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*+,- ./0[camphorsulfonic acid(CSA)- dodecylbenzenesulfonic acid(DBSA)]1 1:2 234� 56�7(trifluoroacetic

acid, 8��9:) ;�< =#�> �?���. @ABA �7C trifluoroacetic acid1 D��> ��$ ��� �	
��

�E F GH�< IJ$ KL1 MNOP�. QR STU V�1 W�> %&'() ���� XYZA�(N-lauryl-β-

aminopropionic acid, sorbitan mono-oleate)1 [��> �?���\, ] KL N-lauryl-β-aminopropionic acid� [�$ %&

'() ��
^ D��> ��$ ��� �	
�_ `+ �a b� STU(98µF)L c� GH(3%) dA^ eP�. @A

BA �71 D�R `+ ��� �	
�� IJ$ dA^ MNOP�\, f� ���;_ 56�7- g����h_ J

i��� _R �7jL(solvent effect) k, lA �7(��
 ��) ;�<_ mn- g���� nBOo� pq�� gn

-_ mnK#(hydrogen bonding) rA�< 6C�\, XYZA�1 D�R `+� st$ XYZA�� 3lA DuL @

ABC mn1 S5�� vw 3lAC %&'() xDuL_ y?! z�A^ {� |
� g���� nB-_ mnK#

^ }� pore Oo�_ STUf V�R ~�� /�$�.

Abstract − Tantalum solid electrolytic capacitors were fabricated by dip coating process into the electrolyte solutions which

mixed polyaniline powder with dopants[camphorsulfonic acid(CSA) and dodecylbenzenesulfonic acid(DBSA)] respectively

with the mole ratio of 1:2. This mixed powders were dissolved in solvents trifluoroacetic acid and chloroform respectively to

prepare the polymer electrolyte. Tantalum electrolytic capacitors prepared with polyaniline solution dissolved in protic solvent

such as trifluoroacetic acid showed a high capacitance and a low tanδ. Polyaniline electrolyte solution containing surfactant

was prepared by adding N-lauryl-β-aminopropionic acid and sorbitan monooleate to polyaniline solution prepared previously.

Polyaniline electrolyte solution containing N-lauryl-β-aminopropionic acid surfactant showed a high capacitance(98µF) and a

low tanδ(3%). In the case of using polyaniline dissolved in the protic solvents, a good affinity was obtained due to a hydrogen
bond between hydrogens in protic solvent (electrolytic solution) and oxygens in tantalum oxide. In the case of using surfac-

tants, improved capacitor characteristics was also obtained due to a increase of the affinity between surfactant having aprotic

chains and hydrogens and aprotic polyaniline chain and a increase of impregnation rate of the polyaniline solution induced a

hydrogen bonding between hydrogen in the surfactant and surface of the tantalum oxide. 

Key words: Tantalum Solid Electrolytic Capacitors, Polyaniline, Surfactant, Protic Solvent, Hydrogen Bonding, Affinity
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1. � �

��� ���� �	��, 
� �
�, ������ �� ���

�� ���� ��� ��  !" #$� %& '� '(��� 
�

)�*, +�,*, -�* . /01*� 23 456� 
7��� 8

9: ;<� =>*� ���� ?�� )�, @ABC�(SMD type)�

DDE(Low ESR; Low Equivalent Series Resistance) FGH IBJ �

KL4 ?+[1-3]. MN� �O� PQ'RS TU� VWXY(Al) ��

�� 4�Z . ![ \A��� ]^L0_ SMD� `*, )�* .

456� FG A�� ab $^� FGH !04 ?4, %c*de

(MnO2)H 'RS� ��L� 4Q'RS fgh ���� `*" )�

*��� ]^L�, 
�Zi 456� FG��� j'J $^L+[4-6].

k� �lmno ���(MLCC)� pb )�`*, 4q'r �� FG

��� �s
� CtH !04 ?0_, uvFG, 4�Z*, 'rFG

�� A�� wtH !04 ?+. 2n� %N� ���� 
� 8C�

�K� xyL� zR�� %& jN !0 ���� Ct&H {| !

04 ?� }�; ���� ~�% ���%+.

fgh ���� ?��� %N� ��&H R�L� zLj fg

h 6b# U(� Xm*L� ���� 4�Z, )�*� K�L4 ?

