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SPECIFICATION 

TITLE OF THE INVENTION 

ION IMPLANTING APPARATUS 

TECHNICAL FIELD 

5 The present invention relates to the ion implanting 

apparatus. 

BACKGROUND ART 

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 is disposed on the magnetic films (See, the 

25 below-mentioned Patent Documents 1 and 2). 
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The portions of the magnetic films which are covered with 

the resist layer are protected and not demagnetized, whereas 

in the processed portions on which no resist layer is disposed 

or on which there are thin-covers of the resist layers, target 

5 atoms being constituent atoms of the processing gas are 

implanted into the magnetic films to demagnetize them. 

Therefore, the demagnetized portions are formed in the magnetic 

films along an opening pattern of the resist layer. The 

portions that remain 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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measured by using a Faraday cup. The Faraday cup is an 

electroconductive vessel which is electrically insulated, and 

arranged with an opening of the vessel being directed to an ion 

irradiating device. 

5 Since the ions are positively or negatively 

electrical-charged particles, current flows in the Faraday cup 

when the ions enter the Faraday cup. When the current flowing 

through the Faraday cup is measured and the relation between 

the measured value and the ion implanted 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 TmpTahted" 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 
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processing gas collide with the emission gas and other ions, 

and are partially neutralized. Since the ions of the processing 

gas are accelerated by an accelerator before becoming 

neutralized, the neutralized particles, which are the 

5 neutralized ions of the processing gas, are irradiated upon the 

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 vacuum 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 
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vacuum chamber, and'a temperature measuring unit for measuring 

the temperature of the object to be measured. 

The present invention is directed to the ion implanting 

apparatus, further having a control unit connected to the 

5 temperature measuring unit, and wherein a relation 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. 

The present invention is constructed as discussed above, 

10 and the obj ect 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" f ace of the obj ect "to" be" processed "is hot 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 
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temperatures thereof. 

Accordingly, when the relationship between the 

temperature of the object to be measured and the number of the 

atoms implanted into the obj ect to be processed is preliminarily 

5 determined, the implanted quantity of the constituent atoms of 

the ions into the object to be processed can be determined by 

measuring the temperature of the object to be measured. 

EFFECTS OF THE INVENTION 

The implanted quantity of the ions into the object to be 

10 processed can be accurately determined. Since the 

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, 3 0 temperature measuring unit, 31 object 

25 to be measured, 34 control unit, 40 obj ect to be processed 
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BEST MODE FOR CARRYING OUT THE INVENTION 

In Fig. 1, reference numeral 10 denotes one embodiment 

of the ion implanting apparatus according to the present 

invention. 

5 The ion implanting apparatus 10 has a vacuum chamber 11 

and an ion 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 N2 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 

"2"0 processing '~gas is-iohiz ed"' "inside~~the Ton "generator"" 157" and 

emitted into the vacuum chamber 11 through the emission opening. 

An accelerator 2 0 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 21a to 21d, 

25 and the accelerating electrodes 21a to 21d are arranged along 
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a direction in which the processing gas ions are emitted. 

The accelerating electrodes 21a to 2Id have through holes 

respectively formed therein, and the ions of the processing gas 

travel inside the accelerator 2 0 (namely, the through holes of 

5 the accelerating electrodes 21a to 21d and spaces between the 

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 vacuum chamber 11. 

The accelerating electrodes 21a to 21d are connected to 

10 an acceleration power source 25. The acceleration power source 

25 applies a voltage, which is 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, 
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to come to rest in the irradiating range 5 or pass through the 

irradiating range 5, in a state of being held by the substrate 

holder 18. 

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

5 a substrate 41, and magnetic films 44a, 44b arranged on a front 

face and a rear face of the substrate 41, and the entire shape 

is platy. Underlying films may be provided between the 

substrate 41 and the magnetic films 44a, 44b. 

Both faces of this object to'be processed 40 are processing 

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 irradiating 

range 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 
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to enter the other, and the ions of the processing gas irradiated 

from the ion irradiating unit 12 enter the object to be processed 

40 and the object to be measured 31. 

The pressure of the irradiating range 5 becomes higher 

5 than in the other region inside the vacuum chamber 11 due to 

the gas emitted from the object to be processed by carrying out 

the irradiation of the ions of the processing gas, which causes 

the ions of the processing gas colliding with the emitted gas 

and the ions of the processing gas colliding with the ' 

10 non-ionized processing gas, so that part of the processing gas 

ions is neutralized. 

Therefore, the processing gas ions and the neutralized 

particles generated by neutralizing the processing gas ions 

enter the object to be processed 40 and the object to be measured 

15 31, and constituent atoms of the processing gas ions and the 

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. 

-20 The -temperature-measu-ri-ng-uni-fe- -30 -has- a-sensor-33-and- a— - - — 

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 

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

object to be measured 31 to the temperature detecting unit 32 
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as an electric signal; and the temperature detecting unit 32 

determines the temperature of the object to be measured 31 

according to the electric signal. The temperature detecting 

unit 32 is connected to a control unit 34, and information on 

5 the temperature of the object to be measured 31 is transmitted 

to the control unit 34. 

The greater the number of the atoms implanted into the 

object 4 0 to be processed, the greater the number of the atoms 

implanted into the object to be measured 31; therefore the 

10 temperature of the object to be measured 31 becomes high. In 

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. 
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The control unit 34 determines the number of the atoms implanted 

into the object to be processed 4 0 (for example, the number of 

the atoms per unit area) by checking the temperature measured 

by the temperature measuring unit 30 in comparison to the set 

5 relationship between the temperature and the number of the 

implanted atom. 

