
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=gmcl20

Molecular Crystals and Liquid Crystals

ISSN: 1542-1406 (Print) 1563-5287 (Online) Journal homepage: http://www.tandfonline.com/loi/gmcl20

Discharge and structural characteristics of MgO
thin films under various O2 and H2 gas flow rates
during MgO deposition when using ion plating
method in microdischarge cells

Dong Ha Kim, Choon-Sang Park, Eun Young Jung, Hyun-Jin Kim, Heaseok Seo,
Jung Goo Hong, Bhum Jae Shin & Heung-Sik Tae

To cite this article: Dong Ha Kim, Choon-Sang Park, Eun Young Jung, Hyun-Jin Kim, Heaseok
Seo, Jung Goo Hong, Bhum Jae Shin & Heung-Sik Tae (2017) Discharge and structural
characteristics of MgO thin films under various O2 and H2 gas flow rates during MgO deposition
when using ion plating method in microdischarge cells, Molecular Crystals and Liquid Crystals,
645:1, 123-129, DOI: 10.1080/15421406.2016.1277494

To link to this article:  https://doi.org/10.1080/15421406.2016.1277494

Published online: 10 May 2017.

Submit your article to this journal 

Article views: 22

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=gmcl20
http://www.tandfonline.com/loi/gmcl20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/15421406.2016.1277494
https://doi.org/10.1080/15421406.2016.1277494
http://www.tandfonline.com/action/authorSubmission?journalCode=gmcl20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=gmcl20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/15421406.2016.1277494
http://www.tandfonline.com/doi/mlt/10.1080/15421406.2016.1277494
http://crossmark.crossref.org/dialog/?doi=10.1080/15421406.2016.1277494&domain=pdf&date_stamp=2017-05-10
http://crossmark.crossref.org/dialog/?doi=10.1080/15421406.2016.1277494&domain=pdf&date_stamp=2017-05-10


MOLECULAR CRYSTALS AND LIQUID CRYSTALS
, VOL. , –
http://dx.doi.org/./..

Discharge and structural characteristics of MgO thin films under
various O and H gas flow rates during MgO deposition when
using ion plating method in microdischarge cells

Dong Ha Kima,†, Choon-Sang Parka,†, Eun Young Jungb, Hyun-Jin Kima, Heaseok Seoa,
Jung Goo Hongc, Bhum Jae Shind, and Heung-Sik Taea

aSchool of Electronics Engineering, College of IT Engineering, Kyungpook National University, Daegu , South
Korea; bCore Technology Lab., Corporate R&D Center, Samsung SDI Company Ltd., Cheonan,
Chungcheongnam-Do , South Korea; cSchool of Mechanical Engineering, College of Engineering, Kyungpook
National University, Daegu , South Korea; dDepartment of Electronics Engineering, Sejong University, Seoul ,
South Korea

KEYWORDS
MgO protective layer; delay
time; firing voltage;
secondary electron emission;
ion plating; oxygen (O) and
hydrogen (H) flow rates

ABSTRACT
This paper has investigated the characteristics of structure and dis-
charge for the MgO thin films grown by the ion plating process by vary-
ing the oxygen (O2) and hydrogen (H2) flow rates. The structural charac-
teristics of theMgO film aremeasured by scanning electronmicroscopy
(SEM), X-ray diffraction (XRD), and atomic force microscopy (AFM). The
discharge characteristics are examined based on the firing voltage, sec-
ondary electron emission, sustain delay, and address delay. By increas-
ing the O2 flow rates during ion plating process, the grain sizes of the
MgO thin films are decreased and the firing voltages are decreased,
which would be due to the improvement of secondary electron emis-
sion characteristics. In addition, as the O2 gas flow rates are increased in
the range from 200 to 260 sccm, the sustain delay times are reduced, on
the contrary, the address delay times are increased.Whereas, by increas-
ing the H2 flow rates, the grain sizes of the MgO thin films are increased.
In particular, the lower firing voltages are measured at a H2 flow rate of
40 sccm,whichalsowouldbedue to anenhancementof secondary elec-
tron emission characteristics. When H2 flow rates are increased from 0
to 40 sccm, the address delay times are greatly reduced. Whereas, when
H2 flow rates are beyond 40 sccm, the address delay times are slightly
increased. However, the sustain delay times are slightly increased as the
H2 flow rates are increased from 0 to 60 sccm. Accordingly, the optimal
control of both O2 and H2 flow rates during the MgO film deposition
using ion plating method can contribute to enhancing the discharge
characteristics in ac plasma display panels (ac-PDPs).