+. k� ESR(�!��DE) �H ��� zR�� �ci �� PQ

'RS 
	 %c*dei �� 4Q'RS� ���K . %� ��

� �G��, carbon/silver l�� KG�� v'Q l� 'vv ~�

�� �� 
Lj 0��� �K! ���4 ?+[3, 7]. %c*de

� uv FG� ���%4 	�G% �4 ��'�! �+� CtH

!04 ?��, %c*de� �� '�'vv(10−1 S/cm)� �R D

 ¡¢9� B�% ab �£b¤, 456 <7��� ¥%¦(noise)

��i �§�¨H �Tq� wtH !04 ?� (��§� 23 u

v¨©� �R �ª% «¬ �¤, '(��� 	�GH DRL� ­

�% �4 ?+. 2n� '(��� ®¯�� w° 8 5±²�� {

| ³b� �¨�� �Lj 456� <7�� ���� /01 ��

�� ��% I
��� $!,L+[2, 3, 8]. k� 4'vv(100 S/cm)

� ]�>vQ(TCNQ ´)� ��� ]�>vQ ���! ~� ��

qxDE� µ)*� !¶��� '(��� )�*, /01*� �

'� 23 -� . )�*· 456 ���� ESR FG% ¸¹L¬


yL0 ºL4 ?+.

%" �% '(��� 456*� 2n D ¡¢9 . ¥%¦ 
»%

ab ¼�L¬ 
|�4 ?�¤, 456� 23 �� ESR FG% ��

L¬ �½+. %N� ��tH R�L� zLj %c*de 4Q'RS


	 '�'vv! ¾�¿ 'vG 4¹(� 'RS� ��L� À% $

!¡� B�%+. 'vG 4¹(� 'vv� %c*de� 100Á %¨

� 10-500 S/cm� ÂL� Ã�� ÄÅ 'RS� 'vv! Æ[J Ç¨

�4, �i��� 456� <7��� FGH ÈbL� ESR% ÉÊ¶

/01 �Ë� �� 8 456��� ��% !,L¬ �¤, 4¹( F

G¨ ��� ÌxrÍ� �� w° 8 �*�¨% �DL¬ Î)L�

CtH !04 ?+[9-15].

Ï �K��� c*· fgh qx pore� Ð=� ÑÒ� 23 D

 ¡¢9� B�i �� ÓB� FGH Ô� fgh 4Q'RÕÖ8

�� �ÉL4( *×��� ØG· Ù^ÊÚÛH vÜÝ[Camp-

horsulfonic acid(CSA), Dodecylbenzensulfonic acid(DBSA)]" ÑÞ

trifluoroacetic acid . ß��às� �R� á âAãG� N-lauryl-

β-aminopropionic acid" sobitan monooleate� ä!Lj 'RSH �

åLj fgh 4Q'RÕÖ8�� �ÉLæ+. �É· fgh 4Q

'RÕÖ8�� �'�Z . ÓB�H \�Ñ��ç !�G Ù^ÊÚ

Û 'RS��� âAãG� èi . �aèi(solvent effect)� éê

ë4( �+.

2. � �

2-1. ����� ���	 
�

0 oC� 1 M ´c �P q�� ÊÚÛ {¥ì" ic*�cí{Y

[(NH4)2S2O8] c*�� +Äi �� îï(ÊÚÛ:c*�=4:1)� c* ¼

ØLj 'vG Ù^ÊÚÛ(emeraldine salt: ES)H ØGLæ+. ØG·

Ù^ÊÚÛH 0.1 N �c*í{Y �P� 158eð� >y8ñ I�G

Ù^ÊÚÛ(emeraldine base: EB)H _&4, %� ��n� q�� òå

8ó+. òå· Ù^ÊÚÛ(EB) ¹ôi vÜÝ[camphorsulfonic acid(CSA),

dodecylbenzensulfonic acid(DBSA)]� 1:2(Ù^ÊÚÛ:vÜÝ) õîï�

öØ� á ]��a(ß��às, trifluoroacetic acid)� ÷j 'vG 2 wt%

Ù^ÊÚÛ �PH �åLj 'RS� ��Læ+. %Ã vÜÝ CSA"

DBSA� 1:1 îï� ð=L¬ öØLæ+. âAãG�! ä!· Ù^

ÊÚÛ 'RS� øùG âAãG�� N-lauryl-β-aminopropionic acid

� ¨� �å· Ù^ÊÚÛ �P� 0.1-1 wt% ú¬î� ä!Lj �å

Læ4, î%uG âAãG�� sorbitan monooleate� �� ���� Ù

^ÊÚÛ �P� 0.1-1 wt% ú¬î� ä!Lj �åLæ+. øùG âA

ãG� . î%uG âAãG�� *×KåûH Fig. 1� �Tq½+.

