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Differences in the Magnetic Properties of Co, Fe, and Ni 250300
nm Wide Nanowires Electrodeposited in Amorphous Anodized
Alumina Templates
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Anodized alumina membranes (AAMs) were synthesized tiyee-stepelectrochemical anodization
of aluminum. The anodization results in a hexagonally pseudo-ordered 2D array of nanochannels. The
AAMSs were used as templates to grow Ni, Co, and Fe nanowires, with diameters in the range-of 250
300 nm, by electrodeposition. The AAM appears to be amorphous, while the metal nanowires are
polycrystalline. The angular dependence of the coerciviy, of the Ni nanowires presents a smooth
variation from auo,Hc = 5.5 mT when the field is applied perpendicular to the wiregddc = 53 mT
when the field is applied parallel to them. However, the Co and Fe nanowires exhibit a peak in the
angular dependence 6fc for fields applied close to the AAM plane (i.e., perpendicular to the wires).
The competition between shape anisotropy and dipolar interactions between the nanowires seems to be
responsible for the difference in magnetic behavior between the different metals.

1. Introduction pensive and convenient since it can be easily scaled up for
é'ndustrial processing.Actually, according to the method
fmtroduced by Masuda and Fukuda, a two-step anodization
process of aluminum foils renders large areas of well-ordered
porous membranes with narrow pore diameter distributibns.
AAM templates have been widely used to study arrays of
ferromagnetic nanowires since the simplicity to control
gParameters such as length, wire diameter, or interwire
distance makes them an ideal playground to study a range
of magnetic phenomeri&:? Moreover, possible applications
such as magnetic recording meéfiagiant magnetoresis-
tance'® or sensor¥ are also fueling the interest in these kinds

In recent years, there has been considerable interest in th
fabrication of ferromagnetic nanostructures, both because o
their fundamental properties and the wide range of possible
applications. 3 Traditional methods based on lithography,
e.g., electron beam, ion beam, or X-ray lithographies, are
usually rather slow and costhy. One simple technique to
obtain ordered arrays of nanostructures is using anodize
alumina membranes (AAMs) as template$The templates
are usually used to grow either nanowires by electrodeposi-
tion'%"12 or dots by evaporatiot?. This technique is inex-
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of systems. For magnetic recording media applications the
wire diameter and the interwire spacing should be as small
as possible to increase the recording density; thus, most of
the magnetic studies concentrate in sub-100-nm WHé3.
However, for other possible magnetic applications, such as
those based on the magneto-optitat microwavé?® proper-
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ties of the arrays, larger wire diameters may be more Electrodeposition of Ni, Co, and Fe NanowiresTo perform
appealing. Nevertheless, studies of arrays of nanowires,the metal electrodeposition inside AAMs channels, one side of the

grown in AAM, with diameters above 200 nm are rather Membrane was coated by a thin layer of DC-sputtered gold to obtain
scarcel9—24 a conducting layer at the bottom of the pores, which acted as a

In this study, we present the synthesis of alumina counter electrode. The electrodeposition was controlled by Model

membranes by three-steg@nodization process, which were 366A, Bi-Pott_anti_ostat (Princeton Applied Rese_arch)_. The nanowires
- were grown inside the AAMs using a potentiostatic electrodepo-
subsequently l_"sed "_’15 templates tolgrow arrays of Ni, Fe’sition procedure. A Watts-type electrolyte (Ni$6H,0, 300 g/L;
and Co nanowires W'th 256300 nm dlamet'er and—('%.ﬂm NiCl,*6H,0, 45 g/L; HBOs, 45 g/L) was used as an electroplating
length. Although the Ni, Fe, and Co nanowires exhibit a clear sojution to fabricate Ni nanowirég The pH value was maintained
uniaxial anisotropy, with the easy axis along the wires, the at 4.0. The electrolysis was carried out at &5 2.0 Vbc for 15
detailed angular dependence of the coercivity of Fe and Comin. Co nanowires were deposited by using a solution with a
nanowires is rather complex, related to magnetization reversalmixture of 140 g/L CoS@and 50 g/L HBO3 at 25°C, 2.5 \pc
by curling. In contrast, the coercivity of Ni changes smoothly for 1.5 h8 Electrodeposition of Co nanowires was undertaken at

with angle. This arises from the weaker uniaxial shape PH 4.0. Fe nanowires were electrodeposited by using an electrolyte

anisotropy of the Ni wires, due to their lower saturation
magnetization, making them more sensitive to the effects of
interwire interactions.

