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Abstract − Aging process for the surface stabilization is the final step in plasma display panel(PDP) fabrication. We designed

and installed a in-situ analysis system to investigate the change of interior surface of 7-inch test panel. PDP was disassembled

in the system and transferred to the in-situ electron spectroscopy for chemical analysis(ESCA) chamber without exposure.

MgO protection layer on the front panel indicated the presence of Mg(OH)2, MgCO3 compounds due to the hydration and car-

bon incorporation on the panel. These compounds were converted to the MgO with increasing time of the plasma aging. Car-

bon impurity in phosphor on the rear panel was reduced to the level lower than detection limits of ESCA by sputtering of the
radicals in the plasma after 12 hours of aging. ESCA analysis revealed that 12 hours of aging time is consistent with the time to

stabilize the change interior surface.

Key words: Plasma Display Panel, Aging, ESCA, MgO and Phosphor
1. � �

��� TV� ��� �	
� �
��� ��(Plasma Display Panel,

PDP)� �� �� � ��� �	
���� ��� �� �� ! "

# $� %&'� (� � )#�*[1]. + ,- .� */ 0123

�4� 567 � 8�3 ��9
: ;<= �	
� �
��� �

�(PDP)� ��> #?@� A2B3 C� DEFGH IJ ! 9�

E@- �� K23 �LM� �NO� PQ RS T�� 9UKV2

. W9XO� YZ= [\� �]V7 C*[2, 3]. �	
� �
���

�� M�Q^ _ �` ab� *cH d� �efg C*. �2 01

B3� hi= �� (��4 _ ;8�4(display electrode)� Db=

*. hi�4Q^� ITO(Indium Tin Oxide): 8� j 2 kl� m

noUp* 100Aqr sOt� 9�E- �u� �v wx yrz ITO

{3 |
(bus)�4� �e}~ $� ��/a1/�� �O� Db=*.

*c3 PbO ��- 0��(dielectrics): r� 7 �x�O� MgO p

��� ��=*[4]. MgO p��� PbO 0��: ����- 
��

�O��� p�v;j $=, PDP �	
� ��� �� ��3�x9

(23 ���� � ��X s� ���# T���- �b� x� �

� �	
�- a� _ 0x��� ��f;� YZ= a�� =*[5]. =

�, A2 01B� ���4(data electrode)� �� 7 % {� 0��

� r�=*. %17 s� 130µm qr- ��(barrier rib)� ��= *

c DE�(phosphor): 0�� {3 r�=*. ��3  	. ¡¢(R),

£¤(G). ¥¦(B)3 v§ � ¨ ©- ª�  �- K)(pixel): �«

*[6]. �¬ d� Db> �2BH A2B ]]� ­�V7, 280oC-350oC

- �r3. ,�®3 �¯ PDP M�: �°O� A�= ± �	
�

��9
: 500 torr qr� ;< ! ­² ³ >*. ́ � µ¶> �	


� �
��� ��� ·q= ��¸¹: 0x 7 µº�i� »1

� {v µ¼°q3. �x�3 �½V� 3�¾(aging) °q� ¿�X

O� ÀÁ*. 3�¾ °q� �	
� �
��� ��(PDP) µ¼ °
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q Y3. ÂÃ°q3 v§ j, ��3 �r: 60oC-70oCqr� 0

x 2. ��3 ��� Ä9v ÅÆ�¶ ¸¹3. mq�® �· 3

�¾ 7 �]X Ç83 -v ÈºH ÉÊº� Bq ³ >*[7]. 3�

¾- YZ= ËX� MgO p��3 Ì�> ÉÍF� �	
� ��O

� (2� ·qK Î �Ïx  � ¶SO� ´� 7,� ÐÑ� Ò�7

�i� Ó¸�Ô � C� �ÕO� ®; ! PQ °q3. � Ö �®

3 �¯ �½V7 C*[8]. PQ W, M? ×a©T PØ� �� M�-

��X Q^�[O� W=Vf C7 �	
� ÙÓ3 -= M� ��

ÚK� �¸K²F ÛqO� =qVf C� �q�*.

