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TECHNI CAL FI ELD The present invention retates to sputtering té?vghﬁi’ 6“!0;!;
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A high-purity aluminum or high-purity aluminum alley sputtering target which can inhibit unexpected generation of particles. This
target is made based on such finding that, in a high-purity aluminum (atloy) sputtering target, inclusions in the target, particularly oxides, arc
mainly causative of particle generation and, in addition, graphite/alumtina composite inclusions distributed in a relatively coarse state in the
target induce an unexpected increase in particles. More specifically, the content of oxygen in the target is brought to less than 5 ppm and, in
addition, the number of indications having a size corresponding to the flat boitom hole of not less than 0.5 mmé¢ is less than 0.014

indication/cm?.




BACKGROUND ART Sputtering targets are usually in the formof circular
“di scs which serve as sputtering sources when sputtering is wused to form
el ectrodes, gates, conductive patterns, elenents, insulation filns,
protective filnms, etc. on substrates. As accelerated particles inpinge
against the surface of a target, atons that constitute the target are

partl W released 1n an anbient spacing owi ng to nonmentum exchange and are
deposijt ed 5 @) E#oppositely | ocated substrate. Typical of sputtering
target}s in use include alum num and alum numalloy targets, refractory
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alyﬁihuw1and alum num al loys for formng alumnumwrings. Al so, thin
films of alum num are used as reflective surfaces of conpact discs and
magnet o- opti c di scs. The tendency toward | arger scale integration of
el ectronic circuits has reduced the width of their wiring to the

sub-m cronet er consequently, the particles that gener
formng a thin ‘?&Pﬂ‘\ﬁﬂs sputtering are presenting a nmjor pro%ﬁf#%®9§7
cause of disconnection or shortingggf thegircuiws. The term"particles" as

used herein neans the particulate tters that y off fromthe target
upon
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sputtering and deposit in clusters directly onto a thin film being fornmed
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s and then cone off onto the thin film As for alum num (all oy)
they too nust cope with the advent of finer alum numwring and

uality reflective surfaces of conpact and magneto-optic discs.
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al umi num al l oy sputtering targets characterized in that the nunber of
inclusions 10 [err] mor nore in average diameter that appear on the
sputter surface of a target is fewer than 40 per square centineter and the
oxygen content in the target is I|ess than 15 ppm (Japanese Pat ent

Appl i cation No.wé- 9). As described in the above Pat g,
: 19
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of .particles during the course of sputtering. Al though the average nunber
‘of parficles during sputtering is at a satisfactorily lowlevel, it can -
occur that the nunber of particles in one wafer |ot or other, all of
sudden, exceeds a controllable imt. This phenomenon of sudden particle
generation is a factor that can lower the yield of an LSI. fabricatl
process. Womglﬁgﬁesent i nvention is ained at providing hFGHIG i/)
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DI SCLOSURE OF | NVENTI ON The present inventors have concentrated our
efforts in solving the problens of the prior art and have prinmarily

i nvestigated about the formin which oxygen occurs in alum num or alum num
alloy targets. The investigations have suggested a strong possibility of

t he presence C ite inclusions of alum na and carbon p ' hat
oAiss episisagt

apparently ori fromthe graphite crucible used in nelting e
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of particles. In addition to the findings as above, the present
|nventors have nom/revealed the possibility of using the

3

nunmber of "indication" in ultra-sonic flaw detection of a

target material as a neasure of the frequency of presence of

graphite- alumbga cqu05|te i nclusions in an alum numor alum num all oy

target.
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On the basis of the foregoing, the present invention provides a sputtering
target- of high-purity alum numor high- purity alum num all oy

characterized in that the oxygen content in the target is less than 5 ppm
and that, in ultrasonic flaw detection fromthe target surface, the nunber

of indication g nding to flat bottomholes 0.5 nm or NQ&Gypbiia
di aneter is fewer 9t an 0.014 per square centineter. ! Eﬁil EF

