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A

ION SOURCE AND OPERATION METHOD THEREOF

Background of the Invention

Field of the Invention

5 Thisinventionrelatestoanionsourcewhichhasaifilament
for emitting electrons and a reflector for reflecting the
electrons and which applies-a magnetic field to the inside of
| a plasma production vessel, and more particulaxly to means for
improv.:i.ng an ion production efficienéy, prolonging the life .

16 of the filament, etc.

Description of the Related Art

FIG. 1l2 shows a related art example of the ion source.
This ion source is called Bernas—-type ion source. -An ion source
of a similar structure is also disclosed, for example, in -
15 Japanese Patent Unexamined Publication No. Hei. 9-63981.
The ion source comprises a plasma production vessel 2,
for example, shaped 1like a rectangular parallelepiped and also
serving as apositive potential. Gas (containingalso the case
-where the gas is vapor) for producing plasma 16 is introduced
20 into the inside of the plasma production vessel 2. The plasma
production ﬁessel 2 is formed on a wall face (long-side wall)
with an ion extraction slit 4 for extracting an ioq beam 18,
In the example, the ion beam 18 is extracted tov}ard the rear
of the plane of the figure.

25 A filament 6, for example, shaped like U, for emitting
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an electron ¢ is placed in one side (one short-side wall side)
of theplasma productionvessel 2. The filament 6 and theplasma
production vessel 2 are electrically insulated by an insulator -
12.

5 An opposed reflector 8 for refleéting the electron e is
placed facing the £ilament 6 in an opposite side of the plasma
production vessel 2 (namely, the other short-side wall side
Facing the filament 6). The opposed reflector 8 and the plasma
product'ion vessel 2 axe electrically insulated by an insulator

10 13. Theopposedreflector8maybeplacedinafloatingpotential
without connecting to any poi;'n':. The opposed reflector 8 may
be alsoconnectedtooneendof the filament 6 (moreparticularly,
the negative potentiél terminal of a filament power shplbiy 24)
by a conductor 298 for placing the cpposedreflector 8 in £ilament -

15 ©potential as described in the above-mentioned Japanese Patent
Unexamined Publication No. Hei 9-63981.

Arear reflector 10 for reflectingthe electrone isplaced
facing the opposed reflector 8 at a place positioned behind
the filament 6 in the plasma production vessel 2. Namely, the

20 rear reflector 10 is placedl between the U-shaped portion of
the filament 6 and the wall face of the plasma production vessel
2 behind the U-shaped portion. The rear reflector 10 and the
plasma production vessel 2 are electrically insulated by
insulators 12 and 14. The rear reflector 10 has been connected

25 to one end of the filament 6 (more particularly, the negative
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potential terminal of the filament power supply 24) for placing
the rear reflector 10 in filament potential.
In the plasma production vessel 2, a magnetic - field
genefator 20 placed outside the plasma production vessel 2
5 applies a magnetic field 22 along the axis connecting the
f.i_lament 6 and the opposed reflector 8 to produce and confine
the plasma 16. However, the direction of the ma_gnetic field
22 may be opposite to that shown in the figure. The magnetic
field g'en'eratbr 20 is, for example, an electromagnet.
10 - DC filament voltage Vr (for example, about 2 to 4 V) is
applied from the -DC filament power sui:p-ly- 24 t_d the. filament
6 to heat the filament 6 for emitting an electron
(thermoelectron) e.
From a DC axrc power supply 26, arc voltage V, (for example,
15 _ about 40 to 100 V) is applied between one end of the filament .
6 and the plasma production vessel 2 with the filament 6 as
the negative pofential to produce arc discharge between the
filament 6 and the plésma producﬁion vessel 2.
FIG. 13 shows an example of potential variation in the
20 ion source according to the related art. In the example, the
opposed reflector 8 is connected to one end of the filament
6 by the conductor 28. However, if the opposed reflector 8
is not connected to any point for placing the opposed reflector
8 in floating potential, the potential of the opposed reflector

25 8 becomes the same extent as that in the example, namely, the
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_same extent as the potential of the filament 6. The reason
is that if the opposed reflector 8 is placed in the floating
potential, a far larger number of light and high-mobility
electrons in the plasma 16 than the number of ions are incident
5 © on the opposed reflector 8 and thus the opposed reflector 8
is charged at negative potential. |
The gas introducedintothe insideof theplasmaproduction
vessel 2 is ionized by the above-mentioned arc discharge to
producé the plasma 16. From the plasma 16, the ion beam 18
10 . can be extracted by an electric field. Usually, an extraction
electrode for extracting the ion beam 18 is placed at a point
opposed to the ion extraction slit 4 (the xear of the plane
of the figure), but is not shown here.
The production process of the plasma 16 will be discussed
15 in detail. The electron e emitted from the filament 6 is
accelerated toward the plasma production wvessel 2 by the
above-mentioned axrc voltage Va (the filament voltage Ve is small
asmentioned above and therefore is ignored in the description).
Then accelerated slectron e with the energy corresponding to
20 the voltage Va collides with a gas molecule for ionizing the
gas molecule, whereby plasma 16 is produced. The ions and
electrons (also containing thermoelectroné emitted from the
filament 6) e in the plasma 16 are trapped by the above-mentioned
magneticfield22andfurtherrepeatcollisionwithQaSmolecules,

25  thereby producing and confining the plasma 16.
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The potential of theplasma 16 becomes a potential between
the potential of the plasma production' vessel 2 and the
potentials of both the reflectors 8 and 10, as shown in FIG.
13, and a potential difference occurs between the plasma 16

5 and both the reflectors 8 and 10. The potential difference
‘causes electrons e emitted from the filament 6 or produced in
the plasma 16 to be reflected on both the reflectors 8 and 16
and reciprocate between both the xeflectors B8 and 10.
Conseqﬁently, the collision probability between the electrons

10 eandgasmolecules isincreasedandplasmaléwithahighdensity
can be produced. —As a result, the extracted ion beam 18 can . -
be increased.

There is a demand for extracted multiply charged . ions
of doubly charged or more ions for use as the ions forming the .

15 ion beam 18 from the ion source as described above. ‘- The reason
why there is such a demand is that a multiply charged ion can
provide acceleration ehergy valence times that of a singly
charged ion at the same acceleration voltage (for example, a
doubly charged ion provides acceleration energy twice that of

20 asinglychargedion) andthushighenergycanbeeasilyprovided.

However, in the ion source in the related art as described
above, production of multiply Charged ions is not considered
and thus the production amount of the multiply charged ions
iS small as comparedwith that ofmolecular ionsor si_ngly charged

25 ions. That is, the ratio of the multiply charged ions in the
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plasma 16 and thus the ratio of the multiply charged ions
contained in the ion beam 18 are not high. Therefore, the

multiply charged ions cannot be used effectively.

5 | Summary of the Invention .

An object of the present invention is to provide an ion
source and operation method thereof which can improve the
production efficiency of multiply charged ions in an ion source
for inéreasing the ratio of multiply charged ions contained

10 in an ion beam. Other objects are described later.

