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Abstract

In order to darify the heat annealing process br Magnesum Oxide
(MgO), cathodoluminescent (CL) analysiswas performed. Our resultsinthe
present work provethat the heat annealing has effects on not only removing
water fromthe surface of MgO, but alsoincreasing density of O and Mg de
fect pairs It isthefirst work that the influence of annealing process on phys
cal properties of the vacuum evaporated MgO thin films by using CL spec
tra.

1. Introduction
Since ac plasma displays (PDPs) were monochrome displays, materia
of theprotecting layer hes been MgO. Why has MgO been used as protect-
ing materidsfor long time? It isthe reason because MgO asprotecting layer
hasthe advantages of low firing voltage, very long lifetime, very wide mem:
ory margin, and trangoarency. The evgporation condition of MgO and
preparation of evgporated MgO layer, however, have too senstive tofind
the optimum controlling condition for the production.
The recent performance of the surface discharge color ecPDPshasbeen

improved as luminance of 1,000 ad/nf and luminousefficiency of 1.8 ImAW.

Thesevaues contribute to achieve power consumption of 306 W for 43
inch diagond size. In order to achieve 200 W for the samesize, wemugt im:
prove luminous efficiency to be 2.5 Im/W at least.

Therearealot of waystoimproveluminance and luminousefficiency. One
of theseistoimprovethe performance of the protecting meterids. Atthela-
ter hdlf of 70's anew protecting materid in place of MgO waas reseerched
because high cogt of the driver ICs must be a@creased by lowering the
udaning voltage On the andlogy of cathode met eidsin CRT, BaO was
expected to have superior performance compared with the optimized
protecting materid of Ca0 and SO. The messured resultsindicated that the
udaning voltage of ac-PDP with BaO as a protecting meteria was not
lower than that of the optimized CaO and SrO.

Since MgO was established s protecting meterid, protecting meterids
for ac PDPs have been evauated by measuring the ion-induced secondary
dectron emission characteridics (? i). The secondary ectron messurement
hasthe limit to evauete the performance of the protecting meterids, thet is
the speculation of thefiring valtage (Vf). Recently the physical propeties
except from the secondary dectron emisson characteridics have been re
quired inorder to improve and develop the advance protecting materids far
ac PDPsincluding MgO.

Asthefirstrid to thissubject, thesmulation about the behavior of MgO
during eveporation has been studied by quantum mechanica approach. In
order to daify the problem, we have paid our atentions to darify evgpora
tion process of MgO. According to the results of Quadrupole Mass
Spectroscopy (QMS) presented by the present authors it is proved that
MgO is decomposad into Mg and O [1]. Therefore, MgO are decomposed
into Mg and O atoms at the first stage of the vacuum evaporaion andthe

decomposed Mg and O atoms arrive on the subdrate as building up one by
one, and findly are recrystdized as MgO. From these results, it is essy to
appose that O, feading during MgO evaporaion is very effective for
improving quality of the stoichiometrical quality of MgO thin films.

We fabricated vacuum evgporated MgO thin films by feeding O, under
the severd pressure of O, We reported that feedingO, to MgO has sgnifi-
cant influence on the dengity of O and Mg defect pairs by the evauation of
CL andysis.

Itisproved that blue peak in CL spectrais caused by thetrangtion from
O defectsto Mg defects; red pegk is caused by the trangtion of Mg defects
to vaence band. Intengity of blue pesk is srongly dependent on the differ-
ences in pressure by feeding O, during evaporation. [2]

From our study it is confirmed thet CL andlyssfor MgO isvay ussful
evauation toal for the vacuum evaporated MgO thin films. In the present
work wetried to daify theinfluence of anneding on the physical properties
of the vacuum evaporated MgO thin films by CL analysis.

Annedlingprocess for the vacuum evaporated MgO thin films, whichis
cdled, as activation of MgO, is very familiar and important to PDP proc-
eses enginears. Our results obtained in the present work are firgt the phys-
cd condderation to annedling trestment for the vacuum eveporaed MgO
thinfilms Until today it has been believed that annedlingof MgO thinfilms
is understood as just removing water, carbon, etc from the surface of MgO
thin films.

Theinfluence of O, feading onthe CL spectrasureto bethefirs attempt,
in addition to the ion-induced secondary dectron emisson characteridtics of
MgO thin film and this evauation method for MgO thin films can be gp-
plied to the improvement of evaporation system. Only Abodfotoh did the
study of evgporated MgO by QL andyss. [3] His research about CL, how-
ever, wastheonly observation of CL and he did not charecterizethe evapo-
rated MgO thin films.

