires the local dimming 
technology for the backlight unit. For CCFL, it is  

 
difficult to apply the local dimming technology 

because the CCFL has long and round lamps. The 
Xe BLU is a flat type BLU that can apply the local 
dimming technology.  

The m + n driving ICs are required to drive the m 
x n local dimming blocks using the matrix-driving 
method. However, the high voltage driving is 
required due to a wide gap structure in the Xe BLU. 
Accordingly, the driving circuit uses transformers to 
amplify a low voltage waveform that causes a rise of 
circuit cost [3]. By the way, the subsequent 
discharge can be produced easily under the low 
voltage condition thanks to the wall charges induced 
by the previous discharge. Based on this discharge 
concept, a new driving method is proposed for a low 
cost local dimming Xe BLU.  

 

EXPERIMENTAL SETUP 
Fig. 1 shows the electrode configuration of the 

40-in. backlight employed in the research [4]. The 
lamp consists of mixed gas of Xe 18%-Ne 82%. 
Transparent copper electrodes are used to pass the 
visible light emitted from the lamp. The electrodes of 
the front glass (=scan electrode) are arrayed 
horizontally, whereas the electrodes of the rear 
glass (=dimming electrode) are arrayed vertically. 
When the driving pulse is applied, a discharge starts 
at the crossing position between the scan and 
dimming electrodes. In this experiment, the Xe BLU  
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Fig. 1. Structure of the lamp. 
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Fig. 2. Circuit diagram. 

 
is composed of 64 dimming blocks [i.e., 4 scan 
electrodes (S1-S4) and 16 dimming electrodes 
(D1-D16)].  

Fig 2 shows a diagram of the circuit employed in 
this experiment. The circuit comprises the scanning 
boards and dimming boards. The scanning board 
generates a high voltage sustain waveform using a 
transformer from a low voltage square waveform. 
The dimming board generates the low voltage data  
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Fig. 3. Conventional local dimming driving 
scheme. 

 

pulses for local dimming. These low voltage data 
pulses are applied to each dimming section. 

 

RESULT 
Fig. 3 shows the conventional local dimming 

driving scheme [3]. In this method, the scanning 
pulse is applied to each scan electrode progressive- 
ly. One period is 16.67ms (60Hz), and each part of 
scan electrode is shared during 1/4 of one period 
(=4.1ms). Simultaneously, a dimming pulse with 
180-degree phase difference against scanning 
pulse is applied to the dimming electrode. In this 
case, the applied voltage in the lamp is the sum of 
scanning pulse and dimming pulse. If this applied 
voltage exceeds the firing voltage of the lamp, the 
discharge starts [5]. In addition, when the applied 
voltage is lowered to the minimum sustain voltage, 
the discharge disappears. 

The applied number of discharges controls the 
local dimming driving. The luminance of the lamp is 
linear against the number of discharges like plasma 
display panel (PDP). Thus, by a control of the 
number of dimming pulse, each dimming section will 
be brighten or darken. Nevertheless, in this method, 
20 transformers (4 scanning electrodes + 16  
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Fig. 4. Proposed local dimming driving scheme. 
 
 

dimming electrodes) are needed for making high 
voltage of scanning pulses and dimming pulses. 
These transformers are expensive and cause a rise 
of cost of the circuit.  

Fig. 4 shows the proposed method for a low cost 
local dimming driving. In this method, a low voltage 
without using the transformer can be used in the 
dimming electrode. The scanning method of the 
proposed scheme is the same as that of the 
previous method. In this method, the dimming pulse 
with a very low voltage is synchronously applied 
only once with an application of the negative 
scanning pulse during the scanning period. After the 
dimming pulse is applied, only the scanning pulse 
can produce the subsequent discharges without 
applying the dimming pulse. Once the discharge 
occurs, the discharge is not extinguished thank to 
the wall charge accumulated by the previous 
discharge [5]. Consequently, the low voltage 
dimming pulse does not require a transformer. In 
addition, thousands of gray scale can be 
represented by a control of applying point of the 
dimming pulse. 

Fig. 5 shows the applied voltage with/without 
dimming pulse and corresponding infrared (IR) 
emission waveforms when adopting the proposed  
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Fig. 5. Measured data pulse, Vscan, and 
corresponding IR emission waveform. 

 

local dimming method. The frequency of pulses is a 
25 kHz. The duty cycle is 3 ms. Firing voltage in the 
lamp is 1.3 kV. Since the amplitude of positive 
scanning pulse is 1.0 kV, the discharge is not 
produced. Even though the amplitude of negative 
scan pulse is also 1.0 kV, the discharge is produced 
thanks to the synchronous application of the 
dimming pulse of 400 V, as shown in Fig. 5, as 
confirmed by monitoring the IR emission. 

 

CONCLUSION 
The new driving method and circuit is proposed 

for a low cost local dimming Xe backlight unit. The 
basic concept of the proposed driving method is that 
the subsequent discharge can be produced easily 
under the low voltage condition thanks to the wall 
charges induced by the previous discharge. 
Therefore, this driving method can display the 40-in. 
BLU with 64 local dimming blocks by using only four 
transformers. In addition, an expression of gray 
scale is increased. 
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