2-2. �
� ������	 
� � ��

fgh ¹ô� fgh�H üU� +Ä 1,600oC, 10−6 torr� 4u, 4

��L�� )�L4 '�*×��� øÅc*8ñ *G· c*fgh

(Ta2O5) ]'Q ¡ýH �GLæ+. c*fgh ]'Q ¡ýH Ù^Ê

ÚÛ 'RS �P� 10¹e þÿ á 90oC�� 10¹e òå8ñ ]'

Q q·Ìx� @AH ��Læ+. þM� ��H 8² >�Læ�¤, %

" �� Ù^ÊÚÛ 'RSlz� carbonl, Ag pastel�� ��� +

Ä Lead Frame �� á õ�Lj fgh 4Q'RÕÖ8� )(� �

ÉLæ+. �É· )(� ~��� Kå . õ�Kå� Fig. 2" 3� �

Tq½+. �É· )(� �'�Z, tanδ �H Impedance-Gain-Phase

Analyzer(HP 4194A)� %�Lj \�Læ+. k� ]'Q z� Ù^Ê

ÚÛ� �G¨³, ÑÒ�v k� �a� �� . âAãG� �� 8 ±

(a) N-lauryl-β-aminopropionic acid(C12H23NHCH2CH2COOH)
(b) Sorbitan monooleate

Fig. 1. Structural formula of (a) amphoteric surfactant (N-lauryl-ββββ-ami-
nopropionic acid, and (b) non ionic surfactant (sorbitan monooleate).

Fig. 2. Structure of tantalum electrolytic capacitor fabricated in this
study.
���� �41� �3� 2003� 6�
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*�� Ù^ÊÚÛ� ÑÒ�v� Scanning Electron Microscopy(SEM,

Philips XL 30) \�H �R ��, ¹	Læ+.

3. �� 	 
�

fgh 4Q'RÕÖ8��� �� �'�Zi �� ÓB�H 
�

zR�� 'RS�P% c*fgh(]'Q) )(" �� �*GH !¶

c*fgh )( qx� pore& ��� èi��� Ò
��� �+

[16]. 'RS �P% c*fgh )(" �� �*GH Ô� zR��

øG(G �a� 'RSH ��Lj� �+. fgh )(� '�*×�

�� øÅc*>y8ñ c*fgh� c*¡ý�� ���� ?� Ã

�� øG(G �a� ��� 'RS� pb øG(G �a� �)"

c*fgh )(� O¯L� c)"� �)�Ø�� �R �*ÍH Ô

¬ ·+[16]. L0_ ë+ �� �'�Zi �� ÓB�H Ô� fgh

4Q'RÕÖ8�� �ÉL� zR�� 'RSi c*· fgh )(

qx"� �*G  !� 23 Ð=� ��% %W�¶� �+. Ï �K

��� 'RSi c*· fgh )( qx"� �*GH  !8�� z

R 'RS �P� î%uG âAãG� . øùG âAãG�� ä!

Lj fgh ÕÖ8�� �ÉLæ+.

*G· c*fgh� øG(G �a� trifluoroacetic acid �a� Ù

^ÊÚÛH ÷j �å� PAn/trifluoroacetic acid 'RS �Pi îøG

(G �a� ß��às �a� ÷j �å� PAn/chloroform 'RS �

P� �� þ! ÑÒ8� á fgh 4Q'RÕÖ8�� �ÉLæ+.

PAn/trifluoroacetic acid" PAn/chloroform 'RS�P� �R �å·

Ù^ÊÚÛ �s� ¨u '�'vv" fgh ÕÖ8� �É á )(

� �'�Z . ÓB�(tanδ)H 56� 120 Hz�� \�Læ�¤, \�

· �H Table 1� �Tq½+.