‘In order to -accomplish: the object above, the following-- .- - --

.means are adopted. According to the present invention, there
is pS_:ovided an ion source of a first aépect comprising a rear
reflector, an opposed reflector, a filament, a filament power
15 supply, a plasma production vessel, an arc power supply, and
a DC bias power supply. The rear reflector is electrically
insulated from the filament and the plasma production vessel.
The DC bias 'power supply is a power supply individuated fr§m
the filament power supply and the arc power supply. The DC
20 bias power supply is provided for applying a DC bias voltage
between at least one of the opposed reflector and the rear
reflector and the plasma production vessel with the reflector

as a negative potential.
| In the ion source, the potenfial of at least one of the

25 opposed reflector and the rear reflector can be adjusted based
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on the bias voltage applied from the bias power supply

independently of the output voltages of the arc power supply

énd the filament power supply. Therefore, the energy and the

amount of the electrons reflected on the reflector can be

5 adjustedaccordingtothebiasvoltage. Forexample, the energy

and the amount of the electron'which reflected are increased
with increasing the bias voltage.

In the ion source, it is possible to use many high-enexrgy

electréns to produce plasma and thus it is possible to more

10 increase ionization of molecules, atoms, or ions in the plasﬁta
and producé a larger number of multiply charged  ions.. - That
is, it is possible to improve the production efficiency 6f
multiply charged ions for increasing the ratio of the mﬁltiply
charged ions contained in ‘the ion beam.

15 In case of singly charged ion beam extraction, many
high-energy electrons reflected on the reflector to which the
bias voltage is applied can also be efficiently used to produce
the plasma for enhancing the ion production efficiency, so that
it is also possible to improve the singly charged ion production

20 efficiencyforincreasingtheextractedsinglychargedionbeam.

| In the ion source, even if the arc¢ voltage is reduced,
the high-energy electrons reflected on the reflector to which .
the bias voltage is applied can ionize the gas efficiently.
Thus, it is possible to prevent reducing the plasma production

25 efficiency and to prevent a decrease in the beam current.
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Therefore, the filament current and further the arc current
need not be made large. Consequently_, it is also made possible
to reducg thearcvoltage forprolonging thelifeof the filament.

Thus, according to the ion source, if the principal object

5 1is to improve the ion production efficiency, the production
efficiency of multiply charged and singly charged ions can be
enhanced. If the principal object is to prolong the life of
the filament, the arc voltage can a.lso be reduced for prolonging
the life of the filament. This can be accomplished in singly

10 charged ion production and multiply charged ion production.
Bothimprovement inthe ionproductionefficiencyand prolo-_nging'
the life of the filament can also be intended.

In the ion .source, at least one of the opposed reflector
and the rear reflector may be made of a material having a higher

15 thembele'ctrén radiation current density than tungsten. Thus,
it is possible to use also the electrons emitted from the
" reflector effectively to produce and coﬁfine the plasma and
thus the filament current required for producing apredetermined
arc current can be more reduced. Therefore, it is possible

20 to more prolong the life c;f the filament;

In the ion éource or an operation method thereof, the
potential of at least one of the opposed reflector and the rear
reflector may be made negative below the potential of the
filament as the bias voltage is applied. Further, in the ion

. 25 souxce or the operation method thereof, the bias voltage may
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be set larger 10 V or more than the arc voltage. Therefore,

it is possible to use a larger number of high-energy electrons
andthus it ispossible tomore enhancingthe effectsof improving

the ion production efficiency, prolonging the life of the

5 filament, etc., described above. |

-According to the present invention, thereisalsoprovided

an ion source of a second aspect comprising first and second
rear re;Electors, first and second opposed reflectoxrs, a filament,

a fi_lan(e'nt power supply, a pla;ma production vessel, a arc power

10 supply, and a DC bias power supply. The first and second rear
- reflectors axre electrically insulated from the £irst and second
filaments. The DC bias power supply is a power supply
individuated from the filament power supply and the arc power
supply. The DC bias power. supp'ly applies- a DC bias voltage

15 Dbetween at least one of the first and second rear reflectors
and theplasmaproductionvesselwiththe reflectorasa negétive

potential.

In the ion source,. the potential of at least one of the

first and second rear reflectors can be adjusted based on the

20 bias voltage applied from the bias power supply independently
of the output voltages of the arc power supply and the filament
power supply. Thus, the energy and the amount of the electrons
reflected on the reflector can be adjusted according to the
bias voltage. Consequently, it is possible to use many

25 high-energy electrons to produce plasma and thus it is possible
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to more increase ionization of molecules, atoms, or ioms in
the plasma and improve the ion production efficiency.

Consequently, if the principal object is to improve the
ion production efficiency, the production efficiency of

5 multiply charged and singly chargea ions can be enhanced. If
the principal object is to prolong the life of the filament,
the arc voltage can also be reduced for prolonging -the life -
of the filament. This can be accomplished in singly chaxged
ion préduction and multiply charged ion production. Both

10 improvement in the ion production -efficiency and prolonging
~the life of ‘the filament can also ‘be intended.

Moreovex, the ion source ha's two pairs of filaments and
rear reflectors, so that ’;he amount of electrons emitted from
each filament can be halved for still more prolonging the life-

15 of each filament.

In the ion source, at least one of the first and second
rear reflectors may be made of a material having a higher
thermoelectronradiationcurrent density than tungsten. Thus,
it is possible to use also the electrons emitted from the

20 feflector effectively to produce and confine the plasma and
thus the filament current required for producinga pr.e‘determined
arc current can be more reduced. Thereforé, it is possible
to more prolong the life of the filament.

In the ion sourc'e'or an operation method thereof, the

25 potential of at least one of the first and second rear reflectors

10
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may bemade negativebelow the potentials_ of the first and second
filaments as the bias voltage is applied. The bias voltage may
be set larger 10 V or more than the arc voltage. Therefore,
it is possii:;],e to use a larger number of high-enexgy electrons
5 andthusitispossibletomoxeenhancingtheeffectsof improving
the ion production efficiency, prolonging the life of the
filament, etc., described above.
In the ion source, the plasma can be ignited reliably
with a large filament current at the initial condition of .
- 10 operating the ion source and then the filament .curfent may be
reduced.. By doing this, the life of the filament can be still. - --
more prolonged.
Further, in the ion source, the magnitude of the bias
. voltage output from the bias power supply may be controlled.
15 By doing this, the amount of the ion beam extracted from the
ion source can be cont.folled at high speed.as compared with
the case where the filament current is changed for changing

the axc current.

20 Brief Description :;f the Drawings
FIG. 1isaschematicsectionalviewto showa first example
of an ion source according to the invention;
FIG. 2 is a drawing to schematically show an example of
potential variation in the ion source in FIG. 1;

25 FIG. 3 is a drawing to show an example of the bias voltage

11
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characteristic of doubly charged ion beam current of boron;

FIG. 4 is a drawing to show an example of the bias voltage
characteristic of singly charged ion beam current of boron when
arc current is 1000 mA;

5 FIG. 5 is a drawing to show an example of the bias voltage
characteristic of singly charged ion beam current of boxon when
arc current is 2000 mA;

FIG. 6 is a drawing to show an example of the bias voltage
characferistic of singly charged ion beam current of boron when -

10 arc current is 3000 mA;

FIG. '7-1is an"enlarged~drawingfof-é-filament in-FIG.- 1; -~~~ =~

FIG. 8 is a drawing to show the experimental result of
change in the diameter of the filament in FIG. 7 after lb-hour
operation;

15 FIG. 9 is adrawing to show the temperature characteri stic
of the rate of evaporation of tungsten and thermoelectron
radiation current density;

FIG. 10 is a schematic sectional view to show a second
exanple of an ion source accofding to the invention:

20 FIG. 11 is a drawing to schematically show an example
of potential variation in the ion source in FIG. 10;

FIG. 12 is a schematic sectional view to show an example
of an ion source in a related art; and
FIG. 13 is a drawing to schematically show an example

25 of potential variation in the ion source in FIG. 12.

