JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY A

Investigation of the outgassing characteristics of the materials comprising a
plasma display panel
H.R.Han, Y. J. Lee,and G. Y. Yeom

Citation: J. Vac. Sci. Technol. A 19, 1099 (2001); doi: 10.1116/1.1369788

View online: http://dx.doi.org/10.1116/1.1369788

View Table of Contents: http://avspublications.org/resource/1/JVTAD6/v19/i4
Published by the AVS: Science & Technology of Materials, Interfaces, and Processing

Additional information on J. Vac. Sci. Technol. A

Journal Homepage: http://avspublications.org/jvsta

Journal Information: http://avspublications.org/jvsta/about/about_the_journal

Top downloads: http://avspublications.org/jvsta/top_20 most_downloaded

Information for Authors: http://avspublications.org/jvsta/authors/information_for_contributors

ADVERTISEMENT

AMERICAN
The World’s Manufacturer
I of Engineered &
Advanced Materials

™ .
N ow I nve n t www.americanelements.com
[ ]

Downloaded 29 May 2013 to 115.145.196.113. Redistribution subject to AVS license or copyright; see http://avspublications.org/jvsta/about/rights_and_permissions


http://avspublications.org/jvsta?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L23/1860828238/x01/AIP/AmericanElements_JVACovAd_1640x440_05_24_2013/AE-Ad-banner-1640x40-banner.jpg/7744715775302b784f4d774142526b39?x
http://avspublications.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=JVTAD6&possible1=H. R. Han&possible1zone=author&alias=&displayid=AVS&ver=pdfcov
http://avspublications.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=JVTAD6&possible1=Y. J. Lee&possible1zone=author&alias=&displayid=AVS&ver=pdfcov
http://avspublications.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=JVTAD6&possible1=G. Y. Yeom&possible1zone=author&alias=&displayid=AVS&ver=pdfcov
http://avspublications.org/jvsta?ver=pdfcov
http://link.aip.org/link/doi/10.1116/1.1369788?ver=pdfcov
http://avspublications.org/resource/1/JVTAD6/v19/i4?ver=pdfcov
http://www.avs.org/?ver=pdfcov
http://avspublications.org/jvsta?ver=pdfcov
http://avspublications.org/jvsta/about/about_the_journal?ver=pdfcov
http://avspublications.org/jvsta/top_20_most_downloaded?ver=pdfcov
http://avspublications.org/jvsta/authors/information_for_contributors?ver=pdfcov

Investigation of the outgassing characteristics of the materials
comprising a plasma display panel

H. R. Han,? Y. J. Lee, and G. Y. Yeom®
Department of Materials Engineering, Sungkyunkwan University, Suwon, 440-746, Korea

(Received 14 September 2000; accepted 12 March)2001

Long gas evacuation time before the introduction of the discharge gases into the panel is one of the
major problems in the production of a plasma display p&RE&IP. In this study, the outgassing
characteristics during the panel evacuation stage were investigated using a quadrupole mass
spectrometer. The origin of the impurity gas was studied by measuring the outgassed species from
each layer comprising the PDP. Dominant species observed during the evacuation of the panel were
H,, H,O, N,, O,, and CQ and water vapor was the most abundant species. When the outgassing
characteristics of the panel were compared with the outgassing characteristics from each layer
comprising the panel, the material most responsible for the water vapor turned out to be a MgO
layer. The outgassing experiments of single panels have also shown that the long outgassing time of
PDP is mostly related to the MgO layer and possibly also to red, green, and blue layers and white
dielectric material coated on the each single panel. Therefore to reduce the gas evacuation time,
controlled atmosphere appears to be required during the deposition of these materials and the
storage of those deposited panels. 2601 American Vacuum SocietyDOI: 10.1116/1.13697883

