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SPECI FI CATYpesaalPhese Cehamise 1) iYSRGAORFY ON | MPLANTI NG APPARATUS

TECHNI CAL IrprEptiyngiTAppliseteee. Eal/EHO0PYR0F¥7at es to the ion inplanting
appar at us OuBACKEROUND ART In the field of Ivhigimet Abe &trtgﬁsa‘gétes
media for hard discs, DIR (D screte Track Recordi ng nedia) and BPM
(Bit Patterned 10 Medi a)are known, ti ly, the BPMin which a
plurality of magnetic filns are%@ﬁé@%ﬂoﬁ{the formof pits is
expected to _be a next-generation high density recordi ng nedi a.

The magn&tHICE OF e HEf I&Y@"ﬁ"%ﬁ’%eti c storage nedia have conventionally
been fornmed by patterning. In reproducing the 15 record of the
magnetic stor a&@NnEHIiP&{AN&iIH@eAPI? Ria§Reti c head fl oats above the
surface of the magnetic storage nedia, snoothness of surface is
desired. TESHNISAS. F&38Eh, a snoothing step to fill gaps anong the
magnetic films with a nonmagnetic material is necessary after the
patt ebni ng. 20Mheormesan: sinpentyorheeprsesssbytlomi ionngmHenting
snoot hening step, there is a publicly known nethod in which ions (ion
beans) ofappgyadcessi ng gas accel erated by an accel erator are

irradi ated upon an object to be processed in which a resist layer is
di sposed BaCKdrROUNIYART ¢ fil ns (See, the

In the field of magnetic storage media for hard discs,
DTR (Discrete Track Recording media) and BPM (Bit Patterned

10 Media)are known; particularly, the BPM in which a plurality of
magnetic films are dispersed in the form of pits is expected
to be a next-generation high density recording media.

The magnetic films of such magnetic storage media have
conventionally been formed by patterning. In reproducing the

15 record of the magnetic storage media, since the magnetic head
floats above the surface of the magnetic storage media,
smoothness of surface is desired. For this reason, a smoothing
step to fill gaps among the magnetic films with a nonmagnetic
material is necessary after the patterning.

20 In order to simplify the process by omitting the
smoothening step, there is a publicly known method in which ions
(ion beams) of a processing gas accelerated by an accelerator
are irradiated upon an object to be processed in which a resist
layer 1is disposed on the magnetic films (See, the

25 below-mentioned Patent Documents 1 and 2).
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The porti driemnatfonahappignet Ne. BGT/M200H0eH6dr e covered with the resi st
| ayer areOproifed0-8d2land not denmagneti zed, wher easlshiintahdbp&otwsssatds
portions on which no resist layer is disposed or on which there are
thin-covers of the resjst |ayers, target 5 ato bei ng constituen
atoms of the p?‘é‘@é%%lf%bo%?%&]éei“}ﬁﬂnf%tlé’d%?ﬁ?‘ﬁ%ecerhﬁgﬁe??\éejf?#% o
demagneti ze them Therefore, the demagnetized portions are forned in
t he magnéticc TEPRRE APBRY aﬁed%%%@tﬁgt%%@ P IS GG ayEE T SPTe
portions that remain magnetized (magnetic portions)_are 10 separated
by the démaghetPzecepird iRnid:icrdorhehsebdiatres ivhgheY Pt Portisersed
beconme storage areas in which storing/read-out of the information are
made. PatentnDdcisierithelre aPeACR1QOROPEBY A3 thgt £As1Bbclakgis 2:target
JP2008- 77756 15 DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY
THE | BVENEIBIN being et iexeessi geonensfar ehe npirastesd inchegas are
tenperature of the object to be irradiated rises, which causes

det eri or dtipdiamfed henmagnehé ¢ nchareacter ifstlimss, teo ddredgridiel B¢ ortdgen .
areas which 20 should retain the magnetic property are demagneti zed.
Ther ef or eshdra HRITAgRE detidith Y i0REBH01 61 6A lAredf othed Wi tRetmbigmetic
ion-inmplanted quantity of the inplantation of ions is being neasured,

and the demg@neiighdigafr ERISAS perrenat ed when tdeisrphageed The
quantity reaches a predeterm ned quantity. 25Conventionally, an
i npl ant ed, quaniid Yt Qb ti OASNABS magnetized (magnetic portions) are
10 separated by the demagnetized portions; and the separated
magnetic portions become storage areas in which
storing/read-out of the information are made.
Patent Document 1: JP-A 2002-288813
Patent Document 2: JP2008-77756
15 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
When excessive ions are implanted, the temperature of the
object to be irradiated rises, which causes deterioration of
the magnetic characteristics, so that the storage areas which
20 should retain the magnetic property are demagnetized.
Therefore, the demagnetizing process is carried out, while the
ion-implanted quantity of the implantation of ions is being
measured; and the demagnetizing process is terminated when the
implanted quantity reaches a predetermined quantity.

25 Conventionally, an implanted quantity of ions was
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nmeasur ed Dytieps} K§ag Edhepighy) duPinepRerear aday cup i s an

el ect r ocofrderottional fprdetionaNp. dH-T/EP200%086436¢al | y i nsul at ed, and
arranged Wit frefam0-8p2hni ng of the vessel being direlshigichat dba& Asspciates
irradiating device. 5Since the ions are positively or negatively

el ectrical -charged particles, current flows in the Faraday cup.when
the i ons "6ACEF SFheP¥algday éhpEaV%gﬂytﬁgpburrﬁ%? §P5ﬁ9ﬁ§ tHFough e
Faraday cup is neasured and the_rel ation between the neasured alu%
and the E3FACAPCORYGEATS VeFeeyatierh ﬁéd?l%ttfhsai@}i %wtﬁaﬁﬁ , an
quantity can be cal culated fromthe current value in an ammeter. .
However , agirae@ethel tBrin pREaAnEdofUdHt ey Seal kel at i 1a5R% he urkFent
value in the Faraday cup is smaller than the ion inplanted quantity
act ual | y iimmplddmttédhdl ey itdee obj ect to be 15 processed, which causes
excessive inplantation (overdose) by inplanting in accordance with
the i Apl anted §uacki t ythasedi@rs t hereur rpasivavaéyof dhe Pageddyedup.
MEASURES TO SOLVE THE PROBLEMS lons are irradiated in a vacuum

at nospheregeand cshierHaone2Pavt ial psocessiary gaswhaim njpeaFand@ay aluxt o
be inplanted are irradiated onto the object to be processed fromthe
ion irradiraid REeUNbhs @itenitss Pargaayi sup el easedtheosut henol]lentirtp
be processed, and the surrounding pressure of the Faraday cup becones
hi gher. 25WeiyH hePrassuEg beponBSmbhghetd dhe tiRasraladieh Yéadweanal

Phase (Chapter I) in Singapore International Application No.
PCT/ JP20Q9{DB36(ired value and the ion inflow quantity is determined,
10 the ion implanted quantity can be calculated from the current
value in an ammeter.