(2- KÜX ÚK: Ûq � �# [E KÜ[ÝÕ(ESCA)� oU

Q^HÜ ×a3 Þ� ß�VàOj �)(H)¬ áâ(He)� µ?= ;

�ã(3 C� äå æ): Ûqç � C*. mnXO� è�[- æ)

6� 0.02-0.2%- �µXÄ [vé M3. êx9 9é=ë �Ò�

monolayer- 1-10%3 v§>*. $=, æ#��� �u> E�#- 3

�x� KÜ ì²= æ#6� 9x7 C�  �9(charge): ìqç �

C*. ��XÄ íÅ3. î � (2æ)- RK¸¹, KÜì²D¹, [

#- �#a¼3 í= Ò� � � COj qÊ[Ý, �ï[�[Ý, ð×

FG- [Ý, 0�K²F [ÝÆ3r 0� ³ 8�>*[9-10]. ��M

�� �	
� ��3 -v Db> ßb��Ã� �2B- MgO p�

�H A2B- DE�: ïñXÄ IJ3 -v F1, KÜX ÚK: À

¯ (2- ·qKò�3 róç ÒO� ô¸ 7 C*. %õ� �õ=

M� ÚKHq� íö � m� ��� v� x y7.� q÷= ¸

¹: ôÛ � øå òÅ� C*. $=, ����9 ùú� ��M�:

è� Y3. v� ! (2� [Ý 2 Ìûb� ¢= MgO9 è�Y

3. �[H Ì� ! KÜX ÚK: mOüt� M� (2- [Ý #

^: �ýç � Ð³ >*.

 	. ` ×a3.� ´� µ¶> �
��� ��� �	
� ��

3 -v ·qKVf9� ÚKHq� �°3. v� ! in-situ� �þ=

± X-E�# [ÝÕ(ESCA)� �� ! M�(2 ÚK: íö ÿ*.

2. � �

2-1. �� � �� ��

��3 8�> �	
� �
��� ��� WM PDP µ¼ �83.

µ°= 7-inch �
� ��� 8� ÿ*. 9�, ̈ �, +�9 ]], 17 cm,

11.5 cm, 0.3 cmÄ �2BH A2B3 ]]- �4� DbVf COj

NeH Xe �² ����9 500 torr qr ùúg ­²> ���*. ��

� ÂÃ °qÄ 3�¾ °q� a� ;¥�(driving frequency) 50 kHz,

a���(driving voltage) 185 V3. ]] 0, 0.5, 1, 2, 12, 24�® �

· �	
� ��¸¹� xU= ÒO� �� M� (2ÚK: íö 

7#  ÿ*. ­²��� [Ýç � è� Y3. v�= ��� ?�Ù

Ó(R), [�)O� (2¼b ÚK: 9g� � Cf [Ý �ýb- =

�9 C� �"3 �°¸¹3. v� ! ´7�°¸¹- [Ý ,��

�þç � C� �|: Fig. 1H d� 7· ÿ*. �|� æ�D a¼

� M�3� 17 cm×21 cm- �� 	
(panel holder)9 ��Vf C7

��� v� ! ��� ù� ç � C� ¬�

(wobble stick)� �

2H Û23 �� ÿ*. 01B ?�- 0�F� �R(hexane)H ��

�� ¨� ! G)� �¼= ± *���� �� �� ! 1×1 cm2-

q�DO� 01B3 ��� Mà*. �| M 	
3 ��� {��ü7

mq= �°� 0xç �Ïx �p ��: �� ! �°r: 3×10−6torr

� 0x��*. �°¸¹3. ¬�

� �� ! q�D- ��� �

�� v�=*. ��, ��M�3 �Q � ����� Äv �| M�

��� �9 ± �) 2 ion getter pump� 5×10−8 torr � - �°r

: 0xç � Crz  ÿ*. Xð= ��� ù�> ��� ¬�

O

� �� 	
(sample holder)3 ,�Vf �%�
 �þ,�: 8� 

! ´7�°(2×10−10 mbar) [Ý �|� �þ ³ >*.

Fig. 1. The schematic diagram of PDP chamber for vacuum transfer.
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2-2. �	��

�#[E�(ESCA)3. �z � Ò� Eæ3. �uV� E�#-

 �3�x�j 
!�"�  �3�x($� ì²3�x)3 è ! �

u> �#- �: Ûq ³ >*.

` ��3 8�= �#[E�(ESCA)� EA200(OMICRON, VG)�7

�[,�� (1) Eæ, (2) ́ 7�° [Ý �|, (3) [#�, (4) Çu�,

(5) ��Ú$�, (6) �z�� abVfC*. �� ¼q� {v. �1%

{3 ��> o(gold) (2H �(scratched silver)� Ûq ! Au 4f7/2¬

Ag 3d5/2 &�9 ]] 84.00±0.1 eV, 368.2 eV {�3. ÇuV� Ò�

÷Ä ÿ*. ù�> ��� 8��� 14 kV, �� 13 mA, �°r 10−10

mbar _ X-@ EæO� Mg Kα(1253.6 eV): 8� ! �	
� 'u

�®3  / �� M�- KÜX ÚK ¸¹: �#[E�(ESCA)3 -

v [Ý ÿ*.

