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Abstract

Each cell in a plasma display panel (PDP) is activated by discharge of a mixture of rare gases such as
He or Ne and the excitation of a main gas such as Xe. Due to the limitation in increasing Xe partial
pressure, the luminous efficiency of PDP is usually lower than that of Cathode Ray Tube (CRT). In this
paper we have investigated the effect of mixture composition on the micro discharge cell efficiency.
We show that the excitation efficiency and luminous efficiency in He-Xe mixtures is lower than that of
Ne-Xe mixtures. We find that adding a small amount of Ar in a Ne-Xe mixture increases cell
efficiency, while for He-Xe mixtures cell efficiency is reduced.

1. Introduction

Production of various types of flat panel
displays has been the focal point of attention, in
the last decade. This fact makes it necessary to
study luminous efficiency of these devices.
There are many advantages of plasma display
panel compared to conventional CRT and LCD
displays. These include: large screen size [1],
wide viewing angle, suitable for high definition
television (HDTV), flat panel display, low
weight and simple manufacturing process [2].
Figure (1) shows a micro cell structure in
plasma display panel.
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Fig.1. Structure of a matrix PDP cell

The cells consist of two glass plates, positioned
at the top and the bottom of the cell [2]. An
addressing electrode at the rear substrate and a
display electrode at the front substrate are
deposited. The cells are separated by the rib.
The rib height is approximately 100 um [3].
The space in these cells is filled with a mixture
of a few rare gases such as He-Xe or Ne-Xe
mixtures [4].

Applying a known voltage between address and
display electrodes leads to ionization or
excitation of gases, thereby a plasma discharge
is created. Excited Xe atoms emit UV photon
with 147 nm wavelength [3]. Upon collision of
these UV photons with the phosphorous, a
visible light is created. A glass dielectric layer
protects the front substrate form ion and
electron bombardment. This dielectric layer is
covered with a protective MgO thin film about
1 um thick. This MgO layer not only protects
the dielectric layer but also reduces the
breakdown voltage [4]. This latter phenomenon
will be discussed later in detail. In section 2, we
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study the parameters which affect breakdown
voltage in He-Xe and Ne-Xe mixtures. In
section 3, we investigate the electric efficiency
in He-Xe and Ne-Xe mixtures. In section 4, we
consider the excitation efficiency and the effect
of adding a small amount of Ar in He-Xe
mixtures. Finally, the excitation efficiency of
the He-Xe-Ar and Ne-Xe-Ar mixtures is
compared.
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Fig.2. Schematic of a cell model

Figure (2) shows a model for a PDP matrix cell
with Ne-Xe or He-Xe mixtures. This model is
modified version of model produced in [5]. We
study the breakdown voltage, Electric
efficiency, Excitation efficiency and Luminous
efficiency. This model has four parts. The
central part of the model is related to the
parameters associated with the breakdown
voltage. We will compare the breakdown
voltage between Ne-Xe and He-Xe mixtures.
The simulation has been performed assuming
uniform electric field between the electrodes.
We used a thin film layer MgO and SIGLO
series [6] for computation of the cross section.
We have assumed that the UV photon produced
by Xe excitation has wave length 147 nm so
thate,, =8.3eV .Simulation were carried at

300" K.

In the first part of the model we simulate
electric efficiency. The second part of the
model is devoted to parameters defining the
electric field, therefore it is dedicated to the
description of UV photon and the comparisons
between Ne-Xe and He-Xe excitation
efficiency.

Then Luminous efficiency will be considered in
the third part of the model. Finally we will
discuss the result.

2. Comparison of breakdown voltage
In He-Xe and Ne-Xe mixtures

2.1 Effect of MgO layer on breakdown
voltage

The value of the breakdown voltage in He-Xe
or Ne-Xe mixture influences excitation
efficiency and luminous efficiency [7]. We
investigate the effect of different parameters on
the breakdown voltage.

The number of secondary electrons in micro
cells depends on the kind of the thin film layer
and the kind of neutral gas utilized. These two
factors also affect breakdown voltage [5]. MgO
thin film layer is the best known material for
protecting the dielectric layer [4, 8, 9]. The life
time of PDP is limited by the sputtering of
MgO layer but can be larger than 10000 hours
[4]. Secondary electron emission coefficient is
taken to be 0.05 in the calculations for Xenon
ions,0.5 for Neon and 0.3 for Helium on the
MgO layer [4].

