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Abstract 
 
We propose a new PDP cell structure named DIDE 
(Dual Ignition Discharge Electrodes) structure with a 
long electrode gap to realize a high luminous efficacy. 
Suggested DIDE structure basically has a long 
electrode gap (200 µm ~400 µm), nevertheless, 
because of auxiliary electrodes formed on the front 
panel, can be driven at relatively low voltage. The 
discharge characteristic of DIDE structure was much 
different from that of conventional structure, which 
was analyzed by IR emission images using IICCD 
(Image Intensified Charge Coupled Device). The 
study can explain some particular characteristics of 
DIDE structure.  
As a result, the long electrode gap and low voltage 
effect can be expected in DIDE structure, and a very 
high luminous efficacy of 7.5 lm/W has been achieved 
in monochrome green test panel adopting the new cell 
structure with Ne-Xe (12%) mixture at 400 torr. 
 
 
1. Introduction 
 
Recently, the market of flat panel display has grown 
amazingly and PDP is strengthening its place 
successfully. However, PDP still has some factors that 
should be improved which include the luminous 
efficacy. There have been much efforts to improve the 
luminous efficacy of PDP by many research groups. 
Most general approaches for improving the luminous 
efficacy are using high Xe content gases or applying 
long electrode gap cell structures [1,2]. However both 
of the approaches make the driving voltage of PDP 
high, which sometimes prevents them to be used in 
the commercial products. Other methods such as the 
auxiliary pulse method [3] or 4 electrodes structure 
[4] were also suggested to achieve the high luminous 
efficacy in PDP.  
In this work, we are proposing a new cell structure for 
PDP that can be driven at relatively low voltages for 

high Xe content discharge gas and a long electrode 
gap and reporting a high luminous efficacy of 7.5 
lm/W. 
 
2. Experiment 
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Fig.1 (a) Schematic diagram of DIDE 
structure (b) Picture of test panel adopting 
DIDE structure 
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Fig.1 (a) shows the schematic diagram of DIDE 
structure. The new structure is based on the 
conventional coplanar type and the ITO electrode 
gaps are 200, 300 and 400µm. The auxiliary 
electrodes on the front panel cross the bus electrodes 
with a 40µm-thick dielectric layer between them and 
positioned on the barrier ribs of the rear panel. And 
then there is also another 10µm-thick dielectric layer 
on the top of auxiliary electrodes. In order not to 
obscure the emanating light from phosphor, the 
auxiliary electrodes are aligned with the vertical 
barrier ribs and the auxiliary electrode exposed to 
discharge space is designed very small. Fabricated test 
panel of DIDE structure is shown in Fig.1 (b). 
Fig.2 shows the driving waveform for the structure. 
The frequency of sustain pulse is 25kHz, and duty 
ratio is 50% to avoid the self-erasing discharge 
between sustain and address electrodes. It includes 
800ns short auxiliary pulses synchronized to the 
sustain pulses in order to generate ignition discharges 
at low voltages. Applying the short pulses to the 
auxiliary electrode can make an ignition discharge 
between the sustain and auxiliary electrodes, which 
helps driving the long electrode gap structure with 
relatively low voltage. 
 
 

 
Fig.2 Driving waveform for DIDE structure 
 
 
 
 
 
 

3. Results and Discussion 
 
Fig.3 shows the voltage margin of test panel when the 
auxiliary pulse voltage, Xe partial pressure and ITO 
electrode gap are changed. In Fig.3, as the auxiliary 
pulse voltage increases, both of the firing and sustain 
minimum voltage decreases. This tendency is same 
for all cases of Xe partial pressures and ITO electrode 
gaps. In Xe 4% -300µm gap panel, when the applied 
voltage of auxiliary pulse is 240V,  the firing voltage 
goes down by 150V (36.6%) and sustain minimum 
voltage also goes down by 71V (29%) compared to 
the case that 0V is applied for the auxiliary pulse. 
This result may imply that the auxiliary pulse generate 
an ignition discharge for the main sustain discharge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 Voltage margin as a function of auxiliary 
pulse voltage, Xe% and gap 
 