[. INTRODUCTION IIl. EXPERIMENT

A plasma display pang€PDP is one of the most promis- A. Sample preparation

ing candidates for a large area displays because of its manu- Figure 1 shows the schematic diagram of a test panel
facturing processes appropriate for a large area, good displaructure of the color plasma display paiiélin. diagonal
quality, and high speed addressing ability: the fabrication  used in our experiment. The panel structure shown in Fig. 1
of a PDP, the evacuation of gas from the panel to achieves known as the reflection type three-electrode surface dis-
high vacuum state before the introduction of the dischargeharge color plasma displ4yDisplay electrodes on the front
gas mixtures is required for display quality and long termsingle panel are composed of a transparent indium tim oxide
reliability. Residual gas remaining inside the panel can de{ITO) to effectively emit a luminance and a narrow bus elec-
grade display performance and uniformity during thetrode of Ag to reduce the electrode resistance. These elec-
operatior?® Currently, this gas evacuation process takedrodes are covered by a dielectric layer, which is made of low
more than several hours to obtain a desirable vacuum state ofelting glass material. A thin MgO also is deposited on the
around 10’ Torr due to the outgassing from the materialslayer using electron beam evaporation. On the rear single
inside of the panel. It is known that this gas evacuation propanel, striped address electrodes are arranged. A white di-
cess is one of the most time-consuming processes that relectric layer to reflect light covers these electrodes. On the
duces the production rate and increases the cost of PDP#&hite dielectric layer, striped barrier ribs are coated on both
However, the factors or the materials causing the severe ougides of the address electrodes line to separate the adjacent
gassing from the panel during the evacuation are not welldischarge cells and to eliminate the optical cross talk be-
understood due to the variety of materials coated in the panéwveen them. Three primary color phosphor materials such as
and complex processing. Accordingly, the basic research ofed, blue, and green are screen-printed in the neighboring
the outgassing characteristics from the panel such as idenghannels of the ribs to cover both the sidewall of the barrier
fication of outgassing species from the inside of the PDPIibs and the white dielectric layer. The gas evacuation pro-
and materials responsible for the outgassing are required f&€ess is accomplished after the sealing of both front and rear
the improvement of manufacturing process and developmerfingle panels together using a frit material before filling with
of the materials used in PDPs. discharge gasetXe+Ne, etc) in the panel. The complete

In this study, outgassing characteristics of the complet@anels are evacuated through a small section of glass pipe
PDP itself and the layers of materials comprising the PDH€exhaust tip attached to the corner of the rear panel.
were systematically studied using a quadrupole mass spec- 1he complete PDP panel has multilayer films consisting
trometer to investigate the impurity species released fron9f various materials. In order to figure out the effect of each
inside the PDP and to determine the material layers respor@yer on the outgassing properties of the complete panel dur-

sible for the outgassing of the PDP during the evacuation. INg the gas evacuation process, two different types of single
panels were used in addition to the complete panel sealed

aElectronic mail: herculs@hanmail.net with the frit material. The first type, was coated Wit_h each
DElectronic mail: gyyeom@yurim.skku.ac.kr material only. The second type was coated sequentially with

1099 J. Vac. Sci. Technol. A 19 (4), Jul/Aug 2001  0734-2101/2001/19(4)/1099/6/$18.00 = ©2001 American Vacuum Society 1099

Downloaded 29 May 2013 to 115.145.196.113. Redistribution subject to AVS license or copyright; see http://avspublications.org/jvsta/about/rights_and_permissions



1100 Han, Lee, and Yeom: Investigation of the outgassing characteristics 1100

Front glass substrate spheric pressure and the temperature of the panel was con-
| 4~ ] Displayclectrode trolled using heating wires. The panel was pumped through
layer =% (10 the exhaust tip connected to the holding manifold and the

Protediive Dlispla{jscan QMS was installed near the holding manifold to measure the
1 . . . .
layer (MgO) . S outgassing species. To measure the outgassing species con-
1Whitedielectric tinuously from atmospheric pressure to a high vacuum dur-
ayer . . . .
e Rear glass substrate ing the evacuation process, a sampling chamber with a bake-
cttods 7 able variable leak valve was installed to control the
\ | / conductance as shown in the figure. All of the vacuum lines
Phosphor (Red, Green, Blue) were heated to prevent water vapor condensation and the

Fic. 1. Cross-sectional diagram of the plasma display panel structure used i(r‘?lvIS unit was differentially pumped. For both SyStem‘.Q’ the
the experiment. panels were heated up to 350 °C at the rate of 10 °C/min and
were maintained for several to 20 h at 350°C to measure
outgassing characteristics. The temperature profile used in
multilayer thin films to a certain manufacturing step. Thethis experiment was one of the typical temperature profiles of
materials investigated were electrodesetal, ITO, dielec- the panel evacuation process used in the fabrication of the
tric layers, barrier rib, phosphor layeired, green, and blje  PDP. The outgassing characteristics of the panels were in-
protective layefMgO), and frit on the glass panel. The out- vestigated as a function of time and temperature.
gassing characteristics of the single panels coated with each In order to obtain quantitative results for the amounts of
material and sequentially coated multilayer materials werghe outgassing species, mass currents measured by QMS
analyzed and compared with those of a complete panel. have to be calibrated to the partial pressures of the various
species observed in the experiment. The calibration of the
mass spectrometer was conducted by introducing various
calibration gas mixtures to the chamber shown in the figure