In the He-Xe mixture, the breakdown voltage is
calculated from [4, 10,11]:

(axe +a p)}/Xe +%e7/He [e(aXe"'q-iem p)d _1] = 1 (1)
O+t

where 'He and Yxe are the secondary electron
emission coefficient for He and Xe ions
impingement on MgO layer respectively. The
quantity a p is the effective partial first
Townsend ionization coefficient per electron
caused by ionization by metastable Ne or He
atoms (penning ionization), « p does not affect
our results [11], also d is the gap-length of the
PDP cells, a,, and «,, are the Townsend
ionization coefficients for He and Xe
respectively, and are given by:

(2a)

(2b)
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where V,(He) and V,(Xe) are the electron

drift velocity, also v}, and v, are the

corresponding partial ionization frequencies
and are defined by [11]:

vy, = N(Xe).V. o}, 3)
vy = N(He).V. oy, @

where N(He) and N(Xe) are density of He and
Xe atoms, respectively, V is the mean velocity
of free electron for ionization of neutral atoms,
and o), and o, are the ionization cross
section for He and Xe, respectively.

The breakdown curves in Fig. (3) have been
obtained using (1), but for Ne-Xe mixtures, the
parameter «,, and y,, must be changed into

aand .., thereby a,, is the ionization
coefficient, and y,, is the secondary electron
emission coefficient for neon.
ay, =y V,(Ne) and v'ne is the ionization
frequencies and V,(Ne) is the electron drift
velocity.

It should be noted that, the mean electron
velocity which is necessary to create plasma, is

approximately 3x10°cm/s. These electrons are

energetic enough to produce plasma [4].

Figure (3) shows variations in the breakdown
voltage as a function of Xe partial pressure
(PXe). Plate separation d=100 & m, corresponds

to the gap length of the PDP cell. Electron-atom
collision cross section for Xe, He and Ne are
obtained from the SIGLO series [6]. Density of
Xe, He and Ne are given by ideal gas principle.
The total pressure of gases is taken to be 400
Torr.

Breakdown Valtage (V)
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PXe (Torr)

Fig.3. Breakdown voltage as a function of secondary
electron emission coefficient for He ions and Ne ions on
MgO layer

Figure (3) shows the breakdown voltage in He-
Xe mixtures is more than that in Ne-Xe
mixtures.

We will now consider the effect of gas mixture
on the MgO. If electrons have enough energy,
the ionization will take place. Mean free path
for collisions is calculated from [11]:

1
A =——
¢ N.O_c (5)

where N is the gas density and ois collision

Cross section .

The ionization energy of the He is
[€,]He =24.5eV and the Ne ionization energy
Is [€;]Ne =21.6eV [10]. Under similar
conditions, the ionization frequency is much
higher in the Ne-Xe mixture compared with the
He-Xe mixture. Meanwhile the secondary
electron emission coefficient for He ions on
MgO is y,, =0.3and for Ne is y,, =0.5 [4]. It

is clear that the He-Xe mixture provides smaller
secondary electrons in comparison with the Ne-
Xe mixture. Thus, as described in (1), (4) and
(5) for a certain pressure of Xe gas ,if He
supporting gas is used ,breakdown voltage the
cell will increase.

2.2 Effect of variation of breakdown voltage
in He-Xe and Ne-Xe mixtures as a function
of micro cell height

As shown in Fig. (4) Increasing the distance
between substrates increases breakdown
voltage in the He-Xe and Ne-Xe mixtures. This



1st WSEAS Int. Conf. on COMPUTATIONAL CHEMISTRY, Cairo, Egypt, December 29-31, 20071 123

is due to the fact that, electric field reduce as
distance between electrodes increases, therefore
the energy and velocity of electrons, decrease,
so the ionization frequency becomes smaller
and we have to increase the breakdown voltage
for holding plasma [11].

In Fig.(4) we consider the variations of
breakdown voltage in the He-Xe and Ne-Xe
mixtures as a function of variation of electrodes
distance.

+ (He-Xe
O Ne-Xo

Breakdown Voltage V)

50 100 150 200
 fum})

Fig. 4. Bbreakdown voltage in a He-Xe and Ne-Xe
mixtures as a function of cell's hight

Assumption mode for the both He-Xe and Ne-
Xe mixtures are the same and are as the
follows: The total pressure is 300 Torr and Xe
pressure is 30 Torr. The electron velocity is
chosen such that the gas inside the cell is
ionized.

