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 aluminum-killed(AK) � � Invar �
� ��� �� ��� ��	��. �� ��� �,
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�4 Invar �
� �� 56" 17 56�� 891 :;� < � :=�. �� > ?@� ABC- �� ��� Baume
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Abstract − The ferric chloride etching of aluminum-killed(AK) steel and Invar alloy was studied. The effect of process

parameters(i.e., etchant temperature, Fe3+ ion concentration, specific gravity(Baume), and free HCl concentration) on the etch
rate was investigated, and the results showed that the etching reactions of AK steel and Invar alloy follow the first-order kinet-

ics. Roughness of the etched surface was improved when the etchant Baume was increased. The change in free HCl concen-

tration did not affect the etch rate significantly within the range covered in this study. The experimental data were compared

with the calculations from process modeling, and they were in good agreement.

Key words: Shadow Mask, Etching, AK Steel, Invar Alloy, Ferric Chloride
†E-mail: chpark@yu.ac.kr

1. � �

TV ���� � ��� 	
� �� 
�� �� CRT(Cathode-Ray

Tube)� �� ��� shadow mask� �� ��� ��(aperture)� ��

 ! �� "# $%&'(), *+,�) �- ! ./ *+0� 1

23 456� 783 69, CRT� :;5< =>5? @A6� BC

D�E FG3 EH. IJK� ;8 TV8 shadow mask� LM(�

NO� AK O(aluminum-killed decarbonized steel)� �( -8 �

��, �:;58 shadow mask� LM(� O-
P Q$� Invar Q$

� �( -8 � �H[1, 2]. �:;58 shadow mask� LM() AK

O� �KRE �4� � LMS T# UVWX�(1.2Y10−5/oC)? SZ

� �! SU[ shadow mask doming \;'( ]^ _`� I!.�

abc� �d ea�H[1]. �fE doming \;3 gh]6� b��

i3 Tjd k:)� lH m# UVWX�(1.7Y10−6/oC)? n� Invar

Q$� -8� KQ6H.

Shadow mask� bo�A D pq �A� rs(etching) �A# -t

�A3 u: 5vw xy��Z(photoresist)� z{ |}� �� !

�� AK O ~� Invar Q$ k( �] b2O 8�3 �I6� �-

[� ��3 ��6� �A�H[3, 4]. rs 8�(etchant)� �] b2O

8�# �E �]�3 SZ� �'9 H�E $% � Q$� rs�

-8� � �� � �# J��3 SZ� �H. ~E �� ��K �

�6� 4� S�< ��� ��� K! PCB(Printed Circuit Board),

J5�8 lead frame � H� �f A� *+ ��� rs 8�'(

5 �� -8 � �H[5, 6]. ;�K'( �( -8 � �� shadow

mask rs d�# spray etching d�() �? u:  � rs %5

(etch rate)< �IE ����(etch profile)3 ¡¢6� �H[7-9]. Spray

etching �A# shadow mask� �i£ ¤S� ¥¦K� §23 z¨

� �A'(), �A o©� z{E _]� �: b�� �i� \ªj

_] � «¬3 SZ� �H. ­? ®! �A o© D etchant� /5�

shadow mask� �� %5< ¥@ 9, rs 8�� ¯5< �D# r

s %5, etch profile, °�� ±^ ²³d� §23 z¨� wH. Spray

´�5 F[ rs %5< etch profile� §23 z¨9, rs 8��

4��5� rs 8� µ� ¶fZ ��3 ·b6� FG3 EH[5].

�® �A o©®# )( BC �¦E ;  ̧¹��3 SZ� �! etching
393
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�A� �XK� ��? k:)� �A _�®� ºE »¼K� �:

S ½�6H[10-14]. ¾ etching �A� v¿6� �� ]ÀJ�K�

Á^£ Âi*ÃK� Á^� ºE �:S ½�69, KRE �A 	Ä

Å£ ¹X6� \Æ� ¥¦ K8� � �� rs %5r� ��� ½

�6H. ~E Invar Q$� �C, AK O£� Ã� O£ 
P( ¢�

 ! �'Ç( etching J�d µ�) AK O£� J� «�� È�5

¹¢ !É EH. °f. \LÊZ etching �A� �E »¼K� �:

� Ë� �ÌE ÍA'( �� \Æ�)� Î¥5 o�� ;Ï ��3

�Ð� �Ñ6� �� ÍA�H.