12
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Detailed Description of the Invention

FIG. 1isaschematic sectionalviewtoshowafirst example

of an ion source acco;:'ding to the invention. Parts identical

5 with or similar to those in the related art example i:reviously
deseribed with reference to FIG. 12 are denoted by the same
reference numerals in FIG. 1 and the differences fxomthe related
art example will be ma-iﬁly discﬁssed.

fn the ion source, a rear reflector 10 is eiectrically

10 insulated from a filament 6. That is, here the rear reflecfor
‘10is.electricallyinsulatedfrombothaplasna proql_uclj::iony_ess_efl .
2 and the filament 6.

The rear reflector 10 and an opposea reflector 8 are

electrically connected by a conductor 30 and are placed in the
15 same potential.

Further, a DC bias power supply 32 is a power supply
individuated from a filament power supply 24 and an arc power
supply 26. The DC bias power supply 32 is placed for applying
a DC bias voltage Vs between the opposed reflector 8 and the

20 rear reflector 10 and the plasma production vessel 2 with both
the reflectors 8 and 10 as negative potential.

First, the ion sourcewill be discussed from the viewpoint
of improving the multiply charged ion production efficiency
of . |

25 For comparison with the ion source, _the potential

13
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variation of the ion source in the related art shown in FIG.
12willbeagaindiscussed. As described above, inthepotential
variation in the related axrt as shown in FIG. 13, the potential
of the opposed reflector 8 and the rear reflector 10 is equal
5 to or almost equal to the potential of the filament 6. In such

potential variation, reflecting of electrons e by the rear
reflector 10 is.not much efficient. Therefore, some of the
electrons ¢ emitted from the filament 6. collide with the rear
refl'ecﬁor 10 placed in the proximity of.the filament 6 and thus

10 donot contfibute to produéing or confining the plasma 16. The .
‘fear reflector 10 has only a potential almost similar to the- -
potential corresponding to the arc voltage Vs and thus the energy
of the electrons e reflected on the rear reflector 10 is not
much large. =~ = |

15 : On the other hand, the opposed reflector 8 also has only.
a potential almost similar to the potential corresponding to
thearcvoltageVaandthusthe energyofthe electronsereflected
on the opposed reflector 8 is not much large. Reflecting of
the electrons g by the opposed reflector 8 is not much efficient

20 either. Therefoxe, many electrons e reflected by the opposed
reflector 8 do not head for the plasma 16 and are diffu;sed and
then collide with the wall face of the plasma production vessel
2.

For this reason, in the ion source in f:he related art,

25 the energy and the amount of the electrons e reflected on both

14
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reflectors 8 and 10 are small. Thus it is considered that
ionization of rﬁolecules, atoms, or ions in the plasma 16 by
the electrons e is not much increased and the production amount
of multiply charged ions is small.
5 In contrast, in the ion source shown in FIG. 1, the bias
power supply 32 individuated from the filament power supply
24 and the arc power supply 26 is provided. Thus based on the
bias voltage Vg oufput from the bias power supply 32, the
potentials of the opposed reflecﬁor 8 and the rear reflector
10. 10 can be adjlusted_ independently of filament ‘voltage Vy and -
the arc voltage Va. Théerefore, the energy and the amount of. .-
the electrons e reflected on both the reflectors 8 and 10 can
be adjusted according to the magnitude of the bias voltage Vs.
For example, as the bias voltage VB' is increased, the efficiency- -
15 of reflecting the electrons € by both the reflectors 8 and 10
is enhanced and thus the amount of the electrons e reflected
is increased. The energy of the electrons e reflected on both
the reflectors 8 and 10 is also incxeased.
FIG. 2 shows an example of potential variation in the
20 ion source according to the present invention. - The potentials
of the opposed reflector 8 and the rear reflector 10 can be
adj.usted by the bias voltage Vg output from the bias powexr supply
32. Unlike the related art example, the potential of each of
boththereflectors8andlOcanalsobeset toanegativepotential

25 Dbelow the potential of the filament 6. Therefore, as described

15
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_above, the energy and the amount of the electrons e reflected

on both the reflectors 8 and 10 can. be made lar'ger.
According to the ion source, it is possible to use many
high~energyelectronseasmentionedabove toproduceandconfine
5 theplasma l6andthusit ispossible tomore increase ionization
of mo.lecules,' atoms, or ions in the plasma 16 and produce a
larger number of multiplychargedions: Thatis, theproduction
efficiency.o.f multiply charged ions can be improved and the
ratio o.f the multiply charged ions contained in the plasma 16
10 canbe increased. Therefore, it ispdssible touse themnltiply

' Charged ions’ éffectively.
Particularly, the potentials of béth the reflectors .8
and 10 are made negative below the potential of the filament
6. Therefore, it is possible to use a larger number of
15 higher—-energy electrons e and thus it is possible to produce
a larger number of multiply charged ions more efficiently.
For example, preferably the potential of each of both_
the reflectors 8 and 10 is made negative 10 V or more and more
preferably 20 V or more below the potential of the filament
20 6basedon thebias voltage Vg, as seen from the result described
later with reference to FIG. 3.

The preferied region of the bias voltage Vs is defined
basedonthepotentialsofboth thereflectors 8and10. However,
the preferred region of the bias voltage Va3 may be defined based

25 onthe relationship with the arc voltage Va. Specifically, the

16
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bias voltage Vy (more accurately, the absolute value of the
bias voltage Vg) is made larger 10 Vox more than the axc voltage
Va (more accurately, the absolute value of the arc voltage Va) .
That is, the difference AV betwe'en the bias voltage Vg and the

5 arcvoltageVa (|Vs|~-|Val) maybemadel0Vormore. Accordingly,
it is also possible to use a larger nﬁmber of higher-energy
electrons e reflected on both the reflectors 8 and 10 and thus
it is possible to produce a larger number of multiply charged
ions mc;re efficiently.

10 If an ion beam 18 of singly charged ions is extracted

" in case of making the arc voltage Va smaller than that to produce . - . .

.multiply charged ions, etc., a large number of high—energy
electrons e reflected on both the reflectors 8 and 10 to which |
the bias voltage Vg is applied can also be used efficiently

15 to f:roduce the 'élasma ‘16 ‘for enhancing fche ion production
efficiency. Therefore, it is also possible to improve the
production. efficiency of singly charged ions for increasing
the extraction amount of the singly charged ion beam 18. This
faét is also supported by the results described later with

20 reference to FIGS. 4 to 6.