PAn/trifluoroacetic acid 'RS �PH ��R �É· fgh 4Q'

RÕÖ8�� �'�Z(at 120 Hz)� 80µF, ÓB�(at 120 Hz)� 20%

� �Tq½4 PAn/chloroform 'RS �PH ��R �É· fgh 4

Q'RÕÖ8�� �'�Z(at 120 Hz)� 65µF, ÓB�(at 120 Hz)�

30%� �Tq½+.

PAn/trifluoroacetic acid 'RS(45 S/cm) �Pi PAn/chloroform 'R

S(48 S/cm) �P� ̈ u�� '�'vv! �� î�L�, ÕÖ8� �

É á \�· FG�� PAn/trifluoroacetic acid 'RS(45 S/cm)�P�� �

É· ÕÖ8�! ë+ �� �'�Zi �� ÓB�H ëj54 ?+.

PAn/trifluoroacetic acid �P� øG(G �a� trifluoroacetic acid!

c*fgh )("� �)�ØH �Lj �*GH Ô¬ �¤, %� c

*fgh qx pore ���� Ò
� �%L¬ _&��+. c*fgh

)(� qx pore& ��� Ò
G% b�� PAn/trifluoroacetic acid '

RS �P� c*fgh )( qx� ]è@A�H �����ç ��

�'�Zi �� ÓB�H Ô¬ ·+. %N� �¨� 'RS�P� �

Fig. 3. Mold structure of tantalum electrolytic capacitor fabricated in
this study.

Table 1. The characteristics of tantalum electrolytic capacitors using soluble polyaniline solutions composed of a protic solvent and an aprotic solvent respectively

Electrolyte Capacitance(µF) (at 120 Hz) Tan δ (%) (at 120 Hz) Conductivity (S/cm)

Protic solvent (PAn/trifluoroacetic acid) 80 20 45
Aprotic solvent (PAn/chloroform) 65 30 48

Fig. 4. Hydrogen bonding between tantalum oxide surface and polya-
niline solution; (a) PAn/trifluoroacetic acid electrolyte solution,
and (b) PAn/chloroform electrolyte solution.

Fig. 5. SEM photographs of the tantalum electrolytic capacitors prepared by using; (a) PAn/trifluoroacetic acid electrolyte solution, and (b) PAn/chlo-
roform electrolyte solution.
HWAHAK KONGHAK Vol. 41, No. 3, June, 2003
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�· �a" c*fghe� ¨�É�� �� �aèi �, 'RS �

P ���� �)" c*fgh )(qx� O¯L� c)"� �)�

Ø �G� �� ¨�É��� �ª� � ?+[16]. Fig. 4� c*fgh

)(" øG(G, îøG(G 'RS �Pe� ̈ �É�H �Tq½+. 

�aèi� 23 PAn/chloroform 'RS�Pi PAn/trifluoroacetic

acid 'RS�P�� �É� 4Q'R���� wAH �nq� M @

AH �� Áï(�5000)� SEM ��H �<Læ�¤, M �i� Fig. 5�

�Tq½+. ̈ ��� �ª� �" �% Ù^ÊÚÛ� îøG( �a�

ß��às��ë+ øG( �a� trifluoroacetic acid� �R8� pb

)( qx� pore ��� # �% Ò
�� ?� �¨H ��� � ?½+.

Ï �K��� c*fgh )( qx� pore& ��� PAn/trifluoroacetic

acid 'RS �P� Ò
GH ë+  !8�� zLj PAn/trifluoroacetic

acid 'RS �P� î%uG âAãG�� sorbitan monooleate� 0.1-1 wt%

ú¬î� ä!Lj �å� á c*fgh )(� 'RS �P� þ!

fgh 4Q'RÕÖ8�� �ÉLæ+. k� øùG âAãG�� N-

lauryl-β-aminopropinonic acid� PAn/trifluoroacetic acid 'RS �P�

0.1-1 wt% ú¬î� ä!Lj �å� á �� ���� c*fgh )

(� 'RS �P� þ! fgh ÕÖ8�� �ÉLæ+.

