1 ALLOY FOR SOFT MAGNETI C LAYER | N PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
TECHNI CAL FIELD 5 [0001] The present invention relates to an alloy for a
soft magnetic layer in a perpendicular magnetic recording medi um excel | ent
in saturation magnetic flux density, anmpgphousness, and atnospheric
corrosion resistance. 10 BACKGROUND ART [0002] In recent years,
acconpanied with remarkabl e progress of nmagnetic recordi ng technol ogy,
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magnetic_ recording layer with hi R;:Gﬁ mgb%@pitivity and a soft
magnet i clloayer has been 30 devel o%%%& orét hi's ‘magnetic recording |layer, a
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15 drive. However, for the magnetic recording medium with a
longitudinal magnetic recording system that is widely used currently,
since the recording bit must be miniaturized in order to realize the
high recording density, high coercivity is required such that the
recording with the recording bit is not possible. Therefore, a
20 perpendicular magnetic recording system is being investigated as a
means to solve these problems and increase the recording density.
[0003]
In the perpendicular magnetic recording system, the axis of
easy magnetization is formed to be oriented perpendicular to the
25 medium surface in the magnetic film of the perpendicular magnetic
recording medium and this system is suitable for high recording
density. In this perpendicular magnetic recording system, a
double-layer recording medium having a magnetic recording layer
with high recording sensitivity and a soft magnetic layer has been
30 developed. For this magnetic recording layer, a CoCrPt-SiQ,-based
alloy is commonly used.
[0004]
On the other hand, as the soft magnetic layer, a CoZrNb/Ta alloy
disclosed in, e.g., Japanese Patent Laid-Open Publication No.
35  2005-320627, an (Fe, Co, Ni)(Al, Cr)}(B, Nb, Zr, Ta, Hf, Ti, V) alloy
disclosed in, e.g., Japanese Patent Laid-Open Publication No.



However, the CoZrNb/ Ta alloy described in Japanese Patent Lai d-Open
Publ i cati on No. 2005-320627 provides only a lower level 5 of saturation
magnetic flux density conpared to that required for the soft nmagnetic |ayer
of the perpendicular magnetic recording fum In contrast, an alloy with
a high saturation magnetic flux density has been devel oped as disclosed in
Japanese Patent Laid-Open Publication No. 2006-112504. The saturation
magneti ¢ fl ux 2Efsith2 904 pandhite Hkedyavmbeesepropesethsed by the addition
of Fe, while gkgﬁﬁnting deterioration of atnospheric corrosion resistance
as its adverJ ect by the addition of AI/Cr. This alloy has excellent
saturation magnet ittowkwuer,déhsi OpZahldh/damalpyedescibedosin ohaparesstRatedtas
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the required performances. As used herein, atmospheric corrosion

20 resistance means corrosion resistance in indoor environments where
an apparatus equipped with an electronic components is used. In
addition, amorphousness means easiness of amorphous formation
when the alloy is quenched and solidified or sputtered for film
forming.

25 SUMMARY OF THE INVENTION
[0006]

The inventors have currently found an optimum element and its
additive amount in the addition of amorphous formation-enhancing
elements such as B, Nb, Zr, Ta, Hf, Ti, V and the like. Furthermore,

30 theinventors have revealed that Co and Fe, which are not amorphous
formation-enhancing elements, also affect the amorphousness and
found their optimum range. As a result, a range has been revealed,
wherein the saturation magnetic flux density, amorphousness and
atmospheric corrosion resistance are well balanced and the soft

35 magnetic layer of the perpendicular magnetic recording medium
shows excellently balanced properties. Furthermore, it has been



5 [0007] Thus, the present invention is to provide a soft nagnetic all oy
for a perpendicul ar nmagnetic recordi ng nmediumexcellent in saturation
magneti c flux density, anorphousness and atnospheric corrosion resistance.
10 [0008] According to an aspect of the present invention, there is
provided an alloy for a soft nmagnetic |ayer in a perpendicular nagnetic
recordi ng nmedium the alloy being an Fe-Co based alloy .and co rilsdi ng. 15
Fe: an anount rexepkEdi klgab. thet @IS erice/COEEATAY RS BLANGS gEOUi S ﬂﬁ
atomc ratio ,%@d T4 : itlna anl Tt as2 nalefedAl
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DETAI LED DESCRYibToai detarierathvENThensatoeden THEGNEHG ﬂéhx t %eﬁta”
magneti c | ayer ndi cul ar rmagnetic recordi ng nedi um according to
t he present iﬁ\;ﬁé{éﬁﬁugﬁéggbnpri ses an Fe-Co based alloy. The Fe-Co based
all oy conpbi s¢®00F]in an anopunt satisfying 0.25 to 0.65 of Fe/ (Fe+Co)