Ò�) ¼ ¹¢�)� shadow mask� LM� AK O£ Invar Q$

� etching �A3 lH »¼K'( �:6� �? u: �� �A�

¥¦ K8G � �� etching %5r3 ¢6d kE IÓ� ¹¢? �

Ô6ÕH. C= ÍÐ� �: �A _�®� etch rate� z¨� §23

o-6Õ�, �A 	ÄÅ3 u: etching %5r3 456ÕH. �fE

etching %5r# Âi*Ã%5< ]ÀJ�%5? 	Ö �×E %5r'

() � %5r'(�� X�w �®£ ÍÐ dataS )( �� Ø'9

�? Íb shadow mask� �� �A� K8¿'(Ù etching %5r

� 48�3 ÚS6ÕH.

2. � �

�] b2O 8�� �E O£ 
P� rs J� �Ûr# r (1), (2)

< Ü� ÝÞj .ßà � �H.

2 FeCl3+Fe�3 FeCl2 (1)

2 FeCl3+Ni�2 FeCl2+NiCl2 (2)

Eá O-
P� Q$� Invar Q$# 64 mol%� Fe< 36 mol%� Ni

( ¢� ! �'Ç( �] b2O 8�� �E Invar Q$� rs J�

�Ûr# r (3)£ Ü� .ßà � �H.

2FeCl3+0.64Fe+0.36Ni�2.64FeCl2+0.36NiCl2 (3)

k rs J�®# ±^� k¨E J� site®(Fe< Ni ¤+)£ etchant

%� ¿4w Fe3+ �/Ý� *+ �â mechanism� �: �ã!tH.

Íb etching J�d µ��)� lH äåE £A3 u: rs� t

Ô 9 �? �æ6� A�6^ Hç£ ÜH.

è Fe3+�/� etchant bulk(�� $% ±^'(� é�

ê Fe3+�/� $% ±^�� ëì

í $% ±^�)� *+�âJ�

2Fe3++Fe0
�3Fe2+ (4)

2Fe3++Ni0�2Fe2++Ni2+ (5)

î $% ±^'(��� Fe2+�/£ Ni2+�/� ïì

ð ïìw �/®� etchant bulk(� é�

;�K� shadow mask etching �A�)� etchant� ¯5, �D °�

� etchant D� HCl� ¯5? lH ñò£ ��S á�E Þk� ó

(5(F: fatigue ratio), Baume(BeH)[15], °�� 4��5( ss A

�6� -86� �'9 ° �Xr®# Hç£ ÜH.

ó(5(F)= (6)

BeH=145 (7)

4��5= (8)

Spray nozzle(�� �- � etchant� ¯5S �I6� $% ±^

k� �� � ôõö µ�� Fe3+�/� ¯5S �- � ¯5< Ü

H� SAG e, Fe3+�/� $% ±^'(� �â%5� �-� �X^

� �� � A�ö(stagnant layer)�)� Fe3+�/� é�%5� �:

@A ! tH. ~E A;;÷�) $% ±^'(� Âi�â%5< ±

^J�%5� Ü'Ç(, ±^J�� 1È J� %5r3 Ò�H� SA

G e rs %5� r (9)< Ü� ±\� � �H.

(D/δ)(Cb−Cs)=k0 exp(−Ea/RT)Cs Etch Rate (9)

r (9)� ÝÞE ø�Û(film theory)[16]3 K86� ù# @£(),

�e D� Fe3+�/� rs 8� µ�)� é�X�, δ� A�ö� Öú,

Cb� �- � etchant µ� Fe3+�/� û¯5, Cs� $% ±^�)�

Fe3+�/� û¯5, k0� ±^J�� frequency factor, Ea� ±^J��

ü�]�ýZ, °�� R# d�;��H. �] b2O 8�� �E $%

� rs �A# Âi�â£ ±^ J�� 	Ö �× � o©�) tÔ

 Ç( r (9)(�� Cs? ¢6� A�6^ r (10)£ ÜH.

Etch Rate = (10)

r (10)�) é�X�(D)� /5 �Ñ�3 �×6^ D=D0exp(−Ed/

RT)��, �e D0< Ed� ss ÍÐ� �: @A !Z� X�®�H.

IJK'( �] b2O 8�3 -8E rs� �C T# Baume(>44

BeH)� rs 8�3 -86Ç( Ea< Ed� »-E �3 SZ�  �

[8], �? r (10)� K86� A�6^ r (11)( ±\� � �H.

Etch Rate= (11)

Eá r (11)�) X^� �� � A�ö� Öú(δ)S etchant� 4

%(v)� �ÑEH� SA6^ δ=δ0v
−b( .ßà � �� �e δ0< b

� X�®�H.

