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Secondary electron emission from a protective layer in AC PDP is known to be dominated
by potential emission mechanism, which is sensitive to its energy band structure.
Therefore, the secondary electron emission property can be modified by a change in the
energy band structure of the protective layer. The addition of controlled amount of titanium
oxide into the conventional magnesium oxide protective material might affect the overall
voltage characteristics of panels due to the fact that TiO, has higher dielectric constant than
MgO and that the ion radius of Ti is similar to that of Mg. The electrical properties of panels
with protective layers evaporated from the starting materials with different

[TiO,/(MgO +TiO,)] ratios were investigated. When the [TiO,/(MgO + TiO,)] ratios of 0.1 and
0.15 were used, the panel exhibited a sustaining voltage of 122 V, which was 16 V smaller
than that of the pure MgO, without lowering its memory margin. The relative dielectric
constant of Mg,_,,Ti,O, films increased with addition of TiO, to the pure MgO, however, it
then suddenly decreased above the [TiO,/(MgO + TiO,)] ratio of 0.1. The surface roughness
of Mg,_,,Ti,O, had a minimum when the [TiO,/(MgO + TiO,)] ratio in the starting materials
was 0.1. The variation trends of the relative dielectric constant and the surface roughness of
Mg,_oxTixO, films with increasing [TiO,/(MgO + TiO,)] ratio in the starting materials were
found to be consistent with that of the voltage characteristics.
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1. Introduction for discharging has been known to depend mainly on
Large plasma display panels (PDP) are already comsecondary electron emission coefficient and then work
peting effectively against cathode-ray-tube (CRT) andunction of a protective layer, if other variables such
liguid-crystal (LC) projectors. However, PDP technol- as gas composition, electrode gap, electrode width and
ogy still needs improvement to compete more widelybarrier height are constant [4]. It was reported that the
in terms of display quality and production cost, etc. Es-secondary electron emission might be caused by ei-
pecially, the complex circuit, which results in need of ther kinetic emission mechanism or potential emission
high cost ICs is a very serious problem. One solution tanechanism. However, it is reasonable that the poten-
this problem is to exploit new driving circuits, which re- tial emission mechanism prevails since colliding ions
quire simple electronics. A second solution is to chooséiave smaller energy than 50 eV in PDP, which is not
proper component materials which can reduce the reenough for kinetic emission [5]. Therefore, the energy
quired voltage for discharging, and which will then be band structure of the protective layer plays an impor-
compatible with integrated circuits [1]. These materialtant role on secondary electron emission. Besides this,
researches include discharging gas, electrode, dieled-was reported that ionization potential of a gas ion
tric layer and protective layer. In particular, the pro- could be varied according to the insulator surface by the
tective layer that is overcoated on low-melting-point potential emission mechanism [6]. From the above con-
glass i.e., dielectric layer, is very important since it issideration, we now introduce panels with pAgy Tix Oy
directly adjacent to plasma environment [2]. Generally,protective layers so as to replace the conventional MgO
MgO has been widely used as a surface protective laygsrotective layer. In fact, it is known that the ion radius of
for dielectric materials owing to its very low sputter- titanium is similar to that of Mg and Tigitself has high

ing yield and large secondary electron emission coefrelative dielectric constant of 40-80. Thus, the purpose
ficient (y) [3]. However, the operating voltage is still of this work is to modify the insulator surface by ad-
too high to be compatible with ICs and therefore, fur-dition of TiO; into MgO and to improve the electrical
ther voltage reduction of panel is desirable. The voltagegerformance of the protective layer.
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2. Experimental details TABLE | Composition of M@_x TixOoy films
To fabricate evaporation sources, MgO and JgOw-

Concentration of

ders of 99.95% purity purqhased from Cerac were _ Elements in Film (at %) _ _
used to prepare powder mixtures of desired compoFiOz/(MgO+TiO2)] _ Cation Ratio
sitions as a function of Ti@content in MgO. The nStarting Materials Mg Ti O [Ti/(Mgt Ti)]
powder mixtures were ground and then cold-presseg 194 0 50.6 0
undirectionally into disks at the pressure of 2,000 Pag g5 451 12 537 0.026
Heat treatment at 1000C were performed for 3 h 0.1 4314 245 5441 0.054

in a vacuum furnace for densification of the cold-0.15 42.41 316 5443 0.069
pressed mixture pellets. E-beam evaporation chambér? 4l24 42 5456 0092

