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�W �b�� .³j >êÚ � O�Òò�� �Ï~V *� 
þj 
�~&
. �¢ *� 
�W �b�� �Òf
>êÚ � Ò�~ �cc N�¢ �²z~V *� �ê�� 
�W �Òö &� Fe/Ni �.*Oj >¯~&
. Fe/Ni
�.*O 
þb� �& Hull Cellj �W~� *~&ê ª�ö V� Fe/Ni �.[ Ú~ �Wæz¢ &V~&b�, 
þ
Ö" �.*O� �ç�C*çb� �~� *��~ v>;êö V¢ �.[ �W� �² 'Ëj Aº ©b� ¾æÒ
.
� 
þöBº paddle type v>V¢ ÒÏ~� *�î~ {Öj BÚ~º O»b� ö~º �W~ Fe/Ni �.[j áj
> ®îb�, áÚê Fe/Ni êïj &çb� TMA �ªCj 
�� Ö" �Òö j� �R Ôf �ccNj ��º ©
b� ¾æÒ
. 6�, � 
þöB Fe/Ni �.*Oj Û~� B·� 
�W �b�� .³j &çb� O�WËj G;
� Ö" �Ò ï6 &j �& 2V �ç~ O�WËj �� >êÚ � O�Òò�~ �Ï &ËWj ¸� "î
.

Abstract : An attempt was made for the application of porous reticular metal to a heat dissipation material in semi-
conductor process. For this aim, the electrodeposition of Fe/Ni alloy on the porous reticular Cu has been performed
to minimize the thermal expansion mismatch between Cu skeleton and electronic chip. Preliminary tests for the elec-
trodeposition of Fe/Ni alloy layer were conducted by using standard Hull Cell to examine the effect of current density
on the composition of alloy layer. It seemed that mass transfer affected significantly the composition of Fe/Ni layer
due to anomalous codeposition in the electrodeposition of Fe/Ni alloy. A paddle type stirring bath, which was
employed to control the mass transfer of electrolyte in the work, was found to allow the electrodeposition Fe/Ni
with a precise composition. TMA result showed that the thermal expansion of Fe/Ni alloy layer was much lower
than that of pure copper. From the tests of heat dissipation by using the apparatus designed in the work, the heat
dissipation material fabricated in the work showed the excellent heat dissipation capacity, namely, more than two
times as compared to that of pure copper plate.

Key words : heat dissipation, porous reticular metal, electrodeposition, Fe/Ni layer

1. B  �

�"
Ú 
�W .³j *Vz�'� O»b� B�~V *
� ��& �B® ê¯>� ®º º^ö ®b�, Ëê ITÖë~
/³� B�� V&Nö V¢B '« VËW Òò��~ 
�
W .³�Ï� �
 
·�î ©b� .çB
. "æ~º :f
?� 
�W .³Òòº Ú¦ö �^� B��(open pore)j &
æ� metal skeleton� �b��~ ;�� ÚÖ�^ ®V r^
ö '« *�Òò 5 O�Òò��~ ßW� 
Ö �Ú¾�,

pore sizef porosity¢ ÒÏÏ'ö V¢ ª~� BÚ� > ®
.

�W .³~ B�»b�º �� &æ& ®j > ®b¾, pore
sizef porosity& � 
�W .³~ ãÖ polyurethane foam �
j ÎÒ� ÒÏ� *Vz�' *O»� ô� �Ï>� ®
1-5).

