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Physical Phenomena in a Coplanar Macroscopic Plasma Display Cell

Optical filters have been used to measure infrared emission from xenon excited states 823.1 nm and ... infrared emission occurs above both cathode and anode. 

















 Télécharger le PDF 






 368KB taille
 1 téléchargements
 242 vues






 commentaire





 Report
























Physical Phenomena in a Coplanar Macroscopic Plasma Display Cell I. Infrared and Visible Emission R. Ganter, J. Ouyang, Th. Callegari, R. Ganter, J.P. Boeuf CPAT, Université Paul Sabatier, 118 Route de Narbonne, 31062 Toulouse cedex, France



ABSTRACT The space and time variations of the light emission in a macroscopic Plasma Display Panel (PDP) discharge cell have been studied with an Image-Intensified Charge-Coupled Device (ICCD). The discharge cell is similar to a real PDP cell with a coplanar electrode configuration. The cell dimensions are on the order of 100 times larger than those of a real PDP cell and the operating pressure is about 100 times smaller. Different xenon-neon gas mixtures have been investigated. Optical filters have been used to measure infrared emission from xenon excited states 823.1 nm and 828.0 nm, and visible emission from neon at 640.2 nm. The measurements show that the neon visible emission occurs above cathode only while xenon infrared emission occurs above both cathode and anode. Standing striations can be observed above anode. The important xenon emission above anode indicates that this region is more efficient than the cathode region in terms of UV production. The measurements are in excellent qualitative agreement with similar measurements performed in real PDP cells. However the velocity of plasma spreading above cathode in the macro-cell is significantly larger than in a real PDP cell. The interpretation of this discrepancy is given in a companion paper1 (“Physical Phenomena in a Coplanar Macroscopic Plasma Display Cell - II. Comparisons between experiments and models”, J. Appl. Phys--) where the experimental results are compared with results from a fluid model of the plasma.
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I. INTODUCTION Each pixel of a Plasma Display Panel is composed of three discharge cells where a plasma can be turned on and off by applying adequate voltages on the electrodes which define the cells. The plasma produces UV light, which is converted into visible by Red, Green and Blue phosphors deposited on the cell walls. Most PDPs use Dielectric Barrier Discharges (DBD) where dielectric layers separate the electrodes from the gas gap. A square wave voltage (sustaining voltage) at about 100 kHz is applied constantly between the sustaining electrodes. Plasma Display Panels operating with dielectric barrier and square wave voltages are called AC PDPs. The sustaining voltage is below the breakdown voltage and a particular cell is turned ON by applying a writing voltage pulse above breakdown between the electrodes defining the cell. A transient discharge is initiated in the cell. At the end of the current pulse positive and negative charges are present above the surfaces of each electrode. These “memory” charges allow a new discharge to occur at the next half cycle of the sustaining voltage because the voltage induced by the memory charges now adds to the voltage applied between the electrodes and the gas gap voltage can therefore be above breakdown again. A new discharge is initiated at each half cycle of the sustaining voltage and the ON state of a cell is therefore a succession of transient discharge pulses at a frequency equal to twice the voltage frequency. A discharge cell can be either in the ON state or in the OFF state for the same sustaining voltage depending on the presence of charges on the dielectric layers. This property is the basis of plasma display addressing. The fact that a glow discharge can operate at a voltage lower than the breakdown voltage makes possible the operation of a PDP cell for sustaining voltages within a given voltage margin (below the breakdown voltage and above the minimum glow discharge voltage). PDPs with matrix electrode configuration or coplanar electrode configuration have been developed. In the coplanar configuration a third electrode is used to address the cell, i.e. to apply a voltage, which will induce breakdown and lead to the deposition of memory charges on the dielectric surfaces. In typical PDPs line and column electrodes are deposited on two glass plates and are covered with a dielectric layer of typically 30 µm. The gas gap between the dielectric surfaces is on the order of 100 µm and is filled with a xenon-neon (or xenon-neon-helium) mixture at pressures around 500 torr. Xenon is the UV emitter and neon or helium help lowering the breakdown voltage. Optical and electrical diagnostics on a real PDP cell are possible2-5 but are not easy because of the small size of the cell and of the fast time scale of the discharge (the current pulse duration is typically less than 100 ns). This