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Abstract − ZnO thin film phosphor was deposited by MOCVD method for the applications of anode plate in a Field Emis-

sion Display. Atom-Forced Microscope, Scanning Electron Microscope, XRD, XPS, PL and CL were used for the examina-

tions of the characteristics of the film deposited from diethyl zinc vapor. The film thickness ranges from 3,000C to 10,000C,

and the rate of deposition was 50-150C/min. The surface of the thin film was the most uniform at 450oC and the rate of de-

position was fastest at 500oC among various temperature conditions. Above the deposition temperature of 550oC, the crys-

talline size was inhomogeneous because of the increased desorption rate, and the film was not deposited under 350oC. Even

though the measured value of Cathodoluminescence(CL) was relatively low, the deposition temperature was found to be the

most influential factor in the low pressure metal organic chemical vapor deposition process.
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��� ��. �� ��� �������(LCD: Liquid Crystal Display),

� !"�����(PDP: Plasma Display Panel), #$%&�����

(FED: Field Emission Display) '( �) *�+ ,-. /01�

��. �2(34 FED� 56� 789�����(CRT: Cathode Ray

Tube)� :;< �= >?��3 ��� 	
(4 @A1� ����

�B3 CD< E� ��.

Fig. 1F FED� G�4� H�I� ��. FED� �DJ+ 4KL

�< #$%M�N( �O %&L #P+ QRI� S< -�T 1

†E-mail: yoondy@daisy.kwangwoon.ac.kr Fig. 1. Configuration of a Field Emission Display.
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U, �DJ+ 4KL #�V(W8V), >XYZ� #P[ \]< ^

� _�V(78V)̀  �a�3(spacer)'bB �=cd ��. _�V

F >XYZ� #P� %&< �) %&ebB3 fgBh iCj

\]��B �=cd �bU, � iCjkF lm�L n�( �O

400o��� p�< +dqY r`ms #P %&� �=c/�. �

fgBh #P%&e< 5tB �� �( uv) 	&wP( W8

x�c�� +�� fgBh iCj( y) #:� �z1c WP

{|ms }~�r`( �O #P� %&�T 1� �Q %&L #

P� /nN�� ���� W8V� �DJ� QR S< �bB3

����� V�B3 M?� +���[1, 2]. ��� �� N?< �

O3� 8�Oq � ��;k� �� ��� � 2(34 �DJ�

-D�4� �F Z9� ��� ^� �� �q��. CRT�� ��

t#�(3 -DOq �� FED? �DJ� Z-F FED� ���

� �O3� p�� 901cdq )�. �) FED� �� _�V(ca-

thode plate)̀  #�V(anode plate)� �w� �� �b�B sO3

�D�� ��+  b�34 ¡¢4(uniformity)+ �� £¤q )�

[3].

FED? �D�� �) �¥< Y¦�� ��( -D�4+ £F �

DJB M? +�) §¨B� ©�¤*(ZnO)< �R� > ��. �

� n-type p4JB3 ©�¤*� -D( �) ªg«¬F ­ ®¯d

�� °b� ±²³� ´�´µbB sO ¶zL #P� �n� �

´A( �O �·¸�� 	¹1c/�[4]. #5#44+ ºF ©�¤

*� �DJ� �� »F #P¼(½ 5 eV)� %M�( 789< -D

��B, ¾¿ ´A( �c3 -D
5+ t#�(e.g. 20 V)(3 À�

�� �����55B M?���( �� mA��[5]. Pfahnl[6]F

©�¤*` Á�¤*(5 wt%)� ÂA§< ¨Ã��5(3 1,100oC�

�ÄbB :�� �Å Ã´µbB3 ©�¤* �DJ� ��� > �

Æ�. � %Ç(3 ��L �DJ� ÈR/ ©�¤*� -DÉz` Ê

M��Y ÃË��� �w. Ìc�� ÍbB �·Î�. ��ÏF 5

6� �DJ ��%Ð< �?�� Ñ�Ò��� �DJB ©�¤*<

��� ��, ¡¢4( �c3 ��+ �� ÍbB ÈR�� ��. �

� 8��5 �O Ó���� ©�¤* �DJ� ���� Í� �

ÅbB ��1� ��. Shealy '[7]F 56� %Ç(3 �·¸ �)

k< 8��5 ��� Ê5ÔÕ�|Ö×(MOCVD: Metal Organic Chem-

ical Vapor Deposition)< �?�� ©�¤*� Ó�< ���� ¹�

L Ézk< H��54 �Ø�. �kF ©�¤*Ó�� ¡¢) z:

( �|Ö×Ç� r`mÙ< H��Øb�, tÄ(3 Ä4Ú�+ �

)1� +�� Ê�
� Û�Üs< ÝÞT �R�� ß�Ø�. t�

MOCVDÇ� �� tÄ z:� +���, �à4� ´�¶©§< �

��5 á�U, �W) Éz� Ó�< âT ã< > �5 Q�(, �

� �F Ó���n�(3 �� M?1� �� �� 2Ü) 5ä�

�. ��Ï� �|Ö×Ç� r`mÙ� ÈR/ _, på5³� Ê�

: æ på` çèL �éms Oêk� >01Æ�[8, 9]. #pmb

B Ó���� �DJ� �� 56� Ñ�Ò ��� �DJ( ëO

�� »F �4� H�� �b� ©�¤*� -D
5+ �� ºF

;< �R�� +�z� �< ÍbB H�/�. �) Ñ�Ò ���

�DJ( ëO ì�m� mc3 íîbB@} Å#��� :;� �

bU ¡¢4� Ê�� > ��[10, 11].

ï *�(3� t�� Ê5ÔÕ�|Ö×Ç< �?�� Ó�� ©�

¤* �DJ� ���� � Éz< �M�Ø�. �� ��� på5

³(3 5N� diethyl zinc, ©Ã ��� hp5J� Ê
, ��� p

åÄ4� ÏF n��¥k< ÝÞT Û��ð�3, ITO Ê��(3

©�¤*� Ó�< z:�ñ_ Ó�� �DÉz< �M�Ø�. ï *

�� ´`kF FED çè �DJ� Z-n�F §é �W#�� l

]Vk� �� æ ò$( ,?ó > �< Í��.

2.� �
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ï *�(3� FED(3 �DÓ�bB� M?< ômbB ©�¤*

Ó� Ö×< ��� Fig. 2� ÏF t� MOCVD på5� �À�Ø

�. #�J� ½ 8 oC� 5K-¶5(3 hp5J( �O 5K�1c

õê5J( ��� õêL _ IpåB( Êö1� 350oC�N� p

åÄ4(3 ©Ã� på�� ©�¤* Ó�< �z�� på+��

på5� ÷d �+T L�. #�J� ?5� 5K-¶5� M?��

ø0.2oC�³� íùB Ä4� ¢��T Ê��ú�. #�J(diethyl zinc,

à4>99.999%)� �J��B ûüL ?5( Hç1Æ�. #�J� h

p æ õê5JB� ¨Ã(99.99%)� M?�Ø�. ¨Ã� Ê
F ¨


Ê
 �ý$(Bronghorst, TYPE F-221M-FA-88-P)( ��� �ý1

Æ�. Ö×på5� �þs��y 316bB �À1ÆbU >ÿ�C�,

G¢��� Ö×?bB �z1Æ�. på5� ��� ÿ� 30 cm(

�G( @×L �B�� N�º� �ý5� �?�� +]V< ��

µbB� º�� PÊB� �ý� > �� e���U på5 NG

@� #J ÿ� 4s�, 	ÿ� 0.1 mm, 	�� �w 1 cm� 
��

�+ @×1c på5B Êö1� 5J� ö�
�< �Ã�ð�, p

å5J� ¡¢�T 5V�B ���4� �Ø�. på5 ³@(� 4s

� 5V< �< > �� ]V� ò�1c ��� ì�Ä4� 1,000oC

�� �� > ��. +]V� ³@ æ ì�(� ]#�� CC @×�

� Ö×Ä4� ¹�` �ý( �?�Ø�. på5� �GF på5

³@� +��� %�� �O @×L û�§¨� H�� �O �C

>ç� ò�1c ��. )� Ipå5� /n4� Ê��� I5 �

O3 @på5� ò��� 5V� &ö� ¶� > �� /n4� t

�� �Ã�ú�. ©�¤* Ö×( �?1� ��F ITO(Indium Tin

Oxide) glass� M?�Ø�.