In short, according to the ion source, the ion production
efficiency can be enhanced and thus such an advantage can be
used to extract a larger number of multiply charged ions and
a larger number of singly chaxged ioms.

25 Most preferably, the bias voltage Vg from the bias power

17
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supply 32 is applied to both the opposed reflector 8 and the
rear reflector 10 as in the above-described examplé;'however,
the bias Voltage Vs may be applied only to either the opposed
reflector 8 or the rear reflector 10. In doing so, the energy
5 and the amount of the electrons g_reflectéd on the reflector
8 or 10 to which the bias VOltage Vs is applied can also be
increased as described above. Thus, it is possible to improve
the production efficiency of multiply charged or singly charged
ions fér increasing the ratio of multiply charged or singly

10 charged ions contained in the ion beam 18. To apply the bias
voltage Vp to either the reflector 8 or-10, applying the bias =~
voltage .VB to the rear reflector 10 provides a larger advantage
'of improving the production efficiency of multiply charged or
singly charged ions because of the above~described effect.

15 prever, if the bias voltage Vs is applied to the opposed
reflector 8, the ion source make% it possible to enhance the
production efficiency of multiply charged or singly charged
ions more than the ion source in the related art because of
the above-described effect.

20 The ions in the plasma 16 are incident on and collide
with the opposed reflector 8 and the rear reflector 10 to which
the bias voltage Vs is applied with the energy corresponding
to the potential difference between the plasma 16 and both the
reflectors 8 and 10 in proportion to reflecting the electrons

25 .e. Thus, the temperatures of both the reflectors 8 and 10

18
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increase to high temperatures and therefore preferably both
the reflectors 8 and 10 are made of a material having a high
melting point cr;xpable of resisting the high temperatures. For
example, preferably both the reflectors 8 and 10 are made of

5 group IVA metal (Ti, Zr, Hf), group VA metal (V, Nb, Ta) or
group VIA metal (Cr, Mo, W) of element periodic table or their
alloy (for example, alloy of tungsten and yttrium, alloy of
tungsten and zirconium, etc.,).

I\iext, the ion source will be discussed from the viewpoint

10 6f prolonging the life of the filament 6.

Hitherto, an art of reducing arc¢ voltage V, and operating
an ion source, namely, extracting an ion beam 18 to prolong
the life of a filament 6 has been proposed (refer to Japanese
Patent No. 2869558, for example). Ions (positive ions) inm

15 - plasma 16 are accelerated by the arc voltage Va and collide
with the filament 6. Therefore, reducing the arc voltage V,
can reduce wearing of the filament 6 caused by sputtering of
the ions'.

However, if the arc véltag_e Va is simply reduced in the

20 ion source in the related art, the accéleration energy of the
electrons e emitted from the filament 6 or produci:ion in the
plasma 16 by the arc voltage Vi is also reduced as seen from
the description given above (see FIG. 13). Thus the ionization
efficiency of gas by the electrons e is reduced, the production

25 efficiency of the plasma 16 is reduced, and the amount of the

19
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ion beam 18 (namely, béam current) that can be extracted is
decreased.
An idea of increasin§ the filament current-allowed to
flow into the filament 6 from the filament power supply 24,
5 thereby increasing the current of arc discharge between the
~filament 6 and the plasma production vessel 2 (namely, arc
current, which is also a current flowing into the arc power
supply26) isalsopossible. Indoing so, however, an increasing
in the {:emp'erature of the filament 6 grows and the evaporation
10 amount of the filament material increases, resulting in a new
factor of shortening the ITife 6f the filament 6.-
In contrast, in the ion source according to the present
invention, thelenergy and the amount of theelectrons ereflected .
‘on both the :Eeflectors 8 and 10 can be adjusted .based on the
15 DbiasvoltageVyg. - AsthebiasvoltageVpis increased, the energy
and the amount of the electrons e reflected are increased, as
described above. Particularly, it is possible to use a larger
number of higher—energy electrons: e by making the potentials
of both the reflectors 8 and 10 negative below the potential
20 ofthefilament6basedonthebiasvoltageVy. Itisalsopossible
to use the larger number of higher-enexrgy electrons e by making
the bias voltage Vg applied to both the reflectors 8 and 10
larger 10 V or more than the arc voltage Vn, as described above.
The gas in the plasma production vessel 2 can be ionized

25 efficiently by the high-energy electrons e reflected on both

20
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‘the reflectors 8 and 10. Thus, even if the arc voltage Va is
reduced, decreasing of the production efficiency_of.the plasma
16 can be prevented and a decrease in the beam current of the
jonbeam 18 can be prevented. Therefore, the filament current
5 and by extension the arc current need not be made laxge.
This point will be discussed in more- detail. To
efficientlyionizethegasintroducediﬁtotheplgsmaproduction
vessel 2 and efficiently produce the..plasma 16, it is necessary
to prod;.lce many electrons e having energy more than the ionizing
10 energy of the gas. In the related aft, the.energy of the
electrons e i$ determined by the arc voltage Vx. _Therefore, -
if the arc voltage Vs is made smaller than the voltage
corresponding to the ionizing energy of the gas, the ionization
efficiency of the gas is become small rapidly.
.15 In contrast, for exampie, if the bias voltage Vs larger .
10 V (=AV) or moxe than the arc voltage Vj is applied to both .
the reflectors 8 and 10 as mentioned above, the electrons e
accelerated by the arc voltage Va and also the electrons e
reflected on both the reflectors 8 and 10 and having energy
20 higher than the energy corresponding to the arc voltage Va can
be used to ionize gas. Accordingly, the energy distribution
of the electrons e can be shifted higher as much as AV than
that when only the arc voltage Vi is used. Moreover, the
electrons e having energy corresponding to the arc voltage Vi

25 and the electrons e having energy corresponding to the bias

21
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voltage Vp are mixed and thus the width of energy in the vicinity
of the peak in the energy distribution of the electrons e is
also widened. Therefore, if the arc voltage Vu is small, the
energy of the electrons e used to ionize gas can be much

5 distributed in the wvicinity of the energy value fitted for
ionizing the gas. Thus, even if the arc voltage Va is small,
the gas can be ionized efficiently and a decrease ip the beanm
current can be prevented.

M'oreover, the wearing of the filament ‘6 caused by

10 sputteringof the ions intheplasma 16 depends on the arc voltage -
Va as-described above, but not on the bias voltage Vg. This -~ <
means that if the bias voltage Vi is increased, the wearing
of the filament 6 is not grown. That is why both.the reflectors
8 and 10 reflect the electrons e and do not produce the effect
13 of accelerating the ions sputtering the filament 6.

Thexefore, even if the arc voltage Vi is small, a decrease
in the beam current can be prevented without increasing the
arc current because of increasing the bias ‘voltlage' Vg.
Consequently, it is possible to reduce the arc voltage Vh for

20 prolongj..ng the life of the filament 6.