î%uG . øùG âAãG� 0.1-1wt%! �� ä!· PAn/trifluoroacetic

acid 'RS �PH ��Lj �É· fgh 4Q'RÕÖ8�� pb

âAãG�! ä!�0  � PAn/trifluoroacetic acid 'RS �P��

�É· pbë+ b�� FGH �Tq� ÀH ! � ?½+. Sorbitan

monooleate" N-lauryl-β-aminopropionic acid! �� ä!· PAn/ trifluoroacetic

acid 'RS �P�� �É· fgh 'RÕÖ8�� �'�Z . ÓB

�H Fig. 6i 7� �Tq½+. Fig. 6�� ! � ?"% sorbitan monooleate

0.5 wt%� ä!� pb �'�Z 90µF" ÓB 10%� +3 jN #v

� îR �� FG�i� �Tq½+(56� 120 Hz�� \�). 0.5 wt%

'á� #v��� $J£ �Z�% Î)L4, ÓB�v  !L� pÇ

H �Tq� 0.5 wt%� #v! !C µ� #v H V � ?½+. Fig. 7

��v %&!0� N-lauryl-β-aminopropionic acid� 0.5 wt% ä!�

pb �'�Z 98µF" ÓB 3%� FG�� !C µ�� �i� ëj

5½�¤, 0.5 wt%� #v! µ� #v H V � ?½+.

'RS �P� 'vG 4¹(� Ù^ÊÚÛi vÜÝ, k� Ù^ÊÚ

Ûi Kå��� �*GH !0A� �)�ØH !,L¬ L� âAã

G�� sorbitan monooleate" N-lauryl-β-aminopropionic acid� ä!L

j �åLæ4, %À� âAãG�� ä!L0  � 'RS�P�� �

É� ÕÖ8�� FGi î'Lj Ç¨· �i�H �Tq½�¤, î'

� �i� Table 2" Fig. 8� �Tq½+. âAãG� N-lauryl-β-

aminopropionic acid� ( V)�*� lauryl É��� îÅG �*i ø

G(� �)� Ñ]L4 ?� îÅG� Ù^ÊÚÛ 5�*i� Kå�

Fig. 6. Capacitor characteristics as a function of a concentration of non ionic surfactant (sorbitan monooleate) in a PAn/trifluoroacetic acid electrolyte
solution; (a) Capacitance (µµµµF), and (b) Loss tan δ δ δ δ (%).

Fig. 7. Capacitor characteristics as a function of a concentration of amphoteric surfactant (N-lauryl-ββββ-aminopropinonic acid) in a PAn/trifluoroacetic acid
electrolyte solution; (a) Capacitance (µµµµF), and (b) Loss tan δδδδ (%).
���� �41� �3� 2003� 6�
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�*GH Ô� ð8� c*fgh )(" �)�ØH � � ?+. >A

� sorbitan monooleate� pb øG(� �)� Ñ]L4 ?� c*f

gh )("� �)�Ø� !,L� âAãG� ¹((Q� +�! +

4, k� î%uGÃ�� Ù^ÊÚÛ 5�*i� �*G% Î)L� À

�� ë�+. 2n� N-lauryl-β-aminopropionic acid! ä!· pb (c)

! sorbitan monooleate! ä!· pb (b) ë+ FGA�� #, Ç¨

· �H Ô¬ �� À%+. Fig. 9�� c*fghi âAãG�� N-

lauryl-β-aminopropionic acid, PAn/trifluoroacetic acid 'RS �Pi�

¨�É�H �Tq½+.

Fig. 10� î%uG âAãG� . øùG âAãG�� ä!� 'R

S �P�� �å� 4Q'RÕÖ8�� wAH âAãG�� ä!L

0  � 'RS �P��� wAi î'Lj �Tq½+. âAãG��

-� pb (b)" (c)� -0  � pb (a) ë+ pore ��� # �% ÑÒ·

ÀH ! � ?+. k� øùG âAãG�� N-lauryl-β-aminopropionic

acid! ä!· 'RP �P��� )( (c)� î%uG âAãG��

sorbitan monooleate! ä!· pb (b) ë+ # �% ÑÒ�� �¨H ! �

?½+. %" �� �i� 2n âAãG� N-lauryl-β-aminopropionic

acid� ( V)�*� lauryl É��� îÅG �*i øG(� �)�

Ñ]L4 ?� îÅG� Ù^ÊÚÛ 5�*i� Kå� �*GH Ô�

ð8� c*fgh )("� �)�ØH �R pore qx�� ÑÒ.%

 !L� ÀH ��� � ?½+.