T 0.3 396 523 5517 0117
was pumped by an oil-diffusion pump to a base pres-

sure of 5x 10~* Pa. Input power of electron gun was
1.2 kW and high-voltage was fixed constant at 4 kV.
Substrates were not heated and no oxygen gas was  ____________ o
introduced into the chamber. The film thickness was A ﬂ‘
controlled by evaporation time and was later mea- =E -2(E.+E
sured by using a surface profilometer. The relative) E =E -2( ¢ c)
dielectric constant was determined from capacitancet __ _ _______ v i
voltage C-V) measurements at 1 MHz using a metal- E
insulator-semiconductor (Ag/Mgax TixO, film/p-Si) A
structure [7]. Surface morphology of films was ana- '
lyzed by an atomic force microscopy. The fabricated Eg
]
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test panel has the structure of surface-discharge type ¢f

ac plasmadisplay, whichis shownin Fig. 1 [8]. The sus- =
tain electrodes with electrode width and gap of 200 ‘

i
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and 100um, respectively, are parallel to each other I
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and are covered by dielectric layers of 3 in thick- 1 i !
ness in the front glass. The protective layers ofn3 i
thickness with various Ti contents were deposited or ,
dielectric layers by electron beam evaporation method MgO : :
The voltage characteristics of the panels such as firt AE \I, Y
ing voltage and minimum sustaining voltage were then Ne* YT
evaluated in He gas of 300 Torr at a driving frequency A

of 20 kHz.
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Figure 2 Schematic diagram of Auger process of'Nien at MgO sur-
face, reference: [10].

3. Results
Film composition obtained by energy dispersive
spectrometry (EDS) is shown in Table I. As the Fig.2shows schematic diagram ofthe Auger neutral-
[TiO2/(MgO + TiO,)] ratio in the starting materials in- ization mechanism [10]. The ionization potential shift,
creased from 010 0.3, cationratioi.e., [Ti/(MgTi)]in ~ denoted asAE (E/-E;), is affected by the dielectric
the films also increased from 0 to 0.117. The depositegonstant of protective layer according to
films were thus depleted to some degree in Ti content
in comparison with the initial Ti content in the starting AE =3.6Q%¢ — 1)/D(e + 1) @)
materials. It was well anticipated from the fact that 7iO
has much lower vapor pressure than that of MgO [9]. where Q is ion chargeg dielectric constant and
ion’s distance from the surface, respectively [6]. The

f&ﬁiﬁ?@i%’?ﬁm ; Transparent diclegtric 5 equation reveals that as dielectric constainicreases,

o ’ ' both the ionization potential shift and the probability of
secondary electron emission from insulator surface in-

2004m 0/m crease. From this consideration, we attempt to increase
) s T the dielectric constant of the MgO-base protective layer
i = i by addition of TiQ that has higher dielectric constant
Sustain than that of MgO.
ot Cilss electrode Fig. 3 shows the relative dielectric constant of

Mg,_2TixO, films as a function of [TiQ/(MgO +
TiOy)] ratio in the starting materials. Theoretically, the
bulk MgO has the relative dielectric constant of 9.8, but

rgiectode ¥ ploctndle the evaporated MgO film has the value of 8.5 probably
due to some defects such as micropore. With addition

of TiO, to the pure MgO, the relative dielectric con-

stant of M@_,4 TixO; films increased because the pure

Figure 1 Schematic diagram of the fabricated panel structure. TiO» has relative dielectric constant of 40—-80, much
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higher than that of MgO. This phenomenon is thoughtmixed films. However, when the [Ti3(MgO + TiO3)]

to be suitable for Maxwell Garnett expression, whichratio in the starting materials is larger than 0.1, the rela-
assumes that the concentration of one component igve dielectric constant of films decreases after reaching
much larger than that of the others in heterogeneouslg maximum. Thus, these results show that addition of
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Figure 3 Relative dielectric constant of Mgax TixO- films as a func-
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a controlled amount of Ti@into MgO can effectively
contributes to improvement of the electrical character-
istics of the protective layer such as relative dielectric
constant.

The surface morphology of Mgy TixO- films was
observed by atomic force microscopy (AFM). Fig. 4a
shows the topography of the pure MgO film=0,
which has rounded particles of about Qufin in mean
diameter. The particles look very small wheris 0.1
or 0.15, compared to those of the pure MgO. How-
ever, the overall morphologies of films are not greatly
affected by addition of Ti@ Fig. 5 shows the sur-
face roughness of Mg, TixO, films as a function of
TiO2/(MgO + TiO,) ratio in the starting materials ob-
tained by AFM. Mg gTip10> film has the lowest sur-
face roughness probably due to smaller particle size,
which is expected to result in stable voltage character-
istics in long time operation of panels.