1. Introduction

The MgO films are widely used as a protective layer for plasma display panel (PDP) due to
having the high durability, low sputtering erosion, and high secondary electron emission
coefficient [1–12]. Among the various methods to deposit the MgO protective layer, the
electron beam evaporation is well known and used to be industrial fabrication method. The

CONTACT Heung-Sik Tae hstae@ee.knu.ac.kr
†These authors contributed equally to this work.
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/gmcl.
©  Taylor & Francis Group, LLC

http://dx.doi.org/10.1080/15421406.2016.1277494
mailto:hstae@ee.knu.ac.kr
http://www.tandfonline.com/gmcl


124/[390] D. H. KIM ET AL.

characteristics of the protective layer such as MgO film can affect the life time and discharge
characteristics of alternating-current (ac) PDP by protecting cells against ion bombardment
during the discharge [1, 2, 5, 7, 10, 12]. Many researchers have studied on the discharge char-
acteristics of small size test panel with protective layer such as MgO thin films deposited by
electron beam evaporation method with respect to oxygen (O2) and hydrogen (H2) flow rates
[2, 3, 9-12]. The secondary electron emission affecting the discharge characteristics of MgO
films largely depends on the film properties such as crystal orientation, stoichiometry, film
density, surface morphology, and roughness [1, 5, 7, 10, 13]. Namely, the secondary electron
emission ofMgOfilms is one of themost important factors for determining the discharge volt-
age and discharge response time. However, the relations of MgO films with respect to O2/H2

flow rates and various discharge characteristics such as firing voltage, secondary electron
emission, sustain discharge delay, and address discharge delay in a commercial 42-in. ac-PDP
module have not yet been studied systematically in the case of using ion plating method [14].

Accordingly, this paper examines the detailed sustain and address discharge delay and
structural characteristics of MgO thin films deposited by the ion plating method relative to
the O2 and H2 flow rates. The employed test panel is a commercial 42-in. ac-PDP module
with a He (35%)-Xe (11%)-Ne gas compositions and close-type barrier.

2. Experiment set-up

Figure 1 (a) shows the schematic diagram of ion plating method for growing the MgO thin
films employed in this research. The MgO thin films were deposited on the glass and the
dielectric layer of ac-PDP by using ion plating system. The MgO thin films were prepared by
the MgO pellet (99.99%) as an evaporation source with respect to oxygen (O2) and hydro-
gen (H2) flow rates. The O2 and H2 flow rates were varied from 200 to 260 sccm and from 0
to 60 sccm, respectively. The base pressure of the vacuum chamber was maintained at 2.0 ×
10−6 Torr before deposition. The Ar gas was fed into the deposition chamber to maintain the
process pressure at 1.0 × 10−3 Torr. The RF (13.56 MHz) generator was used as a bias power
for maintaining the substrate holder to be negative. Figure 2 (b) shows the single pixel struc-
ture of the test panel employed in this research, where the X is the sustain electrode, the Y is
the scan electrode, and the A is the address electrode. The detailed panel specifications are
listed in Table 1. A commercial 42 in ac-PDP module with a working gas pressure of 420 torr
was employed in this study, and its structure and dimensions were an XGA grade PDP with a
box-type barrier rib. The ITO width and gap were 360 and 85μm, respectively. Bus electrode
width was 60 μm and He (35%)-Xe (11%)-Ne gas compositions were used for gas discharge.
The secondary electron emission coefficient of MgO layer was measured using the γ -focused
ion beam system [15]. X-ray diffraction (XRD, Phillips PW3710) and field emission scanning
electron microscopy (FE-SEM, HITACHI SU8220) were used to estimate the dependence of
the film crystallinity and analyze the surface morphology with O2 and H2 flow rates, respec-
tively. Furthermore, the roughness of the MgO film was analyzed by atomic force microscopy
(AFM). The sustain frequency and the duty ratio of the sustain pulses for the sustain period
were 20 kHz and 30%, respectively.

3. Results and discussion

3.1. Experimental observation of structural characteristics of MgO thin film of 42-in.
PDP cell under various oxygen and hydrogen flow rates

Figure 2 shows the surface morphologies of MgO thin films as a function of O2 and H2 gas
flow rates in the 42-in. test panel, respectively. As the O2 gas flow rates were increased in the
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Figure . (a) Schematic diagram of ion plating method for growing the MgO thin films and (b) the single
pixel structure of the test panel.

range from 200 to 260 sccm, the grain sizes of theMgO surface were observed to be decreased
and dense, as shown in Fig. 2 (a). In contrast, when the H2 gas flow rates were increased in the
range from 0 to 60 sccm at a constant O2 flow rate of 220 sccm, the grain sizes were observed
to be increased, as shown in Fig. 2(b).
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Figure . Comparison of SEM images of MgO thin films under various (a) O and (b) H flow rates, respec-
tively.

Figure 3 shows the surface roughness of MgO thin films measured by the AFM analysis as
a function of O2 and H2 gas flow rates in the 42-in. test panel, respectively. The roughness of
MgO films was changed depending on the O2 and H2 gas flow rates. As shown in Fig. 3, as the
O2 gas flow rates were increased in the range from 200 to 260 sccm, the roughness of theMgO
surface was decreased. That is, the roughness ofMgOfilm grown under highO2 flow rate con-
dition was observed to be uniform. Whereas, as the H2 gas flow rates were increased in the
range from 0 to 60 sccm, the roughness of the MgO surface was more increased. This exper-
imental result illustrates the O2 and H2 gas flow rates would play a different role in growing
the MgO layer, especially the surface morphology of the MgO.