3. �� 	 
�

3-1. 
�� 
���

�	
� �
��� ��(PDP) µ¼3. �� M�: ·qK �Ô

ËXO� �½V� 3�¾(aging) °q� PQ �Ö �®3 �¯ �½

V7 C*. �2B� �	
� ��3 -v MgO p��� ����¬

ïñ ñ t� �� ÙÓ- ;Z Ä#9 Î � C*. MgO p��-

ESCA Ûq3 (. MgO(100) òìq(single crystal)3 èv )k (2

[Ý ! MgO3 è= ©*XÄ �b� ��p+7 % ìH: Fig. 23

�LMà*.

MgO(100) òìq� O1s, Mg2s, Mg2p- ;b[ &�� ]] 530, 90,

50 eV {�3. ÇuVà*. òìq- ESCA Ûq� ��� °� Y '

u� Äv R)b[(O1s)- �9¬ �� ,1Hq3. 0<> 0�F-

�-O� }Ê- .)b[(C1s)� (23 �Q x5 */ oU ÉÍF

� �Q x y+7 /0= Mg2s, Mg2p �# &� Çu� �L1*. �

2¸ MgO òìq� 3� 4 3�x9 7.3 eV� */ RKF63 �v

56 �7 ·qXÄ NaCla¼3 �#¸�9 4.217O� KÜXO�r

56 ·q= a¼: x87 CO�[11] Ìûb� s� �� Ì�O�

KÜ ÚK: mOü� ÒO� ®;V7 C*.

�	
� ÙÓO� ÚK � PDP M� (2ÚK: íö � {v 3

�¾ �®� 0, 0.5, 1, 2, 12, 24�® �· �½= PDP ��� �° �

|3. v� ! in-situ� [Ý= ìH: Fig. 33 �LMà*. �2B

- p�� ;Z ab b[� Fig. 23. pÄ MgO(100) òìq- O1s,

Mg2s, Mg2p¬ 08= {�3. ÇuVàO� &� ¢r- ��¬ �	


� 'u �®3  / &� ÚK9 �³ �L1*.

�	
�3 'uVx y� MgO p�� (Fig. 3(a))� (2� °� Y

3 �9 �® 'u> ¸¹ÿOt� �[H 0� �-F3 -= ÙÓO

� 4(23. �%�:� À- ÇuVx y+*. �Ò� MgO �?-

b[� X-@ hH ;{(50-807) �¸- +�� r�> ¸¹<� �L

=*. 530 eV¬ 285 eV- ¸§> �9= O1s, C1s &���� MgO ?�

� Db> ± MgO %�Ä(grain)- 9,#1(boundary)3 �RK�

(OH)9 Ì�> ¸¹<� ô¸ç � C7 .) $= .R�%�:- D

¹� �bVàO1	 !@�*. 0.5, 1�® ,1= ��- ÚKqr�

�x yO� 2�® (Fig. 3(d)) qr �	
�: Ä9 2 530 eV¬

285 eV {�3. O1s¬ C1s &� ¢r9 ¸§Ê �)A� pÄ*. 12�

® �¸ (Fig. 3(e), (f))3.� (23 .)b[� �� Çu=� � �

íÛVàOj 90, 50 eV- �%�: &�� ¸§Ê �9A� �L=*.

��XÄ ÚKHq� 24�® �	
� 'u3 -v ́ � RKVàB R

)b[H .)b[� CTb ��� D� ! 4(2� MgO(100) ò

ìqH 08= &�D¹¬ s�: �LM³ >*. �¬ d� (23.

D�> FG6� �	
� ��°®O� �uVf ����¬ �²V

f �¸O� �Q=*7 p!�*[4, 12].

X-@ �#[E�3 -= Ûq� �q æ)9 xE ì²3�x3. �

uV� �#- �: Ûq= ÒO� (23 �Q � R)9 */ æ)

¬ KÜX ì²� �F � &�- ¢r¬ &� äÈÚD(shift)� íÛ

 ! ì²> ¸¹: 0�ç � C*[13]. KÜX ì²¸¹ ÚK: íö

 � {v Fig. 3- O1s, Mg2p- �YXÄ ;{: 
G ! &�- s,

�� _ äÈÚD3 èv. ¨H ³ ��v p+*.