However, since the ion implanted quantity calculated from
the current value in the Faraday cup is smaller than the ion
implanted quantity actually implanted into the object to be

15 processed, which causes excessive implantation (overdose) by
implanting in accordance with the implanted quantity based on
the current value of the Faraday cup.

MEASURES TO SOLVE THE PROBLEMS

Ions are irradiated in a vacuum atmosphere; and when ions

20 of a processing gas having a material to be implanted are
irradiated onto the object to be processed from the ion
irradiating unit, an emission gas is released from the object
to be processed, and the surrounding pressure of the Faraday

cup becomes higher.

25 When the pressure becomes higher, the ions of the



Qur ref.: 10-3121lshijim, Abe & Associ ates processing gas collide
with the em ssion gas and other_ions, and are partially neutralized.
Si nce t heNpteng! dthateh€Chapise d 47 ingReTar e accel erated by an

accel er at drtetefiarbApgiendmijo Mt/ FRA0YE6836fhe neutral i zed particles,
whi ch ar e Qwheef5 108Uk al i zed i ons of the processi nghigas, Abe & Associates
irradi ated upon the object to be processed in a state of having a
certain anount qf acceleratiaon eneggg},ﬁ%so t hat constituent atons of

h

the proc®ESCTgSdRY 8P€ FRpIAACel:® fIFESSHIR HHE Y ihe LGitstiTiTent
atons of the ions of 10 the processing gas but also the constituent
atoms of WA FRBAFALPZ &Y Pt e e STRFEAMRAOPAIT Hhe PakcESe 11g
be processed. However, it is to be understood that even when the
neutral i #8¢ paiti chescéptrakethebFaraiday? il CFRE @r REFOHS oRs GO
Faraday cup, so that the ion inplanted quantity 15 cal cul ated from
t he val ueesfcrelid zegh r ertheof nehis rRdrigdaly eE@rtiislswal | efhiitdpan aige the
i npl anted quantity of the ions that has actually been inplanted into
t he obj ecteutaraid z@dotessed, thhi o castises gexc esse e radpldedatpon the
order to solve the 20 invention is directed to an ion (overdose).
object to be processed in a state of having a certain amount
of acceleration energy, so that constituent atoms of the
processing gas are implanted.
Therefore, not only the constituent atoms of the ions of
10 the processing gas but also the constituent atoms of the
neutralized particles are implanted into the object to be
processed. However, it is to be understood that even when the
neutralized particles enter the Faraday cup, no current flows
in the Faraday cup, so that the ion implanted quantity
15 calculated from the value of the current of the Faraday cup is
smaller than the implanted quantity of the ions that has
actually been implanted into the object to be processed, which
causes excessive implantation (overdose).
In order to solve the above problems, the present
20 invention is directed to an ion implanting apparatus, having
a vacuum chamber, an ion irradiating unit for irradiating ions
into the wvacuum chamber, a substrate holder for holding an
object to be processed in an irradiation range inside the vacuum

chamber in which the ions are irradiated, an object to be

25 measured, which is arranged in the irradiating range inside the



above problens, the present inplanting apparatus, having a vacuum
chanmber, an ion irradiati ng unit for irradiating ions into the vacuum
chanmber, dadupsfhare(@ariger) 1 IHIPAg an object to be processed in
an i rradi dtt¢roprianahgerlicaserio tel AFZEURYSRANDer in which the ions are
i rradi at e@preof: 00PELE to be 25 nmeasured, which i slshifimangea&issehiges
irradiating range inside the National Phase (Chapter I) in Singapore
| nt er nati onal Ag}ql i.cation No. PCT/JP2009/ 068367 CQur rgff : .
10- 31211 ¥R RS ABRE %, 8i BERC ARSI Syt d Ve RpEP Fdre
measuring unit for neasuring the_tenperature of the object to be
measur epl.%he tempe?ﬁé“ﬁﬁe?énghien\?@ﬁFFGn tPs P§i FEEEEFSEo the ion
i npl anti ng apparatus, further having a control unit connected to the
5 tenperature ABESRFEPFEMRVEHHEPWHEr Silncsted 5P| ot hahddR RS 109
tenperature of the object to be neasured and the nunber of atons to
be i npl anppdrEnys t Huwbjacthaving procassed W ist orenedtehetRoktiFol
unit. The present invention is constructed as discussed above, 10 and
t he obj etenperbeupeonesseding wel usedd vhehelipresenttinnerriwgen $he
for exanple, platy, with both surfaces being processing faces into
whi ch t heeafperstare 6O the ohpeanttedbe measured and the number of atoms
to be implanted into the object to be processed is stored in
the control unit.
The present invention is constructed as discussed above,
10 and the object to be processed to be used in the present invention
is, for example, platy, with both surfaces being processing
faces into which the atoms are to be implanted.
Because contamination is caused by another member, such
as the substrate holder, a sensor or the like, contacting the
15 processing faces, only a very limited portion of such an object
to be processed, such as side faces, can contact the other member,
so that it is difficult to attach the sensor thereto.
The object to be measured is arranged such that it does
not contact the object to be processed, so that the processing
20 face of the object to be processed is not contaminated. Since
the object to be measured and the object to be processed are
both arranged in the ion irradiation range, when the ions are
irradiated onto the object to be processed, the ions and