�W .³Òò~ "º Ïê7~ ~¾�� 9f ��'" Ö
>� ÛVWj �Ï� O�Òò _f O�Ú�~ �Ï� "Ï
A� ®º:, �"öº high power~ >êÚ NÊûÏ O�Ò
ò�~ �Ï� �ê>� ®
. ¯, >êÚ~ �÷'zö V¢ B
�>º �ïê /³® Ã&~� ®º� .¢ 
� IntelÒ~
MPU(micro-processor unit) Î�j V&b� 1995j ræº 5-
10 Wö ®"~~ �ï� 1997jöº 34 W, 6� *Òöº �
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� 40 W >&ö ��º � B�ï� �² Ã&�ö V¢B �
�ÿ� O�^B& >êÚ� Jê~ bottle neck� >� ®
.
�¢ �Ö~V *� ~¾~ O»b� 
�W .³j �ö ËO
~� � Ú¦~ �j �¦� OÂ�Êº O»� ®º�, �r~
^B�º �*êN� Ö>� .³�Ú¢ ~� �ccN� &Ë
� ·j¢ �
º 6b�� �¢ .³b�º v &æ bWj
Îv ò��ÊV& �® Ú[
. ��� ^B¢ �Ö~V *~
� �"öº Cu/SiC, Cu/AlN, Cu/W, SiC/Al �~ 
·� �
�Òò¢ O�Òò� ÒÏ~V *� ��BB6-10)� ê¯>� ®
Vê ~¾, B�O»� �Ç~� &Ï� j�V r^ö ¢¦ Ò
ò¢ B�~�º �çræ çÏz >&ö ê�~æ á~� ®
.
� &¶
f �" polyurethane foamj ÎÒ� ÒÏ� 
�
W �b�� �Ò~ B·
þj >¯� :& ®b�, ¢^B�
1,2)¢ Û� �¢ ²B~Vê ~&
. �öB Þ/� :f ?�
� Òòº 9f ��'" Ö>� ÛVWj &æ� ®
º ßW
b� �~� î�Ú O�Òò� &�j r� ®
. ��¾, >
êÚ � ²¶ö 7�j *�Bº �ccê>& 6 ppm �~� ·
j¢ ~V r^ö �Ò¢ �&� ÒÏ� >º ìb� �Òf ²
¶Ò�ö �ccN� 
Ö ·f 7�[� �Ò~�¢ò �
. �

þöBº �¢ �Ö~V *� î�Ú �ê�� 
�W �b
�� �Òö Fe/Ni �.*O11-15)j Û~� z+~º O»b�
>êÚ �~ O�Òò¢ B�~�¶ ~&
. �¢ *�B ÖF
Hull Cellj �W~� Fe/Ni �.*O ßWj �Ò~� �¢
Æ&� 
�W �b�� �Òö &� Fe/Ni �.*O 
þj
>¯~&b�, B�� O�Òò¢ &çb� O�WËj G;~
� §�'b� >êÚ � O�Òò��~ �Ï &ËWj æê
~&
.

2. 
þ O» 5 �ò

2.1. 
�W �b�� r�ö &� Fe/Ni �.*O
þ
� 
þöBº 
�W �b�� r�ö &� Fe/Ni �.*O

þö �B ÖF ï6ö &� Fe/Ni *OßWj �Ò~V *
~� Hull Cellj �W~� ÿ¢ *�îöB~ *O
þj 
�
~&
. Fe/Ni �. ê.[~ Æ�ïf *~&ê, Nê, v>³
ê 5 pH �~ *O��ö V¢ æz~æò *Oæ>~ �.
òb� r�ç~ *~ö V� �W �¢z¢ ��Vº ÚJÖ
�, �W �¢zö &Ë � 'Ëj �~º æ>º anomalous
codeposition b� �� Fe �N~ {Öj BÚ� > ®º v
>³êf *~&ê¢� � > ®
. V¢B, � 
þöBº v
>³êf *~&ê¢ B�� 
� æ>º �;~&b�, �ö
&� *O��f Table 1ö º£~&
.
�Þ, *~&ê~ 'Ëj �Ò~V *~� �W� Hull Cell