is the reason why we have built a “macroscopic PDP cell”. This cell is about 100 times larger than a real cell and operates at pressures, which must be 100 lower in order to satisfy the similarity laws. Higher spatial and temporal resolution can be achieved in the macrocell. The macro-cell experiment has been described in a previous paper6 where measurements in a matrix electrode configuration in pure neon were reported. Although it is clear that some phenomena do not follow the classical scaling laws (see the discussion in Ref. [6]) we believe that diagnostics and simulations of the macro-cell can be very valuable because 1) the macro-cell is very versatile and the electrode configuration, gas mixture or pressure can be easily changed at low cost, 2) the larger dimension and time scales allow easier and more accurate measurements, 3) the macro-cell can be useful for simple model validation. The experimental set-up is presented in section II. Images of the light emission obtained with an Intensified CCD camera are described in section III. Section IV presents a general discussion of the results, with comparisons with published results in real PDP cells.
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II. EXPERIMENTAL SET-UP The macro-cell with coplanar electrode configuration is shown in Fig. 1. The macro-cell is inserted in a stainless steel chamber with front and side view ports to allow optical diagnostics of the gas gap through the electrodes (front view) and perpendicularly to the gas gap (side view). The discharge chamber is described in Ref. [6]. Two ceramic disks are used to hold the electrodes and dielectric layers (see Fig. 1). The disk holding the address electrode is actually a ring, to allow imaging of the discharge through the front view-port. The electrodes are cut in a transparent ITO polyester film. The ITO electrodes are covered with a 1 mm glass plate that plays the role of the dielectric layer. The thickness e of the glass plate is such that e/εr (where εr is the relative permittivity) scales like the cell dimension. A 500 nm MgO layer is deposited on the glass plates. The distance between coplanar electrodes (5 mm), the coplanar electrode width (20 mm) and the gas gap length (10 mm) correspond to a scale factor of about 62.5 with respect to a discharge cell of a typical 42 in. PDP. These dimensions therefore correspond respectively to 80 µm, 320 µm, and 160 µm for a real cell. All the measurements presented in this paper have been performed at 5.6 torr (which corresponds to 350 torr for a real cell, using the scale factor of 62.5). The images of the light emission were obtained with a Princeton Instrument (IMAX) ICCD camera. The discharge was operated with a square wave voltage at about 100 Hz. For a real PDP cell operating at 100 kHz, the scaling laws would give an operating frequency of 1.6 kHz (100 kHz/62.5) in the macro-cell. However, since we expect that the afterglow duration is relatively longer at low pressures (recombination which is important at high pressures, does not follow the scaling laws6), we chose a lower frequency in the macro-cell to make sure that the successive discharge pulses are practically independent from each-other (i.e. the plasma from the previous pulse must not be present when a new discharge pulse is initiated). The CCD images were recorded by integrating the light emitted by the discharge over a large number of cycles during a time interval (gate), which was moved over the entire duration of the current pulse. The gate was typically 50 ns, i.e. much larger than the lower limit of the CCD camera. The rise time of the voltage was between 500 ns and 1 µs. The applied frequency was sufficiently small to ensure that the half cycle was longer than the afterglow duration (see above), but was large enough to minimize jitter. The jitter was much smaller than the gate (50 ns) used for the image recording. We found that these conditions were satisfied between 100 Hz and 200 Hz. III. TIME EVOLUTION OF THE PLASMA EMISSION In this section we present the CCD images obtained in the geometry of Fig. 1 for a pressure of 5.6 torr and for Xe-Ne mixtures with 10%, 5%, and 2% xenon. We first show the measured light as seen by the ICCD camera from the front and the side of the macro-cell. We then present the images obtained with optical filters allowing to analyze infrared emission of xenon and visible emission of neon. The effect of xenon concentration is then discussed. A summary and discussion of these results is presented in the last part of this section. A. Integrated Light Emission Figure 2 shows front views and side views of the plasma emission at 8 different times of a current pulse in a Xe(10%)-Xe mixture. The front views are taken through the address electrode which is in transparent conducting material (Indium Tin Oxide, ITO). A square wave voltage of 190 V amplitude is applied between the coplanar sustaining electrodes. The sustaining electrode voltages are +/- 95 V, while the address electrode is grounded. The frequency of the applied voltage is 100 Hz.