neutralized particles are made incident to both of the object

25 to be processed and the object to be measured to raise the



Because contami nation is caused by another menber, such as the
substrate_ holder, a sensor or the |ike, contacting the 15 processing
faces, onNgtiepaydhgse (Ghapter Ihdp t51REPEOFE such an obj ect to be processed,
such as silmernpiaene5ApplipatienNe RETAREYOAES Tnenber, so that it is

di fficult Cuoredtti6Sh2t he sensor thereto. Thihipibjag &be &oAtseciates
measured is arranged such that it does not contact the object to be
processed, so that the processing 20 face of the object to be

pr ocessed STESHGE ST THSTACEd. Since the object to be measured and
the object to be praocessed are both arranged in the ion irradiation
range, when thBCCEREIRAEYi rr atieR edtBAt o THE THER o ]B%tB?%Ees§%@,
the ions and neutralized particles are nade incident to both of the

obj ect 2% efpeFa tyrsc e selde ARy e tobPecreITUHRA PEKS GREINIBPRRI e Hive
Nati onal Phase (Chapter I) in Singapore International Application _No.
PCT/ JP20G%/c068B8rl @yt ed aénto tige 3D ELEHI§ PAMT MRS B RNES Gyiedtigsinarily
tenperatures thereof. Accordi ngly, when the rel ationship

bet weén tdeet etremiperdat bhe fp ldet abjowenttidybef méss gred tandenhea homp et
of the atons inplanted into the object to be processed is

preli m natid yohsdéheonthedbidet implkanpedcgsarti tynobe tdet comsted ant
atons of the ions into the object to be processed can be determ ned
by nmeasumigaguriad emee rainpea-aafurtehe fohjlectodje die v asunmethsukftleECTS OF
THE |1 NVENTI ON The inplanted quantity of the ions into the object to

be 10 progeszeadt oan he: acgunai®y determ ned. Since the
demagneti zati on can be accurately controlled, highly reliable

nmagnetic stor a%e@ﬂﬁ@aﬁ@@dh@u&b@@i%% byieSepaL atnthg tHrgBet becfid me
with precision. Since a sensor or the |ike does not need to be

attagped %&é&%e@{jeegnto e prpeassadi) hegebieert nka be 46npLocasged

is not contam nated.
demagnetization can be accurately controlled, highly reliable

magnetic storage media can be obtained by separating magnetic
films with precision. Since a sensor or the like does not need
to be attached to the object to be processed, the object to be
15 processed is not contaminated.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a sectional view for illustrating the ion
implanting apparatus according to the present invention.
Figs. 2(a) to (c¢) are sectional views for illustrating
20 a manufacturing process of the magnetic storage media.
EXPLANATION OF REFERENCE NUMERALS
10 --- Ion implanting apparatus, 11 --- vacuum chamber,
12 --- ion irradiating unit, 15 --- ion generator, 20 ---
accelerator, 30 --- température measuring unit, 31 --- object

25 tobemeasured, 34 --- control unit, 40 --- object to be processed



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a sectional view
for illustrati ngJ the ion i ngl_ant_i ng apparatus according to the
present i No@onal Fhaser{(Jeptep (h)n (Singapprear e secti onal views for

i |1 ustrat imegmaidrnal Aeplichaet Nei Hgl/Proe¥8e83f t he magnetic storage

medi a. EXPuANATIQ@NIZF REFERENCE NUVERALS 10 --- | hijimephbn&i Awgociates
apparatus, 11 --- vacuum chanber, 12 --- ion irradiating unit, 15ion
gener at or

,E20--- accelerator, 30 --- teTrr§eratur_e measuri ng
unit, 31 BEST HQP&F%%RHéNﬁEQEEY edE IFVENTION rol unit, 40---
object to be processed National Phase (Chapter |I) in Si n%a ore
| nt er nati onal AppFi@at f onr REST P M@%@b%@ﬁ&ﬁe% &ne embodiment
10- 31211 shijima, Abe & Associates BEST MODE FOR CARRYI NG QUT THE
| NVENTI OQf "the ipp Figplantinef epppred HifrePEICOTd186ndtestBRe Present
enbodi ment of the ion inplanting apparatus according to the present
i nvent i onnv&Mgomon i npl anti ng apparatus 10 has a vacuum chanber 11
and an ion irradiating unit 12. The ion irradiating unit 12
has ah i on gen€heat bon15np bt &ng iaperreius jdc basf athecwon genereat drl
15 is connected to an internal space of the vacuum chanber 11 via an
em ssi onagpEeriMNgdon irradiating unit 12.

The ion irradiating unit 12 has an ion generator 15; and
an internal space of the ion generator 15 is connected to an
internal space of the vacuum chamber 11 via an emission opening

10 which is not shown in the drawings. A vacuum evacuation system
19 is connected to the vacuum chamber 11. When the interior
of the vacuum chamber 11 is evacuated to vacuum by the vacuum
evacuation system 19, the interior of the ion generator 15 is
also evacuated to vacuum.

15 A gas feed system 16 is connected to the ion generator
>15, and the gas feed system 16 feeds a processing gas such as
an N, gas into the ion generator 15.

A high frequency antenna 17 is installed outside the ion
"generator 15; and when current is flown therethrough, the

20 processing gas is ionized inside the ion generator 15, and
emitted into the vacuum chamber 11 through the emission opening.