2. Sample Preparation and Experimentsfor Cathodoluminescent
Analysis

In the present work, samples of MgO for CL andyssare preparedby the
electron beam evaporation under the condition of subdtrate temperature of
200 ? . Thicknessof samplesis 3000A  in order to darify what kind of
influence MgO has from the evaporation condition and the heat-trestment
after evaporation depogtion conditions. From our previous works, it is
proved that MgO is decomposed into Mg and O atons inthe dectron beam
evaporation from the resLits by QMS, and seceding from the surface. Itis
supposed that they are piled up again arriving on the surface of the substrate
and form an evaporated film.

Origindly MgO istrangparent and colorless and howeve; it isbrownish
when MgO is fabricated on the conditions which Oxygen does not supply
during the evaporation. This is because compostion of Mg and O of an
evaporated filmbecomesMg excess since a part of oxygen which evapo
ratedfromMgOis evaaiated outside through avacuum pump. Therefore it
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is necessary to supply Oxygen from outside during the eveporation inorder
to compensate oxygen of an insufficiency.
21 CL Analysis Apparatus

The outline of CL andlysis equipment is shown in Fg.1. CL is atech
nique which irradiates eectron beam to a sample, and the corresponded
light is emitted due to the transition from the excited satesdueto the

Fig.1 Schematic view of CL measurement equipment

electron bombardment to the lower states caused by someddfedtsandthe
light is analyzed. The CL equipment of accd eration voltage, beemaureatt,
and pressure used in the present work are 7 KV, 200nA, and50<107 Py
respectively. The cathode-luminescent light is carried through an optical

fiber and changed into agpectrum signd by the spectroscope (medeby
OCEANOPTCSUSB-2000), and isinputted into acomputer, and, anadyzed
results are obtained as for luminescence from asample.

3. Experimental Results
3.1 Relationships between Sample Temperatureunder Analyssand

Emission Spectrum

Figure 2 shows the relatiorships between the sample temperature
under andyss and CL spectra It is darified that the luminescence intensty
decressss around the spectra of a short wavelength region (the CL pectra
between 300 and 600 nm) as it becomes high temperature; the spectaof a
long wavdength region (the CL spectra between 650 and 800 nm) incresses
ashigh temperature. T he spectra in short wavelength are considered that CL
takes place due to thedectron trangtion from Mg defectsto O defects or
from Mg defects to the valence band of MgO.

Generdly, the energy of luminescence from a solid is not large part of
the energy injected from the outside Almost all injected energy turns into
therma energy. That is, it can divide roughly into the radiation changes
accompanied by luminescence and the nonvirradiative changes which are
not accompanied by luminescence at processin which the excited dectron
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Fig.2 Relationships between the Change of sample temparaureandCL
Spectral Intensity
loses energy.

It is consdered that the trandtion processes with irrediative and
non-irradiative changes described above are gpplicable to the luminescence
fromM gO by CL. The dependence of substrate temperature on the change
of CL spectraisdue to that the probability of these irradiative changes and
non-irradiative changes are dependent on temperature.

The trangtion processes for which the eectrons exist in the lattice de
fects are explained by the configuration coordinate modd shown in Fig.3.
The example which the sample temperature raises in the short wavelength
region and CL luminescence becomes weeker is explained as follows As
shown the potentid of an excit el sate and aground statein thefigure, there
ae two trangtion processes from the exdited dates to the ground dHate,
which the electrons lose energy by irradiative or nonimedidivetranstion.
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Fig. 3 The relationships between irradiative and non-irediativetrangtionin
the Configuration Coordinate



In order to carry out non-irradiativetrangtion thededronsshoud get
over the energy barrier Eg. It is condderedthet thetemperaturedependency
of these non-irradiative transition isproportiond to exp (-B/ksT),whereT
istemperature and kg. is Boltzmann’s constant. Luminesoanceinashort
wavelength region becomes wesker by the rise of sample temperature be-
cause the probability of the electron transition by non-imedaivetranstion
increases.