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The light emission first appears above anode and moves in the cathode direction and away from the dielectric surface above the coplanar electrodes. At 1.9 µs the glow is above the cathode edge and starts spreading above cathode. At about 2.1 µs some light emission appears again above anode, in a very localized region, close to the dielectric surface. While the plasma continues spreading above cathode (2. 3 µs) a second localized light emitting region, well separated from the first one, forms above anode. These localized light emitting regions above anode look similar to the striations, which can be observed in positive column plasmas7 . The number of striations gradually increases with time and up to 5 or 6 striations are visible on the CCD images of Fig. 2. The striations are not moving and the first striation (close to the coplanar electrode gap) is more intense than the others. The instant of maximum current (see Fig. 3) is around 3.1 µs. After 3.5 µs the current decreases and the CCD images (not displayed in Fig. 2) show a decrease of the intensity of the light emitted by the plasma, but the spatial distribution of the emission stays similar to the distribution at 3.5 µs. The plasma spreading above the dielectric surfaces is qualitatively similar to the predictions of fluid models8-12 except for the fact that the models do not reproduce the striations. The side view of the light emission from the plasma can be directly compared to the model results. The spreading of the plasma above cathode and anode is due to the progressive charging of the dielectric surfaces. Above cathode, the charging of the dielectric induces a motion of the cathode sheath toward the outer edge of the electrode. The light emission above cathode corresponds to the classical negative glow emission, which results from the atom excitation by energetic electrons accelerated in the sheath. Above anode the charging of the dielectric surface induces a potential gradient along the surface. The resulting electric field pulls the plasma electrons along the surface and is large enough to heat the electrons above the gas excitation thresholds. The important electron energy deposition above anode has been clearly demonstrated by the numerical models8-10. The measured current pulses in the conditions of Fig.2 and for a larger applied voltage are displayed in Fig. 3. The capacitive current due to the voltage rise has been subtracted from the total discharge current. The times corresponding to the images of Fig. 2 are indicated on the current in Fig. 3. The current pulse width at half height is about 3 µs for an applied voltage of 190 V between sustain electrodes, and 2 µs for 220 V. The current intensity in a real PDP cell should be the same (provided that the scaling laws are valid) than in the macro cell since j/p2 is conserved for similar discharges (i.e. j scales as p2) and the electrode surface scales as 1/p2 (p is the gas pressure and j the current density). We therefore expect to have the same current as a function of (pt) in the macro-cell and in the real cell. Assuming that the scaling laws apply, the current pulse width at half height in the corresponding real PDP cell would be on the order of 48 ns. It is also interesting to note that the current pulse presents two distinct slopes during the current rise at 190 V, and that two separate current peaks can be seen in the 220 V case. This point will be further discussed in the companion paper1, in the light of comparisons with simulations. The images in Fig. 2 correspond to the light “seen” by the camera, i.e. integrated over the wavelengths. The response of the ICCD is governed by the photocathode used in the image intensifier and the images of Fig. 2 are therefore dependent on the photocathode. Measurements with optical filters have been performed to obtain more detailed information on the light emitted by the plasma. These measurements are described below. B. Infrared Emission from Xenon We have used optical filters to observe separately the infrared emission from xenon excited states and the visible emission from neon excited states. The optical filter used for infrared emission was
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centered around 825 nm, with a 10 nm full width at half maximum (FWHM). Two important infrared lines of xenon at 823.1 nm and 828.0 nm are within this wavelength range. These emission lines correspond to the decay of upper excited states of xenon to the metastable and resonant states Xe(3P2) and Xe(3P1). The decay of these states is fast with respect to the time scale of the discharge so the infrared emission gives a good image of the electron impact excitation of xenon. Figure 4 shows the spatial distribution of the infrared emission at different times of a discharge pulse, in the same conditions as Fig. 2. The emission intensity is deduced from the front view of the cell and is plotted along a line going through the middle of the coplanar electrodes, and perpendicular to the coplanar electrode gap. The