þ'( �? r (11)� ºÿ6� A�6^ g�K� rs %5r3
ù3 � �� �� r (12)< ÜH.

Etch Rate = (12)

�e a(=k0δ0/D0)< b� ÍÐ data<� ��? u: ù!É 6� fitting

parameter®() �( Âi*Ã «�� �: @A � X�®�H.

k�) 45E rs%5r# âIE J� site®� ºE %5r'()

AKO rs� �C�� �( K8 � r�., Ö SZ J� site® ¾,

Fe< Ni( ¢�w Invar Q$� �C�� Invar ±^� ��w Fe�

±^J�%5< Ni� ±^J�%5S )( H�Ç( ° È�? �×:

É  � �? K86^ r (13)£ Ü� ±\G � �H.

Etch Rate =

(13)

�d) k0Fe< k0Ni� ss Fe< Ni ±^J�� frequency factor, EaFe<

EaNi� ss Fe< Ni ±^J�� ü�]�ýZ? .ß�H. Þ, r (13)�

45 £A�) ±^� ��w Fe< Ni ¤+®� @Q;÷� Ò� J��

È�� �[ Ø� 	Ö 1È J� %5r3 Ò�H� SA6ÕH.

3. � �

Fig. 1# ÍÐ� -8w stirred bath rs J�d� ��5�H. �

FeCl2
FeCl3 FeCl2+
---------------------------------- 100 %( )×

     –
 

------------------ 
 
�D

�D

HCl
FeCl3 FeCl2+
---------------------------------- 100 %( )×

≅

1

1
1

D δ⁄
----------k0 Ea RT⁄–( )exp+

---------------------------------------------------------k0 Ea RT⁄–( )exp Cb 

1

1
k0

D0 δ⁄
------------+

--------------------k0 Ea RT⁄–( )Cbexp

1

1 av b–
+

------------------k0 Ea RT⁄–( )Cbexp

1

1 av b–
+

------------------ [k0Fe EaFe RT⁄–( ) 0.64Cb( )exp

+k0Ni EaNi RT⁄–( )exp 0.36Cb( )]
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J�Æ¨� 	/�o 
� 6�� stirrer unit£ beaker®� �¨ !

�! 	/ o©�) �f o�� etchant®3 â[� -8G � �5

� �X6Õ�, 
*�� Æìw �Jd� teflon ��3 6� rs J

� 5D etchant� �E �Jd� �r3 1Z6ÕH. ~E stirrer�


*�(rpm)? Aéj oRG � �5� 6� Íb shadow mask�

spray etching �Ao©£ »-E etching o©3 ù3 � �5� �X

6ÕH.

AéE J�%5 data? ÍÐ'(�� ¡�6d k6� etchant� ó

(5 _]S J� *�? u: 10% z�'( 4Z 5� z� J�o

©3 é�6Õ�, ­�ÍÐ3 u: L\��� ÍÐ �k? @A6ÕH.

rs� -8E etchant� ó(5� �Ûr� �: A�w [á®(AK

O, Invar Q$, N� nickel)3 �] b2O 8�� 8:[� oR6Õ'

9, J� *�� ó(5 ÁA# EDTA KA�[17]3 -86ÕH. Etchant

� BeH� KA�� DI water? S6². SU6� etchantµ� ��

3 b²¿'(Ù oR6Õ�, 4��5� HCl3 �S¿'(Ù _][�

H. Etchant� BeH< 4��5� ss Baume ÁAd< pH meter�

�: ÁA6ÕH.

rsJ�� �) IAE ó(5� etchant 200 ml? Fig. 1£ Ü�

250 ml beaker� �Î 	/o� �A6� IAE etchant /5? 4Z

[� �, �Jd? KA rpm'( 
*[� A;;÷? 4Z6ÕH. �

!) ��w AK O, Invar Q$ ~� N� nickel [á3 2Y2 cm2

�d( RÞ6� etchant� �S 5�Ý etchingE � DI water( {�

6� ©o6ÕH. °�� etching � xhw [á� i�3 ÁA¿'(

Ù etching %5? ¢6ÕH. �e [á# ;�K� spray etching �

A�) I!.� etchant� ��3 	-6d k: beaker µ�� 4�

��� �¥6� k¨[�H. rs ��� etchant� ó(5, BeH, °

�� 4��5? 	Ö ÁA6Õ�, rsw O&� ±^£ �� 	�#

*+\z�(SEM)3 -86� � 6ÕH.