3.2 Influence of Oxygen Feeding under Vapor Deposition on CL

L uminescence I ntensity

CL andysesare performed for the MgO thinfilrswhichareformed un
der the conditions by feeding oxygen gas during MgO vepor deposition.
The purpose of these experimentsisto confirmwhat kind of influenceisre
ceived by changing vapor deposition conditions and whether CL andyses
are able to detect the difference of changes caused by the differences o
formation conditions. Oxygen ges is made to flow in dightly in vacuum

equipment. Vapor-deposition under the pressure in equipmentischanged
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Fig. 4 Influencewhich exert on CL spectraChangeof the degreeof vacuum
by the oxygen feeding under vapor deposition

Figure 4 shows that CL spectrafrom MgO formed under the condition
of different degrees of the pressure by feeding oxygen gas. When we .look
thespectrd forrrs of ashort waveength region, it issupposed that the spec
trd forms is seemed to be overlapped with severa curves condituted with
some peeks. When the amount of feeding oxygen ges is increasad from
6.7x10™ Pa gradully, spectral intensity also increases, and CL intensity be-
comes to be the maximum in 4.0x10° Pa. However, when the amourt of
oxygenfeeding is increased further, it tumns aut thet spectrd intensity de-
cresses Luminescence is dightly acoepted dso from along wavdength re
gion.

3.3 Influence of Heat-treatment in Vacuum and AtmophaeonCL
Spectra
CL andysesof the MgO thin filmswhich are prepared by hest-trestment
in vacuum and amaosphere before mounting the samples in CL andlysis
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equipment after the vacuum deposition.

The hest-trestment of MgO thin films after vacuum deposition is cdled
activation process in the actud production processes of color plaama dis-
plays The activation process isperformed in order to remove the substances
(mainly H,0) adsorbed on the MgO surface and to obtain the pure MgO
urface. The typicd activation process in the experiments is performed &
around 400 degrees C.

Figure 5 showstheCL spectrafor MgO thinfilmswhich are heet trested
after they are fabricated under the different vacuum pressure due to oxygen
feading during the vacuum depasition. Comparing the results shown in FHg.
5with thosein Fg. 4, it is dear thet the pesk of long wavdength region in-
creases by hedting in vacuum. In the case of short waveength region, itis
claified that the increase or decrease of spectrd intensity before and after
hedting in vacuum is dependent on the difference in the pressure of the va
por depogition eguipment by the oxygen feadinga the time to form vapor
deposition film production.

The rate of change to the luminescence intendity before and after vec-
uum heeting of the MgO thin film by which the pressure in vacuum equip-
ment isformed in 6.7x10* Pabeoomes by 181% of increase. In 9.3x10™ Pa,
it becomes 235% of incresseand 514 % of increase in 1.3x10° Pa CL
intensity rate of increase is increasing with the amount increase of
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Fig 5 CL Spectrafor MgO hesat-treated in the vacuum

oxygen feeding. However, the case where increased oxygen feeding further
and pressurein equipment is set to 4.0x10° Pg CL intensity becomes 165%
of increase The increase width becomes to be reduced and further the in-
crease width becomes reducing to be 546 % in 6.7x10° Pg and 53% of
reduction in 1.3x10°% Pa.

CL spectrafrom the MgO thin film heeted in the atmosphere &fter va-
por-depogiting are shownin Fig. 6. Itisclear thet the observed luminescence
of a short wavdength region shown in Fg6 is indiginguisheble as com
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pered with Fgs 4 and 5. The luminescence of a long wavdength region
shown in Fig.6isgppeared strongly compared withthoseshownin Fg. 5. It
issuggested that two or more luminescence pesks dueto thetrangtion of the
specific energy levelscaused by the defects overlap and the spectraof along
wavelength region also constitutes the spectra.
4. Consideration for CL Luminescence levels of MgO

CL gpectrafrom MgO are divided roughly into luminescence froma
short wavelength region (about 300 - 600 nm), and along wavelength re
gion (about 650 - 800 nm) as awaveength range. Furthermore, Sncethe
tendencies of change which heat-trestment exerts on luminescence are
different from each wavdength group, it is cleer that the trangtion mecha
nisms for the luminescence are different for two so-caled wavdength
groups.

If the formation conditions of a MgO thin film, i.e, the fact thet the
oxygen feeding during vapor deposition and the heat -trestment after vapor
depasition change CL spectra allat, are taken into condderation, the emis-
sion spectrafrom MgO by CL may not be based on the impurities
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Fig.6 CL spectrafrom MgO thin film heated in the atmosphere

currently mixed in MgO, and should be oxygen defects and magnesium
effects. Here, the emission spectrafrom MgO are considered.