f 267 mL �& Hull Cellj ÒÏ~&b�, �þÞ� r�f
0.8 mm vþ~ STS316j �� �î~� ïê~² � ©j Ò
Ï~&� ·�f vþ 1 mm~ î.6j �� Öz[j B��
ê ÒÏ~&
. �&� & *~º 1 A�î�, C *O�*f 3
�*�î
(Potentiostat, 273 A, EG&G). ¢>'� Hull Cell
�þ" îR&æ� êê~ v>f 
�~æ p~b�, *O�
�Â 
r �þÞ~ �*~&ê ��öB 10 mm ÎÚê æ6
öB¦V 10 mm *Ïb� &*~&ê �� ãb� EDS ªC
j~� Fe/Ni �ïæz¢ G;~� EDSªCj 
�� ' æ6
î
 Hull equationö V� *~&ê¢ ��'b� êÖ~� *
~&ê æzö V� *O[~ �Wæz¢ �Ò~&
. 6�, '
æ6öB~ SEM(Hitachi, 2400) ªCj Û~� *O[ ��~
morphology¢ &V~&
.
�Þ, *~&êf v>³ê~ 'Ëj �Ò~V *� Fe/Ni �
.*O
þf 20Ü20 mm ;Ò'; STS304¢ ·ë*�b� Ò
Ï~� ·�b�º Ti basket ö ball type~ ·� î.j �j
r�" ï¯~² J~~� paddle type v>V¢ �Ï~�
paddle ~ {�³ê¢ æz�Ê�B áÚê Fe/Ni �. êïö
&� �W" �cc ßWj �Ò~&
. îæïb� �f ?f
V.
þ Ö"¢ Æ&� 
�W �b�� �Ò¢ &çb� �
Fe/Ni �.*O
þf *~&ê 20 mA/cm2, Paddle cycle 1.1
Hzb� ~� ·�b�º ·� î." iron ballj 4 : 6~ jN
� Ti basketö �j *Oj 
�~&
. ·ë*�b� ÒÏ�

�W �b�� �Ò~ B�º �� ��� O»1,2)j ÒÏ~
&
. 

2.2. 
�W �b�� O�Òò~ O�WË �þ
�öB B·� 
�W �b�� O�Òòö &� O�WË �
þf Fig. 1~ G;Ë~¢ B·~� 
�~&
. O�Òò� 

�W �b�� .³(skeleton metal)~ � �j �*êN� Ö>
� r��ªb� molding ~� � �Þj 
þË~ö �² J
êB holderö �;�Ê� æö ¢ò ËO~&
. �Þ, O�Ò
ò ���~ O�j �²z~V *� chamber *Ú¢ ��Ò�
�N~&
. G; O»f "Úê �Þj J«� :f ?� ËO
~� chamberö bj If 
r Nê�.Vf heater¢ �Ï~
� chamberÚ~ >Nj 80oC� �º� heater¢ jº ©" ÿ
�ö ï'�V¢ ;�ê Fïb� O�Òò *�b� ªÒ�V

. ï'�*� ã"~�B �·>º >Næzº V�ê
(Yokogawa, DR1400)ö V�~&b�, G; 7öº ê³'� v
>j Û� chamberÚ~ >N� �¢~ê� ~&
. 

Fig. 1. Experimental apparatus for measurement of heat dissipation
of metal skeleton.

   
Table 1. Electrodeposition conditions for Fe/Ni alloy employed in
the work.

Composition of 
Electrolyte

Nickel sulfamate 242.2 gr/L

Ferrous chloride 30 gr/L

Boric acid 30.9 gr/L

Sodium dodecyl sulfate 0.5 gr/L

Ascorbic acid 1 gr/L

Sodium saccharin 2 gr/L

Temperature 50Û5oC

pH 2.5
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3. 
þÖ" 5 �V

3.1. Hull Cellj �Ï� Fe/Ni �.*O
Fig. 2º Hull Cell ·ë*�~ �*~&ê ��¦V ¢;�
Ò *Ïb� EDSªCj Û� *O[Ú~ Fe �ïæz¢ ê�
� Ö"�
. Hull Cell ·ë*�~ �ã �f geometry ç ·
�" &ròB *~&ê& ÷7>æ� �*~&ê�� >&ã
�f >&� &Ë &*~&ê¢ ¾æÚ² B
. �âöB ��,
�*~&ê ��öB 12 mm ÎÚê æ6öB~ Fe �ïf £
5%� &Ë Ô~� �ê &*~&ê ãb� .>� 2N�>~
;�� Fe �ï� Ã&~º º^¢ ��� ®
. ß®, îæï
&*~&ê ��¦ªöBº Fe �ï� 23%ræ Ã&~&
. �
Þ, Hull CellöB~ *~&ê ª�¢ ¾ rJê 
r~ Hull
equationj �Ï~� êÖ� > ®º�, 

i = I (C1- C2 logL) (1)