2-2.����

ï *�(3 M?) ��F diamond pencil< M?�� ITO glass�

­  3×3 cm ²5B Y� �7, H2SO4: H2O2: H2O(vol% 1 : 1 : 5)?�

(3 10�� 
�) _, NH4OH : H2O2 : H2O(vol% 1 : 1 : 5)(3 10

��, ��� HCl : H2O2 : H2O(vol% 1 : 1 : 5)(3 10��< �7bB

� H2SO4 : H2O2 : H2O(vol% 1 : 1 : 5)(3 10��, �) C G$�

Fig. 2. Schematic diagram of MOCVD reactor.
1. O2 gas 08. ITO glass
2. MFC 09. Loadlock chamber
3. MFC readout 10. RF heater
4. N2 gas 11. Temperature readout
5. Bubbler 12. Temperature controller
6. Temperature readout 13. Vacuum pump
7. Main chamber 14. Scrubber
���� �38� �2� 2000� 4�
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�_ �Ä��5� �`) DI waterB 
�< �U "��bB ¨

Ã purge�� >�< � �Ø�. 
�< !") ��F íî%��

�O #� på5( $ö�Ø�.

©�¤* Ö× �%F �7` Ï� ���Ø�. @på5� �?�

� ��< Ipå5�� ���ñ _ på5� �&< �ý�� 1�

�+
 �&< Å���ñ�. ��( ]V� Ä4� 33. e��

Ö×Ä4�� �RI� Å���ñ�. �& æ Ä4+ Å��1� Ä

4+ �c1� �� 5K-¶5( MFC� �O �cL ¨Ã� '(

��ñ�. ��( õê5J� på5J� $ö�� Å�) N�(3

på� ¢c�4� �Ø�. Ó�< Ö×�ð� �(� H� ) ��

� ÃÜ1Æ�. ) ���4� ��� �¸ _ Ä4+ »¤�� ��

< Ipå5(3 @på5B ���� ��< )*�. ��< ¨Ã¥

bB purge) _ �ê< �O û��� Hç)�. ï *�(3 M?

) Ö× �¥F Table 1̀  Ï�.

2-3.��	


Ö×L ©�¤*Ó�� ��� SEM(Scanning Electron Microscope)

< �?�� ¹��ØbU ¡¢4(uniformity)� AFM(Atom-Forced

Microscope), Ó�� ´����ê< ��� XRD(X-ray Diffraction)

�, 789 -D Éz< ��� CL(Cathodoluminescence)¹� :ë

� CC �?�Ø�.

3. �� 	 
�

ï *�(3 ��) ©�¤*Ó� Ö× �%(3� Ä4( �) 


�, õê5J( �) 
�, DEZ� ©Ã� +ë( ,- 
�( �O

2;< �� �%< �Ø�. .t Ä4( �) 
�< /0H5 ��

� Ó�� û4 Û�( ��� È¤H1�. Ó�� ��� SEM< �

�� ¹��Ø�. Ä4( ,- û4Û�� Fig. 3( �·� ��. �2

(3 È > �3� Ä4( ,  û4+ Ö+��+ 450oC�N� Ä

4(3� û4� Û�+  � 4� ÍbB �·Î�. �� på§s

DEZ� på5Js ©Ã�� på� !#. ¢c�5 Q�bB H�

U tÄ(3 �·�� ÔÕ ¤*(metal zinc)� �ÄbB +�3 ;;

4c�� �NbB È > ��. Fig. 4� på�& 1 torr, hp5JÊ


 25 sccm, på5JÊ
 180 sccm, õê5JÊ
 300 sccm, 5K-

¶5� Ä4 8 oC(3 Ö×Ä4( ,- Ö×Õ4� 4�) Í��. Ö

×Ä4( , 3 Ö×
� Ö+��+ � �N� Ä4(3� Ö×


� �Ã�� Í< È > ��. Fig. 3̀ 4� 5A�� H� Ö×Ä4

+ 450oC�N(3 û4� Û��  � 4b�, Ö×Õ4� 400oC�

N� Ä4+ 1� 6w. �Ã�� ÍbB �·Î�. #, påF !

#. ¢c�� �b� Ö×
F �Ã�� ��. �� Ö×
< ´�

O I� ´×$>(sticking coefficient)+ �ÄbB 7>� Ò »¤�

� Í� esbB H�/�. ´×$>� 8×$>� 9×$>( �O

´�1c��� 450-550oC� ��(� 9×$>� Ö+B s�� Ö

×
� �Ã) ÍbB Hs�. Ö×Õ4+ �Ã�� esF �(3

�·¸ 9×$>� Ö+:(4 � +�� Ò �R� > ���, ;<

B 5N(3� ¡¢$på< �m� > ��. �� 5V ì� Ä4

Ö+( ,  � �( 6��� 5J� Ä4Ö+B s�� 5J³@

(3� =¶z æ ¶z= z:� >?1c N�mbB Ó�Ö×Õ4

� �Ã�ð� ´`� @T 1U ï �%` Ï� �O(A�+ ��

ÀF Ê5 ÔÕ�A§< påe"B M?�� på5� ��( ��

��T �·¸�. �B<B� @&r`(buoyancy effect)� k > �

��, �� på5³� ÊJ� W� �� mF N�(3 ºF Ö×Ä

4B s) 5J� NCr`( �O �·�� ÍbB H�/�. på

5³� Ê�:< Oê�T 1� @&� r`� �
mbB �M� >

�< Í��.