The firing voltage Ys) is the voltage amplitude for
plasma ignition without wall charge and the minimum
sustaining voltage\(sm) is the minimum voltage am-
plitude which will sustain discharge sequence. Both fir-
ing and minimum sustaining voltages limit the bistable
range of the sustain waveform [1]. Bistability, that is to
sustain a discharge at a voltage lower than that required

g 05 1.0 yam

Figure 4 AFM Images of Mg TixOz films as a function of [TiQ/(MgO + TiO>)] ratio in the starting materials; (a) 0, (b) 0.05, (c) 0.1, (d) 0.15,

(e) 0.2 and (f) 0.3.
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TABLE Il The sustaining voltage and memory margin of panels with 160
Mgo_xTixOzx protective layers as a function of [THEMgO + TiO3)]
ratio in the starting materials
150
\oltage Characteristics
[TiO2/(MgO + TiOy)]
in Starting Materials Sustaining Voltage Memory Margin 140
0 138V 0.456
-
0.05 128V 0.550 > 130 F
0.1 122V 0.567 ‘;
0.15 122V 0.593 g)
0.2 128 V 0.495 = o0k
0.3 130V 0.543 S
110
35
L 100
[ P
30 e | 90 H i H L i L i . H L H 2 1
i 0.00 005 010 015 020 025 0.30
P L
°$ - TiO, / ( MgO +Ti0,)
- 25 m
é : \ Figure 6 Firing voltage and minimum sustaining voltage of panels with
= 5 / Mgo_2x TixO2 protective layers as a function of [T®¥)MgO + TiO2)]
20 L / ratio in the starting materials.
2 20 - ' /
W | a ,,/
5 : \ = 2 x (Vs — Vsm)/ Vs are presented in Table Il. The sus-
i . taining voltage of the conventional MgO protective
5T layer is 138 V. The panels of all the protective layers
3 that contain titanium oxide show lower sustaining volt-
: age than that of the conventional MgO protective layer.
ol vy The lowest sustaining voltage, 16 V lower than that of

0.00 0.05 010 015 0.20 0.25 030 MgO, is obtained when the [TE¥XMgO + TiO,)] ratio
in the starting materials is 0.1 or 0.15. The MC val-
TiO, / (MgO +Ti0, ) ues also increases with the [HQMgO + TiO2)] ra-
tio in the starting materials until 0.15 since the min-
Figure 5 Surface roughness of MgxTixO, films as a function of  imum sustaining voltage decreases more rapidly than
TiO2/(MgO + TiO2) ratio in the starting materials. the firing voltage as shown in Fig. 6. Therefore, the
sustaining voltage can be effectively decreased without
lowering the MC value when the [TEXMgO + TiO,)]
to initiate it, is a characteristic feature of AC PDP. ratio in the starting materials is 0.1 or 0.15. With ad-
Therefore, the larger the difference between the firdition of excess Ti@ content{[TiO2/(MgO + TiO,)]
ing voltage and minimum sustaining voltage, definedratio> 0.15}, the sustaining voltage increases gradu-
as memory margin, the more stable the operation ca@lly again in proportion to the Ti©content, which is
be. The results of electrical measurement as a funcconsistent with the variation trend of relative dielectric
tion of the [TiO:/(MgO + TiO,)] ratio in the starting constant shown in Fig. 3. Itis thought that the addition
materials is shown in Fig. 6 and Table IIl. Becauseof TiO2 to MgO lowers the panel operating voltage
other variables that can affect voltage characteristic§robably due to changes in the energy band structure
of pane|s were kept constant, Changes in Vo|tage O@f the ﬁImS, which is open to further StUdy. Besides
panels are entirely due to the change in composition othis, the increase in the relative dielectric constant of
protective layers in this work. The firing voltage and Protective layer in accordance with addition of %O
minimum sustaining voltage of panels with the con-to MgO might have influence on the voltage character-
ventional Mgo protective |ayer is 155 V and 120 V, iStiCS, which is still under StUdy. Furthermore, the re-
respectively. With addition of Ti@to the pure MgO, lationship between the electrical characteristics of the
both voltages are drastically decreased. The lowest fiPanel and the dielectric constant of the protective layers
ing voltage, which is smaller than that of MgO by Seems to coincide somehow with the trend that the sur-
13V, is obtained when the [T¥)MgO + TiO,)] ratio ~ face roughness varies with Ti@oncentration (Fig. 5).
is 0.1. The minimum sustaining voltage is 101 V when
the [TiO,/(MgO + TiO,)] ratio in the starting materials
is 0.15. 4. Conclusion
The values of sustaining voltageys, defined We attempted to modify the relative dielectric con-
as i+ Vsm)/2 and memory margins, defined as stant of the protective layer by addition of a controlled
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amount of TiQ into MgO. The Mg_xTixO2« sys- References

tem as a protective layer for dielectric materials was 1.
prepared by e-beam evaporation method. The firing
and minimum sustaining voltages could be drasti- 2
cally decreased without lowering MC value when the 5
[TiO2/(MgO + TiO,)] ratio in the starting materials was

0.1 or 0.15. However, the relative dielectric constant of 4.
the mixed films was not greatly increased in spite of
addition of TiQ, of high dielectric constant. Addition
of a small amount of Ti@into MgO was found to ef-
fectively improve the electrical characteristics, such as7.
dielectric constant and voltage characteristics. By in-
creasing the [Ti@/(MgO + TiO,)] ratio in the starting &
materials the variation trends of the relative dielectric
constant and the surface roughness of,MdixOox
films were found to be consistent with that of the volt- 10.
age characteristics.
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