 
For more detail study about the discharge mechanism 
inside a DIDE cell, we analyzed the discharge 
sequence with fast-gated imaging using IICCD 
(Image Intensified Charge Coupled Device) camera. 
Fig.4 is the images of IR emission from 80µm gap 
conventional structure cell and DIDE structure ones 
when Ne-Xe 4% 400torr gas was used. The ITO 
electrode gaps used for DIDE structure are 200,300 
and 400µm. When Fig.4 (b), (c), (d) was compared 
with (a) , we could find out some interesting features 
of DIDE structure. First, in the conventional structure 
cell, discharge starts from the anode region, which is a 
well-known phenomenon because electrons should 
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accelerate to anode first to make a discharge through 
electron avalanche. But as shown Fig.4 (b),(c) and 
(d) , in DIDE structure, discharge starts from the 
cathode region which is thought to be due to that 
ignition discharge occurs between the cathode of 
sustain and auxiliary electrodes. Second, in DIDE 
structure, high IR intensity region is limited in the 
central region of the cell. On the other hand, high IR 
intensity area diffuses all over the cell in conventional 
structure. Generally long electrode gap structure 
shows carrot-like discharge shape in the middle of the 
cell with diffused discharge reaching the edge of ITO 
electrode. Center-concentrated emission region of 
DIDE structure is considered as the reason of high 
luminous efficacy. Because the discharge area is 
concentrated far from cell’s barrier rib surface, it is 
expected that it should exhibit a high luminous 
efficacy because of reduced plasma loss. Third, in 
DIDE structure, discharge occurs and disappears very 
fast compared with that of conventional structure. It 
may be resulted from that discharge starts from 
cathode region in DIDE structure. Fourth, from Fig.4 
(b), (c) and (d), we can notice that the highest IR 
intensity region is limited to the ITO electrode gap not 
to the whole of ITO electrode. This means luminance 
and luminous efficacy can have an effect on the ITO 
electrode gap. 
Fig.5 shows the result of luminance and luminous 
efficacy for Ne-Xe 4% 400torr monochrome green 
DIDE panel. The ITO electrode gaps were 200,300 
and 400µm and the voltage of auxiliary pulse was 
200V. There is not much difference in luminance 
level for the several electrode gaps but they strongly 
affect the luminous efficacy. When the auxiliary pulse 
of 200V was applied, the sustain voltage margin 
increased as the ITO electrode gap increased. The 
driving voltage margin is different for various 
electrode gaps, however, in the fixed sustain voltage, 
longer electrode gap has higher luminous efficacy. 
Especially 300µm gap showed the highest efficacy of 
about 5.6lm/W. High luminous efficacy like this was 
possible because of the long electrode gap effect and 
low voltage effect could be coupled. Fig.6 shows the 
driving voltage margin change with the application of 
auxiliary pulse. 
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Fig.4 IR emission images of Ne-Xe4% 400torr 
test panels with various ITO electrode gaps (a) 
80μm conventional structure (b) 200μm DIDE  
(c) 300μm DIDE (d) 400μm DIDE 
. 
 
 

340ns 440ns 540ns 640ns 

720ns 820ns 920ns 

120ns 180ns 240ns 300ns 360ns 

140ns 200ns 260ns 320ns 380ns 

120ns 180ns 240ns 300ns 360ns 

482 • IMID/IDMC '06 DIGEST

24-3 / H.-Y. Jung



Fig.5 Luminance and luminous efficacy of Ne-
Xe 4% 400torr DIDE test panel for 200,300 
and 400 µm electrode gap 
 
 
 
 
 
 
 
 
 
 
 
Fig.6 Change of driving voltage area in 
300µm-gap DIDE structure due to the 
auxiliary pulse. 
 
Fig.7 (a) and (b) shows the luminance and luminous 
efficacy of conventional and DIDE structure for Ne-
Xe 4% and 12% condition. The electrode gap of 
DIDE structure was fixed as 300um. In a coplanar-
gap, if a long electrode gap is used, the area for ITO 
electrode must be reduced because the space of a PDP 
cell is limited. For this reason, long electrode gap 
structure cannot help avoiding the decrease of 
luminance and this fact can be applied to DIDE 
structure too. As shown in Fig.7 (a), the luminance of 
DIDE structure is lower than that of conventional 
structure regardless of Xe contents. But luminous 

efficacy increased very much and the maximum 
efficacy of DIDE structure is almost twice as high as 
that of conventional one. As a result, the maximum 
luminous efficacy of 7.5 lm/W was obtained with Ne-
Xe (12%) mixture at 400torr. 

(a) 
 

(b) 
Fig.7 (a) Luminance of conventional and 
DIDE structure as a function of sustain 
voltage and Xe % (b) Luminous efficacy of 
conventional and DIDE structure as a function 
of sustain voltage and Xe % 
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4. Conclusion 
 
The discharges in the PDP cell with DIDE structure 
with long gap showed much different behavior when 
they were analyzed in detail with the high speed IR 
emission imaging. DIDE structure shows good 
characteristics such as the low driving voltage and 
high luminous efficacy. 
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