An accelerator 20 is arranged at a place opposed to the
emission opening in the vacuum chamber 11. The accelerator 20

has one or a plurality of accelerating electrodes 21la to 21d,

25 and the accelerating electrodes 2la to 21d are arranged along



10 which is not shown in the drawi ngs. A vacuum evacuati on system 19
is connected to the vacuum chanber 11. When the interior of the
vacuum chberal Phases ((hpatendl éd ¥82aPAE%Y UM by t he vacuum evacuat i on
syst em 19 Inteinatignat Applésatiot Np RCT/OR20§@A6%Aor 15 is al so evacuated to
vacuum 1%Ar gds 106é8l system 16 i s connected to thbkhjior, §badrAtsosiates,
and the gas feed system 16 feeds a processing gas such as an N2 gas
into the ion generatar 15., A high frequency antenna 17 is installed
out si de Ch&ET g&ierat éfﬁllf%l tz;%dgﬁ? S dwr‘)f/ger?tasl s Fiovit & ﬁzg'rl%t fsugh,
the 20 processing gas is ionized inside the ion nerator 15, nq
enitted into tRESVECHRMTEHabeFLEEHRPSSgh! R 1é ﬁ‘??ﬁ"‘i"&nt%%‘ﬁ?]ﬁg?o A7
accelerator 20 is arranged at a place qopposed to the em ssion, openi ng
in the vEQFRACHa®Ier fTeImeFHerotidl erBEO 26 ORESC b rECoPT AC T Bt RY iFAP
of accelerating electrodes 21a to 21d, 25 and the accel erating
el ect roddsa¥kd tosdd e sasdnyed ol éAg(naeg 1 vndhePrAseuEptRs A
in Singapore International Application No. PCT/JP2009/068367 Qur
ref.:510-3k2skshilpiraiingbel &cpssdesal b3 teo dildeenfospapewietvadie the
processing gas ions are enmtted.

accelerating electrodes 21a to 21d) . In other words, the ions

of the processing gas travel inside the accelerator 20, and then
they are emitted inside the wvacuum chamber 11.
The accelerating electrodes 21la to 21d are connected to

10 an acceleration power source 25. The acceleration power source
25 applies a voltage, which 1is generated by a potential
difference, as an acceleration voltage between the accelerating
electrodes 21a to 21d, to form an accelerating electric field
inside the accelerator 20.

15 Since the ions of the processing gas are charged with
electricity, the formation of the accelerating electric field
extracts the ions from the ion generator 15, and the ions are
accelerated during a period when they travel inside the
accelerator 20, then the accelerated ions of the processing gas

20 are irradiated into a predetermined range inside the vacuum
chamber 11.

In Fig. 1, a reference numeral 5 denotes an irradiating
range in which the accelerated ions of the processing gas are
irradiated. An object to be processed 40 is carried inside the

25 vacuum chamber 11 with the vacuum atmosphere being maintained,



The accel erating el ectrodes 2l1a to 21d have through hol es

respectively forned therein, and the ions of the processing gas
travel in@?é‘é‘a{ reasscariendbin HNgARAFfe v, the through hol es of 5 the
accel er at iHgnatienet AprlicgtionNo (RCHIRP04HA0EWAces bet ween t he

accel er at Ongredl: ée1ddes 21a to 21d). In ot her worldbijimahdb¢ &nkssofiatehe
processing gas travel inside the accelerator 20, and then they are
emtted inside the vacuum chanber 11. The accelerating electrodes.2?2la
Co 210 ate EOMREET dfiio 1T0CHR BB aITE HOtbe SEAEes SEToa: the
accel erat,i on power source 25 applies a voltage, which i ener ated by
a potentF&WaéﬂﬁFéPQhE@P9§SSaﬂlgécﬁF%Fﬁﬂ?gﬁ’ EﬁgﬁédngﬂéggsF%§trate
accelerating electrodes 2la to 21d, to forman accelerating electric
field i n§icdéethd8accel erator 20. 15Since the ions of the processing
gas are charged with electricity, the formation of the accel erating
electric fiel dhéxshaensin Fdd-oRsad r obie IRt FenbrapBPCassearif tRe
ions are accelerated during a period when they travel inside the
accel er aosubbfroahert  hendcoapeett ed ilors 466 . t heb prrovesichgnga s raat
are irradiated into a predeterm ned range inside the vacuum chanber
11. In Fifgceland s eferefesenofiethad Silenaites 4dn kndadhatemyl reamdgepen
whi ch the accelerated ions of the processing gas are irradiated. An
obj ect tddsbeppaogessethdlivsirear i edlsi nsivdebé her2br iveeu ube thaabherchkl
wi th the vacuum at nosphere bei ng mai ntai ned, National Phase (Chapter

1) in Sirgaperedatarnaid emrl mirpldtaat ifan nNo.44RCT/41B2009/ 068367 Cur
ref.: 10-3121lIshijinma, Abe & Associates to conme to rest in the

irradiating rapgenSsHedassHiy ay9act he hé badicakBg 4RBYE proddssing
state of being held by the substrate hol der 18.

10 faces; and resists 49a, 49b are arranged on the respective
magnetic films 44a, 44b directly or via other films such as
protective films 46a, 46b or the like.

Side faces of the object to be processed 40 contact a
substrate holder 18, and the processing faces on which the

15 resists 49a, 49b are arranged are exposed. In the processing
region 5, at least one face of the object to be processed 40
faces toward the accelerator 20 of the ion irradiating unit 12.

In the irradiating range 5, an object to be measured 31
is arranged spaced apart from the substrate holder 18 and the

20 object to be processed 40. The object to be measured 31 is,
for example, a plate made of a heat-conductive material such
as carbon or the like, and a'front face faces toward the ion
irradiating unit 12. |

The object to be processed 40 or the object to be measured

25 31 is not located in positions such that one interrupts ions



As shown in Fig. 2(a), the object to be processed 40 has 5 a

substrate_41, and nmagnetic filns 44a, 44b arranged on a front face
and a reafNfoRe topse Hehaglshdt iatMnEPPOTGnd the entire shape is platy.