2. Experimental Methods

Chemicals. The aluminum foil was 99.9% pure and supplied
by Merck (Germany). Cobalt sulfate (Co$@H,0 > 99%), ferrous
sulfate (FeS@Q7H,0 > 99%), chromium(VI) oxide (Cr@> 99%),
oxalic (H,C;04 > 99%), boric (HBO; > 99%), perchloric (HCIQ
~ 65%), and ascorbic acids {8s0s > 99%) were purchased from
Sigma Aldrich chemicals. Sodium hydroxide (NaGH99%) was
obtained from KEBO chemicals (Sweden). Nickel sulfate (NiSO
6H,O > 99%) and nickel chloride (NiGI6H,O > 99%) were
purchased from MERCK and KEBO, respectively. All organic
solvents were analytical grade, and water was purified by the
Milli-Q system.

Synthesis of the AAMs.In this study, AAMs were produced
by a three-step anodization process. A 99.9% pure Al foil was
pretreated by annealing it at 50C for 4 h in order to release

containing 120 g/L FeS£7H,0, a small amount ofFe-enriched
FeCk, 45 g/L HsBOs, and 1 g/L ascorbic acid at 2%, 2.0 \pbc
for 10 min26 The pH of the solution during electrodeposition of
Fe nanowires was kept at 2.0. Note that no capping of the nanowires
was undertaken. After the electrodeposition process, the AAMs,
with metal wires embedded inside, were carefully cleaned by
acetone for further physicochemical characterization.
Characterizations. X-ray diffraction (XRD) patterns of the
AAMs and the nanowires were recorded by a PHILIPS-PW1830
system using a monochromatized X-ray beam with a nickel-filtered
Cu Ko radiation. Scanning electron microscopy (SEM) images of
the AAMs and the metal nanowires were taken by a scanning
electron microscope (JEOL JSM-840 model), equipped with energy-
dispersive X-ray analysis (EDX). The magnetic measurements were
carried out at room temperature using a vibrating sample magne-
tometer (VSM) with a maximum applied field of 12 kOe. The
measurements of hysteresis loops were performed at different angles
between the applied field and the long axis of the wiressshauer
spectra (MS) were acquired at room temperature, withythays
applied along the wire axis, using a conventional dgloauer

mechanical stress and subsequently electropolishing it in a mixturespectrometer with 8Co/Rh source for which velocity calibration

of C,HsOH and HCIQ (65%) to smoothen the surface. The first
step of anodization was carried out in an electrolyte of 0.3 M
H,C,0O4 at 100 b for 2 h at 4 °C under a mild agitation.
Subsequently, the formed A); membrane was etched away in an
acidic mixture of 5% HPO, and 1.8% HCrO, at 60 °C for 30

min. The Al foil, with a fresh surface, was re-anodized for 2 h
under the same conditions as the first anodization step. Upon
completion of the second anodization step, the-Al,O; system
was anodized in a mixture of acetone and HOO1 volume ratio),

at 110 b, for an additional 5 min to break the Ab; barrier layer

at the bottom of the anodized channels. This process also detache

almost completely the AAM from the Al foil. Finally, to ensure
that the prepared AAMs had through channels, a 598® etch

was applied at 40C for 10 min to completely remove the remaining
barrier layer at the bottom of the channels. This treatment with
H3;PO, also etches away part of the walls of the channels, hence
widening the pores as well.
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was done using a 2bm foil of metallic iron.

3. Results and Discussion

Figure 1a shows the SEM image of an AAM with average
pore diameter of about 250 nm, thickness ofi@0 (Figure
1b), and pore density of aboutxd 10%cn? (i.e., center-to-
center distance of abost~ 420 nm). As can be seen from
the SEM image of the backside of the AAM without the
gdditional acetone-HCIfanodization (Figure 1c), a highly
packed spherical shape structure of the AAM is observed;
i.e., the channels remain closed. However, if the extra
anodization is performed, the bottom of the pores partially
open (Figure 1d), which eases further processing. Etching
by 5% HPO, causes the formation of AAM with through
channels and the widening of the pores (Figure 1e). Using
the extra additional acetone-HCJ@nodization, AAMs with
a high ratio of through channels could be prepared without
destroying the AAMs by over-etching, as can occur when
applying only acid-etching to open the pofé&rom Figure
la it can be seen that although the AAMs present a local
hexagonal pore arrangement, the long-range order of the
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Figure 1. SEM images of AAM: (a) front side of AAM; (b) cross section
of AAM; (c) backside of AAM; (d) backside of the AAM after the third
anodization step; (e) backside of the AAM after additional etching in
phosphoric acid.
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Figure 2. XRD patterns of (a) AAM, (b) Fe, (c) Co, and (d) Ni nanowires.