The outgassing measurement system used in this study i&jng a method described by other researchérs.
shown in Fig. 2. The system consisted of two chambers. One

chamber(that is, furnacewas used to measure outgassin

characteristics of the complete panel and the o(thm‘gt is, gl”' RESULTS AND DISCUSSION
UHV chambef was used to measure the characteristics of Outgassing was measured using the QMS while increas-
the single panels coated with single layers and multilayersing the temperature from room temperature to 350 °C For the
In order to investigate the outgassing species from the singleomplete panels this was done through the exhaust pipe, and
panel during the evacuation, a quadrupole mass spectrometier the single panels through the UHV chamber. Mass peaks
(QMS: Hiden Analytical Inc., PSM 500was connected on related to the adsorbed species such a0, N,, O,, and

the sidewall of the UHV chamber. The temperature of theCO, were observed. However, no other peaks related to ther-
single panels was controlled using a halogen lamp installechal decomposition of the display material itself could be
inside of the chamber. In the case of the furnace chambenbserved over the same range of temperature. When mol-
the complete panel was located in the chamber at atmcecules are detected by QMS, dissociated molecular and

B. Outgassing measurement system

UHV chamber Furnace chamber

o=l

HICO WA H
(YAYRIRTEYY,

QMShead | | Halogen lamp Thermo
heating ~couple Panel loading
Substrate Cold cathode e ‘
1M gauge S | [ORSRSES! Fic. 2. Schematic of the apparatus for
Main valve Exhausting tip the measurements of outgassing spe-
holder ol cies.
Holding manifold chamber]—<—1
Variahlele;ﬁ-
valve
QMS
Turbomolecular control PC Bayard Alpert ®
Cal. Cal pump gauge QMS
gas gas
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—_ 1.2X10'5 - —o—to :G.B. ; B
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atomic peaks are also observed and some of these dissociaty> 1ox10® [ Ao Whie dielectrics i
peaks are superimposédior example, 2 amu from Hare  © —v— 0 Electrade ]
superimposed by the dissociategfrbm H,O and 28 amu of & g ox10* | -
. . . w
CO are superimposed by,NHowever, the dissociated,H @ 1
from H,O in the QMS is less than 5%, therefore the detected® 6.0x10° -
.- = | |
H, was close t_o I§|fro_m the original B. In the case of_ ] = ; P e
the estimated intensity of Nfrom the detected intensity of ® 4.0x10" - M 7
mass 14, which is from the N dissociated from Mas close ol _‘/ —a 1
. o~ - - A- —
to that of N, for all of the cases, therefore the possible de- = 2:9X10
tection of CO was also disregarded. The mass peaks such ¢ 0.0 Vv TV VT Y|
H,, H,0, N,, and G are also observed when the chambers R S
were heated from room temperature to 350 °C without in- 0 50 100 150 200 250 300 350
stalling the panels although the intensities are much smallery, Temperature(C)

To obtain intensities of the outgassing species from the pan-

els, the reference signals measured without installing thé&c. 4. HO partial pressures observed as a function of temperature for
panels(single panel or complete panaipon heating from _ S5l Sebesies /e o hawis on o fon derand o e
room temperature to 350 °C were subtracted from the obpanef after the deposition of MgO on the front glass and that measured from
served signals. For accuracy, the reference signals were meaae single panel after the deposition of the RGB layer on the rear glass is
sured before and after the measurement of the outgassi@go shown ina as a dotted line.

from the panels and the consistency of the reference signals

were monitored,

Figure 3 shows the calculated partial pressures of the spavere investigated for front glass and rear glass after the se-
cies outgassed from the complete panel when the temperguential deposition of each layer. To measure the outgassing
ture of the furnace was increased by 10 °C/min from roomspecies from the single panels, the chamber was evacuated
temperature to 350 °C while the panel was evacuating. Afor a few hours before the increase of the temperature. The
the outgassing species,®, CO,, Ny, H,, and G were ob-  reference outgassing peaks measured without the panels as a
served as mentioned above and the most abundant specfesiction of temperature were also measured before and after
was HO. The initial decrease of the partial pressures washe measurement and subtracted for accuracy. Figure 4
from the decrease of the residual gas pressure through tlelows HO partial pressures observed as a function of tem-
gas evacuation process and most of the gas pressures weerature for sequentially deposited layers of materials on the
decreased nearly continuously with the increase of temperdront glass(a) and on the rear glasé). As shown in the
ture to 350 °C while pumping the panel. However, in thefigure, a huge increase of,8 partial pressure was observed
case of HO, additional peaks near 120 and 350 °C wereafter the deposition of MgO for the front glass. Some in-
shown. crease of HO partial pressure was also observed after the