infrared emission is similar to the wavelength integrated emission of Fig. 2. The motion of the cathode sheath above cathode and the formation of standing striations during the plasma spreading above anode can be clearly seen in Fig. 4. The full width at half maximum of the emission peaks above anode is on the order of 2.5 mm. As said above the striations are standing, except for the first peak (closer to the coplanar electrode gap) which moves slightly toward the center between 2.1 and 2.7 µs. C. Visible Emission from Neon We used an optical filter centered around 640 nm with a 10 nm FWHM to look at the visible emission from neon. An important emission line of neon, at 640.2 nm, lies in this wavelength range. This corresponds to the decay of the 2p9 (Paschen notation) of neon at 18.55 eV to the 1s5 state at 16.62 eV. This decay is also fast with respect to the discharge time constants. Figure 5 shows the evolution of the measured emission intensity of this line in the same conditions as Figs. 2 and 4. One can still see the emission above cathode, which is associated with the plasma spreading and sheath motion. The neon emission above cathode is similar to the infrared xenon emission above cathode (Fig. 4) but the peak of neon emission is slightly narrower. This is because the energy excitation threshold of neon is much higher than those of xenon. Because of the electron energy relaxation in the negative glow, the electrons able to excite neon are located closer to the high sheath electric field region. An important difference between neon emission in Fig. 5 and xenon infrared emission in Fig. 4 is the fact that practically no neon emission is seen above anode (Fig. 5) while xenon emission above anode is as large as xenon emission above cathode (Fig. 4). This clearly indicates that the electron energy above anode is sufficient for xenon excitation but not for neon excitation. This point in further discussed in section III.E. D. Influence of Xenon Concentration Similar ICCD measurements have also been performed in xenon-neon mixtures with 5% and 2% xenon concentrations. Figure 6 shows the time integrated infrared xenon emission along the median line perpendicular to the coplanar electrode gap for the three mixtures (same as Fig. 4 for 10% Xe, but integrated in time). The results (not presented here) also show that neon emission in the different mixtures has the same characteristics as in the 10% Xe mixture (Fig. 5). The following conclusions can be drawn from the comparison of the xenon emission results in the 2%, 5%, and 10% Xe-Ne mixtures, displayed in Fig. 6: the number of striations above anode increases when the xenon concentration increases (everything else being kept constant) the distance between striations and the size of the striations decrease with increasing xenon concentration The increase of the number of striations and the decrease of their size and distance for increasing xenon concentrations can be understood in terms of electron mean free path. For a given total



5



pressure, and since the electron-xenon momentum transfer cross-section is much larger than that of neon, the electron means free path decreases for increasing xenon concentrations. We can therefore expect that the size of all spatial structures of the discharge will become smaller for larger xenon concentrations and at constant total pressure. E. Discussion We can summarize our interpretation of the CCD imaging of the coplanar cell as follows. 1) during the pre-breakdown phase electron avalanches along the electric field lines from the cathode to the anode surfaces lead to a maximum of excitation and ionization close to the anode surface and on the inner edge of the anode (i.e. close to the coplanar electrode gap). This phase is illustrated in Fig. 2 at time 0.9 µs where the current is still very low but some light emission is visible above the anode. The growth of the ion and electron density due the successive electron avalanches leads to plasma formation in that region. 2) Once the plasma has formed above anode and because the breakdown criterion (or selfsustaining condition) is over-satisfied (electron multiplication in the volume is larger than losses to the surfaces) the plasma grows and extends from anode to cathode. This is associated with the contraction of the cathode sheath (0.9-1.7 µs). The maximum light emission intensity indicates the sheath-negative glow boundary and moves while the plasma expands and the sheath contracts. The discharge electrons in the negative glow efficiently excite both xenon and neon. 3) The plasma spreads over the cathode as long as the self-sustaining condition is oversatisfied and because of the progressive charging of the dielectric surface above cathode (2.1-3.1 µs) . Neon and Xenon emission above cathode stay large while the cathode sheath moves to the outer edge of the cathode. During this phase a peak of light emission appears again on the inner edge of the anode (2 µs). This light emission corresponds to xenon lines and no emission from neon is seen above anode. The extension of this emission zone is on the order of 2.5 mm. Other distinct peaks of xenon emission subsequently forms (~every 300 ns) above the anode from the inner to the outer edge of the anode. Up to six striations can be observed at the maximum current in a 10% mixture. 