nunbers of  poy F QB0 1 s R RN L gL,

nunbers of particles with | rrpa?ive Ezlarrpi ie‘%E
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and Target Di(&d&miis) .
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BEST THE | NVENTI ON Particles upon sputtering are
genermlﬂmllmmlrw n the target burst into tiny particulate matters.
he-tiny » partrcubtate matters fall back and deposit around pores left open
by the burst. The deposit then cones off, too becom ng a cause of
particles. Since the inclusions that give birth to the particles consist
mai nly of oxiWOMOPE oxygen content in a target is |imtedGTgPPURA8T han 5
ppm In addition, the nunber of %gdl atlon orresponding to flat bottom
holes 0.5 nmmor nore in dianeter than 0.014 per square
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centirnmeter so that the | evel of graphite-alumna conposite inclusions in
the target is lowered and the possibility of sudden particle generation is
sati-sfactorily reduced. The expression "high-purity alum nunf used as
a material for sputtering targets according to the present invention

means al um num_ of 9% or greater purity. By "alum num all gy doSeddBANnt a
Gonitiod il

hi gh-purity al ¥ ontaining up to 10% by weight, in total, or
two or nore e| ement p—itstia I\,’ d t O Qr\llffﬁ\ri n TF)FQPTQ‘ siich as QI, C:U,
Ti, G, O, Ni, M| 8 2z, Nd, A4 materfial s for the| manuffacture
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accordipng to the present invention, comercially available high-purity

allumpaum materials with or without the addition of the above-nentioned

al l eyi ng el enents nmay be used. In any case, the material chosen nust have

the | east possible contents of inpurities, such as radioactive elenments or

al kali netal Sw {g&& an have adverse effects upon el ectroni c ;ﬁ;’ and
R I'ng a

the Iike. IS usually fabricated by neltlng and cas
material, heat treaff -t ot to—Tqpart prope
crystal structure, etc. Wi ngl and finishfng the

wor kpi ece to final dinensions Isc of the }{ike.
Adequat e conbi nati o f pltastic| work , ch ng and|forgi hgs Wi th
heat treatment perfifs opti numfadj us{nments 2{ the crystalling orieptgtion
and other qualities e resgyltingjtarge}*
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|ned Usi'ons for the nost part come fromthe process steps of materi al
melting and casting. They are predom nantly oxides, the renai nder being
nitrides, carbides, hydrides, sulfides, silicides, etc. In view of this,
cruci bl es, gates, 5 nmol ds,
etc. used for target fabrication is nade of reducing materials by

preference. Also, it is |npor;antsbgcigithQONnnlten al um num or al um num
all oy to thoroughly renove oxides

ALUMINUM OR ALUMINUM ALLOY SPUTTERING TARGET

TECHNICAL FIELD
The present invention relates to sputtering targets of
high-purity aluminum or high-purity aluminum alloy and more
particularly relates to high-purity aluminum or aluminum alloy
sputtering targets which, when sputtered to form a thin film,

do not involve much particle generation.

BACKGROUND ART

Sputtering targets are uéually in the form of circular
discs which serve as sputtering sources.when sputtering is
used to form electrodes, gates, conductive patterns, elements,
insulation films, proteétive films, etc. on substrates. As
accelerated particles impinge against the surface of a target,
atoms that constitute the target are partly released in an
ambient spacing owing to momentum exchange and are deposited
on an oppositely located shbstrate. Typical of sputtering
targets in use include aluminum énd aluminum alloy targets,
refractory metal and alloy (W, Mo, Ti, Ta, Zr, Nb, etc. and
their alloys such as W-Ti) targets, metallic silicides
(MoSix, WSix, NiSix, etc.) targets, and platinum group metal
targets.

An important one of fhese.target groups is the group of
aluminum and aluminum alloys for forming aluminum wirings.
Also, thin films of aluminum are used as reflective surfaces
of compact discs and magneto-optic discs.

The tendency toward larger scale integration of electronic



ang OtHer slags that come up to the surface of the nelt. The nelting and
casting are carried out in a non-oxidizing atnosphere, preferably in a
vacuum Particl es upon sputtering are generated as inclusions in the
target burst into tiny particulate matters. The tiny particulate matters
fall back and deposit around pores left open by the burst. The deposit

Give oiriRireeihe BasrFodndda Sad iR of Dohofs e il S0 WL "o oxygen

give birt €S consi s oXl

content i BubbRiER6MEtePCEANES. "OORsEGAENEL PPN NFaPBRId1&d Scngeneration is
encour aged noticeably. Therefore, the oxygen content In a target is

limted tgehesatéhapoh Ppming a thinsSfalmobyespstteying dnsustPeddrting
proportion of graphite- alunmina conposite inclusions that can cause. sudden
particl e agepdent pepblemeas ancavsepf discennection il shonting ot ed

thecircuits. The term "particles" as used herein means the
particulate matters that fly off from the target upon
sputtering and deposit in clusters directly onto a thin film
being formed on a substrate or once deposit and build up on
surrounding walls and components and then come off onto the
thin film. As for aluminum (alloy) targets, they too must
cope with the advent of finer aluminum wiring and higher
quality reflective surfaces of compact and magneto-optic
discs. To meet the end, it is desired to decrease the number
of particles that result from sputtering, specifically the
number of particles 0.3 g m or larger in diameter to 50 or
fewer per square centimeter.