Fig. 5� Ä4( ,- SEM( �O çDL ì� �N< �·³� �

�� Ä4+ Ö+µ( ,  öP� ²5+ E�� Í< H�I� �

�. 550oC� ��(� öP²5+ �� F¡¢µ< È > ���, �

� 5V( 4��5 #( �G på� ¢c¸ _ 5V( 4��T 1

�3 �·�� �NbB 	¹1c/�. �) Ä4+ º¤�� 5V

ì�(3� öPk� ��4, # ì� ��4+ º¤�T 1c på

� HzO�� �(,  öP²5+ FIJ�T �·�� ÍbB H

�/�. �� påÄ4+ 550oC� �� på5 ��( på§� ´

×1� �NbB � u � K< > ��. ¢pmbB Ö×Ä4+

450oC(3 +: �- Ö×Õ4� H�� �bU, ¡¢4 {� 450oC

(3 +: £F ÍbB �·Î�. )� Fig. 6F eP& �G�(AFM)

bB çD) Ä4( ,- Ó�� ì� Û�� H� I� ��. Ö×


Table 1. Experimental conditions for deposition of ZnO film

Item Description

Precursor Diethyl zinc
Substrate ITO glass
Carrier gas, Dilution gas N2

Reaction gas O2

N2 gas flow rate 80-330 sccm
O2 gas flow rate 10-180 sccm

Bubbler temperature 5-20oC
Bubbler pressure 600-680 torr
Deposition pressure 1-2 torr

Fig. 3. Effect of deposition temperature on the density of ZnO film.

Fig. 4. Effect of deposition temperature on the deposition rate of ZnO
film.
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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� 350oC(3� 1,044o, 450oC(3� 1,400o, 500oC(3� 381o

� ��B �·Î�. ��� #J �� �ë ¡¢4� ¹�(3� Ä

4+ º<>� ¡¢4+ �÷�� Í< Ls� > �Æ�. �2(3

H� 350oC� ��� # �m( MN3 �OT �·�� p�(

450oC, 500oCB 7>� P�Q` PÃQ� ù�+ �� ER< È

> ��. �� Ö×Ä4( ,- påÕ4� Û�� på5³� ��

�N( ç$1c �·�� ÍbB H�/�. Fig. 7F Ä4( ,- x

9 Sý�ê(XRD)��}� �·* Í��. �� Sý T²+ �·�

� �U� �DJ�� �� V� (002) Sý T²+ �·¸�. , 3

5¨ ì�( >ÿs c-W \�z< ^� ÍbB È > ��. �) Ö

×Ä4 500oC(3 P�� ´�T²+ ãcXbU 400oC��(3�

ë�¨� �·Î�� �� ´�� (A�� @¦( 5s��.

Fig. 8F på5J� �z, # DEZ� ©Ã� +ë( ,- Ö×Õ4

� 
�< �·* Í��. � �%F Ö×Ä4 500oC, hp5J Ê


 25oC, õê5J� Ê
 300 sccm, 5K-¶5� Ä4 8 oC� �

¥(3 >01cX�. �� �%�¥� �� +ë( ,  ¢��T

Ö×Õ4+ �Ã�� Í< Y > ��. �) ©Ã� DEZ� +ë+

2 : 1�4B Ê�ó Q Ö×Õ4+ +: £bU � �N� ©Ãn6F

på< tO�� Í< È > ��. �� på( ZÜ) W�:� ©

Ã� õê5J� {�< �� ÍbB �RL�. Fig. 9� [� �%�

¥(3 õê5J(dilute gas)s ¨Ã� Ê
( ,- XRD �ê ´`

��. ï *�(3� õê5J� Ê
� m< ��s 100 sccms �

�( �¢ £F ´�z< H�� ��. Fig. 8(3� Ö×
� º<>

� ´�z� »¤R< H�I� ��Y, Fig. 9� XRD ´�z �ê

´`( ,O� #J Ê
2( ©Ã� +ë+ E¨>� ´�z� �

Fig. 5. SEM images of ZnO film at various deposition temperature.