4) The discharge current progressively charges the dielectric surface and the voltage between the dielectric surfaces above cathode and anode goes to zero. (3.5 µs-7. µs). After that time electrons and ions continue to flow to the surfaces but the total collected current is zero. This is the afterglow phase where ambipolar diffusion takes place. The duration of the afterglow can be estimated to be on the order of 10 ms in our conditions since CCD images (not shown here) show that the plasma formation described above is significantly modified when the operating frequency is above 500 Hz or more. The interpretation above is consistent with the understanding of the plasma formation and electron energy deposition in a coplanar PDP cell provided by the simulations10,11. The existence of important excitation above anode is consistent with the fact that the progressive charging of the dielectric surface above anode induces a potential gradient parallel to the surface. This field is sufficient to heat the electrons above the xenon excitation thresholds. Also the plasma above anode presents some similarities with a positive column plasma where a non zero electric field must exist to provide enough ionization to balance the charged particle losses to the wall. The formation of striations is not completely elucidated although they look very similar to striations observed in rare gases plasma colums7.
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IV. COMPARISONS WITH MEASUREMENTS IN REAL PDP CELLS In the first part of this section we briefly summarize some of the published optical measurements in real PDP cells. These measurements are in excellent qualitative agreement with the results described above in the macro-cell. The important xenon excitation and low neon excitation above anode, the formation of striations and the influence of xenon concentration on the light emission are very similar in the macro-cell and real PDP cells measurements. This tends to confirm that the scaling laws are valid during the current pulse. However one point where the comparisons show significant discrepancies between the low pressure and high pressure cases is the magnitude of the sheath motion velocity above cathode. This point is discussed in the second part of this section. A. Previous Measurements in Real PDP cells A number of papers have recently reported optical measurements in real PDP cells. These measurements can be classified in three categories: 1) infrared xenon emission and visible neon emission2,3,13-16 (as in the present paper), 2) VUV emission3,4,17, and 3) infrared absorption5,18. The most comprehensive and detailed infrared and visible emission measurements have been reported by Yoshioka et al.2. These authors have performed high resolution Optical Emission Spectroscopy of a coplanar PDP discharge in Xe-Ne and Xe-He mixtures with xenon concentrations between 2% and 10% and for pressures between 100 and 600 torr. Yoshioka et al have measured optical emission of atomic Xe at 823.1, 828.0 nm, and 467.1 nm, of Xe ions at 484.4 nm, atomic Ne at 640.2 nm, and He at 706.5 nm. The spatial and temporal resolution of these measurements was less than 10 µm and 10 ns respectively. The measurements of Yoshioka et al. show the formation of very well separated striations above anode. The overall space and time evolution of the xenon and neon optical emission reported by Yoshioka et al. is very similar to that obtained in the macro-cell and described above. The full width at half maximum of the emission peaks above anode is on the order of 50 µm in a mixture with 4% Xe at 400 torr. Using a scale factor around 60, this gives about 3 mm in the macro-cell which is in good agreement with our measurements. Yoshioka et al. also show that the size and number of striations above anode depend on xenon concentration and on the total pressure. Five striations can be seen for a mixture with 10% xenon at 400 torr (electrode width 400 µm) while three striations are present in a mixture with 2% Xe. This is in excellent agreement with the results in the macro-cell, displayed in Fig. 6. The measurements of Yoshioka et al. also show that there is no or very little neon emission above anode, as in the macro-cell. Other authors3,13-16 have used ICCD cameras to observe infrared and visible emission in a real PDP cell. All these papers show the infrared emission above anode and cathode and the visible neon emission above cathode only. The CCD measurements of Weber14, and Cho et al.15 also exhibit striations above the anode very similar to those observed in the macro-cell. The VUV emission measurements of Sawa et al.4 , Yoon et al.3, and Jeong et al.17 show that photon emission from the resonant line at 147 nm and from the 173 nm continuum are present above both cathode and anode. This is coherent with the