1) Asfor the spectraof ashort wavelength region, fromtheobserved results
showninFg. 4, itis clear that change has gppeared in intensity by changeof
the degree of vacuum due to the oxygen feeding during vepor deposition.
Since the source materids for vapor deposition are used the same ong itis
difficult to condder that the impuritiesin a thin film increases according to
vapor deposition conditions Therefore, a possibility except from impurities
can be conddered, and it can be said that thisiswhat is depended onan oxy -
gen defect.

When the formation condition of MgO thin films is assumed to influ-
ence on the luminous efficiency of luminescence, such asstructure of athin
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film, affects luminescence thet is, even if an impurities aom does not fluctu-
ae in a thin film, luminescence intendty may fluctuate by the upper ad

lower ddes of luminous efficiency without the increase or decrease of

impuritiesin MgO thin films.

2) Figure 5shows the observed results of the samples heet-treated in the vec
uum. Since the re-arrangement of the crystd tekes place due to themove
ment of thelatice defect sinan MgO crystd by heating, Spectra corresponds
to these defects change the tendency of change in the spectra of a short

wavelength region is unsteady by vacuum heating.

3) Assuming that the luminescence of ashort wavelength regionisbased on
oxygen defect, agpectra in short wavelength should be gppeared due to the
direct influences of the amount of oxygen feeding on the oxygen defects
generdtion in MgO thin film Based on the condderation described above,

spectrd intensity should be decreased uniformly, when the amount of oxy -
gen feedingis increased from 6.7x10°* Pato 1.3x102Pg, in thin film forma-
tion process. However, the observed CL spectra intensity is increasad from

the oxygen feeding from 6.7x10™ to 4.0x10°% Pa.

If an oxygen defect is aluminescence, luminescence from the sample

produced by 6.7x10* Pashould becomethe strongest T he experimenta re
aUt, however, is not observed as this suppostion. Therefore, when itis
consdered that the spectraof ashort waveength region isdepended on oxy -
gen defects, luminous efficiency of luminescence in the short wavdength
should be changed due to the formation condition of MgO thin filmsduring
the vacuum deposition.
4) If it isassumedthat the spectraof ashort wavelength regionarebased on
oxygen defects, the experimenta resits that the dependence of change of
the spectra after vacuum hegting shown in FHg. 5 on the amount of oxygen
feeding becomes the reuits are explained physcadly asfollows If the case
where oxygen exigts superfluoudy inMgO thinfilm temporarily is assumed,
when vacuum heating of the thin film is carried out the excess oxygenmove
to oxygen defects, and should vanish oxygen defects.

Sincethe oxygen defect s astheluminescence sources should decreaseif
such areection occurs modtly, the luminescence intensity becomes wesker.
However, if luminous efficiency of luminescence should increese duetothe
improvement of the crygdlinity, the intendty does not necessarily become
wegker and the luminescence intengty is dependent on the baance of the
oxygen defect density and crystalline.

Although the spectrd intendgity of the long wavelength region shown in
Fg. 6 islarge compared withthose shownin Fg.5, the luminescence source
of the gpectra inthis long wavdength region can be explained to be what is
depended on Mg defects That is, the fundamenta physics about color cen
tersindicatestha oxygeninair entered superfluoudy intotheMgO thinfilm
by heating inthe atmosphere isableto changethe explanaion asthe defects
of Mg @oms That is itis daified thet the increase of the gpectrd intengity
of the long waveength region of an MgO thin film by heet trestment in the
atmosphere is caused by the increase in Mg defective density.

5. Conclusions

The luminescence of long wavdength region is conddered to be rdated
with O, which isconfined in theinsde dueto the feeding axygen gasduring
vgpor depastion From the experiments of the photoluminescence for Kl
and KBr. Y] Thereare smilarity between CL results and photolumines-



cence ardlyzed results. These Smilar relationships strongly indicatethat the
possibility of luminescence by G in a film is conddered because the
luminescence intensity of along wavelength region isincressed by hedting
in the atmosphere.

Itisclear that changeof the properties giventotheMgO thinfilmforma:
tion by theoxygen gasfeading during vepor deposition and after deposition
by the heat-trestment is vividly regarded by CL andyss as change of CL
Spectra. From the resuilt s obtained from it is proved that these experiments
andyss of the MgO thin film by cathode luminescence gives useful
informeation, when performing formation of an acPDP protection layer, and
evaudtion, and a posshility of being utilizable for protection layer evdua
tion.
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