Under | yi népteinpiirpabiapplisetion ¥oi el 7d0MeH ' he substrate 41 and the
magnet i ¢ Ourned:48412U4b. Both faces of this objeclhyigmapdbpotsssaalds 40
are processing 10 faces; and resists 49a, 49b are arranged on the

respective magnetic filnms 44a, 44b dire or via.other f.il .SUC
e Prot ect) PocTT Fhe AeatT 48505r% RetFiqtornt Yoty Fhe de gr e
obj ect tq be processed 40, contact .a substrate ho]der 18, and the
processi r#&ofma’g]%% 1R Whid ‘?W%Blnﬂgsjr%ﬁg‘tﬁ%tﬁieﬁgj §FE & Pamgesested
exposed. In the processing region 5, at |east one face of the object
to be prd®esddd the PRIEST Svard MFEsAEES Srlat or 20 of the ion
irradiating unit 12. In the irradiating range 5, an object to
be measured 31The RreafryEd Spated wperdidt oY t FRNSRIDs reg@Sfolndahers
and the 20 object to be processed 40. The object to be neasured 31
is, for éhamlie thepbshernudeioh anhéde-chaduetive ¢hawrenlll@ie 49
carbon or the like, and a front face faces toward the ion irradiating
unit 12. the gas emittdheérobj ebe dlyjdet probe sseTteilayt byheavby gey dug
be nmeasured 25 31 is not |ocated in positions such that one

i nterruptchd dpsadNationabf Phaseof Craptee plodas Simgaper, ewhich causes

I nternational Application No. PCT/JP2009/068367 Qur ref.:

10- 31211 shid iims AlFe t&eApsockakbesgt gaenterlihengt ied, clandi de dorheof
the processing gas irradiated fromthe ion irradiating unit 12 enter

the obj egdrd@ e R geeseetl 48:iagdyihe t0Rj aeh-t enbecHEastEEds Bdg JgHig

pressure of the irradiating range 5 becones higher 5 than in the

ot hergregipn HAsidle-d he varuypshamiely b duedo the das-anmtded from
the object to be processed by carrying out the irradiation of the

B ar e i
non-i oni %eaq:ﬁrﬁceesssgiquax%%sed by neutralizing the processing gas ions
| enter the object to be processed 40 and the object to be measured
31, and constituent atoms of the processing gas ions and the
15 constituent atoms of the neutralized particles are implanted.
When the constituent atoms are implanted into the object
to be measured 31, its temperature is raised. A temperature
measuring unit 30 is connected to the object to be measured 31.
The temperature measuring unit 30 has a sensor 33 and a
20 temperature detecting unit 32. The sensor 33 is buried in the
object to be measured 31, and contacts the object to be measured

31.
The sensor 33 is connected to the temperature detecting

unit 32; and the sensor 33 transmits the temperature of the

25 object to be measured 31 to the temperature detecting unit 32

10



10 so that part of the processing gas ions is neutralized.

Therefore, the processin s igns and the neutralized particles
generatedeVO%%d¥F§1Z?Pﬁ%r%ﬁén B%ﬁ?E?ngg%as ions enter the object to
be procesde@amatonghdrpliratiobNecRCT/APEIMEEN red 31, and constituent
atoms of tvergrd@eddl ng gas ions and the 15 const Ishuier Ake Sdnssotiatehe
neutralized particles are inplanted. When the constituent

atons are inplanted_i.nto.the.object _to be neasured i.ts ,
emper at dre s 2leRla® RibBRNer At B R AR Tre bt (et he A a7
to the object to be asured 31. The tenperature asuring unit 3

has & soRE TS RER T FErA SR < Hol Bt PRGCRhi Eosbe TRaDdrtor L3
is buried in the object to_be neasured 31, and contacts the object to
be measurdECFOLnT five tEEn8SFCEE s SEGRAGCt et ® I SRR &t ting
detecting unit 32; and the sensor 33 transmits the tenperature of the
25 obj ectuntiy Be AEasoRedcBedt P thedmsdr aldte3det @ed i Hyf umat Bm on
Nat i onal Phase (Chapter I) in Singapore International Application No.
PCT/ JP20097€068867ragiref of tite LA EIchipilpm MeAtsair& A3 ot dinan sl tded
el ectric signal; and the tenperature detecting unit 32 determ nes the
t enper at ure e tdwntotjlecnitto e nmeasured 31 according to the electric
signal. The tenperature detecting unit 32 is connected to a control
unit 34, and i mher pakkeaeronht hhebtenpérabharetohs t hrepdpteed irocdehe
measured 31 is transmtted to the control unit 34. The greater
t he nunbesbiafctd he abave JgredHeR]l] ithkogtbeteb)ed Mihted be phocassed,

the greater the nunber of the atons inplanted into the object to be
measur ed 3ds1desef i tHige object to be measured 31; therefore the
10 temperature of the object to be measured 31 becomes high. 1In
addition, when the acceleration voltage to be applied to the
accelerator 20 is high and the accelerating energy rises, even
when the number of the atoms implanted into the object to be
measured 31 is the same, the temperature of the object to be

15 measured 31 rises.

An electroconductive vessel (Faraday cup 35) is arranged
in the irradiating range 5, and the Faraday cup 35 is connected
to an ammeter 36. As to each accelerating voltage of the
accelerator 20, the relationships among the temperature of the

20 object to be measured 31, the current of the Faraday cup 35 and
the number of the implanted atoms implanted into the object to
be processed 40 are determined.

The relationships among the accelerating voltage to be

actually used, the temperature and the number of the implanted

25 atoms at the accelerating voltage are set in a control unit 34.

11



10 tenperature of the object to be neasured 31 becones high. In

addi tion, _when the accel eration voltage to be applied to the

accel er at ORI jfhasg &Thhaair?a ) e SIRSAPOES at i ng energy rises, even when
t he nunberntgmational AppliratiphPP afft BEPI08P/96831d obj ect to be measured 31
is the safbrrethdOt3dhberature of the object to be IsBimsadhe &dAgociates
rises. An el ectroconductive vessel (Faraday cup 35) is
arranged .i,n the_irradi.ating range 5, d_the Far C 35

Connect ed Mo a ERhart 38 AdhE it s FPE R ap P S 1 Pud st e
accel erator 20, the.relationshi ps anong the tenperature of the 20
obj ect | 10Tt hBESTbARCS 10 PRoDETPFBACIOH) { Hee T araiay Seup s AhRe T g
nunber of the inplanted atons inplanted into the object to be

pr ocessed M0 2&PESIREEr i hie P L e e FREFEAEAI PRE artIMRE T He e A S hg
vol tage to be actually used, the tenperature and the nunber of the

i npl ant edP25hgt bRBEPAT2EHECJBRRTEF BRY i Vol X0age PBP3ELSPR BO cloit i8It
unit 34. National Phase (Chapter I) in Singapore |International