Etchant� /5� 40-60oC, etchant� ó(5� 18-26%, etchant�

BeH� 44.0-46.5, °�� etchant� 4��5� 0.5-2% �k�) _]

[�'9, �� Íb ;�8 shadow mask �� ��� etching o©

3 	Ö v¿6� �kÕH.

4. �	 
 ��

Fig. 2� AK O rs %5� stirrer 
*�� ºE �Ñ�3 .ßµ

� °!�H. °!� .ßô superficial velocity� [á3 Z.S�

etchant� Ú� 4%�H. C= 
*�S "S¿� Ò� etch rate� Þ

N "S¿3 # � �'9, âIE 
*��)� /5S "SG��

rs %5S "S¿3 # � �H. 
*�S "S¿� Ò� rs %5

S "S6� $# 
*�S "SG�� [á ±^ »%� etchant�

4%(v)� "S6�  � 4%� "S� A�ö� Öú(δ)? "� 6�

&£? Éd[� Fe3+ �/� é� %5? "S['d ea�H. °�

� /5S "S¿� Ò� rs %5S "S6� �4� ±^J�%5

� "S< Âi*Ã%5� "SS äQK'( 786� .ß.� @£

�H. ~E 700 rpm �;� §F�)� rpm� "S� �E etch rate

� "SS (:)) etch rate� s /5�) ²� v] � �ç3

# � �Ø�, �$# AK O� rs J�� Âi*Ã%5? @A6�

_�®� *x6� �Ñ6� §F�) +!.� �ç3 �zEH. Ò�

) 700 rpm3 �A 
*�( -86� rpm� _]� Ò� Âi*Ã%

5� _]S �Z ,# §F ¾, ±^J�-%§F� »¦E §F�)

J�%5;�(k)? ¢6� ÍÐ3 �Ô6ÕH.

Fig. 3# rs [Ý� Ò� �] b2O �/ ¯5� _]? l���

°!'(), AK O£ N� nickel� rs J�� 1È J�r3 . Ò

�� �ç3 .ßµ� �H[18]. °!'(�� ¢E J�%5;�� AK

O� �C 7.28Y10−5cm/min,N� nickel� �C 1.51Y10−5cm/min�Ø

�, âIE J� o©�) N� nickel� J�%5;�S AK O� °$

� �: 7ç3 # � �ØH. ~E Fig. 4� rs J�� Arrhenius

plot'() J� ü�]�ýZ(Ea)� AK O� �C 11.85 kcal/mol, N

� nickel� �C 13.07 kcal/mol�Ø'9, �(�� N� nickel� rs

J�� AK O� rs J�� �: /5� lH *x6� _]¿3 #

� �ØH. ;�K� spray etching �A�) l� � AK O� ü�]

Fig. 1. Schematic of the stirred-bath etching reactor.

Fig. 2. Effect of stirrer RPM on the etch rate of AK steel.
(Fixed process condition: F=20%, BeH=46.50)

Fig. 3. Conversion of ferric chloride as a function of etching time.
(Fixed process condition: T=45oC, F=20%, BeH=46.50, 700 rpm)
HWAHAK KONGHAK Vol. 38, No. 3, June, 2000
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�ýZ(Ea=13.03 kcal/mol)[8]< ��: / e stirred-bath etching J�d

�)� rs� spray etching� �ClH Âi*Ã -%§F� SÊ�

o©�) tÔ � �ç3 # � �ØH.

�0� ¢E kinetic parameter®3 �A 	ÄÅ3 u: 45E r

(12)� etching %5r� K86� C= AK O� ÍÐ@£< ��6Õ

�, �(�� AK O£ �Ów fitting parameter®3 @AG � �ØH.

AK O rs� �C a< b� �# ss 15.95< 0.641�ØH. Fig. 2

� .ßô Í=®# AK O� rs %5r� X� @£? l���

°!'(), ¼ ¹¢�) 45E 	ÄÅ equation� ÍÐ data? BC

»-6� ­Á6� �ç3 l��� @£�H. ~E Fig. 2�� .ß.

�Z� ,'. etching %5r� rs /5. ó(5? _][� ÍÐ

@£<5 . I¨¿3 é�G � �ØH.

Fig. 5� Invar Q$ etching ÍÐ data< r (13)'(�� X�w @£?

Ü� l��� °!�H. �e AK O rs %5r� -8w fitting par-

ameter �®3 °º( -86Õ�, ÍÐ3 u: ¢E N� nickel�

kinetic parameter �®3 K86� Invar Q$� rs %5? X�6ÕH.

Invar Q$� rs %5r�) AK O rs� �C< Ü# fitting par-

ameter �®3 -8E $# Invar Q$� rs J��)5 AK O�

�C< Ü# Fe3+�/� Âi*Ã� I!ôH� / � �d ea�H.