�VöB, iº ' *~öB~ *~&ê, Iº �&� & C *
~&ê, Lf �*~&êã �öB¦V r�ç~ �Ò, C1, C2

º *��~ Wîö V� ç>�
. � 
þöBº C1 = 5.10,

C2= 5.24~ 8j &«~� êÖ� Ö"¢ Fig. 2ö ê�~&
. 
Fig. 3f Fig. 2~ Ö"¢ Æ&� ~� Hull current

density æzö V� *O[Ú~ Fe �ï æz¢ ¾æÞ ©b�
�, � �âöB r > ®º ©¾" *~&ê~ Ã&ö V¢
Fe �ïf æ³'� 6² º^¢ ��� ®
. � ?f Ö"º
30 mA/cm2 �~~ &*~&êöB *~&ê& Ã&�ö V¢B
*O[~ Fe �ï� ÿ�ö Ã&~º ãËj �� Horkans11)

¾ Nakamura12)~ Ö"fº 
�² ¾æÒ
. �©f � 
þ
~ Hull CellöB êê~ v>ì� *O� >¯>îV r^ö
mass transfer B£ö V� ³êª�� B�~� &*~&ê '
�ªöê ®�~� Hull Cell *� *'�öB *~&ê& Ã&
�ö V¢ Fe �ï� 6²~º ©b� ÒòB
. 
B�
Djokic13)~ 
þöB O�N� ;~² ;W>Ú ª�� Ã&~
º ãÖ *~&ê Ã&ö V� æ³'� Fe �ï~ 6²& &
VB : ®
. V¢B, Fe/Ni �.*O� *O[~ Î"'� �
WBÚ¢ *�Bº *��~ v>� >�� jº~
º Ò
j
r > ®î
.

Fig. 4º Hull Cell 
þj 
�~� áf *O�Þ~ ·ã
� ¦ª" 7�¦~ �� morphology¢ SEMj ÒÏ~� &V
� Òêb��, &*~&ê¢ röº ��� ��� ~&� �
çb� *O>
& 6N *~&ê& Ã&~�B «¶& �� �
�² *O>º *çj &V� > ®î
. �©f ¢>'� *O

þöB ¾æ¾º ãË" ÿ¢� *çb��, V¢B ���
�� Fe/Ni �.*O[j áV *�Bº &Ë� � *~&ê&
Ôf '�öB *Oj 
�~º ©� :²ç~
º ©j r >
®
.

3.2. 
�W �b�� O�Òò~ B�
Hull Cell 
þÖ"¢ Æ&� Paddle type v>�öB ï6ö
&� Fe/Ni �.*Oj 
�~&
. Fig. 5º *~&ê¢ 10
mA/cm2� �;~� *��~ v>³ê¢ æz�Ê�B ¢;
�* �.*Oj 
�� ê ' �êê� *O� �Â *��j
j�~� Fe 5 Ni �N³ê¢ G;� Ö"�
. �â (a)öB
�º ©¾" *��7~ Fe �Nf v>³ê& Ã&�ö V¢
6²~º º^¢ ��
& 0.8 Hz(paddle {�³ê 0.8²/sec)¢
V6b� z �ç 6²~æ p� �&� Fæ>º *çj �&