Appl i éat ixs aNo.oTROI/P1 130006836 7t emperafure 18nd12hkes hiynory, oAbdhe
Associ ates The control unit 34 determ nes the nunber of the atons

i mpl ant edinimiteoittelte adlgmect to be processed 40 (for exanple, the nunber
of the atons per unit area) by checking the tenperature neasured by
t he tenperat ur @hreasubergofintliie 3 dne canpar isphatoetlhinsettie object
rel ati onship between the tenperature and the nunber of the inplanted

at om to belpeobupbed 0f iheralldme Haa e tapkantaddl nt®ot kexaohjlect
to be processed 40 is prelimnarily determ ned. For exanple, as to

the objeds tt@ chepb%g@_s:&edo%ei prb&t@ssdala) inthﬁ%ntumy, Ihofnidieer
atons to be inplanted is a nunber of atons such that anong the

magnepi ¢ 44 LAB £48hs 48he RABL AR AMEEntbOr Idd Bt BRE td RIS tASR anttily
of the resists 49a, 49b are | ocated are demagneti zed, and the

e oS FEANR ! e s pastd At TR s b
48a, 48b of the resists 49a, 49b are located are demagnetized,
and the magnetism of portions where thick-film portions 47a,
47b are located remains.

15 A determined number of the atoms is set in the control
unit 34, and when the number of the atoms determined from the
temperature of the object to be measured 31 reaches the
predetermined number of the atoms, the control unit 34 stops
the acceleration power source 25 or closes a shutter which is

20 not shown in the drawings to terminate the irradiation of the
processing gas ions toward the object to be processed 40 and
the object to be measured 31.

Since the number of the atoms implanted into the object

to be processed 40 becomes the predetermined amount and to

25 prevent excessive implantation, the portions where the

12



unit 34, and when the nunber of the atons determ ned fromthe

tenperature of the object to.be neasured 31 reaches the predeterm ned
nunber of NefinahFhase P‘#}ﬁgte(: ht} SINgARCTe 34 stops the accel eration power

source 25!¥prmatiiabarpiicatien NerPGHITN0P/868%7not shown in the draw ngs
to term n&uerdfhd0i3d2kdi ati on of the processing gakhiignsAbeRetyoeipfes
object to be processed 40 and the object to be neasured 31. Since the
nunber of_.t.he ons i npl ant into,_the object to. he 0Cess

becones CRApradd PRl aisant ahte: BobS bt eV antt PO SEY 8 dhgea

i npl antation, the portian ere the tional Phas Chapter 1) .in
S huanor & PnPEr RGP RS EEARBI PeaRPBISREE C eGP0 Gt AR &f
10-3121Ishiji.ma, Abe & Associates thin-filmportions 48a of the .
magnet i ¢ POHEHOREaBRES dritahfedrard [HeRahet?2 éd & 56 Hotmaghete
portions 52a, whereas the portions where the thick-filmportions 47a
are arr aRGeetdeai Bl et B@lwgt e B HF e nBgn &8 APFRRY 1n 2
separated in a 5 plurality by the nonmagnetic portions 52a (Fig. 2
(b) tb bedomslsttor hyetke ewanpmetic portjers, Sihd Higbe24ppos? e adie
face on which the demagneti zi ng process of the object to be processed
40 i s tersnoratged arseadi rdet-ed to the ion irradiating unit 12 by
turning 10 the object to be processed 40 about inside the sane vacuum
chanmber 11 or bextarryheg tfheeobjoppiosticebe threocdssed 40 i ntha cnotthher
ion inplanting apparatus having the sane structure as in Fig. 1.
Simlar tdendimayieMineusbyogesd oo fredhdemagrett zad | loa, prbheedbedunrberi cof
the atons to be inplanted into the object to be processed 40 is

det er m ned hrigmddiei & enpeiaidd eoafhd henokjreati 410 leeuAeasy vd t3iknianrd
when it reaches the predeterm ned nunber of the atons, the

i rradpat itor hpide: HOCESSHAG-Ha8h086 LBostORPRddeS@ Hehdfands vahaih
in Fig. 2 (c) , storage areas 51b and 20 nonmagnetic portions 52b are

formed i ndgdaonti 9ps yhene-tgqt BhekshLat Pos thonsr dibs el dhdnto
thin-filmportions 48b are arfanged.
another ion implanting apparatus having the same structure as
in Fig. 1.
Similar to the previously performed demagnetization, the
15 number of the atoms to be implanted into the object to be
processed 40 is determined from the temperature of the object
to be measured 31, and when it reaches the predetermined number
of the atoms, the irradiation of the processing gas ions is
stopped, so that as shown in Fig. 2(c¢), storage areas 51b and
20 nonmagnetic portions 52b are formed in the portions where the
thick-film portions 47b and the thin-film portions 48b are
arranged.
In this regard, Fig. 2(c) illustrates a magnetic storage

medium 50 in which the resists 49a, 49b are peeled off after

25 the demagnetization of both faces of the object to be processed

13



In this regard, Fig. 2 (c) illustrates a nagnetic storage medi um 50
in which e resists 49a 9h are peeled of f after 25 the
demagnetiyé)ﬁtl?1 ,SP(S’FS%@?}HP%&?&“ ng é?”(')b% ect to be processed National
Phase (Chape@ptionpl ppplsiaHemmerET/ROPYAPT¥dal Application No. _

PCT/ JP2009)uw068369-30F ref.: 10-3121Ishijima, Abe Bhitswodbatedssqgates

term nat ed. Since no excessive inplantation occurs in

perform ng tihet%%% %g;teidzati on processing, the storage areas 5la, 51b
do not bécome nartowsd, which al | ows reliability of the magnetic 5

storage nmedium 50 to be high.. . The, above expl anatiop is.

