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Abstract The effects of additives in the HCI etching solution on etching behaviors of aluminum foil as dielectric film
for electrolytic capacitors were investigated. The etch pits formed in 1M hydrochloric acid containing ethylene glycol
as an additive contain more fine and homogeneous etch tunnels compared to those in 1 M hydrochloric acid only,
which led to the increase in the effective internal surface area of aluminum foil. After anodizing of aluminum foil
etched in etching solutions, the L.CR meter results have shown that the capacitance of dielectric film etched in
hydrochloric acid with ethylene glycol was increased remarkably compared to that etched in hydrochloric acid only.
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Fig. 1. Relationship between current and voltage during anodiz-
ing procedure.
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Fig. 2. SEM micrographs of surface after 1st electro-etching at
etching current density of 0.3A/ci(etching time : 83sec, anodic
charge : 25Coul/ci). (2) 1M HC), (b) 1M HCl+ IM HS.Q., (¢)
1M HCl+ 3% Ethylene glycol
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Fig. 3. SEM micorgraphs of surface after 2nd electro-etching at etching current density of 0.3A/cif
(1st, 2nd etching time : 83sec, anodic charge : 25 Coul/erf, respectively).

(a) IM HCL only Ist etching, {(b) 1M HCl, 2nd etching, (¢) IM Hel+ IM HS,0,, end etching, (d) 1M
HCl+ 3% ethylene glyco, 2nd etching
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Fig. 4. Effects of the ethylene glycol additive for etching solu-
tion on weight loss.
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Fig. 5. AFM images and RMS roughness of the etched surface in different etching solutions.
(a) IM HCJ, etching, (b) 1M HCl+ 1M H,SO., etching, (c) LM HCl+ 3% ethylene glycol, etching, (d)

1M HCl+ 3% Ethylene glycol
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Fig. 6. SEM micrographs of the oxide replicas of aluminum foil.
(a) 1M HCI, (b) 1M HCi+ 1M H,SO,, (c) 1M HCl+ 3% Ethylene
glycol
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Fig. 7. (a) and (b) TEM micrographs of the cross section of aluminum foil etched in 1M HC1+ 1M H.
SO. solution, = : etch tunnel, {(c) and (d) selcted area diffraction patterns of (a) and (b) respectively.
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Fig. 8. TEM micrographs section of andodic oxide layer formed on aluminum substrate, (a) anodiz-

ing voltage of 100V, (b) anodizing voltage of 140V.
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Fig. 9. Capacitance of dielectric aluminum foil etched in 1M
HCI with and without 1M H.SO, according to the anodizing
voltages, (a) anodizing voltage of 150V, (b) anodizing voltage of

250V.
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Fig. 10. Effects of the ethylene glycol additive on the capaci-

tance.
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