. >�, �â (b)öB ��º ©¾" Ni �N³êº v>³ê
0.8 Hzræ � æzì� Fæ>�¾ £* Ã&~º *çj �
�� ®
. �©f � 
þöB ÒÏ� ·�� Ti basket ö
Ni ballòj IÚ ÒÏ~&V r^ö Ni~ ãÖ *O� ê¯>
�B ·� Ï�ö V¢ *�� Úö Ni �N� Þ&~² �/
>Ú ²Î>º ò¢ �Ï~V r^�
. ��¾, Fe �N~ ã
Ö Ni"º �Ò ·�öB �/>º ¦ª� ìV r^ö *O�
ê¯Nö V¢ *�� 7~ ³êº ê³�B 6²~² B
.
Fig. 5öB v>³ê 0.8 Hzræ Fe �N³ê& 6²>
& �
�êöº �~ ¢;~² Fæ>º *çb�¦V v>³ê 0.8
Hzræº mass transfer& *Ú *O³ê¢ æV~º N³�ê
��, � �ê¦Vº Ï� v>� Ïª~� charge transfer&
J®J N³�ê& >� ®
º ©j ~��
� " > ®
.
6�, Ni~ ãÖ v>³ê& Ã&~�B *�� 7~ �N³ê
& Ã&~º º^¢ ��º �Fº �&� & C *~& ¢;
~V r^ö ·�öB Ï�>º Ni ·f ¢;�� >~� v>
³ê& Ã&~�B Fe *Oïf Þ&~² Ã&~� Ni *Oï
f ç&'b� 6²~&V r^b� ¦�B
. 

Fig. 6f Hull Cell �þ" v>³ê~ 'Ë
þj Û~�

Fig. 2. Variation of Fe content and current density with distance
from high C.D. edge in Hull Cell.

Fig. 3. Effect of Hull current density on Fe content in Fe/Ni layer.
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áÚê ��b� Fe �ï 60%� Fe/Ni �. êïj B�~�
�ccNj G;� Ö"��, TMA(Thermo Mechanical
Analysis, Perkin Elmer, TMA7) ªCj Û� áf data¢
normalizing~� B> �Ò~ ccN" jv� Ö" � 
þö
B B·� Fe/Ni �.[~ �ccN� *&® Ô² ¾æ¾ 

�W �b�� �Òö �f ?f Fe/Ni �.*Oj 
��b�
� � ²¶f~ �ccN N�¢ ��� > ®j ©b� Òò
>î
.
�Þ, Fig. 7f Fe/Ni �.[� *OB 
�W �b�� �

Ò~ ��j &V� *¶*�ã Òêb� Òê ³~ Wï Ff
v [~ Wªj {�~V *� �Ò� Cu �ï profilej ��
"� ®
. � �âöB r > ®º ©¾" �Ò[" *OB
Fe/Ni �.[� ãê& «{~² ç^ ªÒB ç�¢ {�� >
®îb�, V¢B *O";öB~ v [*~ ç^{Ö*çf �
~ ìº ©b� �'>î
. 

Fig. 4. SEM observation of surface morphology of Fe/Ni layer from
Hull cell test. (distance from high C.D. edge : (a) 12 mm, (b) 52 mm,
(c) 92 mm)

Fig. 5. Variation of Fe and Ni concentration in electrolyte with
stirring rate.

Fig. 6. TMA analysis of Fe/Ni layer obtained by electrodeposition.
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3.3. 
�W �b�� O�Òò~ O�WË
� 
þöB B·� 
�W �b�� O�Òò~ O�ßWf
Òò~ V��V(ppi, pores per inch), ��N, ï'�V~ Fï
�ö V¢B �¢æ² >�, ¢> ²�Òòfº �Ò �*êN
G;� 
¦~V r^ö � 
þöBº ¶Ú B·� O�WË
G;Ë~¢ ÒÏ~� ç&'� ï&»b� O�ßWj �Òª
C~&
. 