ratio, which is Off C ALl ; +C0 v it j g lefy 6
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Hereinafter, r o} | Lk W% Ik ' to
t he present |r§\%gﬁféﬁ%ﬁwhaldrgeeﬁ%gg§r ?%e . 'The al ngmgg?ng?ﬂ% Efﬂ((;rﬁtgﬁghsggsent
i nventi on conta@irngsibe fesisi@ancount such that the Fe/ (Fe+Co) ratio is 0.25
to 0.65 (atom %\g@io), 35 preferably 0.30 to 0.50. The Fe/(Fe+Co) ratio
is a para ter[ |c]h heavily affects the saturation magnetic flux densjity,
anmor phousness 4 awtoatimgpher a0 aspesti of thei pressid. InvepHenFellifiee-ds)
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15 Fe: an amount satisfying 0.25 to 0.65 of Fe/(Fe+Co) ratio, which
is an atomic ratio of Fe and Fe+Co;
Zr+Hf: 6 to 11 at%;
Nb+Ta: 0 to 2 at%;
Al and/or Cr: 0 to 5 at%; and
20 the balance Co and unavoidable impurities.
DETAILED DESCRIPTION OF THE INVENTION
[0009]
The alloy for the soft magnetic layer of the perpendicular
magnetic recording medium according to the present invention
25 comprises an Fe-Co based alloy. The Fe-Co based alloy comprises
Fe in an amount satisfying 0.25 to 0.65 of Fe/(Fe+Co) ratio, which is
an atomic ratio of Fe and Fe+Co; Zr+Hf in an amount of 6 to 11 at%;
Nb+Ta in an amount of O to 2 at%: Al and/or Crin an amount of O to
5 at%:; and the balance Co and unavoidable impurities.
30 [0010]
Hereinafter, reasons for limiting the component composition
according to the present invention will be described.
The alloy according to the present invention contains Fe in an
amount such that the Fe/(Fe+Co) ratio is 0.25 to 0.65 (atomic ratio),
35 preferably 0.30 to 0.50. The Fe/(Fe+Co) ratio is a parameter which

heavily affects the saturation magnetic flux density, amorphousness



| ow. Al though Japanese Patent Laid-Open Publication No. 2006-112504
describes that the saturation magnetic flux density becones lowif the
Fe/ (Fe+Co) ratio is less than 0.20, it is one of the 10 characteristics of
the present invention to have further found that the anorphousness also
decreases in the range of 0.20 or nore and less than 0.25. In addltlon
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Ta. [0013] et
diagrams with Co or Fe while exhibiting similar behaviors in the alloy
20 of the present invention. It is therefore possible to consider the
amounts of Zr and Hf in total of Zr+Hf. Amorphous materials can be
obtained by the addition of an appropriate amount of any of the
amorphous formation-enhancing elements described in Japanese
Patent Laid-Open Publication No. 2005-320627 and Japanese Patent
25 Laid-Open Publication No. 2006-112504. However, since these
elements are all non-magnetic elements, the saturation magnetic
flux density decreases with the increase of the amount to be added.
Therefore, it becomes very important to be able to efficiently
enhance the amorphous formation with a less amount to be added.

30 [0012]

Accordingly, as a result of detailed investigation about these
amorphous formation-enhancing elements, it has been evidently
found that Zr and Hf have far higher enhancing effect for the
amorphous formation compared with other amorphous

35 formation-enhancing elements (B, Ti, V, Nb, and Ta) described in
Japanese Patent Laid-Open Publication No. 2005-320627 and