To moxe xeduce the axc voltage V, for more prolonginé
the life of the filament 6, etc., the difference AV between
the bias voltage Vy and the arc voltage V, may be made larger
than 10 Vdescribed above. For example, as seen froma specific

25 embodiment described later, if the bias voltage Vy is largér

22
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20 V or more than the arc voltage Va, 2 more remarkable effect
of preventing a decrease in the beam current is exerted. From
the viewpoint of making the potentials of both the reflectors
8 and 10 negative bélbw the potential of the filament 6 based
5 on the bias voltage Vg, for example, preferably the potentials
aremade negative 10 Vormorebelow the potential of the filament

6 and more preferably 20 V or more.
To prolong the life of the filament 6, most preferably,
the bia;s voltage Vg from the bias power supply 32 is.applied
10 to both the opposed reflector 8 and the rear reflector 10 as
in the above-described example; however, the bias voltage Vi
may be applied only to either the opposed reflector 8 or the
rear reflector 10. 1In doing so, the energy and the amount of
the electrons e reflected on the reflector 8 .or 10 to which
15 thebiasvoltageVyis appliedcan alsobe increased as described
above and accordingly the ion production efficiency can be

enhanced.

'Prolonging the life of the filament 6 is not limited to
the case where singly charged ions are extracted as the ions
20 making up the ion beam 18, afxd is also possible when multiply
charged ions such as doubly charged ;i.ons as described above
are extracted. To produce multiply charged ions, generally
the arc voltage V;y needs to be increased as compared with the
case where singly charged ions are extracted. However, the

25 bias voltage Vp as described above is applied, it is pdssible

23
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to extract multiply charged ions even if the axc voltage Vi
is smaller as described above, and thus it is also made possible
to prolong the life of the filament 6.
In short, according to the ion soufce, if the principal
5 object is to improve the ion production efficiency, the
production efficiency of multiply charged and singly charged
ions can be enhanced. If the principal object is to prolong
‘the life of the filament 6, the arc voltage Va can also be reduced
. for pr;.ulonging the life of the filament 6. ' This can be
10 . accomplished in singly charged ion production and multiply
charged ionproduction. Both improvement inthe ionproduction
efficiency and prolonging the life of the filament 6 can also
be possible. To do this, the arc voltage Vamay be reduced less
than that if the principal_-obje_ect is to prolong the life of
15 ‘the filament 6. -
Next; amore specificexample for imp.roving theproduction
efficiency of multiply charged ions will be discussed.'
FIG. 3 shows as embodiment the experimental result of
the situation in which the beam current of doubly charged ions
20 of boron (B*) contained in a boron ion beam as the ion beam
18 changes depending on the bias voltage Vs when boron
tri-fluorine (BF3;) gas is introduced into the inside of the
plasma production vessel 2 using the ion source shown in FIG.
1 and the boron ion beam is extracted as the ion beam 18. At

25 this time, the arc voltage V, is set to 60 V and the filament

24
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voltage Vy is set to about 2 V.
. FIG. 3 also shows as related art example the experimental
‘result of B2 beam current when the opposed reflectox 8 is placed
infloatingpotential (namely, the conductor 28 isnot connected)
5 in the ion source in the related art previously descried with
reference to FIG. 12 under the same condition. In the related
art example, the bias voltage Vs is not applied and thus the
value c;n the horizontal axis of measurement point is not shown
(cannot be shown).
10 ~ In the embodiment, when the bias voltage Vp exceeds 60
V, the B* beam current increases rapidly. Whenthebias v@l--tage B
- Vp 1s 70 V or more, a clear difference from that in the related
art example is seen. When the bias voltage V; is 80 V ox more, -
a remarkable difference from that in the related art example
15 is seen. That is, in the embodiment, since the arc voltage
Va is 60 V, the potential of the filament 6 is about -60 V with
the potential of theplasmaproductionvessel 2 asthereference.
When the potentials of both the reflectors 8 and 10 are made
negative below ~60 Vbased on the bias voltage Vg, it is possible
20 to plrovide the effect of increasing the B?* beam current. More
particularly, to extract the B** beam current, preferably the
bias voltage Vp is 70 V or more and more preferably the bias
voltage Vs is 80 V or more. In other words, preferably, the
potentials of both the reflectors 8 and 10 are made negative

25 10 V or mére below the potential of the filament 6 based on

25
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the.bias \.mltage Ve. More preferably the potentials are made
.negative 20 V or more below the pofential of the filament 6.
In doing so, the B* beam current about 1.5 times to twice that
in the related art example caﬁ be provided.

5 As seen in FIG. 3, when the bias wvoltage V3 approaches
160 V, an increase in the B** beam current is saturated. If
the bias voltage Vy is made too large, it becomes hard to
electrically insulate both the reflectors 8-and 10 and thus
the upper limit of the bias voltage Vs is determined naturally

10 from the point of the electric insqla‘;:ion.
- ‘In FIG. 3, the reason why there.is no measurement point
- when the bias voltage Vp is smaller than 60 V is that if the

bias voltage Vs is set smaller than 60 V, a large load current

flows into the bias power supply 32 and it becomes difficult - -~ -

15 to measure the B** beam current. It is considered that the
potential of the plasma 16 is in the vicinity of -60 V under
the above-mentioned condition and if the bias voltage Vp is
set smaller than 60 V, both the reflectors 8 and 10 pull in
the electrons e rather than reflect the electrons e.

20 The embodiment appliestothedoublychargedionsofboren,
but the inventioncanalsobeusedtoproduce and extractmultiply
charged ions other than the doubly charged ions of boron, of
course. For example, it can also be used to produce, etc.,
multiply charged ions of phosphorus (P).

25 Next, a more specific embodiment for making it possible

26
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to prolong the life of {';he filament 6 will be discussed.
| FIGS. 4 to.6 show the experimental result of the situation
. in which the beam current of singly charged ions of boron (B*)
contained in a boron ionbeamas the ion beam 18 changes depending
5 on the bias wvoltage Vy when boron tri-~fluorine (BF3) gas is
introduced into the inside of the plasma production vessel 2
as in the above~described embodiment using the ion source shown
in FIG. 1 and the boron ion beam is .extracted as.l the ion beam
18. At. fhis time, the arc voltages V, are s'et to 45V, 60 V,
10 and 75 V and the filament voltage Vi is set to about 2 V. FIG:
- 4 shows the result when the-arc cuxrent is 1000 mA; FIG. 5 shows - -
the result when the arc current is 2000 ma, "and FIG. 6 shows
the result when the arc current' is 3000 mA.
Ineachfigure, themeasurementpoint whenthebiasvoltage:
15 Vs is the lowest with each arc voltage Va (namely, hollow -
measurement point) in the case where the bias voltage Vs is
not applied, namely, both the reflectors 8 and 10 are placed
in a floating potential. In this case, the reason why the
potentials of both the reflectors 8 and 10 become potentials
20 slightlysmallerthanthepotentialofthearcveoltageVs, namely,
become the potentials corresponding to the bias voltage Vp in
the figure is as described above.
In FIG. 4, if the arc voltage V, is 60 V and the bias
voltage Vp is not applied, about 110 pA is provided as the beam

25 current. In contrast, if the arc voltage Vi is 45 V and the
27
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bias voltage Vp is not applied, only about 60 YA can be provided

as the beamcurrent. Thebeamcurrentis dras.ticalliz decreased.
However, as the bias voltage Vp larger than the arc voltage
Vn 1s applied and is increased, the beam current i_s increased
and if the bias voltage Vi is made larger 10 V or more than

the arc voltage Va (if the bias voltage Vp is set to 55 V or

more), the beam current clearly is increased. If the bias.