The peaks for the Fe, Co, and Ni were indexed using bcc, hcp, and fcc

structures.

pores is rather limited. Nevertheless, usually the ordered

domains can reach sevegah (Figure le).

The XRD of the as-prepared AAM (Figure 2a) shows an (29)
amorphous (or nanocrystalline) structure. Traditionally, the
AAMs are annealed before being used as templates to

crystallize then?/ thus avoiding the possibility of irregular
growth of the nanowires in the amorphous AAR#dn this

Chem. Mater., Vol. 17, No. 7, 20851

Figure 3. SEM image of cross section of Co nanowires.

Table 1. Summary of the Geometrical Characteristics, Length |},
Average Diameter (), and Center-to-Center Distance between Pores
(9), of the Ni, Co, and Fe Nanowires

I (um) d (nm) s(nm)
Ni 45 280 380
Co 8.1 320 410
Fe 3.2 250 420

study, we have utilized as-anodizednorphousAAMs as
templates for the electrodeposition of the metal nanowires.

Shown in Figure 3 is the SEM image of Co nanowires
after the membrane has been etched awa¥ M NaOH. It
can be clearly seen that the wires grow highly homogeneous
in shape, with the same length, and parallel to each other.
Moreover, top view images (data not shown) demonstrate
that the local 2D hexagonal order of the AAMs is maintained
in the wires. The analysis of the images of different wires
confirms that wire diameters coincide with the pore diameter.
A summary of the geometry of the three systems is given in
Table 1. Note also that the composition of the wires was
confirmed to be Ni, Co, and Fe by EDX (data not shown).

Figure 2b-d depicts the XRD patterns of Fe, Co, and Ni
nanowires embedded inside porous AAM. From the XRD
patterns it can be inferred that Fe and Ni grow in their bcc
and fcc crystal structures, respectively, and are clearly
polycrystalline. However, Co grows hcp and exhibits a weak
(110) texture. It is noteworthy that Fe and Co are often found
to grow strongly textured inside AAM&:20 The fact that
the wires are polycrystalline may be related to the wider
diameter of the pores, the amorphous nature of the AAMSs,
or the electrodeposition process.

Shown in Figure 4 are the hysteresis loops of the Fe, Co,
and Ni nanowires for fields applied parallel and perpendicular
to the wire axis. It can be seen, for the three systems, that
when the field is applied perpendicular to the wires, the
hysteresis loop exhibits a small coercivitilc, a small
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Figure 4. Hysteresis loops of the (a) Co, (b) Fe, and (c) Ni nanowires for
fields applied parallelH; (filled symbols), and perpendiculaHy (open
symbols), to the wire axis. The insets are low-field enlargements of the
hysteresis loops.

remanenceMg, and large saturation field (i.e., the field
necessary to reach the saturation magnetizabt), Con-
trarily, when the field is applied parallel to the wirddc
and Mgr become larger and the different systems relsligh

at rather low fields. This is the behavior typical of a hard
and easy axis hysteresis loop, respectivélience, this
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Figure 5. Md&ssbauer spectrum of the Fe nanowires obtained at room
temperature. The continuous lines are a fit to the data using a sextet for Fe
(dashed line) and a doublet for the paramagnetic component (dotted line).
The peak numbers (1,2,3) for the Fe sextet are indicated.

anisotropy Ksy = uo(Ms)%4 is appropriate in this case.
Moreover, the anisotropy fieldiHk, i.e., the field needed

to saturate the hysteresis loops in the hard axis, i.e.,
perpendicular to the wires, increases from abaix (Ni)

~ 0.3 T toucHk(Co) ~ 0.9 T anduHk(Fe) ~ 1.0 T. This

is in a good agreement with what would be expected from
a simple Stoner-Wolfarth theoff,whereu,Hx = 2 K/Ms,
which for the shape anisotropy becomegilx = u.Mg/2,

i.e., uoHk = 0.31, 0.905, and 1.075 T for Ni, Co, and Fe,
respectively.