Fig. 6. AFM images of ZnO film at various deposition temperature.
���� �38� �2� 2000� 4�
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N\< H�I� ��. #, ¨Ã� Ê
� Ìck>� N�ms ©Ã

� +ë� Ö+�� ��. ´] ©Ã+ ^�. n6ó Q �� ´�

z� Ò £¤/�� Í< H�I� ´` � U� > ��.

"��bB ©�¤*� FEDå?< �) 789 -D(CL: Cathodo-

Luminescence)< ¹��Ø�. Fig. 10F Ä4( ,- 789 -D 


5� H�I� ��. ¹�F 0.2µA -D #_� 13 keV +Õ#�(3

>01Æ� 10−7 torrB Ê�1Æ�. ¢pmbB ï �%(3 ��L ©

�¤*Ó�� ��, 450 nm� 540 nm(3 ÞF -D T²� H�I�

��. CL-DF 1.2 keV +Õ#� ��(3� çD1� °1�. Ö×

Ä4+ 500oC¢ ��+ +: ºF CLy4� H�IÆ�. ï *�(

�c3 CLy4� FED( m?�5( �� »F ¹�Q< ^� ÍbB

�·Î�. �( �) es< �U� �DJ� ë�O H� �U� �D

J� �2�©(multiscattering)bB sO -D� 
5+ Ö+�� p

�( ï �%(3 ��L Ó�� �DJ� ��� �( ,- r`+

45 Q�bB H�/�. �U� �DJ� �U M�( dead layer 

� ë-D`� 6���B sO3 CC� �U�( -D� ¢c¸ _

3B� �a( �O3 �G$B -D� ¢c���( pO Ó�� �

DJ� ��(� ��) dead layer {�< �� `� 47bB sO

3 �2�©� ¢c�� ß)�. �� 8��5 �O3� Ó�� �

�� �`�< �z�4� �� Éz< Û���3 �%�¥< �ý

�� Í� Ó�� �DJ(3 �2�©r`� ^T �� �ÅbB H

�/�.

4.� �

ï *�(3� FED� W8V(3� M?< ��� MOCVD %Ç

< �?�� diethyl zinc� ©Ã� �?�� ©�¤*Ó�< 350oC(

3 550oCM�� Ä4(3 Ö×�Ø�. Ó�� Éz�ê< ��� Ä

4( �) 
�, õê5J( �) 
�, DEZ� ©Ã� +ë( ,-


�( �O 2;< �� �%< �ØbU �( ,- Ö×Õ4� Ó�

� Éz< �M�Ø�. Ö×L ©�¤*Ó�� ��� 3,000-10,000o�

ÆbU Ö×Õ4� 50-150o/min�Æ�. Ó�� Éz< ´�b� +

: c ÜÃ� Ö×Ä4s ÍbB �·Î�. Ä4� Ö+( ,  Ö×

Õ4+ Ö+��+ �Ã�� ÍbB �·Î��, �� Ä4( ,-

9×Õ4� Û�( 5s) ÍbB �·Î�. Ö×Ä4+ 550 oC�N

¢ ��(� 5N(3� öP�z æ 9× Õ4� Ö+B sO Ó�

ì�� N�+ ]d�ØbU 350oC��¢ ��(� »F påÄ4B

sO på�  � -¶�� °1�. 789-D ¹�´` FED( M

?�5(� »F ÍbB �·Î�. �( �) �Ê� �U�DJ(3

-¶1� S� �2�©< ¢be > �� dead layer+ 6��� °

5 Q�bB H�U �� 8��5 �O3� �` %ÐbB Ó�<

���� Í� ��� �ÅbB H�/�. H� �Õms *�� �

�� �� FED( å?� �4� Ó���n�� �¥k� 4&1c

q � ÍbB 5�L�.

� 


� f�F 1999g4 Dh�|� �³|ä*�ë �e( �O *�

1Æh«�.

Fig. 7. Effect of deposition temperature on XRD patterns.

Fig. 8. Effect of O2/DEZ mole ratio on the deposition rate of ZnO film.

Fig. 9. Effect of the flow rate of dilution gas on XRD patterns.

Fig. 10. Cathodoluminescent spectra of ZnO thin film phosphor.
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