Figure 4 shows the X-ray diffraction (XRD) spectra of the MgO thin films for checking
the effects of O2 and H2 gas flow rates on the crystallinity of the MgO films in the 42-in. test
panel by using the X-ray diffractometer. In Fig. 4 (a), as the O2 flow rates were increased in the
range from 200 to 220 sccm, the intensities of (111) and (222) peaks were increased, which
implied that the crystallinity of the MgO films were improved thanks to the increase in the
O2 flow rates. However, the result of Fig. 4 (a) also showed that the intensities of (111) and
(222) peaks were saturated for the O2 flow rates greater than 220 sccm. On the other hands,
as shown in Fig. 4 (b), when the H2 flow rates were increased in the range from 0 to 60 sccm,

Table . Specifications of -in. AC-PDP panel cells structure used in
this study.

Panel
ITO
width µm
gap µm

Bus width µm
Pixel Pitch µm x µm
Gas chemistry He (%)-Xe (%)-Ne gas
Barrier rib type Closed rib
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Figure . Comparison of AFM images of MgO thin films under various (a) O and (b) H flow rates, respec-
tively.

the intensities of (111) and (222) peaks were decreased, which would be due to the reduction
of crystallinity of the MgO films.

3.2. Experimental results of address and sustain discharge characteristics of 42-in.
PDP cell adoptingMgO films grown under various oxygen and hydrogen flow rates

Figure 5 (a) shows the relations between the secondary electron emission and the X-Y firing
voltage with respect to the O2 flow rates in the 42-in. test panel. As shown in the γ process
data of the top of Fig. 5 (a), the secondary electron emissions (γ process) for the MgO layer
were increased with an increase in the O2 flow rates from 200 to 240 sccm. This improvement
of the secondary electron emission characteristics of the MgO films would be mainly due to

Figure . Comparison of XRD patterns of MgO thin films under various (a) O and (b) H flow rates, respec-
tively.
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Figure . Relations between secondary electron emission (top part) and X-Y firing voltage (bottom part)
with (a) O and (b) H flow rates, respectively.

the improvement of crystal orientation and surface properties of the MgO thin films grown
under the O2 rich growth condition during the ion plating deposition process, which was
confirmed by the SEM, AFM, and XRD data. As shown in the bottom of Fig. 5 (a), as the O2

flow rates were increased from 200 to 240 sccm, the firing voltages were decreased, thanks to
the enhancement of secondary electron emissions.

Figure 5 (b) shows the relations between the secondary electron emission and the X-Y
firing voltage with respect to the H2 flow rates at a constant of O2 flow rate ( = 220 sccm) in
the 42-in. test panel. As shown in the γ process data of the top of Fig. 5 (b), the secondary
electron emission for the MgO layer were remarkably increased with an increase in the H2

flow rates from 0 to 40 sccm. The corresponding X-Y firing voltage showed the lowest value
at theH2 flow rate of 40 sccm thanks to the better secondary electron characteristics, as shown
in the bottom of Fig. 5 (b).

Figure 6 shows the changes in the sustain delay and address delay characteristics as a func-
tion of O2 and H2 gas flow rates in the 42-in. test panel, respectively. As shown in Fig. 6 (a), as
the O2 gas flow rates were increased in the range from 200 to 260 sccm, the sustain delay times
were reduced, on the contrary, the address delay times were increased. Whereas, as shown in
Fig. 6 (b), when H2 flow rates were increased from 0 to 40 sccm, the address delay time was
greatly reduced. Whereas, when H2 flow rates were beyond 40 sccm, the address delay time
was slightly increased. However, the sustain delay times were slightly increased as the H2 flow

Figure . Comparison of statistical address discharge delay times and sustain discharge delay times under
various (a) O and (b) H flow rates, respectively.
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rates were increased from 0 to 60 sccm. Therefore, considering both the sustain and address
delay times for producing the stable discharge, the optimal growth condition of theMgOfilms
should be determined. The experimental results on the O2 and H2 flow rates during the ion
plating growth process, it confirms that it is very important to optimize the O2 and H2 flow
rates during the ion plating growth process for obtaining the high quality MgO layer suitable
for a high speed and low driving voltage.

4. Conclusions

In summary, we have studied the effects of the oxygen (O2) and hydrogen (H2) flow rates
during the MgO film deposition using ion plating method on the discharge and structural
characteristics ofMgO thin films, which affect the firing voltage, secondary electron emission,
delay times in themicro-discharge cells with the 42-in. ac-PDPs. The properties ofMgO films
were improved when the high O2 flow rates and H2 flow rates at 40 sccm during the film
deposition. Therefore, the secondary electron emission of MgO thin films were enhanced,
thereby reducing the X-Y firing voltages. Accordingly, the high O2 flow rates with H2 flow
rates at 40 sccm during the MgO film deposition using ion plating method can contribute to
enhancing the discharge characteristics in ac plasma display panels (ac-PDPs).
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