To identify the material layer responsible for theH  deposition of the ITO layer. However, the ITO layer is com-
outgassing, the outgassing characteristics of single paneggetely covered by the following dielectric layer and thgCH

JVST A - Vacuum, Surfaces, and Films
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partial pressure after the deposition of the dielectric layer —r r T T T

was very low. Therefore O partial pressure observed after 1.4x10% - --m--MgO

the deposition of the ITO layer on the front glass may not"’s—‘ 1 2x10° | —e— Dielectrics
contribute to the KO partial pressure observed after the = —a— Barrier ribs
deposition of the MgO layer on the dielectric layer. In the & 4 gy10° | - - Frit .
case of the rear glass, a certain increase ) Hartial pres- §

sure is observed after the deposition of white dielectric on® 8.0x10° |
the address electrodes and also after the deposition of th2 i
red, green, and blueRGB) layers on the barrier ribs. The
white dielectric layer is partially covered by the barrier ribs g
and the RGB layers and some of the white dielectric layero,
remains exposed even after the deposition of the RGB layersT
Therefore in addition to the RGB layers, the white dielectric i
layer may be partially responsible for the® partial pres- 0.0
sure observed after the deposition of the RGB layers. L e

In Fig. 4 (a), H,O partial pressure calculated by the addi- 0 50 100 150 200 250 300 350
tion of H,O partial pressure measured after the deposition of Temperature(T)

MgO for the front glass and 4 partial pressure measured | § . . or th
i : Fic. 5. H,O partial pressures measured as a function of temperature for the
after the deposmon of the RGB Iayers for the rear glass Iés:ingle layers of the materials deposited on the front glag®. phrtial pres-

also shown. The calculated,& partial pressure in the figure gyre of the frit material used to seal the front glass and rear glass to form a

appears to be similar to the,8 partial pressure obtained for complete panel was also included.

the complete panel in Fig. 3 except for the low temperature

regime. The difference in the low temperature regime is from

the difference in the measurement method. In the case of the . .

complete panel, the partial pressures were measured Whifeurface. This physisorbed, tends to be desorbed as the
P P ' P P emperature is increased from 25 to 105 °C. Also, son@ H

pumping the panel from the atmosphere, however, in th?s hemisorbed on the surface of the MgO layer from 105 to

case of the single panels, the partial pressures were measur; °C by the hydrogen bonding with MgO and this chemi-

after the chqmber was evacuated for a few hours. ThereforéaOrbed HO is known to be desorbed by increasing the tem-
the H,0O partial pressure for the complete panel can be cor

. - ““perature to 400 °C-12In fact, some gas including 4@ and
related to the b partial pressure measured from the Slngleother gas species can be trapped inside of the film and can be
panels.

Th ial | hich is th ible for hi houtgassed with the increase of time and temperature. In the
N m_aterla ayer, which Is the most responsible orNidNcase of rear glass, @ partial pressure was increased as the
H,O patrtial pressure, appears to be on MgO layer. To iden

. _ ) temperature was raised to 100 °C, but decreased very slowly
tify the source of the kD partial pressure, outgassing char- it fyrther increase of temperature. The increase ¢dH

acteristics from a single layer of materials deposited on th%artial pressure to 100 °C appears to be related to the desorp-
glass were also investigated using the method used for the ., physisorbed KD from the surface of the materials.
single panels coat_ed with multilayers of the materials. '_:igurEHowever, the slow decrease ob® with further increase of
5 shows HO partial pressures measured as a function ofemperature appears to be related to outgassing of trapped
temperature for the single layer of the materials deposited 0gases because of the relatively high porosity of the white
the front glass. As shown in the figure, the MgO layer itself jiglectric material and RGB materials.
showed the KO partial pressure curve similar to that of a  |n ppp fabrication, after the complete panel temperature
single panel coated with the multilayers from the ITO toeaches 350 °C during the gas evacuation process, the panel
MgO layer. Other single layers of materials showed lowertemperature is kept at that temperature until the evacuation
H,O partial pressures. In the figure,®l partial pressure of |ine pressure decreases to I0rorr. The outgassing proper-
the frit material used to seal the front glass and rear glass tges of the complete panel as a function of time were mea-
form a complete panel was included;®ivapor pressure of sured during the evacuation while keeping the panel at
the frit material from room temperature to 350 °C was rela-350°C and are shown in Fig. 6. After the temperature
tively low compared to other materials. In fact, frit material reached 350 °Qtime=0), H,O partial pressure decreased
has a low melting point around 450 °C to bond the front andslowly with the increase of time. For other gas species, a
rear glasses and could be decomposed during the heatinglatively rapid decrease of partial pressure was seen with the
However, in our experiment, outgassing species decomposédcrease in time. Therefore the control of® partial pres-
from the frit material were not detected even when the fritsure appears to be important in decreasing the gas evacuation
material was heated to 400 °C. time during the gas evacuation process. Outgassing charac-
The HO partial pressure curve shown as a function ofteristics of the single panels composed of the sequentially
temperature for the MgO layer appears to be related to thdeposited materials and the single layers of materials were
H,O absorption mechanism. When the MgO surface is exalso investigated and some of the results on th® Hartial
posed to the atmosphere,® can be physisorbed on the pressures are shown in Figay for the front glass and(B)