Fig. 4� ��- R)b[(O1s)3 è= ÚK: ��= ÒO� 532.5-

526 eV- I� ÙJ3. &�9 DbV7 Cc� p!K*. I� O1s &

�� �³ ¨ 9x Ã�- KÜX ¸¹� &�9 YLVf Cc� ôÛ

ç � C*[14]. O1s: �KO� = KÜX ì²¸¹� MgC 3(C 3
2−, BE:

531.5 eV), Mg ( 2−, BE: 530 eV), Mg( H)2( H−, BE: 528.5 eV)O�

¨[K ! [Ý ÿ*. ´� µ¶> ��(Fig. 4(a))- MgO p���

.)¬ R)b[- 0<O� Ä= MgO Í� b[� �E ÉÍF� �

A= ¸¹� I� D¹- &�: Db 7 C*. �	
� Ä9 �®�

�9A3  	 528.5 eV- �RK�¬ 531 eV- .R-� (23. M

f�� Hq� �L=*. ìHXO� �	
� Ä9 �®� 24�®(Fig.

4(f))3 �N2 530 eV {�3. O6èP a¼- &�� Í� Mg  b

[O� ·qKVfQ� �L=*.

�R9x� Fig. 53. p� S¬ d� Mg2p �b &�3 èv. Û

O O

O O O O

O

Fig. 2. ESCA spectra of MgO(100) single crystal.

Fig. 3. Surface change of front panels at different plasma exposure time:
(a) no plasma, (b) 0.5 h, (c) 1 h, (d) 2 h, (e) 12 h and (f) 24 h.
���� �40� �5� 2002� 10�
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,

q ÿ*. Mg� �KO� = ì²¸¹: íö= ÒO� Mg2p &��

ÉÍF- �Q3 è= ÷×= äÈÚD(shift)� p!;7 C*. KÜX

O� ´� (OH)2- �K ¸¹ÿB p��(48.5eV)� �	
� Ä9

�®� Tfx2. oUb- O single crystalH d� U�= O6è

P- &�(50 eV)� �$V� Ò� íö ÿ*. �Ò� �	
�3 -

= VX WH� �RK�9 (2O��� D�Vf ���� Y H2O,

CO, CO2 b[� Çu>*� mX- p7¬ �²> ìH� �]>*[15].

ÉÍF� 0<> MgO p��� �³ R)b[H .)b[- ¼bÚ

K: 9g�*. R)b[� è� Y �[H oUb �%�:- RK3

-v (2O� 0<Vf ìq- 9,#13. �RK�%�:(Mg

(OH)2)O� DbVàO1	 �]Vj .)b[� p��� ��ç �

���|3. 0<VàÀ�, è� Y �RK.)- Ì� $� �� ,

1 � 0�F 0<O� (23. .R�%�:(MgCO3)- KÜX b[

O� �Qç ÒO� 8^>*. �õ= ÉÍF� 3�¾ °q- �	


�3 -= VX WH3 -= �Y©Z(outgassing)H ��O� �b>

 �<#9 (2H IJ ! � 7 +�: 
��� ! Ír s� MgO

�O� �$V� Hq� À�7 VH 
���3 -v CTb ���

�$Vf (2� MgO òìq D¹- KÜX ÚK: À�� HqO�

�2B� ·qK Vf�*7 p!�*.

�2B- (2À�3 íX> 5[8\� N (1)3 -= (P� 9é *.

     Vacuum, Plasma

3MgCO3 · Mg(OH)2 · 3H2O 4MgO+3CO2+4H2O (1)
       Atmosphere

] 3�¾ �®3  / �#[E�(ESCA)- Çu&� 2X� Ru 

! �2B �� M�- KÜX ÚKHq� Fig. 63 �� ÿ*. + �

® �  �	
� 'u �®O�� (2- p�� {3 r�> FG�

�$Vx y+O� 12�®- 3�¾ °qO� .) b[� �� Çu

=� � - ;{Ïx µÀV� Ò� ÷Ä ÿ7 R) b[r 2�®H

�� ! ¸§Ê �) ÿ*. �2B- MgO p��� ÂÃ 24�®-

°q�®O� �%�:H R)- &� 2X�9 è* 1:1.74- ]� x

8³ ^� ÷Ä ÿ*. (2- ·qK: {v �½V� 3�¾ °q�

Q^- ,1¸¹3  	 ��9 CO� KÜX ¸¹� Â) 12�® �

¸- 3�¾ �®� ¿Zç ÒO� 8^>*. 