It is noteworthy that Fe and Co nanowires often exhibit
easy axes either perpendicular to the wires or at an angle to
the wire axis. This is actually linked to the textured growth
of the wires since in such cas&sc may be of the same
order as, or even dominatésy 3 In our case, since the wires
are polycrystalline, the average magnetocrystalline anisotropy
is reduced over the nomin&lyc; hence Ksy > Kyc aver

The easy axis direction of the Fe nanowires is confirmed,
by Mossbauer spectroscopy, to be roughly along the wire
axis. In Figure 5 it can be seen for the magnetically blocked
component, corresponding to metallic Fe, that the ratio of
the intensities of the peaks 2 andRBz = IJ/l3, is aboutR; 3
~ 0.7. For the magnetization parallel or perpendicular to the
y-rays, theRy 3 ratio becomesRy5(ll) = 0 andRy3(0)) = 4,
respectivel\?* Consequently, for the Fe nanowires the
magnetization appears to be closer to the parallel to the
y-rays, i.e., along the wire axis. The fact tHat; > 0 is
consistent with the fact thaMr < Ms. Moreover, the
Mossbauer spectrum indicates the presence of a paramagnetic
component at room temperature, which could be attributed

indicates that the easy axis of the system is along the wiresto an iron oxide. This oxide is probably due to partial

for all three systems. This is characteristic of polycrystalline

oxidation of the wires since the wires were not capped. This

wires where the shape anisotropy dominates over the intrinsicis in agreement with the hysteresis loops, which exhibit a

magnetocrystalline anisotropimc, and thus dictates the

component which is difficult to saturate (i.e., paramagnetic);

magnetic behavior of the system. The shape anisotropy isi.e., they exhibit a strong curvature of the easy axis loop.

given by Ksy = uo(1 — 3N)(Ms)%4, where u, is the
permeability of vacuum anil is the demagnetizing factor.
Since the aspect ratit/d (lengthidiameter), is rather large,
the demagnetizing factor is almost zero for all three wires.
Hence, the infinite cylinder approximation for the shape

(31) Cullity, B. D. Introduction to Magnetic MaterialsAddison-Wesley
Publ.: Reading, 1972.

To gain further insight into the magnetic behavior of the
three systems, the angular dependence of the hysteresis loops
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® Lo angular dependence b&fc for Ni is smooth, being roughly
LN 08 constant at the maximuic for a range of angles and finally
o . « decreasing to almost zero Ht,.
= * °'6§< To find the origin of this different behavior, we will
EB . 04= analyze qualitatively the reversal of the nanowires. Since the
’.. 0 width of the wires is rather large, they cannot be in a single
ole | domain state. Actually, according to the magnetic phase
% o diagram of cylinders, given the aspect ratio of the wires
(d) studied, they should be in a vortex st&t&his could explain,
_ 08 . in part, the reducedlr observed for all the systems since
£ 0,6§b< vortex states are known to have reduced magnetization in
m: 200P0G0000090 ] vvos 04 = zero field>38Moreover, simulations show that although wide
X : "0.,. wires reverse their magnetization by vortex nucleation,
100 lH H III(IjalI ‘ % | 102 several of the features observed during magnetization reversal
eﬂlﬂ[ﬂ . ® oo are similar to the ones observed for curling type of reversal.
oo O 600 In particular, the angular dependence of the coercivity has
300 o 08 been found to be analogous in both types of reversals,
£ 40 : Lelee, 06 Y although in the case of vortex formation the critical volume
o 30 o . §< is smaller than the physical volume of the wifé® The
=° 200 ] ‘e 04 theoretical angular dependenceHy for wires of different
o | (@) o° ) ‘_. 402 widths h_as been ext.ensively studied_ usi.ng coherent rotation
o and curling mechanisnt8:#142For curling it has been found
950 1530456075 % -15 0 15 3045 60 75 90103 that the angular dependence of the coercivity depends
6(degrees) 6(degrees) strongly on the ratids = r/r,, wherer is the radius of the