Under the circumstances, the present inventors have found
that particles originate from inclusions in aluminum (alloy)
targets and that the inclusions are mostly oxides. On the
basis of the findings, we previously proposed aluminum or

~aluminum alloy sputtering targets characterized in that the
number of inclusions 10 y m or more in average diameter that
appear on the sputter surface of a target is fewer than 40
per square centimeter and the oxygen content in the target is
less than 15 ppm (Japanese Patent Application No. 7-192619).

As described in the abové Patent Application No. 7-192619,
a decrease in the oxygen content of an aluminum or aluminum
alloy target makes it possible substantially to control the
generation of particles. However, it has been pointed out

that there still is a problem of sudden increase in the number



and are not included in specinens usually sanpled for oxygen analysis;
they are rarely counted in analytical values. Wth this in view, a target
material is subjected to ultrasonic flaw detection fromits surface, and

t hé nunber of indication corresponding to flat bottomholes 0.5 mmor nore
in diameter thus observed is used as a neasure of the frequency of

bresence ofe Lig- IR IRrAldyiia. COMRAS be LOGLYSLINS. a1 cnbigy fdlecati on

nmeasur enent i'n ul'trasoni tection _ _ he b SIS of t he
i ntensiti eyefadee et ofe Paras dilat auaingsplitéesingces we iandi cations,
di mensi ons and configurations of the indications, etc. In general, the
magni t ude saft iggfagithmidiy drow desysili, mittedaly ocomprathat the number of
6 .
particles in one wafer lot or other, all of sudden, exceeds a
controllable limit. This phenomenon of sudden particle
generation is a factor that can lower the yield of an LSI
fabrication process.
The present invention is aimed at providing high-purity
aluminum or high-purity aluminum alloy sputtering targets
specifically capable of controlling the sudden particle

generation during film formation by sputtering.

DISCLOSU&E OF INVEﬁTION

The present inventbrs have concentrated our efforts in
solving the problems of the prior art and have primarily
investigated about the form in which oxygen occurs in aluminum
or aluminum alloy targets. The investigations have suggested
a strong possibility of the presence as composite inclusions
of alumina and carbon particles that apparently originate
from the graphite crucible used in melting target materials.

The composite inclusions are rather roughly or
scatteringly distributed and are not included in specimens
usually sampled for oxygen analysis, being seldom counted in
analytical values. Nevertheless they can cause particle
generation during a sputtering process. It is presumed
especially with low oxygen-content targets that the relatively
rough distribution induces a sudden increase in the number
of particles.

In addition to the findings as above, the present

inventors have now revealed the possibility of using the



|nten51ty of its indication echo with a DGS chart of neasure- nents with
echoes reflected fromflat bottom holes machined to varied depths and

di mensions. Thus, a flat bottom hole dianeter of 0.5 mm neans the

magni tude of an indication having an intensity equivalent to that of the
echo reflected froma flat bottom hole having a di aneter of 0.5 nm and as

et dept hupbl §eak58akRQAoRY 88 GOULYALERE AR flractiodiisp Lhe nunber
of° 8 FPk

i ndi cat’'r on correspondi ng e dr ane 9.5 mmor
rmre i s g&aae‘gele hhearfadlds Qeﬁeﬁgﬁﬁéeofe’eﬁé”ﬂ*&iueﬁ&? éfldﬁf‘é'séﬂééeéﬁe in

t he nunber
graphite-alumina composite inclusions in an aluminum or
aluminum alloy target.

On the basis of the forégoing, the present invention
provides a sputtering target of high-purity aluminum or high-
purity aluminum alloy.characterized in.that the oxygen content
in the target is less than 5 ppm énd that, in ultrasonic
flaw detection from the target surface, the number of

indication corresponding to flat bottom holes 0.5 mm or more

in diameter is fewer than 0.014 per square centimeter.