Fig. 8f V��V 45 ppi, ��N 91%~ 
�W �b��
�Ò(Cu skeleton)¢ �Þb� ~� ï'�V~ Fïæzö V
� chamber Ú >Næz¢ G;� Ö"��, .ç� :f ?�
�V Fï� Ã&�>� >N;~ ³êê �¢æº ©j {�
� > ®î
. �r, ' �F~ ï� VÞV¢ êÖ~� �Þ
�*�'� O�ïj [W/m2

ÁK]~ �*� ��� > ®b�, �
O»b� G;� r��ª ï6~ O�ïf 88 W/m2

ÁK�î�,
�Ò ï6~ O�ïf 124 W/m2

ÁK� ¾æÒ
.
Fig. 9º V��V¢ 45 ppi� �;~� B·� 
�W �b
�� �Òö Fe �ï 60% Fe/Ni �.[j *Oz+~� áf
O�Òò¢ �Þb� O�ßWj �Ò� Ö"�
. �r, Fe/Ni
*O�*f Î� �Þö &~� 2�*b� ÿ¢~² Fæ~&

b�, ��Nf 85%, 87.5% 5 91%� BÚ~� B·~&
.
�Ò ï6~ O�ïj 100% V&b� ~� ' �Þ~ ç&'
O�ïj ÚÚ �� �âöB �º ©¾" � 
þöB B·�
O�Òò Îv& �Ò ï6ö j� ¸f O�WËj ��� ®
b�, ß® ��N 91% �Þf ï'�V Fï 50 L/min ¢ r
�Ò ï6~ 230%ö ��~º O�ßWj ¾æî
. *>'b
� ÿ¢ �Þ~ ãÖ ï'�V Fï� �>� �Ò ï6ö &
� ç&' O�ï� � ©b� ¾æ¾ � 
þ~ O�Òò&
&æº ßû, ¯ Ú¦ ÛVW� ±V r^ö O�WËj Ëç�
Ò > ®
º .çj {��B "î
. 6�, �V Fï 30 L/
min � ãÖ¢ B�~�º �Þ~ ��N� Ã&�>� Ö>�
O�WËj ��� ®Ú �öB Þ/� :f ?� O�Òò~
.³¦ªö ~� �*ê�
º "� ÛVWö ~� O�WË�
²ÖNj r > ®î
. Ö�'b� � 
þöB B·� 
�W
�b�� �Òö Fe/Ni �.j *Oz+� O�Òò¢ high
power >êÚ �~ O�Òò� ÒÏ� ãÖ � ²¶f~ �c
cN N�¢ �²z� > ®� V�~ r��ª _f �Ò ï
6 O�Òòö j� 
Ö Î"'b� O�^B¢ �Ö� > ®
º ©b� ¾æÒ
. 

4. Ö �


�W �b�� �Òö Fe/Ni �.*O»j ÒÏ~� z+
� O�Òò~ B� 5 O�WËï& 
þj >¯� Ö" 
r
" ?f Ö�j áj > ®î
.

(1) 267 mL �& Hull Cellj �W~� *~&ê ª�ö V
� Fe/Ni �.*OßWj �Ò� Ö" �*~&ê ¦ªöB *
O[~ Fe �ïf Ô� &*~&ê ãb� .>� Fe �ï�
Ã&~º ãËj �&
.

(2) Hull current density æzö V� *O[Ú~ Fe �ï
æz¢ ÚÚ �� *~&ê~ Ã&ö V¢ Fe �ï� æ³'b
� 6²~&b�, �©f Hull Cell *� *'�öB ³ê ª�
ö ~� mass transfer &�r^b� Òò>î
. 6�, Fe/Ni
�.*O~ Î"'� �WBÚ¢ *�Bº *��~ v>� j
>'� ©b� ¾æÒ
.

(3) Paddle type v>V¢ ÒÏ� v>³ê~ 'Ëj �Ò�
Ö" v>³ê& Ã&~�B N³�ê& mass transfer stepb�
¦V charge transfer stepb� *~>º *çj &V� > ®î
b�, � 
þöBº �~ ãê æ6� paddle {�³ê 0.8

Fig. 7. SEM and EDS analysis of Cu skeleton electrodeposited with
Fe/Ni.

Fig. 8. Heat dissipation profile of Cu skeleton depending on flow
rate of cooling air. (45 ppi, porosity 91%)

Fig. 9. Heat dissipation of Cu skeleton electrodeposited with Fe/Ni
depending on porosity and flow rate of cooling air.
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