3-2. ��� 
���

�	
�¬ ïñ ñ ³ V� A2B- DE�� X¤(R), £¤(G),

_¤(B)- R, G, B Í.� �� M3 r� Vf  �- pixel� �«*

[16]. ��3 -= �°#?@(VUV)� DE�3 Ì�Vf !� V2 3

�x9 s� ¸¹3. æ ¸¹� J��2. R, G, B3 v§ � ��

�u ³ >*. DE�� ä�9 V� ìq8�3 ßbµÄ `®(Mn)�

� 0�&a(Eu)� mq rb cr� [R�� ¸¹� ` ��3 8�>

DE�� X¤(R) Y2O3:Eu, £¤(G) BaAl12O19:Mn, _¤(B) BaMgAl14O13:

Eu- KÜN� d� }¨ aD<#� abVf C*[17]. �	
� Ù

ÓO� (2- ·qKe5 �8	 DE�- TE�br ßT> ×aV

7 Cx5 ` [Ý3.� A2B- (2 ÚK5� íö ÿ*.

�	
�3 -= A2B- ��XÄ ÚKHq� Fig. 73 �LMà*.

�2BH *N³ f²b[- K²F� �ef� DE�- abæ)9

}  ̈&�� ÇuVà*. abæ)� Ba3d, OKLL, Mn2p, O1s, EnMNN, Y3p,

C1s, Eu4d, Al2p, Mg2p b[� ]] 780, 745, 642, 531, 404, 308, 285

160, 73, 50 eV {�3. &�- ÚK� b[- �b&�9 ÇuVàx

5 �	
�3 -= ;b[- ÚK� Ðà*. %õ� �	
�: 12�

® �¸ ,1= �� (Fig. 7(d), (e))H ,1 x y� �� (Fig. 7(a))�

�� 2 ,1= ��� R)¬ .)b[- �): �LM7 C*. �

Ò� �2B3.¬ d� <#D¹- DE�3.r �	
� ,13 -

v �[H 0�F- Ì, D�ng� �½Vàc� p!;7 C*. h,

Mg

Mg

 

Fig. 4. Chemical shifts of the binding energy of O1s peak at the differ-
ent plasma exposure time: (a) no plasma, (b) 0.5 h, (c) 1 h, (d) 2 h,
(e) 12 h and (f) 24 h.

Fig. 5. Chemical shifts of the binding energy of Mg2p peak at the differ-
ent plasma exposure time: (a) no plasma, (b) 0.5 h, (c) 1 h, (d) 2 h,
(e) 12 h and (f) 24 h.

Fig. 6. Effects of the aging on the front panel surface: � O1s peak, � C1s

peak and � Mg2p peak.
HWAHAK KONGHAK Vol. 40, No. 5, October, 2002
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.:

.:

lay
�	
�: Ä9 � 3�¾ °q3. �� M� (2- ÚK� p�

�H DE�3 �Q 7 CB �[H .R-� D� ! ����¬ �

²> ¸¹� �Qç � C*. �	
�: Ä9ç �  �<#- 
��

WH: 0T � WHXÄ 3�¾ Hq� DE���� 0<> �[H

.R-� �¸K²F� �$�i ·q= (2O� DE� Cr¬ @i

r: Ó¸�ü� Hq�	 �]>*.

PQ µ¼°q3. �Ö �®3 �¯ �½V7 C� 3�¾ °q�®

� M�� {= �Õ� Ír9 s� Q^@jH �,13 -= ÉÍF

0< �x %17 A� °q- �r: 250oC�¸ X� ! �� (2

- �Y©ZO� T� � ��(CO, CO2, H2O): µÀ � �ÕÆ�

X� ! 3�¾ �®� Mm � C� è·O� ®;V7 ��- ·q

= ¸¹� (2- .)A0Ê� Â) ¸¹9 Î �Ïx �½Vfg\

ç ÒO� 8^>*.

4. � �

�	
� �
��� ��(PDP)� MgO p��H R, G, B DE�9

�	
�¬ ïñ ñ 7 Cf ��O� Äv (2- KÜX ÚK9 T

�=*. �� M�- (2ÚK: íö � {v è�Y 'u Ð� ��
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