°!�) l1� X�w curveS ÍÐ data< BC . I¨¿3 # �

�Ø� �� k�) 5ÿE SA� Q�K23 .ßµ� @£�H.

Fig. 6# BeH� _]� Ò� s /53 AK O� rs %5� _]

? .ßµ� �H. BeHS "S¿� Ò� rs %5� Þo xh¿3

# � �ØH. °�� Fig. 7# rs � 4§E AK O� ±^ SEM

-t'() BeHS "SG�� ±^� ²³d� �=53 # � �Ø

H. �� H� ¹¢+®� @£< . I¨6� @£()[7] BeHS "

SG�� Fe3+�/� é�%5S 6!®! rs %5S xhE @£(

:7G � �H. ~E âIE BeH�) /5S "SG�� rs %5

� "S6Z� ±^²³dS . 83 # � �Ø'9 �� /5 "S

� Ò� Fe3+�/� é� %5� "S� d�E §2'( :7G �

�H. Ò�) 700 rpm o©� 9*E ±^J� -%§F3 b�6�

$# Î:3 é�G � �ØH. ~E ±^²³dS Âi*Ã �Ó par-

ameter� *x6� �Ñ6� \;'( lÎ ¼ ¹¢� etching �A�

Âi*Ã -%§F »%�) tÔ � �ç3 # � �ØH.

þ'( Fig. 8# 4��5� _]� Ò� AK O� rs %5? l

Fig. 4. The Arrhenius plot.
(Fixed process condition: F=20%, BeH=46.50, 700 rpm)

Fig. 5. Effect of stirrer RPM on the etch rate of Invar alloy.
(Fixed process condition: F=20%, BeH=46.50)

Fig. 6. Effect of Baume on the etch rate of AK steel.
(Fixed process condition: F=20%, BeH=46.50, 700 rpm)

Fig. 7. SEM images of AK steel surface after etching.
(a) T=50oC, F=20%, BeH=44.70, (b) T=50oC, F=20%, BeH=45.50,
(c) T=60oC, F=20%, BeH=45.10, (d) T=60oC, F=20%, BeH =46.00
���� �38� �3� 2000� 6�
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ri-

nd

nd-

-

��� °!'() ¼ ¹¢�) o-E ÍÐ�k µ�)� 4��5S

rs %5� z¨� §2� ²� ;ç3 # � �ØH. rsw AK

O ±^� ²³d5 s /53 HCl ¯5� _]� Ò� ²� _]S

;ç3 # � �ØH.

¼ ¹¢�) ¢E etching %5r# Íb shadow mask ��8 spray

etching ��� K8 ! �A_� oR8 %5r'( -8 Ø� °

@£, ÍÐ'(�� ¢E kinetic dataS K8w 	ÄÅ r� K8��

BC C�¿3 ÿ"G � �ØH.

5. � �

Stirred-bath etching J�d? �86� �] b2O 8�� �E AK

O, N� nickel, Invar Q$� rs J�3 ÍÐK'( o-6Õ� �

A 	ÄÅ3 u: etching %5r3 456ÕH. 45w %5r£ ÍÐ

data? �� �7E @£ shadow mask rs �A3 lH »¼K'(

�:G � �Ø� �? �æ6^ Hç£ ÜH.

(1) �] b2O 8�� �E AK O � nickel� rs J�# Fe3+

�/� ̄ 5� º: 1È J�%5r3 Ò�H.

(2) Arrhenius plot'(�� ¢E AK O � nickel� ü�]�ýZ

� ss 11.85 kcal/mol, 13.07 kcal/mol�Ø� âIE rs o©�)�

AK O� rs %5S nickel� °$� �:  �3 # � �ØH.

(3) BeHS 44.5-46� �k�) AK O� rs %5� BeHS "S

¿� Ò� Þo xh6Õ'. rsw ±^� ²³d� 2;53 # �

�ØH.

(4) 4��5� _]S AK O rs %5� z¨� §2# o-w

�k µ�) zz6Õ'9 ±^ ²³d� _]5 ²� ;ØH.

(5) ø�Û3 -86� 45E rs %5r# stirred-bath etching Í

Ð@£®3 . ­ÁG � �Ø'9, ~E Íb ;�8 shadow mask

� �� ���5 K8 ! ° 48�3 ÿ"6ÕH.

� 


¼ ¹¢� (�)LG<��Û� ¹¢� Z¤� �: �Ô Ø'9 ��

x-=�
H.
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