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£ F AHHYEZDAE oFol5EhE ammonium adipate £ 43 85°Coll4] 10 £7F 100V R 140VE Zhz} k3 4
a7 AbE} &Ry FAAE U 7332 B4, SEEY DA, HYTFE 5 RBS € TEME o] &8t 2434z,
tFv|gate] o YA B4 HrEE U EPAY Wi JHRA PP R aAR Y. 44" FA e 100V W 140V A
& AR A% 22 oF 130nm ¥ 190nm FA19] w|RAZ viehdond mube] ¢RelEa 44 W4e ke vl o
2:32] ¥ &2 EAYch = FHASL A2 Tl o8] HA y-ALO; Hele] AR e =gk, G4t A P4t
AF7A] ehtes 3 vigute] ddste 9N us B934 A Leke] Wiyl dXsts %S et

Abstract  Aluminum foil for electrolytic capacitors was anodized at the voltage of 100 V and 140V for 10 minutes in
ammonium adipate solution to form aluminum oxide layer on aluminum substrate as an dielectric film. The thickness,
the stoichiometry and the crystal structure of the layer were investigated by using RBS and TEM. In addition EIS
technique was employed to study the effects of addition of sulfuri¢ acid on the increment of the foil surface area. It
was found that the thickness values of the layers anodized at 100V and 140V were about 130 nm and 190 nm
respectively and the stoichiometry of the elements of aluminum and oxygen was 2:3. The anodic oxide layer was
shown to be amorphous, but the structure irradiated with electron beam resulted in the transformation into crystalline
structure of ¥ - Al,Os. From a comparision of the impedance results and the capacitance variation to investigate the ef-
fects of sulfuric acid addition to the etching bath of hydrochloric acid, the EIS technique could be useful to analyze the
capacitance variation.
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Fig. 1. TEM micrographs of anodic oxide layer formed at the current density of 10 mA/ci and anodic
voltage of 140 V in ammonium adipate solution. (a) cross section of anodic oxide layer formed on
aluminum substrate. (b} electron diffraction pattern for aluminum oxide (amorphous layer). (c) elec-
tron diffraction pattern for aluminum substrate. (d) indexed pattern showing zone axis of {011] for {c)
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Fig. 2. TEM micrographs of the anodic oxide layer irradiated with electron beam. {a) cross section of
anodic oxide layer and aluminum substrate. (b) electron diffraction pattern of the oxide layer.

Table 1, Compa:isonlof the d-spacings obtained from the specimen in Fig. 2 with those of other known aluminum oxides.

Specimen - ALO,® y-ALO™
experimetal vatue S.G: R3c(167)) S.G: Fd3m(227)
d Int. dhas hkl I/1 dan hkl 1/1:
5.91 w
456 111 40
3.90 m
348 012 45
2.72 m 2.80 220 20
2.55 104 100
2.37 s 2.38 110 21 2.39 311 80
2.17 006 p 228 220 50
2.09 113 66
187 vs 1.96 202 1 1.98 400 100
1.47 m 151 018 14 1.52 511 30

o] o o2 Ad Zof ASEHE olUA &4 & F,
AE(loss energy from incident beam, eV} #=H4] F
A e} otefel ke FAr} glow o] A8 o8& kv
¥ X9 Yol 3A4% Aol £AE At

AE=K En_El(t)
K @| 1 L@| )
cosd, dX ' "7 cosf. dX '
= [e] Nt (1)

AE : loss energy from incident beam (eV}),
K : kinematic factor

E, . energy before collision (eV),

E, : energy after collision {eV)

%: lost energy per unit length,

€ stopping cross-section (eV - af)

#, : incident angle, £ scattering angle
N : atomic density (atoms/cm’),

t o thickness of film {cm)
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Fig. 3. Rutherford backscattering spectrum cbtained from the
anodic oxide layer formed on aluminum substrate at the anodiz-
ing voltage of 100V and the corresponding Rump simulation
curve.
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Fig. 4. Rutherford backscattering spectrum obtained from the
anodic oxide layer formed on aluminum substrate at the anodiz-
ing voltage of 140V and the corresponding Rump simulation

curve.
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Fig. 5. Concentration profiles of Al and O elements in depth ob-
tained from analysis of the RBS spectrum of Fig. 3 for the an-
odic oxide layer formed at 100V.
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Fig. 6. Bode-plot for the specimens in different etching condi-
tions. O : non-etched, © ;etched 1M HCL » : etched 1M HCI+
1M H:S0s soultion.
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Fig. 7. Impedance analysis for the anodized specimens etched
in two different types of etching solutions. (a) Nyquist plot for
the anodized specimens after etching in 1M HCl and 1M HCl+
1M H,SO: etchants repectively. (b) the equivalent circuit for
(a). Rx: Oxide resistance, Cv : Capacitance of oxid layer, C.,: Ca-
pacitance correlative with inner etched tunnel surface, Ria:
resistance of electrolyte,
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Table 2. Evaluated impedance parameters for the equiva-
lent circuit of Fig. 6(b)