. voltage Vp is made larger 20 V or more than the arc wvoltage

Va, the beam current is increased remarkably as compared with

the time when the bias voltage Vp is not .applied.
Specifically, although the axc voltage Vs is reduced to .

45 V, if the bias voltage Vp is set to 60 to 65 V, the beam

current canbeprovidedat almost the same extentasitisprovided

when the arc voltage Vi is 60 V and the bias voltage Vs is not

applied. Thatis, adecreaseinthebeamcurrentcanbe prevented.

sufficﬁiently. Likewise, if the arc voltage Va is reduced to
60 V, the bias voltage 'VB is .'made larger 10 V or more than the
arc voltage Va (the bias volt_age Vs is set to 70 V or more),
whereby the beam current can be provided at the same or more
extent as it is provided when the arc voltage Vap is 75 V and
the bias voltage Vp is not applie;l.

If the arc current is increased for increasing the Qhole
beam current as in FIGS. 5 and 6, the bias voltage Vi is made
larger 10 V or more than the arc voltage Va, more preferably

20 V or more, whereby the beam current is clearly increased

28
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as comparedwith the time when the bias voltage Ve is ngt applied.

. That is, by increasing the bias voltage Vp, even if the arc
voltage Vh is reduced to 45 V, a decrease in the beam current
can be prevented and the beam current can be made to aﬁpro'ach

5 the beam .current.when the arc voltage Va is 60 V and the bias
voltage Vp is not applied. Likewise, if the arc voltage Vj is
reduced to 60 V, the beam current can be provided at the same
or more exfent as it is provided when the arc voltage VA' is
75 V and the bias voltage Ve is not applied. .

10 As seen from the experimental results previously .

described with reference to FIGS. 4 to 6, if the difference ...~

AV between the bias voltage Vs and the arc voltage V, is made

large to someextent, anincrease inthebeamcurrent issaturated

and thus the upper 1imit of the difference AV can be considered

15 . tobe about 80 V. ' The practical upper limit of the bias voltage

Ve itself is about 160 V for a similar reason to that described
above. .

Next, FIG. 8 shows the experimental result of the wear

state of the filament 6 (namely, the decrease amount of the

20 diameter of the filament 6) after the plasma 16 is produced

continuously for 10 hours when the arc voltages Va are 50 V

and 60 V and the arc.curxent is 2500 pa _using argon (Ar) gas

as Iplasma production gas in the ion source shown in FIG. 1.

At this time, fhe bias voltage Vs is set to 90 V. FIG. 7 shows

25 thediametermeasurement pointsofthe filament 6, corresponding

29
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to the horizontal axis of FIG. 8.

As seen in FIG. 8, if the arc voltage Vi is reduced from
60V to 50V, the wear of the filament 6 is decreaseddrastically.
Specifically, the diameter decrease amount in the vicinity of

5 thetipofthefilament 6is deci‘easedneartoahalf. Therefore,
the life of the filament 6 is prolonged drastically. This is

an example whe;:ein the arc voltage Vp is reduced 10 V from 60

V to 50 V; it can be easily estimated from the result that if

the arc voltage Vi is reduced more than 10 V, the life 6f the

10 filament 6 is more pro.longed.
~According to the ion'séurce according to the invention, -+

- asdescribedabove, astheionproductionefficiencyis improved,
the filament current required for generating a predetermined
_érc current can also be reduced. Accordingly the temperature

- 15 of the filament 6 can be decreased and the rate of evaporation

of the component material from the filament 6 can be reduced,

so that the life of the filament 6 can also be prolonged.

This point will be discussed in detail. FIG. 9 shows
the temperature characteristic of the rate of evaporation of

20 tungsten generally used as material of the filament 6 and
thermoelectron radiation current density. For example, the
temperature for halving the thermoelectron radiation current
density ét filament temperature 2800 K close to the normal
operation temperature is 2720 K. In this case, the rate of

25 evaporation of tungsten becomes about a gquarter (accurately,
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1/4.3) and the life of the filament 6 is prolonged close to
four times. That is, if the temperature of the filament 6 is
decreased from about 2800 K to about 2720 K, the thermoelectron
radiation current density is reduced to about a half, but the
5 decrease in the beam current at the time can be prevented by
applying the bias current Vs described above, and moreover the
life of the filament 6 is prolonged about four - times.
As the ions from the plasma 16 are incident on and collide
with the opposed reflector 8 and the rear reflector 10, the
10 temperatures of the opposed i‘eflector 8 and the rear reflector
10increasetohightemperaturesas described above anid therefore ™
at least one of, preferably both of the opposed reflector 8
and the rear reflector 10 may be made of a material having a
higher thermoelectron radiation current density than tungsten
15 of general component material of the filament 6. In'doing so,
it is possible to use also the electrons emitted from either
or both of the reflectors 8 and 10 effectively to produce and
confine the plasma 16. Thus the filament current required for
producing a predetermined arc current can be more reduced ana
20 accordingly the life of the filament 6 can be more prolonged.
As the material having a higher thermoelectron radiation
current density than tungsten (about 8.7 X 107Y), for example,
tantalum (about 9.9X107%), molybdenum (about7.7X103), niobium
(about 1 .2x_10‘=) , zirconium (about 5.5X107%), alloyof tungsten

25 and yttrium (about 4.4), alloyof tungsten and zirconium (about
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0.24), etc., can be used. Each numeric wvalue enclosed in

.parentheses indicates the thermoelectron radiation curzrent

density of thematerial at 2000K (inunitsofA/cm®) . The reason

why tungsten is used as the reference is that tungsten is a

5 general thermoelectron emissionmaterial. .Amongthematerials,

tantalum is one of preferred materials because it has a high

meltingpoint (about 3250K) anda 1afge thermoelectronradiation

current density and moreover is comparatively inexpensive.

As described above, accordj.ng to the ion source according. -

10° to the invention, as the ion production efficiency is improved,
‘the filament current canbe reduced and thﬁs an operationmethod - -:

of relatively enlarging the filament current at the initial

condition of opei‘ating the ion Source and then relatively

reduecing the filament current may be adopted. In doing. so,

- 15 theplasmal6canbe ignitedreliablywith large filament current

at the initial condition of operating the ion source and then

the filament currentis reduced,' wherebythe lifeof the filament

6 can be still more prolonged. | |

If a material having a higher thexmoelectron radiation

20 current density than tungsten as mentioned above is used as

at least one of, preferably both of the opposed reflector 8

andtherearreflectorl0, it ispossibletousealsotheelectrons

emitted fromeither orbothof thereflectors8andlo effectively

to produce and confine the plasma 16 as described above. Thus

25 it is possible to still more reduce the filament current after
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the ion source operation is started for still more prolonging
the life of the filament 6'.
Touseamaterial havingahigher thermoelectronradiation
current density as mentioned above, particularly to use the
5 material as both the reflectors 8 and 10, the plasma 16 may .
be able to be maintained by emitting electrons from either or
both of the reflectors 8 and 10 after the plasma 16 is ignited.
In this case, the filament current can be allowed to flow only
at the initial condition of operating the ion source for heating

10 - the filament 6 and then the filament current can be turned off
(namely, “zexo). 'In doing so;:the life of .the filament 6 can
be extremely prolonged. ' | |

| Next, an embodiment for controlling the bias vbltage Ve, -
thereby controlling .the amount of the ion beam 18 will be ~

15 discussed.