6.0x10° |-

artia

4.0x10° |-

2.0x10° |-
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1esl 5 T ] showed a time near 2 h. The frit material showed also about
—=—H,0 —v-0, ] 2 h to reach 10 Torr. The outgassing characteristics from
! —e—H, -—o—CO, ] the single panel were similar to those from the complete
= 1E-6 F hoaa? A, —a—N, 3 panel. Therefore to decrease the gas evacuation time, the
E F ’ "&"\f"—-/'\.,-._.f. e ] MgO layer from the front glass and the RGB layers and
v ETE 9. 3 white dielectric materials from the rear glass should be de-
§ \ A 3 posited and stored in a controlled environment to reduge H
o 1E8L ng" . \°/}o=o/§>,._u . 1 adsorption to the layers.
‘_'3. E o'... VEa AJ?X,X/A\-\V/V‘\ /‘/‘\A\:\ \v/:\w\v g
3 g N A a ©. 4
£ 1eof CAR N MYz ] v SUMMARY
& [ “'& . ] In this study, outgassing characteristics of the plasma dis-
1E-10 | T e e, 3 play panel during the gas evacuation process were observed
: . using a quadrupole mass spectrometer, and the outgassing
1E-11 | - species and their source were investigated using either vari-
E 1 N 1 N 1 N 1 N 1 N 1 N 1 E

ous single panels made of multilayers of materials deposited

sequentially or single panels with only single layers of ma-
Time(min) terials.

Fic. 6. Outgassing properties of the complete panel as a function of time up Hz HO, Ny, O, and CQ were observed as the main

to 20 h measured during the evacuation while keeping the panel at 350 °c@utgassing species and thermal decomposition of display ma-
terials was not observed when temperature was increased to

350°C by 10°C/min and kept at the temperatureOH
for the rear glass. O partial pressures for the frit material showed the highest partial pressure for the experimental con-
on the glass are also included in Figa)Z As shown in Fig. ditions and the materials most responsible for the high H
7(a), in the case of the front glass, the panel deposited tovapor pressure were MgO deposited on the front glass and
MgO showed the longest evacuation time of ab8uh 40  possibly the RGB layers and the white dielectric material
min to reach to 107 Torr and the panel deposited to the ITO deposited on the rear glass,®partial pressure of the com-
layer showed the next longest time of ab&uh toreach plete panel as a function of temperature showed two peaks
10 " Torr. The single layer of MgO material also showed near 120 and 350 °C that appeared to be related to desorption
the longest evacuation tim@ot shown. In the case of the of physisorbed KO and chemisorbed 4@ to MgO surface,
rear glass, the panel deposited to RGB layers showed thespectively.
longest time of abdu3 h toreach 10 Torr and the panel Partial pressures of the complete panels and single panels
deposited to the white dielectric layer and the barrier ribwere decreased continuously when the panel temperature

was kept at 350 °C during the pumping. The longesOH

evacuation time was observed for the panel deposited up to

0 200 400 600 800 1000 1200

T T T T T ¥ L] N T T T T T T T

o 1EsL j A ('a)-; MgO, and this possibly originated from,8 outgassing from
S ] DA the MgO layer itself. The panel deposited to the RGB layers
= —e— Front glass to Dielectrics . . .
S sl —a—Front glass to 170 elestrode | showed the next longest,@ evacuation time and again the
§ ] = v--Frit only E outgassing appears to be related to the outgassing of the
a ] trapped gases in the RGB layers and partially exposed white
£ 1BTE 3 dielectric materials.
© 3
g; 1E-8 T 3 |
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