As will be described |ater, although the effect of B for the 10 anorphous
formation is inferior to that of Zr and Hf, it is effective when added

simul taneously with Zr and Hf, since decrease in the saturation magnetic

flux density is small when a certain anourg of B is added. Note that, if

t he amount of Zr+Hf is less than 6 at% the effect of armrphous formation

is not sufficient. The addition of 15 Zr+Hf nore th é Eé nger
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anor phoushbss Zonpareeresthan 24 2t qulommmeaa@&rtbaﬁ g6t AfrRMOEPHPHSI on

ndded.  Ther ef dPETIto And e Cony FA0ICHERTy the Sauhiaticr) MagheBm AN b
Zr and Hf. [O(IEEB”]SIt\d.O Accordl ng to a preferred enbodi nent of the present
i nventi on, [0014]
The alloy according to the present invention contains Nb+Ta in
20 an amount of 2 at% or less. Nb and Ta belong to the same group in
the periodic table, and have similar phase diagrams with Co or Fe
while exhibiting similar behaviors in the alloy of the present invention.
It is therefore possible to consider the amounts of Nb and Ta in total
of Nb+Ta. Although Nb and Ta are amorphous formation-enhancing
25  elements as mentioned above, their amorphous formation effect is
small compared with that of Zr and Hf. Therefore, a large amount of
Nb and Ta should be added in order to attain the same
amorphousness as attained with the addition of Zr and Hf, resulting
in a large decrease in the saturation magnetic flux density.
30 Therefore, it is required to limit the amount of Nb+Ta to 2 at% or less.
Preferably, Nb and Ta are not added.
[0015]
The alloy according to the present invention contains Al and/or
Cr in an amount of 0 to 5 at%, preferably 0.5 to 3 at% in total.
35 Although Al and Cr are the elements that improve atmospheric
corrosion resistance, they lower the saturation magnetic flux density



in the above-nentioned alloy for the soft nmagnetic |ayer, a part of Zr
and/ or Hf can be replaced by B, such that the anount of B to replace Zr
and/or Hf is double in at% of the total amount of Zr and Hf to be replaced
and that the total amount of Zr and Hf aftger replacenent is 15 4 at% or
nore. That is, the present inventors have Tound that the hardness of the
all oy of the present invention also increases by the addition of B. This
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tha_n 4 at% tlﬁeo_aﬁ]urat ion magnetic flux densi ty and the corrosion
| vent | ont@i 11 - be ArpEdia P BRpfeTedeembastient A HEpa et iBoEiay e
7 A soft magnsthe atsyes-rakngioperdoendy cot shermaftetagneticdageng pedi afmlrs
Compos t on adraHenf e HereuReRl Py ol LBl fer P diaeRa™
like. In thiszangssr Higstdoubltiihnatouy obthétobalspuiduet of Zhamdetto be
B epar ed ¢ hr odgRI3ced Agrattial iR Fe eryURE @apdd SRE Terieleaen ig
speci men {or Exai® o3 e CoMpritak| the [avapitasvefoss havieofcawa thae thee
e e e
quenched ri bbesiditibA0b3] BPr ephalatisoalsel drite sfpebeméestuliesr by dransresasit of
the raw mater Ii%\lfgn’\c’}%lngheﬂwigofreattnﬁe can meet the requirement to increase the
hardness of the soft magnetic layer in order to prevent flaws on the
20 disc for the perpendicular magnetic recording medium which has
recently become a problem. Since it has been confirmed that
increasing the amount of Zr, Hf, Nb and Ta provides little effect on the
increase of hardness, the addition of B is considered to play a vital
role in increasing the hardness. Note that the total amount of Zr-+Hf
25 should be replaced by B in a double amount (for example, Zr+Hf is
replaced by 2B, as 90(50C050Fe)6Zr4B and 88(50Co50Fe)4Zr8B for
92(50Co50Fe)82r). It was found that 2 at% of B is almost
equivalent to 1 at% of Zr or Hf in terms of decrease in saturation
magnetic flux density. However, if the total amount of Zr+Hf after
30 the replacement by B is less than 4 at%, the saturation magnetic flux

density and the corrosion resistance deteriorate.