infrared emission measurements. Okigawa et al.18 have used laser absorption spectroscopy diagnostics and showed that the density of xenon metastable states above anode exhibit striations very similar to those obtained from emission measurements. The maximum Xe metastable concentration measured by Okigawa et al. in coplanar PDPs is on the order of 1013 cm-3. Tachibana et al. have also used laser absorption techniques to measure the resonant and metastable number densities in PDP cells. Although the spatial resolution of these experiments is not as high as in Ref. [18], the general results are coherent with those of Okigawa et al. Although the infrared and visible ICCD images in the macro-cell are very similar to those obtained in real PDP cells, one important discrepancy must be noted. This discrepancy concerns the
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velocity of plasma spreading or sheath motion above the cathode. As mentioned above the sheath velocity in the macro-cell is on the order of 10 km/s while the sheath velocity in real cells is about 1 km/s. The possible reasons for this discrepancy are discussed below and in the companion paper [1]. B. Sheath Velocity along the Cathode Surface The velocity of plasma spreading (or sheath motion) along the cathode surface can be estimated by measuring the velocity of the point of maximum emission intensity above cathode in Figs. 2, 4 or 5. This estimation gives a velocity on the order of 1 cm/µs (or 10 km/s). This is significantly larger than the velocity measured in real PDP cells. Yoon et al3 , Kim et al.16 performed similar CCD imaging in real PDP cells and found plasma spreading velocity above cathode on the order of 1 mm/µs (1 km/s). From the optical measurements of Yoshioka et al.2 and Shiga et al.13 in standard PDP cells, and from the CCD images of Weber14 one can also deduce a plasma spreading velocity on the order of 1 mm/µs. The measurements shown in Figs. 2, 4 and 5 have been performed in a Xe(10%)-Ne mixture, while most of the measurements in real PDPs cited above were done for lower xenon concentrations. We find that the cathode sheath velocity increases as a function xenon concentration but this is not sufficient to explain the differences between the measurements in the macro-cell and in real PDP cells. Since dimension and time scale as 1/p for similar discharges, the similarity laws predicts identical velocities for similar discharges. The sheath motion along the surface is controlled by 1) ionization, 2) ion velocity (since the ions created in the cell volume must go back to the cathode surface to generate secondary electrons), and, 3) secondary electron emission. The sheath motion velocity may be much larger than the ion velocity since it is related to the plasma growth, which is controlled by ionization. However the plasma growth rate also depends on the emission rate of electrons by the MgO surface, which is related to the time taken by the ions to reach the surface (i.e. to the ion velocity) and to the secondary electron emission by the surface. One possible explanation of the fast sheath motion in the macro-cell would be that photon induced secondary electron emission plays an important role. In that case the photons emitted by the plasma can reach the MgO surface much faster than the ions and this can considerably accelerate the plasma spreading. The difference between the low pressure case (macro-cell) and the high pressure case (real PDP cell) could be that since the time taken by the resonant photons to reach the surface does not follow the scaling laws. These resonant photons undergo successive emissions and re-absorptions, and the apparent lifetime of the resonant photons scales as d1/2 where d is a characteristic dimension of the cell19. Since the macro-cell and real PDP cells have the same (pd), we expect the apparent lifetime of the resonant states to vary as 1/p1/2 (and not as 1/p) between the macro-cell and a real PDP cell. Therefore photoemission does not follow the scaling laws. The consequence of the d1/2 dependence of the apparent lifetime is that, in the high pressure case (real cell) and in contrast with the macro-cell, the photons may not reach the surface in time to produce any significant photoemission during the current rise. This point is further discussed in the companion paper1 where fluid model results are compared with experimental results. V. CONCLUSION The infrared and visible light emission in a macroscopic Plasma Display Panel cell have been measured with an Image-Intensified Charge-Coupled Device. The electrode configuration was coplanar, with an address electrode at a fixed voltage. Xe-Ne mixtures with 2%, 5% and 10% xenon concentrations were studied. The observed infrared (823.1 nm and 828.0 nm) and visible (640.2 nm) lines correspond respectively to emission from xenon and neon excited states. Observation of these lines gives information on the electron distribution function since neon excitation is expected only at electron energy above about 16 eV, while xenon excitation is possible above 8 eV.