Figure 6. Angular dependence of the coercivityc (open symbols), and ~ Wire andr, is the exchange lengtiThe angular dependence
squarenessMr/Ms (filled symbols), for Co (a,b), Fe (c,d), and Ni (e,f) s given byHc = 1.08(1— 1.0853)/(1 — 1.0852)?2 —
nanowires. The continuous line in (a) is a simulation of a curling reversal, _; _ N11/2 .

while the dashed lines are guides to the eye. Given in (c) is the measuremen?Inz o1 2'163 )] for a range of ahgles, Wh'_Ch depends
geometry. on r/r,, reverting to coherent rotation for high enough

d. Shown in Figure 6 is th lar dependencéIeS"
was measured. Shown in Figure 6 Is the angular dependence zq .o e seen in Figure 6a, the simulation of the curling

of He and the squarenedds/Ms for the three systemsle/ o orqq) withs = 3, agrees qualitatively with the experi-
Ms exhibits a similar behavior for Fe, Co, and Ni, decreasing mental data of the Co nanowires. For a better agreement

tsmt?]othly fro;n almaX|tmum \f/alufg rgr fleldls_ ?jpphed pzra”f' effects such as distribution of radii or interactions should be
0 the wires 1o aimost zero for fields applied perpendiCular oy ap intg account. Nevertheless, a valuSef 3, assuming

tco thgmh.'\/ll-I(/),\\//lve\;eB ';he sgt&areness \l/élllljl\(jls areo rg?xn’rllll._lm fOrro = 5 nm for Co, would imply a wire diameter of 30 nm,
0 with Me/Ms > 0.8 and decrease tdr/Ms ~ 0.6 for Ni i.e., much smaller than the real wire diameter. This is in

Ia:md finally ?)e%?mg‘/lR/'\tAS Tl 0.4 for 'It:)e..The Ifovr\: V"’?'“es fo'r q agreement with theoretical studi#4’and measurements of
e are probably due to the contribution of the iron oxide . switching fields ofisolated Ni wires diameters in the

component to the total magnetization, which increddes ;
i X range of 300 nm, where exceedingly small valueg,ofere
but does not contribute tdr. The lowerMg/Ms for Ni could fougd 20 gy &

be due to dipolar interactions since it is well-known that such
interactions tend to shear the hysteresis loops in interacting
system&3 and in particular in arrays of nanowirgs3®36
although other effects, such as the disorder in the 2D
arrangement of the nanowiré&sthe distribution of coercivi-
ties of the individual wire¥ or the magnetization state of

The angular dependenceldg for Ni cannot be explained
using simple curling or coherent rotation reversal modes.
However, it has been found theoretically that dipolar
interactions alter the magnetic properties of the vifrasd,

(37) (a) Metlov K. L.; Guslienko, K. YJ. Magn. Magn. Mater2002,242—

the nanowire certainly plays a role (see below). 245, 1015. (b) Scholz, W.; Guslienko, K. Y.; Novosad, V.; Suess, D.;
Remarkab|y, the angu|ar dependencd—@f for Co and Schrefl, T; Cha_ntrell, R. W.; Fidler, J. Magn. Magn. Mater2003
Fe displ tonic behavi N lv. th ivit 266, 155. (c) Skidmore, G. D.; Kunz, A.; Campbell, C. E.; Dahlberg,
play a nonmonotonic behavior. Namely, the coercivity E. D. Phys. Re. B 2004 70, 012410,
increases with increasing angle, reaching a maximum for (38) Vortex type states in high aspect ratio wires are known to have reduced
angles close tdds (0 ~ 70—75°) and rapidly dropping to remanence. Although contrary to in-plane vortex (which exhibit zero

. - remanence), the remanence in wire-type systems can be significant.
almostHc ~ 0 atHp. As can be seen in Figure 6, the drop (39) Ferfe R.; Ounadjela, K.; George, J. M.; Piraux, L.; DuboisPBys.
in Hc occurs in a very narrow angle range. Contrarily, the Rev. B 1997 56, 14066.
(40) Schabes, M. E.; Bertram, H. N. Appl. Phys1988 64, 5832.
(41) (a) Wernsdorfer, W.; Doudin, B.; Mailly, D.; Hasselbach, K.; Benoit,

(35) Ross, C. A.; Hwang, M.; Shima, M.; Cheng, J. Y.; Farhoud, M.; Savas, A.; Meier, J.; Ansermet, J. P.; Barbara, Bhys. Re. Lett. 1996 77,
T. A;; Smith, H. I.; Schwarzacher, W.; Ross, F. M.; Redjdal, M.; 1873. (b) Zhu, H.; Yang, S., Ni, G.; Yu, D.; Du, Y. Magn. Magn.
Humphrey, F. BPhys. Re. B 2002 65, 144417. Mater. 2001, 234, 454.