i rected to {8 OEETRE Y i BRASEF 8RBT AABEL hRTT RS SNy
the object to be processed 40 one by one, but the present invention
is not | YRPERSTHEH ST RIPLGRSEPEy DR tHLTHH iTEd atPng” GRi 13 0
may be 10 connected to the vacuum chanber 11 to irradiate the ,
processi MFSGHE omorefrd bothifhcéd 1oMst Hee bt to BE pR6cISBEHT
by irradiating processing gas ions in the sane irradi ating range. The
proce8si mFayags aesliay e o lediltdtdd onto the faces one by one or
irradiated onto both faces at the sane tinme. 15 In this case, the
nunmber of the &hemrsbprpl axpeanantonbos Mifrsdsedftat hbeobpeetwhardahe
processed 40 nmay be determi ned froma neasurenent result of the

t enper at wtenef atrbelngarentedy] eototthdéaneasuf ethe3db]ject Sephe gt aFsEct S
to be neasured 31 may be provided for a front face and a rear face of
t he obj ecto baehe, 28eprocesdedoddsetv idetertiionei & e tquant t&y tdfereto.
inplanted ions into the front face of the object to be processed 40

fromthe objectr twbesEasuesed thk fpent herhBeat ihgcaniand 1® may be
determ ne the quantity of inplanted ions into the rear face of the

obj eqh t amRCessethd A Jmmbendaberm ned fikeayt e of t Ratpftas Hing
the 25 processing object 31 to be neasured for the rear face.
gas onto the both faces of the object to be processed 40 by
irradiating processing gas ions in the same irradiating range.
The processing gas ions may be irradiated onto the faces one
by one or irradiated onto both faces at the same time.
15 In this case, the number of the atoms implanted into both
faces of the object to be processed 40 may be determined from
a measurement result of the temperature of the same object to
be measured 31, or separate objects to be measured 31 may be
provided for a front face and a rear face of the object to be
20 processed 40, to determine the quantity of implanted ions into
the front face of the object to be processed 40 from the object
to be measured 31 for the front face, and to determine the
quantity of implanted ions into the rear face of the object to

be processed 40 may be determined from the front face of the

25 processing object 31 to be measured for the rear face.
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Nat i onal Phase (Chapt er | ) i n Si ngapore I nternational Application No.
PCT/JPZOOIg/ 068g3)é ref 1211 shijim, Abe & Associates

The type of! 8% én ofe ﬁf"tlcularlyllmted and the
constltueﬁ‘%ter&ti‘b‘?ﬁa{ﬁ%ﬁﬂ&é Oligop‘?(é?él? BPAI68 304, exanple at | east one of
t he ki nds Oserdct@dl2komthe group of 0, N, B, P, Ishijima, &be f&Asspgiatghd
Xe; nore preferably one of the kinds 5 sel ected fromthe group of O,

N, B, P, Si, C f k f t :

of Si, In, TBI Yig %ro%%n%@%ur#% sé%égrg la[ ﬂ?nl re%[up
addltlon 0 t hese at pns a ed Theknd
of the pfdce Elenﬁoaﬁg %8 geﬁéﬁ‘ﬁe?ﬁ?ﬁ??g ?na@lyebg rCaH) ed BeREER 1telhe
10 front face and the re f a f th bject to b

Al t hough &he SREGNBEFCOF | %ﬁ?iﬁlcrie%sor?cﬁl i %(l]:ﬂog‘r I%%]‘e?g ﬁégg r’%gﬁ\gtl Be
mat erials such as Fe, Co, N or the Ilke may be used. More

speci ficdll ¥ &ti%i &fal Ararficc&eri M es faE %a@&’yi?@nec@/fPttheFé?llﬁdis

Fe/Pt or the like, or a CoCrPt alloy or the like 15 may be used.
The pPot stliegded [FAcR6the aBPUPaPt i @uiMr 1By B/ nSiedF eflt#ed :Cf Gir one

exanple, it may be formed by at | east one of the protecting naterials

sel ect ed dfr ivet hengs oupl eohsd stiawy toe, gearbomt SucArasGBL(Gl, Kr, Xe

(di anond-1i ke carbon) or the |ike, 20 hydrogenated carbon, carbon

nitride, asid Weoandafbideet eSOy, A0 &mwd TIN, addhet tesi Stwal Qg

49b is not particularly limted, but an exanple is an organic

mat er i al mcsuc ik iasisa ofeshrser atbes| mkg, bér ompwhhchdt heThdilckrd idfimthe

portions 47a, 47b and the thin-film25 portions 48a, 48b in

pr edet er PriRe SiaRLFasl ot admeyiyt MeatSon may be changed between the
10 front face and the rear face of the object to be processed 40.

Although the magnetic film 44 is not particularly limited,
magnetic materials such as Fe, Co, Ni or the like may be used.
More specifically, artificial lattice films such as Co/Pd,
Co/Pt., Fe/Pd, Fe/Pt or the like, or a CoCrPt alloy or the like

15 may be used.

The protective film 46 is not particularly limited,
either; for example, it may be formed by at least one of the
protecting materials selected from the group consisting of,
carbons such as DLC (diamond-like carbon) or the like,

20 hydrogenated carbon, carbon nitride, silicon carbide (SiC),
Si0,, Zr,0; and TiN.

The resist 49a, 49b is not particularly limited, but an

example is an organic material, such as a resin or the like,

from which the thick-film portions 47a, 47b and the thin-film

25 portions 48a, 48b in predetermined shapes are formed by means

15



Nat i onal Phase (Chapter 1) in Singapore International Application No.
PCT/JPZOOQQQQQB@Kw§U@3ﬁ§&f1)Lp %bﬁhijina, Abe & Associ ates of a
di e, suchpasn@ihPAPRcati NOYE/ANGbOLESROIr aphy met hod. The

substratendl s ngfyparticularly lTimted, so longlsf?ii’lrrja:[Ai)é&%ssociates
nonmagnet i ¢ substrate; for exanple, a glass substrate, a resin

substrate, a ceram c substrate, an alum num substrate 5 or the |iKke,
IS used. of a dieThrmudlomad Bpkaahpseg, appav@atd HHEE AAdadicditag Hyo mkk®od .
present invention nay be widely applied to a nethod of producing the
magneti c st or agie n@@h 14 sMaiIC hsanPardarafi dieBoneie et | 8il%ng as
demagneti zed and a plurality of magnetic portions are 10 separat ed,;

nore spegifigal h¥nmbBeekoR sUPLERLEAY RRAPAKAIYI Ca8 & dbadpkeirate,
produci ng various nagnetic storage nedia such as DIR (Di screte Track