EXAMPLES

[0017]
35 Hereinafter, the present invention will be more specifically
described with reference to examples.



conmponent conposition shown in Table 1 and Table 2 were prepared. 15 The
materials were arc nelted in a water-cool ed copper hearth with a dianeter
of about 10 x 40 mmin reduced pressure Ar to prepare the raw material for
t he quenched ribbon. Specifically, a singl® roll nethod was adopted and
the raw material was set in a silica tube wth a diameter of 15 mmto
perform tappi ng under the followng 20 conditions. Tapping nozzle
diameter: 1 nm Envisafhneag netesdayer of1lakparpendidudart inoagaieticereegicing

pressure: 69 t : I d} ' i 3000
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roosie bound RS APBUALY ReboRER YRR S REDBE TR gl 1
35 ng. [0020] #hpdratlipals aseds asha speciphensfas £xd@npldsy anthdrorapaXatisg
diffraction pattern,of amor.nho ri. i re I § Welg!
peak is not o%@@@&e%ng‘?g'%lﬁ e@t’?ﬁ?ﬁﬁ%ﬁbPFBE%@%&@P@P@%‘&@%F%i al
i s observed. Ithimdilniactudbly fotrhednbyespattarmmgand aueretiéhyg anovphious,
al t hough diffraction .peak.is observed. the k. hej ght. i ; and the
Rl 1wt dt B0 (wRIPRETHES: §8 FharmDIE g o siies of Pl 8T B¥8hbr oader
conpared with@0i@8)stalline material. The half width correlates with the
anor phousness ﬁ)f the, .mat e '{al and.there is a feature that, higher the 10
anor phousness,-—@lpé-g@%llgDt—@lé—%@—léiplgg\’i[pré'ﬁr S peak and | arger the half wdth.
[0021] Accordi nglThirtyhegearpispleacinests thes el maststials tvheighad deirnghe
manner. A speci nen _was,,adhered..on | ass e, W t 5. -
adhesi ve t ape,CogﬂBOQe@ithPfQBPFGWFbngg’%'W\Eégit@o}gr}i}gggb']e zwé‘;bé Sré‘?g'%%
15 The materials were arc melted in a water-cooled copper hearth with
a diameter of about 10 x 40 mm in reduced pressure Ar to prepare
the raw material for the quenched ribbon. Specifically, a single roll
method was adopted and the raw material was set in a silica tube
with a diameter of 15 mm to perform tapping under the following
20 conditions.
Tapping nozzle diameter: 1 mm
Environment pressure: 61 kPa
Atomization differential pressure: 69 kPa
Rotation speed of the copper roll (diameter 300 mm): 3000 rpm
25 Gap between the copper roll and the tapping nozzle: 0.3 mm
The temperature at which each raw material melted down was
taken as the tapping temperature. Using the quenched ribbons thus
prepared as the specimens, the following evaluations were
conducted.
30 [0019]
Evaluation of the saturation magnetic flux density
The saturation magnetic flux density was measured using a YSM
apparatus (vibrating sample magnetometer) with an applied
magnetic field of 15 kOe. The weight of the specimens was about 15
35 mg.
[0020]



with an X-ray diffraction apparatus. In this case, the specinen was
adhered on the glass plate so that the surface of the quenched ribbon in
contact with the copper roll was the surface to be nmeasured. The X-ray
source was Cu-ka ray and t he measurenent w%s perfornmed at 20 a scan speed
of 4/mn. The anmorphousness was eval uated by neasuring the half wdth of
the mai n peak through an |nage analysis of the diffraction pattern. [0022]
Eval uati on of avaeU 3 @ € bSesi st ance 25 A speci men was
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e he-ove oA LML A SRR g nERE g R R0

and t he eval ugtl ation size
was about 10 a;hrthe[l@@lizt]elgﬁt|otf¢head|ﬂfrathentmaalk) tsabeoadescamp aredcivilin

e oX 0L S BT S Ty YTl Srrghien bt el
in the total lmaharqnleougifnesspétlhmatenﬂaaleamdmhedea&a'featlelre ‘émt,,hlgbebcﬂ Sor
char act ertQti anofbnSHERELE. bintolBy e, dfBacBhPRSSCank IiGer the, el g
at nospheric weddtlsion resistance. y CU UCO _ vy a) ) O. Oz aCwyvyV
a [0021]
Accordingly, the amorphousness was evaluated in the following
manner. A specimen was adhered on a glass plate with a
15 double-faced adhesive tape, and a diffraction pattern was obtained
with an X-ray diffraction apparatus. In this case, the specimen was
adhered on the glass plate so that the surface of the quenched ribbon
in contact with the copper roll was the surface to be measured. The
X-ray source was Cu-ka ray and the measurement was performed at
20 a scan speed of 4°/min. The amorphousness was evaluated by
measuring the half width of the main peak through an image analysis
of the diffraction pattern.
[0022]
Evaluation of the atmospheric corrosion resistance
25 A specimen was adhered on a glass plate with a double-faced
adhesive tape, and the salt spray test was performed using 5% NaCl
at 35°C for 16 hours. The evaluation criteria were based on the
appearance after the test as follows.
Good: Slightly rusted