R Rin Cin CY R
14M£2 | 19K2 | 798nF/cm?® |694nF/cm® | 8.342

IMHCL

IM HCI+
IM H:50.,

3M&2 | 60KL | 1.44F/Cm?* |597nF /cm® | 8.282

o] el A Abef ol 2]& s 2 ik HbA| s}

F 2014 &ATEE Gkt gake) EBREeld o)A
T A R 60KR2EA gabgdols] o33 73$al
19K Q0] W)} =4 epsdet. o7& IM Akt IM 34t
o] EF&-del A Aol s HAH IXEde @A IM
datell A oA E 79l uls) ¥ pore7} Am FA HA
= 97] w2l A E HF-2] A7) Asd e n|P
oh =7 G AR 14dF/cmPe R Fakgol4 o3
& Aol sl wA vebben] ol ojats} ghate] EFL
Lol A AT A= G Gabe] Ao v]s] o FH9
o] REEHH ] Frierddr] wEol bt "o R o)X
Bdo] zlA HAEAY We] A Z& 9|7}

Wt olefrdse] XA AnE Fale] Jakal Fake) &
A4 A AR A= dd Gatel A8 o)AlEte 7Y
7 oA eide) WAl lAe] Hrlatg e A
< & 5 Slsith

4.2 E

1) pH 7.42] 0.83M ammonium adipate <o) A
Qe kT Abztmate] T4 dated &5ty Bt
o} 100V &} 140V 8] A¥- 24z} <F 130nm, 190nmE. 1}e}
o] Aghol w3t ==t HAHFL oF 1.34nm/VE el
1>

2) AR A4 206 njAA BEE YAEY o
e FASE G Fo)E # 44 9x}e) 3 Gekele o
HEHoR 2:39] w2 FAHUY.

3 AAE Fge) AAYL AL 2ARAR A &7
o} vlgA FxeA r-ALOMEe] Hom HelsE A
o] F=gich

4) frAduete} Eoidsts SR E o4 YA~
¢ 55t AgEA AW ¢ glgles SR 5
glote o] BislE Ealo] b} &ate] Egtg-fel A of 3
g A 2 odatell Bl viAgtE FAT oA o]
B Wy 2] FrrEst Jehle AE S
A lt.

L

m

el

Ho

1. S.M. Moon and S.I. Pyun, J. Corr. Sci. Soc. of
Korea, 26 (6}, 498 (1997).

2. F. Keller, M.5. Hunter, and D.L. Robinson, J.
Electrochem. Soc, 100, 411 {1953).

3. Y.8. Jeong, University of Manchester, Ph. D. The-
sis, (1993).



10.

11.

12.

13

. R.S. Alwitt, J. Electrochem. Soc, 134(8),

AR - HAF - AFH - 2 FF - A5 Hs T

. R.L. Chiu, P.H. Chang, and C.H. Tung, Thin Solid

films, 260, 47 (1995).

1891
(1987).

. CK. Dyer and R. 8. Alwitt, J. Electrochem. Soc,

128(2), 300 (1981).

. J. Flis and L. Kowalczyk, J. Appl. Electrochem, 285,

501 (19956).

. Z. Ashitaka, G.E. Thompson, P. Skeldon, G.C.

Wood, and K. Shimizu, J. Electrochem. Soc, 146 (4),
1380 (1999).

. K. Shimizu, K. Kobayashi, G.E. Thompscn, and G.

C. Woced, J. Mat. Sci.Lett, 11, 281 (1992).

R.L. Chiu, C.H. Tung, and P. H. Chang, J.
Electrochem. Soc, 143 (3}, 984 (1996).

Y. Ki, H. Shimada, M. Sakairi, K. Shigyo, H.
Takahashi, and M. Seo, J. Electrochem. Scc, 144
{3), 866 (1997).

H. Habazaki, P. Skeldon, G.E. Thompson, and G.C.
Wood, Philos. Mag, 73 (2}, 297 (1096}

M. Shikanai, M. Sakairi, H. Takahashi, M. Seo, K.

15.

16.
17.

18.

19,

20.

21.

FulEe] AAFAG P A FAAHTY AT 381

Takahiro, 8. Nagata, and S. Yamaguchi, J.
Elctrochem. Soc, 144 (8), 2756 (1997),

. J. Kolodzey, E.A. Chowdhury, G. Qui, J. Olowolafe,

C.P. Swann, K.M. Unruh, J. Suehle, R.G. Wilson,
and J.M. Zavada, Appl, Phys, Lett, 71 (26), 3802
(1997).

A. Robinson and R. H. Stokes, Electrolyte Solu-
tions, Butterworths p477 (1970}.

Hung.T et al, Adv. X-ray Anal, 33, 205 (1990).
Rooksby, X-ray Identification and Crystal Strue-
ture of Clay, 264 (1951).

L C. Feldman and J. W. Mayer, "Fundamentals of
surface and thin film analysis”, North-Holland,
New York (1986).

Z. Ashitaka, G.E. Thompson, P. Skeldon, G.C.
Wood, and K. Shimizu,J. Electrochem. Soc, 146 (4),
1380 (1999).

0. Jessensky, F. M ler, and U. G sele, Appl. Phys.
Lett, 72{10), 1173 (1998}.

J.A. Davies, J.P.S. Pringle, R. L.. Graham, and F.
Brown, J. Electrochem. Soc, 109, 999 (1962) .