For example, to perform ion implantation processing, to
change the ion dose, one of implantation éonditions, generally
the amount of an ion beam extracted from an ion source (namely,
ion beam current) is char;ged.

20 In the ion source in the related art as shown in FIG.
12, the amount of the ion beam 18 extracted from the ion s.ource
is adjusted by changing the filament current allowed to flow
intothef ilamént 6 fromthe filament power sup;;ly 24 and changing
the are current.

25 The arc current at this time is determined mainly by the

33
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amount of thermoelectror.ls eemitted fromthe filament 6, namely,
the temperature of the filament 6, but a long time becomes
necessary for changing the temperature of the filament 6
installed in a vacuum (vacuum in the plasma production vessel
5 2 and its surroundings). That is, a long time (for example,
about several ten seconds) is required for changing the arc
current and the ion beam cuxrent. Consequently, for example,
it takes a2 long time in changing the implantation conditions:
in ion’'implantation proceséing using the ion source, and the-
10 whole processing is del-.ayed.

- -In-contrast; in the ioﬁ: source according to the presemt -0 .~
invention, as seen from the description previously made with
reference to FIGS. 4 to 6, the amount of the ionbeam 18 extracted
.from the ion source (namely, ionbeam current) canbe controlled

15 by controlling (adjusting) the magnitude of the bias voltage
Vs Without changing the arc current (namely, even with the same
are current).

For example, if the arc voltage V is 60 V and the bias
voltage Vg is not applied in E;IG. 4 (the arc current is constant

20 (1000 mA)), about 110 pA can be provided as the beam current.
In contrést, if the bias voltage Vp is applied and is increased,
the beam current is gradually grown an;i if the bias voltage
Vs is increased to 120 V, the beam current increases to about

190 pA.

25 When the arc voltage Va is not 60 V and the arc current

34
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is 2000 mA (FIG. 5) or 3000 mA (FIG. 6), likewise, it is seen

that the magniﬁude of the beam current can be controlled by

controlling the bias voltage Vs even if the arc current is made

constant. The same is also applied if the-ionbeam 18 of. doubly
5 charged ions is extracted (see FIG. 3).

Moreover, in this case, the time required for changing
thebeamcurrent is determinedby the time requiredfor adjusting
the bias voltage Vp output from the bias power supply 32; for
example, it is about several seconds. That is, the beam current

10 can be changed at speed about 10 times as high as that if the

--=-z.00 - arc.current changingmethod in the relatedart describedabove -~ -

is used (about several ten seconds). Thus, the magnitude of
the bias voltage Vg 6utput from the bias power supply 32 is
controlled (also containing turning on and off the'bias voltage

15 V), whereby the amount of the ion beam 18 extracted from the
ion source can be controlled at high speed.

Next, a second embodiment of an ion source according to
the invention will be discussed. The ion source of the second
embodiment has another pair of filament 6 and rear reflector

20 10 in place of the above-described opposed -reflector 8.

FIG. 10 is a schematic sectional view to show the second
example of the ion source according to 'the invention. The
differences from the ion source shown in FIG. 1 will be mainly
discussed. ThedescriptionoftheionsourceinFIG.lisapplied

25 to other points..
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In addition to one pair (first pair) of filament 6 and

rear reflector 10 shown in FIG. 1, the ion source in FIG. 10

includes another pair (second pair) of filament 6 and rear

reflector 10 in place_qf the above-described opposed reflector

5 8. Thatis, two (first andsecond) filaments 6 areplaced facing

eachother inaplasmaproductionvessel2. Behindthe filaments

-6, two (first a.nd second) rear reflectors 10 are placed facing
each other. |

Inthe second embodime'nt, thetwo filaments 6are connecteci

10 in parallel to éach other at points P and Q. Therefore, from

acommon £ilament power.supply'24.;:'f ilamentvoltageVeforheating -~ 1 1 oms

is applied to the two filaments 6. From a common arc power
supply 26, arc voltage Vi fox arc discharge is app}.ied to the
two filaments 6. Each filament 6 may be providé‘d with an’

15 individual filament.power supply 24 and an individual arc power
supply 26.

The ion source having two pairs of filaments 6 and rear
reflectors 10 as described above is also described in the
above—méntioned Japanese Patent Unexamined PublicationNo. Hel.

20 9-63981. In the related art, howevef, each rear reflector 10
is connected to one end of the corresponding filament 6 (more
particularly, the negative potential terminal of the filament
power supply 24) for placing the rear reflector 10 in filament
potential as in the related art example in FIG. 12.

25 In contrast, in ion source according to the second
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"embodiment of the preSent invention, each rear reflector 10
iselectricallyinsulated f:_'om both the filament 6 and the plasma
production vessel 2 as in the -embodiment in FIG. 1. 1In the
embédiment in FIG. 10, both t.he rear reflectors 10 are
5 electrically connectedby a conductor 30 so that they are placed
in the same potential. |
Further, a DCbias power supply 32 is placed for applying
a DC bias voltage Vs between both the reflectors 10 and the
plasma production vessel 2 with both the reflectors 10 as

10 negative potential. The DC bias power supply 32 is a power

- == -+ supply individuated from the -fil-ament power supply 24.and the .77 2770 77

arc power supply 26.
FIG. 11 shows an example of potential wvariation in the
ion sourceof the second embodiment. It maybe considered that
15 two filaments 6 of the same potential and two rear reflectors -
10 of the same potential exist.
Inthe ionsourceof the second embodiment, thebiasvoltage
Vs as described above is é.pplied from the bias power supply
32 to both the lrear reflectors 10, whereby basically a similar
20 advantage tothatoftheionsourceshowninFIG. 1 canbeprovi.ded.
That is, alsowith the ion source, if the principal object
is to improve the ion production efficiency, the production
efficiency of multiply charged and singly charged ions can be
enhanced. If the principal object is to prol.ong the life of

25 the filament 6, the arc voltage.Va can also be reduced for
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prolonging the lifeof the filament 6. Thiscan be accomplished
in singly charged ion production and multiply charged ion
production. Both the ion ;;roduction efficiency and prolonging
the life of the filament 6 can also be improved. To do this,

5 the arcvoltage Vamay be reduced less than that if the principal
object is to prolong the life of the filameht 6.

A similar operation method to that with the ion source
shown in FIG. 1 can also be adopted and an advantage as described
above can be provided accordingly.

10 The ion source of the second embodiment shgwn in FIG.
© 10has two pairsof filaments 6andrear reflectors 10as 'i::'o’mpa'ré’d
with the ion source shown in FIG. 1. Thus the ion source has
such a feature that the amount of electrons emitted-ffom-each
filament 6 can be halved for still -more prolonging the life

15 of each filament 6.

