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Abstract: The structural, electrical properties of the electrolytic capacitors were examined. By the
addition of additives to hydrochloric acid solution increased the dielectric aluminum surface layer. For
etch tunnels formed in hydrochloric acid, the array and density of the tunnels was not uniform, while
for those formed in hydrochloric acid with additives the distribution presented relative uniformity. When
the etched surface formed in hydrochloric acid with 5% ethylene glycol, the enlargement of specific

surface area was more effective.
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Fig. 1. SEM micrographs showing the etch pit distributions in different types of etching solutions. (a) etched surface
morphology in 1 M HCI (x200), (b) etched surface in 1 M HCI with 1 M sulfuric acid as additive (x200), and (c) etched
surface in 1 M HCI with 0.5% ethylene glycol as additive (x200). Fig. 1(d)-(f) represent the etched pits of surface of (a),

(b), (c) after electropolishing (x2000).
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Fig. 2. TEM micrographs of the cross section of aluminum
foil etched in 1 M HCI solution (a), and 1 M HCI
with 5% ethylene glycol as additive.

32 Yujeia £E
A2 Z7e] Wejolol A LEn)F whre By

N A1 F Fute] 54 ¥HstE dYdLs B4
HE Sl ZARIA T B8 Bl E 93] %3]
dAvtgt AAIGE gFuFE TH dEiE Jdud
& FAE AAE o, SAE s AHE
2 (a) Bode diagram®} (b) Nyquist diagram©. 2

Microelectronics & Packaging Society Vol. 11, No. 4 (2004)



64 L3E

100k
= 10k
<}
8
e 1k
(3]
heo)
2 100
E

_'_ M HCH + 5% Ethylene glycol -~
" 107 10“ 10° 101 10° 10° 10 10°

Frequency (Hz)

el

Phase angle(-degree)

80.0k }
o
= / T
~ ]
+ 60.0k | 7 " T
3] ]
jo 3
a /—I 1M HCH
- o}
T 40.0k —e— 1MHCI+1M HSO,
™ —A— 1M HCI+5% Ethylene glycol
[0 / —O— Electropolished
-§ 20.0k .,O~.\.
), o]
" \
Iy L IO
0'% 0 a s 5
. 5.0x10 1.0x10 1.5x10
Real part (Q)

Fig. 3. Bode (left) and Nyquist (right)- dlagram for the specimens in different etching condition; electropolished, 1 M HC1, 1 M
HCI with 1 M sulfuric acid, and 1 M HC1 with 0.5% ethylene glycol solution.
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Fig. 4. Equivalent circuit model for electropolished (a) and
etched surfaces (b) in different etching solutions.
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Table 1. Evaluated impedance parameters for the equivalent circuit model in Fig. 4

R! C Loss Capacity R Fit results

kQ UF Cy, uF p, % Q dz/z, % de, deg
Electropolished 160 3.8 - - 8.33 2.71 0.81
1 M HC1 143 - 19.1 4.25 8.37 2.77 0.76
IMHC1+1M H,S0, 47 - 35.5 5.65 8.20 1.51 0.79
IM HCI+5% E.G. 20 - 379 5.76 8.28 221 1.00
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