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The scale factor of the macro-cell was about 60 i.e. the dimensions of the cell were 60 times smaller than a real 42 in. PDP cell, and the operating pressure was 60 times less than the pressure in a real PDP cell. The space and time evolution of the infrared and visible emission was found to be in very good agreement with published measurements on real PDP cells. The images show that the plasma first forms above the anode, at the end of the Townsend avalanche phase. The light emission peak, which defines the position of the sheath-plasma boundary (entrance of the negative glow), then moves towards the cathode. This motion is associated to the plasma expansion and cathode sheath contraction. The plasma spreads above cathode due the charging of the dielectric surface. Xenon infrared emission can also be seen above anode. The emission above anode presents some standing striations. The number of striations increases as the plasma spreads above anode. The number of striations increases with xenon concentration while their size decreases (at constant total pressure). The electron energy above anode is large enough for xenon excitation but not for neon excitation. This is because the field, which pulls the electrons along the anode, is much smaller than the cathode sheath field. The anode region is therefore more efficient in term of xenon excitation and UV production (the electron energy is too large in the cathode region and is not used efficiently for UV production). These results are in excellent agreement with published results in real PDP cells. However the velocity of plasma spreading above cathode in the macro-cell is significantly larger than in a real PDP cell (this velocity should be identical according to the similarity laws). This discrepancy may be due to the effect of photoemission from the surface. This point is discussed in the companion paper1 where the macro-cell results are compared with simulations. ACKNOWLEDGEMENTS This work has been supported partly by Thomson Plasma and by the French Ministry of Research and Technology in the frame of the RMNT program. The authors would like to acknowledge helpful and stimulating discussions with L. Tessier and H. Doyeux from Thomson Plasma, and with L.C. Pitchord, J. Galy, and Ph. Guillot from CPAT.
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FIGURE CAPTIONS Figure 1: Diagram of the macro-cell with coplanar electrodes. Figure 2: Images of the plasma emission “seen” by the ICCD in a Xe(10%)-Ne mixture at 5.6 torr (front view and side view). The cathode voltage is –95 V, the anode voltage is +95 V, and the address voltage is 0 V. The applied voltage is a square wave at 100 Hz and with a rise time between 0.5 µs and 1 µs. Figure 3: Measured current pulses in the conditions of Fig. 2 for 190 V and 220 V applied voltage between sustain electrodes. The instants corresponding to the images of Fig. 2 are indicated by the symbols. The capacitive current due to the voltage rise (rise time less the 1µs) has been substracted. Figure 4: Distribution of the infrared emission from xenon along the line perpendicular to the coplanar electrode gap and going though the middle of it, at different times of the current pulse. The conditions are the same as in Fig. 2. This distribution is deduced from ICCD images (front view) obtained with an infrared optical filter centred around 825 nm (10 nm FWHM). Figure 5: Same as Fig. 4 for the visible neon emission obtained with an optical filter centred around 640 nm (10 nm FWHM). Figure 6: Time integrated profile of the infrared emission along the line perpendicular to the coplanar electrode gap and going through the middle of the coplanar electrodes for three different xenon concentrations in neon. Same filter as in Fig. 4.
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