General trend shown in Fig.(4) is in harmony
with those obtained in [4 ].

2.3 Variation of breakdown voltage as a
function of variation of total pressure of He-
Xe and Ne-Xe mixtures

Figure (5) shows breakdown voltage for He-Xe
and Ne-Xe mixtures for the total pressure 300
Torr and 500 Torr. As we expect from (4),
breakdown voltage is increased by increasing
the total pressure of gases, because collision
frequency is increased and so mean free path
and electron’s velocity are decreased. This
weakens the plasma, so in order to hold plasma
breakdown voltage increases. Under the similar
conditions, the breakdown voltage for He-Xe
mixture is more than that for Ne-Xe mixture.

+: Ho-Xe
©: Ne-Xo

500 Toor

Breakdown Voltage (volt)

] 10 20 30 a0 50 60 70 80
PXe (Torr)

Fig.5. Breakdown voltage as a function of Xe gas
pressure for different total gas pressure of the Ne-Xe and
He-Xe mixtures

General trend shown in Fig.(5) is in harmony
with those obtained in [10 ].

3. Electric efficiency

The electric efficiency is defined as [13]:

total energy dissipated by electrons
total energy dissipated in a discharge pulse

ﬂelect =

MTeiec can be written as [13]:

1-e
Moo = 77 (6)

Where o =«a,, +a,, for the He-Xe mixture,

& = ay, +a,, for the Ne-Xe mixture and d is

Total energy dissipated by electron depends on
the collision frequency of species within
plasma. Figure 6(a) and 6(b) shows that
increasing the total pressure increases the
electric efficiency. This is due to the fact that
the elastic and inelastic collisions will increase.
So the total dissipated energy will increase.

As shown in figure 6(a) and 6(b) the electric
efficiency of Ne-Xe mixture is more than that
for He-Xe mixture.
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Fig.6(a). Electric efficiency in a He-Xe mixtures as a
function of Xe gas pressure for different total gas
pressure

Electric efficlency
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Fig.6(b). Electric efficiency in a Ne-Xe mixtures as a
function of Xe gas pressure for different total gas
pressure

4. Excitation efficiency

The excitation efficiency can be written as
[11, 13]:

Nexc
Idt'[ dVZ n, Oexc,i “Cexci
T v =l

- (8)
[dtfdv(d, + 30 )E

nexc =

O 400Torr
| +:500Torr
-: 300Torr
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Fig.7(a). Xe Excitation efficiency in a Ne-Xe mixture as
a function of Xe gas pressure for different total gas

pressure
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Fig.7(b). Xe Excitation efficiency in a He-Xe mixture as
a function of Xe gas pressure for different total gas
pressure

where n, is electron number density, o Is

exc,i?
the excitation frequency of excited state of Xe;,

... Is the corresponding electron energy loss ,

J, is the electronic current, similarly the
dissipated power per unit volume, and J ; is

the current of the ion,i. Figure 7(a)and 7(b)
shows variation of the excitation efficiency for
He-Xe and Ne-Xe , as a function of variation of
Xe gas pressure, for total pressure p=300 Torr,
p=400 Torr and p=500 Torr. Equation (8)
shows that electric field is inversely
proportional to excitation efficiency. Therefore
the excitation efficiency decreases as the total
pressure increases.

exc,i

4.1 Excitation efficiency of He-Xe and Ne-Xe
mixtures

The required energy for the excitation and
ionization of Xe is 8.3 eV and 12.1 eV,
respectively [11]. Electrons with 24.5 eV
energy are obtained from ionization of He.,
Therefore , electrons removed from He with
Xe atoms can excite or ionize Xe.

e+He > He" +2e
e+Xe >Xe " +2e (9a)
e+Xe > Xe +e

e +He — He  +e (9b)

where He+, He*, Xe+ and Xe* represent
Helium ionization, Helium excitation, Xenon
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ionization and Xenon excitation. The electron
removed from He uses only a small amount of
its energy for the excitation or ionization of the
Xe atom. In each collision, it dissipates 16.2 eV
or 12.1 eV, depending on the process involved.
However, energy dissipation of the electron
removed from Ne, with 21.6eV ionization
energy, are 13.3 eV or 9.5 eV for Xe excitation
or Xe ionization, respectively. Dissipated
energy in He-Xe mixtures is more than that in
Ne-Xe mixtures. The Xe atom excite efficiency
is plotted in Fig. 7(a,b) using Eq. (8) for He-Xe
and Ne-Xe mixtures respectively. It is observed
that excitation efficiency is higher in Ne-Xe
mixture than that for He-Xe mixture.