BRIEF EXPLANATiON OF THE DRAWINGS
FI1IG. 1 is a graph showing changes in the numbers of
particles with 1ots that used Target A (Comparative Example)
and Target B (Example).'
FIG. 2 is a graph showing changes in the numbers of
particles with lots that used Target C (Comparative Example)

and Target D (Example).

BEST MODE FOR CARRYING OUT THE INVENTION

Particles upon sputtering are generated as inclusions in
the target burst into tiny particulate matters. The tiny
particulate matters fall back and deposit around pores left
open by the burst. The deposit then comes off, too becoming
a cause of particles. Since the inclusions that give birth to
the particles consist mainly of oxides, the oxygen content in
a target is limited to less than 5 ppm. In addition, the
number of indication corresponding to flat bottom holes 0.5

mm or more in diameter is set to fewer than 0.014 per square



particl’es becones remarkable. Therefore, the nunber of indication
corresponding to flat bottom hole diameter of 0.5 nmor nore is set to
fewer than 0.014/cnferr]. This value corresponds to fewer than 10 in an
ordinary high-purity alum numor alumnumalloy sputtering target, or a
target 300 mmin dianeter and from 10 to 15 nmthi ck. Thus, under the

present i RyeRhaer! U8 AKRLAGRNILNEL O GhALhiELOS) GAfnRecRELERRE Vhi e,

at the sane f[l e, con I|n_g Su en par e gener SO aSsS 0 neet
future ragdu@TeRES ihothel varge® (8l hewkrkdr d8Sthe possibility of

EXAMPLES ~ (Exanple 1) Two different types of Al -0.5%Cu all oy
targets (30ddem particle generation is satisfactorily reduced.

The expression "high-purity aluminum" used as a material
for sPuttering'targets according to the present invention
means aluminum of 99.99% or greater purity. By "aluminum
allby“ is meant a high-purity aluminum containing up to 10%
by weight, in total, of one or two or more elements usually
added to sputtering targets, such as Si, Cu, Ti, Ge, Cr, Ni,
Mo, B, Zr, Nd, Ta.

As materials for the manufacture of sputtering targets
according to the present invention, commercially available
high-purity aluminum materiais with or without the addition of
the above-mentioned alloying elements may be used. In any
case, the material chosen must have the least possible
contents of impurities,'such as radioactive elements or alkaii
metals, that can have adverse effects upon electronic devices
and the like.

A target is usually fabricated by melting and casting a
material, heat treating and working the cast piece to impart
proper crystal structure, grain size, etc., and then machining
and finishing the workpiece to final target dimensions in the
form of a disc or the like. Adequate combination of plastic
working, such as rolling and forging, with heat treatment
permits optimum adjustments of the crystalline orientation and
other qualities of the resulting target.

Inclusions for the most part come from the process steps
of material melting and casting. They are predominantly
oxides, the remainder being nitrides, carbides, hydrides,

sulfides, silicides, etc. In view of this, crucibles, gates,



di anet.er and 10 nmthick) were nade. The oxygen contents in the targets
were determned. Utrasonic flaw detection of the targets was perforned
from above their surfaces. The conditions used for the detection were as

fol |l ows: 7 Oscil | ator
dianeter : 9.5 mm area : 68 M err]

molds, etc. used for target fabrication is made of reducing

- materials by preference. Also, it is important in casting
molten aluminum or aluminum alloy to thoroughly remove oxides
and other slags that come up to the surface of the melt. The
melting and casting are carried out in a non—oxidizing |
atmosphere, preferably in a vacuum.

Particles upon sputtering are generated as inclusions in
the target burst into tiny particulate matters. The tiny
particulate matters fall back and deposit around pores left
open by the burst. The deposit then comes off, too becoming
a cause of particles. The inclusions that give birth to the
particles consist mainly of qxides, and when an oxygen
content in the target becomes more than 5 ppm, the particle
generation is encouraged noticeably. Therefore, the oxygen
content in a target is limited to less than 5 ppm.

It is also necessary to reduce the proportion of graphite-
alumina composite inclusions that can cause sudden particle
generation. These inclusions are rather roughly distributed
and are not included in specimens usually sampled for oxygen
analysis; they are rarely counted in analytical values. With
this in view, a target material is subjected to ultrasonic
flaw detection from its surface, and the number of indication
corresponding to flat bottom holes 0.5 mm or more in diaﬁeter
thus observed is used.as a measure of the frequency of
presence of the graphite-alumina composite inclusions.