(36) (a) Vaquez, M.; Herhadez-Véez, M., Pirota, K.; Asenjo, A.; Navas, (42) (a) Huysmans, G. T. A.; Lodder, J. C.; WakuiJJAppl. Phys1988
D.; Velasquez, J.; Vargas, P.; Ramos Eur. Phys. J. B2004 40, 64, 2016. (b) Lodder, J. C.; Li, C. 2EEE Trans. Magn1989 25,
489. (b) Vaquez, M.; Nielsch, K.; Vargas, P.; Velguez, J.; Navas, 4171.

D.; Pirota, K.; Hernadez-Véez, M.; Vogel, E.; Cartes, J.; Wehrspohn  (43) (a) Shtrikman, S.; Treves, DJ;, Phys. Radiuni959 20, 286. (b)
R. B.; Gtsele U.Physica B2004 343 395. McCurrie, R. A.; Jackson, SEEE Trans. Magn198Q 16, 1310.
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in particular, the angular dependence-zf*>4>For example, evaluated as a whole. Consequently, interactions seem a
it was found that interactions rapidly reduce the sharp featuresplausible cause for the difference in angular dependence of
in Hc close toHp in the curling mode, resulting in a smooth  the coercivity of the Ni nanowires.
variation of Hc with angle, in qualitative agreement with
the experimental angular dependence of the Ni wires. 4. Conclusions

Actually, when the dipolar field of the neighboring wires
is of the order of the anisotropy field, the interactions can ~ Anodized alumina membranes (AAMs) with a network
start to influence the magnetization behavior of the wires, of locally hexagonally arranged through channels,2300
e.g., coercivity or remanence, and in particular their angular "m in diameter, were obtained by means of three-step
dependence. This effect will probably be most significant anodization. The use of a short extra anodization step in
for Ni, which has the smallest anisotropy field. We can acetone/HCI@has proven effective in breaking the 8k
estimate the dipolar field, in first approximation, by evaluat- barrier at the bottom of the channels, simplifying the
ing the field created by a dipole of lengthi.e., the length formation of fully opened channels. Fe, Co, and Ni wires
of the wire, at a distanc i.e., the center-to-center distance, Wwere electrochemically grown using the AAMs as templates.
wheres is small compared tb: uoHq = m[s? + (1%4)]?2 The easy axis of the three systems is along the wire axis
wheremis the magnetic moment of the wire, whichris= due to their large shape anisotropy. The angular dependence
Ms(7lr2).31 Using the values in Table 1 for Ni, we obtain, Of the coercivity indicates that due to the reduced shape
for one wire uoHq = 0.015 T. Taking into account that each ~ anisotropy, owing to a smallés, the Ni nanowires are more
wire has 6 neighbors and that the dipolar interaction is long susceptible to dipolar interactions. The magnetization reversal
ranged by the dipolar field, we can approximat#lg,o ~ mechanism for the Co system was successfully simulated
9uoHqs = 0.13 T, which is indeed close to the anisotropy by @ curling mechanism.
field of the Ni wires fi,Hx = 0.3 T). Moreover, since the
interwire distance is much smaller than the length, higher  Acknowledgment. This work was partially financed by the
order terms in the interaction field should be taken into Catalan DGR (2001-SGR-00189) and the Spanish MEC (MAT-
account® which could further increase,Hq. Hence, due to  2004-01679 and MAT-2003-01052).
the interactions, groups of wires could actually have a
cooperative reversal; thus, their magnetic properties cannot Note Added after ASAP Publication. There was an error
be analyzed by models of individual wires and should be in the labels of Figure 4 in addition to some minor textual
: errors in the version published ASAP February 25, 2005;
gigg Eg;{g}'; 3:‘&‘{. '\lﬂﬁfspz"oggygb}gfgo‘* 85, 3157. the corrected version was published ASAP March 7, 2005.
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