4.2 Excitation efficiency of He-Xe-Ar, Ne-
Xe and Ne-Xe-Ar mixtures

In an electron-atom collision, if the velocity of
electron is not sufficient to ionize the gas,
neutral atom may transform into a metastable

state (denoted by He ™).
etHe ———>He" +e

This leads to energy dissipation for the electron.
The Ar gas is usually used for exciting neutral

Xe atom y,., 7., and y, are the secondary
electron emission coefficients, «,,, «,. and
o, are the ionization coefficients for Xe, He

and Ar in He-Xe-Ar mixture, respectively, and
are determined by [10] :

Aol e T (O +00)Y o +(Op +OD,)Y A
Oy tOy, +oD, ta, +op,
[e(aHe taxe +ab;+ap, +ap2) _ 1]= l (10)

Where y, =0.05 and «, is calculated from
a, =v,, /V,(Ar), where v} and V(Ar) are
ionization frequency of Ar and the electron drift
velocity respectively.

Adding Ar gas to Ne-Xe or He-Xe mixtures,
results does not affect the breakdown voltage

profound Ar ionization (Ar*) or Ar excitation

(Ar’) is obtained by metastable neon atom
(Ne™) [20].

e+Ne > Ne™ +e
Ne™ + Ar - Ar” +Ne (11a)
Ar +Xe > Xe +Ar

e +Ne —>Ne' +e (11b)

Fig.(8a) and (8b) show changes in breakdown
voltage as a function of Ar partial pressure for
Ne-Xe-Ar and He-Xe-Ar mixtures. Figure (9)
shows that the Ar behavior for He-Xe mixture
is different from that of Ne-Xe mixture. The
energy of the He metastable level is
[e,,]He = 20eV and [¢,]Ne =~ 16.6eV [10]. On

the other hand the energy of the Ar excitation
and Ar ionization is [e&,.]JAr ~11.5eV and

[,]JAr ~15.8eV  respectively[10] .So the
energy difference between the (Ar”) state and

He™is higher than the energy difference
between (Ar’)and Ne™.Thus as shown in
Fig.8a and 8b , the breakdown field is higher
for He-Xe mixture compared with a Ne-Xe
mixture. Decreasing voltage leads to higher
efficiency,  therefore  higher  excitation
efficiency is obtained for Ne-Xe-Ar mixture
than He-Xe-Ar mixtures.

We observe that the dissipated energy in He-
Xe-Ar mixtures is higher than that in He-Xe
mixtures , so the excitation efficiency for He-
Xe —Ar mixture is lower than He-Xe mixture.

5. Luminous efficiency

The total visible photon energy per sustaining
period T which reaches the output window of
the PDP cell, given by [11]:

€ vis :Idt IdS Doy €pn (12)
T

Sout
where I, is the number of visible photons per
unit surface and per unit time and S, is the

out
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area of the output window . The luminous
efficiency (#) is given by [11]:

Jdt Idsl“phgph

vis T Sout

_jdtjdv(Je +%JM)E
T VvV i=1

: (13)

E T &

g and ¢ are, respectively, the electrons'
energy and ions' energy in plasma state.
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Fig. 9. Comparisons between the excitation efficiency of
He-Xe , Ne-Xe , He-Xe-Ar and Ne-Xe-Ar mixtures as a
function of Xe gas pressure. The total pressure is 400
Torr

Referring to Fig.(5) one finds that the
breakdown voltage to initial plasma for the Ne-
Xe mixture is smaller than He-Xe mixture from
equation (13). We find that the luminous
efficiency for Ne-Xe mixture is greater than
that for He-Xe mixture.

6- Conclusion

We have studied the effect of mixture Ne-Xe,
He-Xe mixtures on the breakdown voltage and
on the efficiency in plasma display panel under
similar condition. We have shown that the
breakdown voltage in the Ne-Xe mixture is less
than that in the He-Xe mixture. Efficiency is an
increasing function of Xe concentration in Ne-
Xe or He-Xe mixture. The Ne-Xe mixtures
were found to be more efficient than the He-Xe
mixtures. Addition of small amount of Ar gas

increases efficiency only for the Ne-Xe-Ar
mixtures.
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