'vG4¹(� Ù^ÊÚÛ 'RSH ��Lj ë+ �� �'�Z

i �� ÓB�H Ô� fgh 4Q'RÕÖ8�� �ÉL� zR��

Ù^ÊÚÛ 'RS (Q� '�'vv� Ç¨8�� z� ¥Í/_ Ê

0n, Ù^ÊÚÛ 'RS �Pi c*fghe� �*GH Ô� z�

øG(G �a, ä!�� �1 . 2p�*� G[H Ô� �a� ~�

% �K��¶� �+.

Fig. 8. Capacitor characteristics appling PAn/trifluoroacetic acid elec-
trolyte solution using (a) no surfactant, (b) non ionic surfactant
(sorbitan monooleate), (c) amphoteric surfactant (N-lauryl-ββββ-ami-
nopropinonic acid); (a) Capacitance (µµµµF), and (b) Loss tan δδδδ (%).

Fig. 9. The interaction between amphoteric surfactant (N-lauryl-ββββ-ami-
nopropinonic acid) added PAn/trifluoroacetic acid electrolyte
solution and tantalum oxide.

Fig. 10. SEM photographs of the tantalum electrolytic capacitors prepared by using; PAn/trifluoroacetic acid electrolyte solution (a) no surfactant, (b) con-
taining non ionic surfactant (sorbitan monooleate), and (c) containing amphoteric surfactant (N-lauryl-ββββ-aminopropinonic acid).

Table 2. The characteristics of tantalum electrolytic capacitors in accordance
with a kind of surfactant added in polyaniline solution base
trifluoroacetic acid

Electrolyte
Capacitance(µF)

(at 120 Hz)
tan δ (%)

(at 120 Hz)

no surfactant 80 20
containing surfactant (sorbitan monooleate) 90 10
containing surfactant
(N-lauryl-β-aminopropionic acid)

98 3
HWAHAK KONGHAK Vol. 41, No. 3, June, 2003
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4. � �

CSA" DBSA� v3· Ù^ÊÚÛH øG(G �a� trifluoroacetic

acid" îøG(G �a� ß��às� ÷j 'RS �PH �åLæ

+. k� øG(G �a� ÷j �å� 'RS �P� øG(G âAã

G�" î%uG âAãG�� ä!Læ�¤, âAãG�� #v ±*

� 23 PAn/trifluoroacetic acid 'RS �PH ��� fgh 'RÕ

Ö8�� �ÉLæ+. %& )( ��� �'�Z . ÓB�H \�L

j +Ä� �4H 
½+.

(1) PAn/chloroform 'RS �PH ��Lj �É� fgh 4Q'R

ÕÖ8�� �'�Z 65µF(at 120 Hz)i ÓB� 30%(at 120 Hz)H �

Tq½�¤, PAn/trifluoroacetic acid 'RS �PH ��� pb� �'

�Z 80µF(at 120 Hz)i ÓB� 20%(at 120 Hz)H �Tq½+. %N�

�i� øG(G �a� ��LæH pb øG(G �a" c*fgh

e� �)�Ø� �� ¨�É�% 506� îøG(G �a� ���

pbë+ fgh )( qx pore ���� ÑÒ% 57H V � ?+.

(2) c*fgh )( qx� pore ��� 'RS �P� Ò
GH ë

+  !8�� zLj PAn/trifluoroacetic acid 'RS �P� øùG â

AãG�� N-lauryl-β-aminopropionic acid" î%uG âAãG��

sorbitan monooleate� Ù^ÊÚÛ �P� 0.1-1 wt% ú¬î� ä!L

j �å� á fgh 4Q'RÕÖ8�� �ÉLæ+. î%uG âAã

G�� ä!� 'RP� pb �'�Z 90µF(at 120 Hz)i ÓB�

10%(at 120 Hz)H �Tq½4, øùG âAãG�� ä!� pb ��

�Z 98µm(at 120 Hz)i ÓB� 3%(at 120 Hz)� �Tq½+. âAã

G� N-lauryl-β-aminopropionic acid� ( V)�*� lauryl É���

îÅG �*i øG(� �)� Ñ]L4 ?� îÅG� Ù^ÊÚÛ 5

�*i� Kå� �*GH Ô� ð8� c*fgh )("� �)�Ø

H �R pore qx�� ÑÒ.%  !L� ÀH ��� � ?½+.

�
��

ESR(m8) : equivalent series resistance

tanδ(%) : loss tangent

LC(µA) : leakage current

CAP(µF) : capacitance

σ(S/cm) : conductivity

�
��
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