The number of the atoms to be implanted into the object 

to be processed 40 is preliminarily determined. For example, 

as to the object to be processed 40 in Fig. 2(a), the number 

10 of the atoms to be implanted is a number of atoms such that among 

the magnetic films 44a, 44b, portions where thin-film portions 

48a, 48b of the resists 49a, 49b are located are demagnetized, 

and the magnetism of portions where thick-film portions 47a, 

4 7b 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 "tb~terminate the irradiation" "of the 

processing gas ions toward the object to be processed 4 0 and 

the object to be measured 31. 

Since the number of the atoms implanted into the object 

to be processed 4 0 becomes the predetermined amount and to 

25 prevent excessive implantation, the portions where the 
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thin-film portions 48a of the magnetic film 44a are arranged 

are demagnetized to be nonmagnetic portions 52a, whereas the 

portions where the thick-film portions 47a are arranged remain 

magnetic without being demagnetized to be separated in a 

5 plurality by the nonmagnetic portions 52a (Fig. 2(b) to become 

storage areas 51a. 

Next, the face opposite the face on which the 

demagnetizing process of the object to be processed 40 is 

terminated is directed to the ion irradiating unit 12 by turning 

10 the object to be processed 40 about inside the same vacuum 

chamber 11 or by carrying the object to be processed 40 into 

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" hdnmagnet^ 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 
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40 is terminated. 

Since no excessive implantation occurs in performing the 

demagnetization processing, the storage areas 51a, 51b do not 

become narrowed, which allows reliability of the magnetic 

5 storage medium 5 0 to be high. 

The above explanation is directed to the case where the 

atoms are implanted into the faces of the object to be processed 

40 one by one, but the present invention is not limited thereto. 

A plurality of the ion irradiating units 12 may be 

10 connected to the vacuum chamber 11 to irradiate the processing 

gas onto the both faces of the object to be processed 4 0 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 4 0 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"407" to "determine" thequaritlty" 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 4 0 may be determined from the front face of the 

25 processing object 31 to be measured for the rear face. 
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The type of processing gas is not particularly limited, 

and the constituent atom thereof is preferably, for example, 

at least one of the kinds selected from the group of 0, N, B, 

P, F, H, C, Kr, Ar and Xe; more preferably one of the kinds 

5 selected from the group of 0, N, B, P, Si, F, H and C, or one 

of the kinds selected from the group of Si, In, Ge, Bi, Kr, Xe 

and W; and further preferably, Si or Kr. In addition, two or 

more kinds of these atoms may be implanted. The kind of the 

processing gas for demagnetization 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)", 

Si02, Zr203 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 
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portions 48a, 48b in predetermined shapes are formed by means 

of a die, such as a stamper, or by a photolithography method. 

The substrate 41 is not particularly limited, so long as 

it is a nonmagnetic substrate; for example, a glass substrate, 

a resin substrate, a ceramic substrate, an aluminum substrate 

or the like, is used. 

The ion implanting apparatus 10 according to the present 

invention may be widely applied to a method of producing the 

magnetic storage media in which a part of the magnetic film is 

demagnetized and a plurality of magnetic portions are 

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 

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 like. Particularly, the ion implantation 

apparatus is suitable for objects in which both faces are ro 

be processed with ions, and only a narrow range, such as a side 

face or the like, 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 

heat-conductive material such as carbon or the like, the entire 
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object to be measured 31 is heated, which enables the 

temperature of the object to be measured 31 to be accurately 

measured even if a sensor is provided in a position where the 

processing gas ions are not directly irradiated. When the 

5 sensor is not directly irradiated with the processing gas ions, 

the lifetime of the sensor is prolonged. 

The processing gas ions may be irradiated to the object 

to be measured 31 and the object to be processed 4 0 at the same 

time, or the processing gas ions may be irradiated alternately 

10 or in a sequential order onto the object 31 to be measured and 

the obj ect to be processed 4 0 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"" 4 0 detected" based "on'the temperature of the obj ect" to be measured 

31 and the number of the atoms actually implanted. 
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What is claimed is: 
1. An ion implanting apparatus, comprising 
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 irradiating range of ions inside the vacuum chamber 
in which the ions are irradiated; 

an object to be measured, which is arranged in the irradi­
ating range of ions inside the vacuum chamber, 

a temperature measuring unit for measuring the tempera­
ture of the object to be measured when the ions are 
irradiated on the object to be measured and on the object 
to be processed together; and 

a control unit which is connected to the temperature mea­
suring unitj 

wherein 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 pro­
cessed, the ions and neutralized particles are made inci­
dent to both of the object to be processed and the object 
to be measured, to raise temperatures, 

wherein a relationship between a temperature of the object 
to be measured and a number of atoms to be implanted 
into tiie object to be processed is stored in the control 
unit, When the ions are irradiated, 

wherein the number of atoms implanted into the object to 
be processed is being determined from the temperature 
measured by the temperature measuring unit, and when 
the determined number of atoms reaches the predeter­
mined number of the atoms, irradiation of the ions on the 
object to be processed and the object to be measured is 
being terminated. 

2. The ion implanting apparatus as set forth in claim 1, 
wherein the object to be measured is arranged spaced apart 
from the object to be processed* 

3LThe_ion implanting apparatus, as set fortlx in claim 2, -
wherein the temperature measuring unit includes a sensor 
contacted w ith the obj ect to be measured, and the temperature 
of the object to be measured is being detected by ihe sensor. 
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