The indication measurement in ultrasonic flaw detection
can be made on the basis of the intensities of reflected
echoes that vary with distances to indications, dimensions and
configurations of the indications, etc. 1In general, the

magnitude of an indication is estimated by comparing the



shape * : circular U trasonic frequency: 5 - 10 Mz The oxygen
cohtents in the targets, and the nunbers of indication corresponding to
flat bottomholes 0.5 nmor nore in dianmeter in ultrasonic flaw detection
per'unit area were as foll ows: xygen _
Nunmber/cnierr] of indication corre- content sponding to
fl at "bottom hol e . dianeter of 0.5 mmor nore

Target A (CBE§PEity ofjits indicétion( 2_8{2,433tn FaPget cCherExafpregsures
00002 s e VoL e SEpbBLOSL R BN LA, RSP R hbhne P
to varied depths and dimensions. Thus, a flat bottom hole
diameter of 0.5 mm means the magnitude of an indication
havingwan intensity equivalent to that of the echo reflected
from a flat bottom hole having a diameter of 0.5 mm and as
much depfh. It is also known as an equivalent diameter.
When the number of indication corresponding to the flat
bottom hole diameter of 0.5 mm or more is greater than 0.014
per square centimeter, the sudden increase in the number of
particles becomes remarkable. Therefore, the number of
indication corresponding to flat bottom hole diameter of
0.5 mm or more is set to fewer than 0.014/cm?*. This value
corresponds to fewer than 10 in an ordinary high-purity
aluminum or aluminum alloy sputtering target, or a target
300 mm in diameter and from 10 to 15 mm thick.
Thus, under the present invention, the average number of
particles can be decreased while, at the same time,
controlling sudden particle generation, so as to meet future

requirements for aluminum (alloy) targéts.

EXAMPLES

(Example 1)

Two different types of Al-0.5%Cu alloy targets (300 mm in
diameter and 10 mm thick) were made. The oxygen contents in
the targets were determined. Ultrasonic flaw detection of
the targets was performed from above their surfaces. The

conditions used for the detection were as follows:



and;the'nunber of particles 0.3 [err] mor larger in dianeter were counted
using a particle counter (Mdel No. 6420 manuf actured by Tencor). Changes
in nunmbers of particles in different lots are graphically represented in

FIG 1. Lot Nos. 1 - 32 represent the results of sputtering with
Target A, Lot Nos. 33 - 40 the results with Target B, and Lot hgz. 41 - 49
the results agaj ith Target A. When Target A was used, sudden

i ncreases i r?ﬁg‘?feln]rf%%ﬂferd eter i 3-&s ™ ndi cated by asterisks in FIG 1)

were_observed.» Wth Tajget B, s:t'egy' Imimt,y was nmaintained with no such peak.

" shape : circular

Ultrasonic frequency: 5 - 10 MHz

The oxygen contents in the targets, and the numbers of
indication corresponding to flat bottom holes 0.5 mm or more
in diameter in ultrasonic flaw detection per unit area were

as follows:

Oxygen Number/cm? of indication corre-
content sponding to flat bottom hole
{ppm) _diameter_of 0.5 mm or more

Target A (Comp.Ex.) 1 - 0.0453

Target B (Example) 2 0.0042

With these targets sputtering tests were carried out.
Sputter films were formed on silicon wafers 8 in. in diameter
and the number of particles 0;3 u m or larger in diameter were
counted using a particle counter (Model No. 6420
manufactured by Tencor). Changes in numbers of particles in
different lots are graphically represented in FIG. 1.

Lot Nos. 1 - 32 represent the results of sputtering with
Target A, Lot Nos. 33 - 40 the results with Target B, and Lot
Nos. 41 - 49 the results again with Target A.

When Target A was used, sudden increases in the number of
particles (indicated by asterisks in FIG. 1) were observed.

With Target B, stability was maintained with no such peak.