30 Fair: Rusted in some parts
Poor: Rusted on the whole surface
(0023}

Evaluation of the hardness
A specimen was longitudinally embedded in a resin and polished.
35 The Vickers hardness (HV) was then measured with a micro Vickers
hardness tester. The measuring load was 50 g and the evaluation
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5 The specimen which exhibited a saturation magnetic flux density
less than 1.40, a half width less than 0.6, and/or rust on the whole
surface was ranked as poor in the total balance.

The specimens were ranked as “excellent”, “good” or “fair” in

order of superiority in the total balance of three characteristics, i.e.,

10 saturation magnetic flux density, half width and atmospheric
corrosion resistance.
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p 13 As shown in Table 1, No. 1 to 23 are present invention

are present invention examples while No. 9 and 10 are comparative
examples.
[0027]

In comparative examples No. 24 to 26 shown in Table 1, the
saturation magnetic flux density is decreased while the
amorphousness is deteriorated due to low Fe/(Fe+Co) values. In
comparative example No. 27, the atmospheric corrosion resistance is
poor due to a high Fe/(Fe+Co) value. In comparative example No.
28, the amorphousness and the atmospheric corrosion resistance are
poor due to a low Zr content. In comparative example No. 29, the
saturation magnetic flux density is decreased while the total balance
is poor due to a high Zr content.

[0028]

In comparative example No. 30, the saturation magnetic flux
density is decreased while the total balance is poor due to a high sum
of Zr and Hf. In comparative example No. 31, the saturation
magnetic flux density is decreased while the total balance is poor due
to a high Al content. In comparative example No. 32, the saturation
magnetic flux density is decreased while the total balance is poor due
to a high Cr content. In comparative example No. 33 and 34, the
atmospheric corrosion resistance while the total balance are poor
since Ti and V are contained.

[0029]

In comparative example No. 35, the atmospheric corrosion
resistance is insufficient due to a high Nb content. In comparative
example No. 36, the atmospheric corrosion resistance is insufficient
due to a high Ta content. In comparative example No. 37, the
saturation magnetic flux density is decreased while the total balance
is poor, since the B content does not satisfy the condition that B
should replace Zr in a double amount. In comparative example No.
38, the saturation magnetic flux density is decreased while the
atmospheric corrosion resistance is poor since the sum of Zr+Hf is
less than 4 at%. In contrast, it is realized that present invention
examples No. 1 to 23 have excellent properties since they all satisfy

n
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saturation magnetic flux density is decreased while the anorphousness is
deteriorated due to | ow Fe/ (Fe+Co) values. In conparative exanple No. 27,
t he atnospheric corrosion resistance is 10 poor due to a high Fe/ (Fe+Co)
val ue. I n conparative exanple No. 28, the anorphousness and the

at nospheric corrosion resistance are poor due to a low Zr content. In
conparative exanple No. 29, the saturation magnetic flux density is

decr eased whi Iyl BgnéRicHs balthagaesentpaoentios.t o a high Zr content. 15
[0028] In conparative exanple No. 30, the saturation magnetic flux density
i s decreased WMUd30k he total balance is poor due to a high sum of Zr and
HE I n conparative exaaplee2 Npjo. 31 totdharsairesentanventignetkanfpler vdeihsiNg. is

d d while the total bal . d 0t hi gh Al |
Compar st ve XAt Ao 300 ALME PR TN S Srrad Rt 0 AT S Ve P No-

decreased whi l@ahe1 HotRE Al ddisitenis copwsidtaesigtaackigid Che dandearss dne
conparative exanple No.