Recording Medif)euiBAM Bl PaElariedsMediadc0r 10€ indiGrunl R Be rate

uses of the 1on inplanting apparatus 10 15 according to the present

invention are net Limted.tg the production of the magnetic storage
medi a 50. It can Ee’used £6r "vari ous ion processi ngs, such as ashi ng,

ion inmplantati et chin r.the like, Particularl t i.on
ool bt on nons, St Al aBl srlFabbifac R1d GdlBdad £S (il present
are to 20 be processed with.ions d only a narrow range,. such a
oi de facASETEREM M'BY, PRARLLGhY ARPATSRHET Fottdiod Sk gauging the
substrate holder 18 or the |jke. t hough t he shape or the. erial

o the oBRBOETEG BLoRRIE eAlaLn BhiAR kAt Gtarhe TranT Lt ish tr
is made of a 25 heat-conductive material such as carbon or the |ike,
the enti PEMNRELARSE PRASe ?Ch%h?%@l+§yirP@ﬁrﬂﬁﬂﬂﬂQ%c portions are

10 separated; more specifically, the ion implanting apparatus
can be used for producing various magnetic storage media such
as DTR (Discrete Track Recording Media), BPM (Bit Patterned
Media) or the like.

However, uses of the ion implanting apparatus 10

15 according to the present invention are not limited to the
production of the magnetic storage media 50. It can be used
for various ion processings, such as ashing, ion implantation,
etching or the 1like. Particularly, the ion implantation
apparatus is suitable for objects in which both faces are to

20 be processed with ions, and only a narrow range, such as a side
face or the 1like, can contact another member, such as a substrate
holder 18 or the like.

Although the shape or the material of the object to be
measured 31 is not particularly limited, when it is made of a

25 heat-conductive material such as carbon or the like, the entire
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I nternational Application No. PCT/JP2009/068367 Qur ref.:

10- 3121l shijima, Abe & Assaociates object to be neasured 31 is heated,
whi ch enaHP{é%nai kéateetfdepiat Ut é0 GHN4ARATObj ect to be measured 31 to be
accur at el ynteraasanebdpiication No P GEHEAPI088387 ovi ded in a position where
the proceSsing.:gaslzons are not directly irradiatkbijimahdhe &hissseiates
sensor is not directly irradiated with the processing gas ions, the

lifetime of, the sensor is prolanged. . The processin s 19gns
may be i PP 4t ebCt ?h@eﬁﬁjué@% tggbel%egse&rt@glelwgﬁa t H Tt %?18
be processed 40 at the sane tine, or the $r oces%i nlgd_%{ag} i ons rra%@ge

i rradi at SETRETENACP)y 1HSoPPIRCE ERqRerit AT bt det % RE O Y31
to be neasured and the object to be processed 40 by noving the

i rradi at MeGSPEFSIct FYRDWEL £ h2 S HEHF JS PROVELEEedBi AP YBSt fghgrhere the
The object to be neasured 31 is brought to the processing object 40
such t hatrosessdmido d5est wWedte t #iee pRoteddirRgtdys irgasiasesnd n the
neutralized particles entering the object to be nmeasured 31 may be
equal 5t o skl orat & dietineent i el pratiessihyigast hopsoedsting gas ions,
neutralized particles entering the object to be processed 40, a
measur i ngher rlarf redo@mofg t$realdesrs dretiwe grrdllvengmenber of t he at ons
inplanted into the object to be processed 20 40 detected based on the

t enper at ure of Thkepobrestihg des neassumed, Bt andatihetadnbertiod ddject
atons actually inplanted. National Phase (Chapter 1) in Singapore

| nt er nat itenak Appshead 0N ahg. t PEEHROOYDB8 3o &2 sd® a0 at the same
10- 3121l shijim, Abe & Associates WHAT IS CLAIMED IS: 1. An ion
i mpl ant i RY rRAPPBLAE IS PPV di$id1gas ions may be irradiated alternately
10 or in a sequential order onto the object 31 to be measured and
the object to be processed 40 by moving the irradiating position
with a beam of the processing gas ions.
The object to be measured 31 is brought to the processing
object 40 such that the ratio between the processing gas ions
15 and the neutralized particles entering the object to be measured
31 may be equal to the ratio between the processing gas ions
and the neutralized particles entering the object to be
processed 40, a measuring error becoming smaller between the
number of the atoms implanted into the object to be processed

20 40 detected based on the temperature of the object to be measured

31 and the number of the atoms actually implanted.
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5a vacuum chanber; an ion irradiating unit for irradiating

ions into,the uu hanber; . a substrate hol der for

hol di ng aﬁa%%?g% mﬁghﬁﬁPﬁfgiéﬁéEﬁﬂPﬂ“hn irradiation range inside the

vacuum ch&Herartiqnal fpplicatiehio- 18-/ 5r0YPe836/ r adi at ed; an obj ect

to be meadured; I0MAIZh is arranged in the irradi at Shimaapbedihepdees he
vacuum chanber; and a tenperature neasuring unit for measuring

t he tenperatuce %@A&Q%DOE%QCt to be neasured. 15 2. The ion
i npl anti ng apparatius as Set forth in claim1, further conprising a

control unit connected to the tenperature nmeasuring unit, 20wherein a
rel ati onship between the tenperature of the object to be nmeasured and
the nunber of atons to be inplanted into the object to be processed
is stored in the control unit. :

An ion implanting apparatus, comprising
5 a vacuum chamber;
an ion irradiating unit for irradiating ions into the
vacuum chamber;
a substrate holder for holding an object to be processed
in an irradiation range inside the vacuum chamber in which the
10 ions are irradiated;
an object to be measured, which is arranged in the
irradiating range inside the vacuum chamber; and
a temperature measuring unit for measuring the

temperature of the object to be measured.

15
2.

The ion implanting apparatus as set forth in claim 1,
further comprising a control unit connected to the temperature
measuring unit,

20 wherein a relationship between the temperature of the

object to be measured and the number of atoms to be implanted

into the object to be processed is stored in the control unit.
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