8 .~ .t (Exampl e 2) In the same way as in Exanple 1, two
different types of Al -0.5%u alloy targets (300 mmin dianeter and 10 mMm
thick) were made. The oxygen contents in the targets were determ ned,
and ultrasonic flaw detection was perfornmed from above their surfaces.
The oxygen contents in the targets, and the nunbers of indication
corrésponding to flat bottomholes 0.5 mmor nore in dianeter in ultra-
sonic flaw det@&tdmmepey) unit area were

- In the same way as in Example 1, two different types of
Al-0.5%Cu alloy targets (300 mm in diameter and 10 mm thick)
were made. The oxygen contents in the targets were
determined, and ultrasonic flaw detection was performed from
above their surfaces.

The oxygen contents in the targets, and the numbers of
indication corresponding to flat bottom holes 0.5 mm or more
in diameter in ultra- sonic flaw detection per unit area were

as follows:

Oxygen Number/cm? of indication corre-
content sponding to f£lat bottom hole
(ppm) .diameter of 0.5 mm or more

Target C (Comp.Ex.) 0.5 0.0325

Target D (Example) 0.5 0.0127

Using these targets, sputtering tests were carried out.
Sputter films were formed on silicon wafers 8 in. in diameter
and the number of particles 0.3 y m or larger in diameter were
counted with a particle counter (Model No. 6420 manufactured
by Tencor). Changes in numbers of particles in different lots
are shown in FIG. 2.

‘Lot Nos. 1 - 17 represent the results of sputtering with
Target C, and Lot Nos. 18 - 33 the results with Target D.

When Target C was used, sudden increases in the number
of particles (indicated by asterisks in FIG. 2) beyond.a
controllable upper limit (30 in this case) were observed.

On the other hand, with Target D, stability was maintained

with no such increase.



as, £ ol l-ows: -CXygen Nunmber/cnierr] of indication

corre- content sponding to flat bottom hol e
(ppm di aneter of 0.5 mmor nore Target C (Conp.Ex.) 0.5
0.0325 Target D (Exanple) 0.5 0. 0127 -Usi ng these

targets, sputtering tests were carried out. Sputter filnms were formed on
siliton wafers-8 in. in dianeter and the nunber of particles 0.3 [err] m

or larger in dianeter were coRUSARIALLARPBACABELETEount er (Model No. 6420
manuf act ur ed or). .Changes .in nunbers._of particles.in different lots
re shown 1n A BYE bl MGhanbn" oF B puBTy, RLGRLEEM, aLLpY
sputteri napitider (Hy dirder AelolBlindoto the pidskiE LhvUhtsoH! hikdar gt D
When Target C was used, “sudden i1 ncréases In e numnber

possible to reduce the occurrence of sudden particle

generation during the course of sputtering.

10



of ,particles (indicated-by asterisks in FIG 2) beyond a controllable
upper Il[”m“ﬂﬂﬂ“ Mﬂlﬁgse) were observed. On the other hand, with
Target I nuu intained wth no such increase.
| NDUSTRI AL APPLI CABI LI TY The
hlgh purity alum num or high-purity alum num all oy
CLAIM
- 1) A sputtering target of high-purity aluminum or high-purity
aluminum alloy characterized in that the oxygen content in the
target is less than 5 ppm and that, in ultrasonic flaw
detection from the target surface, the number of indication

corresponding to flat bottom holes 0.5 mm or more in diameter

is fewer than 0.014 per square centimeter.



spu{rering target according to the present invention nmakes it possible to
reduce the occurrence of sudden particle generation during the course of
sputtering.

~ ABSTRACT

- In order to provide high-purity aluminum or aluminum alloy
sputtering targets which control sudden particle generation,
based on the findings wherein inclusions, especially of
oxides, in high-purity aluminum (alloy) sputtering targets are
mainly responsible for particle generation, and moreover,
graphite-alumina composite inclusions that are relatively
roughly distributed in the targefs cause sudden increase in
the number of particles formed, the oxygen content in such a
target is limited to less than 5 ppm and the number of
indication corresponding to flat bottom holes 0.5 mm or more
in diameter in ultrasonic flgw detection as performed from

above the target surface is set to be fewer than 0.014/cm?.
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10 = CLAIM 1) A sputtering target of
high-purity alum numor high-purity alumnumalloy characterized in that
t he oxygen content in the target is less than 5 ppmand that, in

ul trasonic flaw detection fromthe target surface, the nunber of
indication corresponding to flat bott@wlbles 0.5 mmor nore in di aneter
Is fewer than 0.014 per square centineter.
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