e 33.and 34, th at nospheric _corrpsi,on resi e
whil e the totdnSBEIGRBE ke Hastotal; '—?@énﬁ? 1§ Pay %vg‘f%ﬁgqmgan?%%ts%@%g]
I'n c]?][r_pa_r atitv rﬁi‘?ﬁm ?R!\l‘bhntﬁﬁst,tih?; r@tam@@il fﬁfét%r@@{e@%@@ntioaséﬂmrmm Ns).h
insufficient due to a hig content. In _conparative.,. mpl e . 36, e
at nospheric co¥fo$ BﬁVe@é‘iCﬂ’&H@@rpﬁemgﬁﬂ'i"é‘?ngﬁ?y aHL%atf%Zhﬁ‘? %qp'\&yoz‘%n?ént .
I n conparati V%h@ﬁﬁ@é&%véﬁioﬁhe 30 saturation magnetic flux density is
decreased while the total balance is poor, since the B content does not
satisfy the cd#fi3tbn that B should replace Zr in a double anount. In

conpar ative exanpl g5 Maentid®ed BBoval wcabrdimgregnhel srddemt ideasition, iz soft
decreased while the atnospheri %' corrosi on resist ancei%;i sfﬁ)éoor. Si ncg Lk}ﬁ} sum
t duy

of zr+Hf is 3smpanetigalloy feu.the, nespendicular magnetic resqrd g

invention exapiQfeioin kdttrddoRamtagert |fmk densiey,t aeso mesdey aald
satisfy 14 the condjtions of the present invention L}O%ggﬁr l.n Ta%!ee FS
a 0 !

No. 1 to 8 arcaipnesBREricn i PTRNeXESHIENRni Be Well § halgn

conparati yg exm)igsd by deRBRHMiAkIg enerxanpech Nhich Ihe excklldht balance of
at nospheri c corrosion resistance dness. are insufficient

ind the I
the total bal diee PEORRSICUS t%rggﬁﬁ&he'eoﬁﬁ"@ntscﬁ RpagnRRtcTiayeh %mqegst,
it is realizedydhatndEaFAN nidhifatié ORe@x@TRGeSNeiuml bAdS havadeiegl laant

roperties since they all satisfy the conditions of . .
Prop appropr)llate amount o¥ Al/Cr as neeéed %o enable an improvement in

the atmospheric corrosion resistance without deteriorating the
20 saturation magnetic flux density and amorphousness.



the present invention. 10 [0031] As nentioned above, according to the
present invention, a soft magnetic alloy for the perpendicul ar nmagnetic
recordi ng medium excellent in saturation magnetic flux density,

anor phousness and at nospheric corrosion ggsistance, as well as their

bal ance, is 15 provided by determ ning the“range in which the excellent

bal ance of the properties is exhibited in the soft nagnetic |ayer of the
per pendi cul ar magnetic recordi ng nmedi unCeA@MISy addi ng an appropriate
amount of Al /Cr as needed to enable an inprovenent in the atnospheric
corrosion resistance without deteriorating the 20 saturation magnetic flux

density anddariolr pmv%nﬂ@ssforlé s(ﬁtkgaw@nhtnagmwéﬁ nKaf per;ae;s@irw!arragmagnetitayer
in a perpendicul ar magne rdin ium the_al bei ng e

based al | oy ahB8COd eﬁ’é“'TFe §n aé%d( e'@&tl%‘?yfﬁg& 5 @ (fﬂgléfo?ga

Fe/ (Fe+Co) rathen M’Q!rﬁgp is an atomc ratio of Fe and Fe+Co Zr+Hf: 6 to 11
at% Nb+Ta: O to 2 at %

unavoi dabl e i npur if&: e aﬁ"o‘:T‘zﬂi'égé'f'?%”3&35&%@%?05?ﬁfﬁegfcg?ﬁéggﬁeWgPﬁ

of Zr and/or I arsatdrpit *666 SYr8.ar@ Peirdast that the amount of B to repl ace
Zr and/or Hf is doubl LN i%of the total amount of Zr and Hf to be

repl aced and thatz"t‘*Hé et 1AAi0ki of zr and H after repl acenent is 4 at%
or nore. Nb+Ta: O to 2 at%;

Al and/or Cr: 0 to 5 at%; and
the balance Co and unavoidable impurities.

2. The alloy according to claim 1, wherein a part of Zr and/or Hf is
replaced by B, provided that the amount of B to replace Zr and/or Hf
is double in at% of the total amount of Zr and Hf to be replaced and
that the total amount of Zr and Hf after replacement is 4 at% or
more.