In the ion source of the second embodiment shown in FIG.
10, most preferably, the bias voltage Vg from the bias power
supply 32 is applied to both the reflectors 10; however, the
bias voltage Vs may be applied only to either of the rear

20 reflectors 10. 1In doing so, the energy and the amount of the
electrons e reflected on the rear reflector 10 to which the
bias voltage Vp is applied.can also be increased as described
above. Thus the production efficiency of multiply charged orx
singlychargedionscanbeimprovedwherebyincreasingtheratio

25 of multiply charged or singly charged ions centained in ion
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beam 18.

The axrc voltage Va can also be reduced for prolonging
the life of the filament 6.
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What is claimed :"Ls:

1. An ion source comprising:

a plasma production vessel, intowhich gas is introduced,
serving as a pdsitive potential;

5 a filament for emitting electrons, disposed in one side
of saié plasma production vessel and electrically insulated
from said plasma proauction vessel;

an opposed reflector for reflecting electrons, disposed
facing said filament in an opposite side of said plasma

10 production.vessel and electrically insulated fxrom §aid plasma’
‘production -vessel; - _ ..

a rear reflector for reflecting electrons, disposed
facing said opposed reflector in said plasma production vessel
while sandwiched between said filament and the one side of said

15 plasma production vessel, said rear reflector being
electrically insulated from said plasma production vessel and
said filament;

amagnetic field generator for generatingamagneticfield
alongan éxis connectingsaid filament andsaidopposedreflector

20 in said plasma production vessel;

a filament power supply for heating said filament for
emitting electrons; .

a DC arc power supply for applying a DC arc voltage between |
said filanent andsaidplasmaproductionvesselwith the filament

25 sideasa negative potential for producing are discharge between
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said filament and said plasma production vessel; and
a DC bias power supply for applying a DC bias voltage
between at least one of said opposed reflector and said rear
reflector and said plaéma production vessel with the reflector
S5 side as a negative potential, said bias power supply being

individuated from said fila_ment power supply and said arc power

supply.

2. The ion source as claimed in claim 1, wherein at
10 least one of said opposed reflector and said rear reflector
is made of a material having a higher thermoelectron radiation: - -

current density than tungsten.

3. 7 'The ion source as claimed in claim 2, whe'j';'ein the.

| 15 material having the higher thermoelectron radiation current
density than tungsten is one of tantalum, molybdenum, niobium,
zirconium, alloy of tungsten and yttrium, alloy of tungsten

and zirconium.

20 4, An ion source comprising:
a plasmé production vessel , intowhich gas is introdu_ced,
serving as a positive potential;
first and second filaments for enmitting electrons,
disposed facing each other in said plasma production vessel

25 and electrically insulated from said plasma production vessel;
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first and second rear reflectors forreflectingelectrons,
disposed facing each other while sé'ndwiching said first and
second filaments therebetween, sald first and second rearx
reflectors being electrically insulated from said plasma
5 production vessel and said first and second filaments; .
amagnetic fielci generator for generating amagnetic field
along an axis connecting said .firs.t and second filaments in
said plasma production vessel:;
a filament power supply for heating said first ard second
10 filaments for emitting eleétréns; ’

e oo 0 aDC arc power supply foxr applyinga DC arc voltage beétween.
saidfirst and second filaments andsaidplasmaproductionvessel
with both filament sides as negative po‘tentiai fox producing
arc discharge between both said filaments: and said plasma

1S5 production _v‘essel; and
a DC bias power supply for applying a DC bias voltage
between at least one of said first and second rear reflectors -
and said plasma production vessel with the reflector side as
a negative potential, saidbias power supply being individuated

20 from said filament power supply and said arc power supply.

5. The ion source as claimed in claim 4, wherein at
least one of said first and second rear reflectors is made of
the material having a highex thermoelectron radiation current

25 density than tungsten.
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6. The ion source as ¢laimed in Elaim 5, wherein the
material having the higher thermoelectron radiation current
density than tungsten is one of tantalum, molybdenum, niobium,

5 zirconium, alloy of tungsten and yttrium, alloy of tungsten.

and zirconium.

7. The ion source as c¢laimed in claim 1, wherein said

bias power supply outputs the bias voltage for making the

10 potential of at least one of said opposed reflector -and said
-xrear reflector negative below the potential of said filament
with the potential of said plasma production vessel as the

reference.

15 8. - The ion source as claimed in ¢laim 4, wherein said
"bias power supply outputs the bias voltage for makiﬁg the
potential of at leastoneof said first. and second rearreflectors
negative below the potentials of said first and second filaments
with the potential 6f said plasma production vessel as the

20 reference.

9. The ion source as claimed in claim 1, wherein said
bias power supply outputs the bias voltage which is set la_rgei:
10 V or more than the arc voltage output from said arc power

25 supply.
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10. The ion source as claimed in claim 4, wherein said
bias power supply outputs the bias voltage which is set larger
.10 V or more than the arc voltage output from said arc power

5 supply.

11. The ion source as claimed in claim 7, wherein the
potential of at least one of said opposed reflector and said
rear reflector negative 10V or more below the potential of said |

10 filament.

12. The ion source as claimed in claim '8, wherein the
potential of at leastoneof saidfirst and secondrear reflectors
is made negative 10V or moxe below the potentials of said first

15 and second filaments.

13, An ion source operation method of the ion source

as claimed in claim 1, said method comprising:
controlling the magnitude of the bias voltage output from
20 said bias power supply for controlling the amount of an ion

beam extracted from said ion source.

14. An ion source operation method of the ion source
as claimed in claim 4, said method comprising:
25 controlling the magnitude of the bias voltage output ffom
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said bias power supply for controlling the amount of an ion

'?‘II '

beam extracted from said ion source.

15. The ion souxce operation metfxod as claimed in claim
5 13, wherein said controlling step includes setting the bias
- voltage for a predetermined value which can make the potential
of at least one of said opposed reflector and said rear refleqtor
' negativebelowthepotential of said filament with the potential .
of .said plasma production vessel as the reference.
10
16. . The ion source operationmethod as claimed in claim ~
14, wherein said controlling step includes setting the bias
voltage for a predetermined value which can make the potential
of at least one of said first and second rear reflectoxs négative
15 Dbelow the potentials of said first and second filaments with
the botential of said plasma production vessel as the reference

based on the bias voltage.

17. The ion source operationmethod as claimed in claim
20 13, wherein said controlling step includes setting the bias

voltage larger 10 V or more than the arc voltage.

18. The ion source operationmethod as claimed in claim
14, wherein said controlling step includes setting the bias

25 voltage larger 10 V or more than the axc voltage.
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19. ihe ion soﬁrce operationmethod as claiméd in claim
13, further c':omﬁrising:

flowing the filament current into said filament from said
5 filament power supply at the initial condition of operating

said ioen source; and then |
controlling the magnitude of the filament current flowing
into said filament from said f£ilament power supply tobe smaller
. than that of the initial condition of the. operating sald ion

10 source.

20. The ion source operation method as claimed in claim
14, further comprising:
flowing the filament current into said £ilament from said
15 filament power supply at the initial condition of opérating
said ion source; and then
controlling thé magnitude of the filament current flowing
into said filament from said filament power supply to be smaller
than that of the initial condition of the operating said ion

20 source.
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