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DIAMOND-LIKE CARBON THIN FILM FORMING
APPARATUS AND METHOD /

BACKGROUND OF THE INVENTION

This invention relates to a diamond-like carbon thin film forming apparatus
and method and, more particularly, to a dtamond-hke carbon thin film forming apparatus
and method which use a gas ion source.

A diamond-like carbon (DLC) thin film is being utilized as a hard coating film
for protecting a surface of dies, tools, sliding members and recording mediums of
optical-magnetic disc device or the like. _

Fig. 63 is a sectional view of a DLC thin film forming apparatus utilizing a
conventional microwave plasma disclosed in Japanese Patent Laid-Open No. 63-
185893, for example. In the figure, 1 is a vacuum chamber for maintaining a vacuum
inside thereof, 101 is a base material holder for holding a base material 3 within the
vacuum chamber 1, 6 is a heater disposed on the base material holder for heating the
base material 3, 103, 104 are reaction gas introducing ports for introducing reaction
gases into the vacuum chamber 1, 102 is a wave guide for applying a microwave into
the vacuum chamber 1 and 105 is an electromagnet for generating a magnetic field
within the vacuum chamber 1.

The operation will now be described.

Within the vacuum chamber 1, the base material 3 is held by the base
material holder 101. Then, the base material 3is heated by the heater 6 to 300 - 900°C
and the vacuum within the vacuum chamber 1 is maintained at 10° - 10 Torrs. Then,
the reaction gases such as CH, and C,H, are supplied into the vacuum chamber 1
through the reaction gas introducing ports 103 and 104 and a microwave plasma
600W is applied through the wave guide 102 to generate microwave plasma
within the vacuum chamber 1-and a magnetic field is applied within the vacuum
chamber 1 by the électromagnet 105 so that the excited carbon arrives at the

base material 3, thereby forming a DLC thin film on the base material 3.

In the above-described conventional apparatus and method for forming
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BACKGROUND OF THE | NVENTI ON This invention relates to a

di anond-1i ke carbon thin filmform ng apparatus and nethod and, nore
particularly, to a dianond-like carbon thi2n film form ng apparatus and

met hod whi ch use a gas ion source. A di anond- | i ke carbon (DLC)
thin filmis being utilized as a hard coating filmfor protecting a surface
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thin fil mmiaderowdn apjexitaprevent therabdeformatien ehdegratingafake balsssaterial,
di scl OSEd_tHenﬁlgnaaﬁgl vis Izlaetg%ée& aain%'t%et?on'g?hg gg—ength of the film is decreased. Also,
when a thin film of Si, Ti, Al or the like is to be formed as an intermediate layer between
the base material and the DLC thin film for the purpose of increasing the bonding
strength with respect to the base material, an additional apparatus must be used to form
the films, so that the intermediate layer formed on the base material is exposed to
atmosphere and the DLC thin film is formed on the exposed surface, posing the problem
that the bonding strength between the intermediate layer and the DLC thin film is
decreased.
~ Further, in the conventional apparatus, the gas is supplie& to the entirety of
the vacuum chamber and the micro wave is applied thereto, so that the efficiency in
utilization is low. .
Further, during the formation of the DLC thin film which is electrically
insulating, the surface of the thin film is roughened due to electric discharging
generated on the film surface due to built-up charge.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve the above
discussed problems of the éonvenﬁonal design and has as its object the provision of an
apparatus and a method for forming a quality DLC thin film in which a DLC thin film
which is good in bonding to a base material and high in hardness and flatness.

The apparatus for forming a DLC thin film recited in claim 1 comprises, a
base material holder for holding a base material within é vacuum chamber, a base
material temperature regulating device for regulating the temperature of said base
material and a gas ion source disposed within said vacuum chamber to face toward said
base material, said gas ion source comprises a reaction gas introducing chamber which
is provided with an orifice directed toward the base material and into which gases are
introduced, thermoelectron discharging means disposed within said reaction gas
introducing chamber, a thermoelectron drawing electrode for drawing thermoelectrons
from said thermoelectron discharging means, an accelerating electrode for accelerating
ions toward the base material and bias means for applying the voltage to said base



185893, for exanple. In the figure, 1 is a vacuum chanber for maintaining a
vacuum i nsi de thereof, 101 is a base material holder for holding a base
material 3 within the vacuum chanber 1, is a heater disposed on the base
material holder for heating the base material 3, 103, 104 are reaction gas
|18t2roduci ng ports for introducing reaction gases into the vacuum chanber 1,
s a into the vacuum chanber 1 and
105 is anw%\{%é%wgﬁaﬁ% %@‘?Eézé%g'r’%élﬁn%re%gnet ic field within the vacuum
chanber 1. The D[tetrmﬁlmformmg\apﬂ)arams dfeclairs2 is thedapparatus in whidi tiheé n
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900[ er r] Caceelerating electrode as a functlon of time.

~ The DLC thin film forming method of claim 3 is the method in which a DLC

thin film is formed at the temperature of the base material controlled at from 100°C to

250°C after cleaning treating the surface of the base material.

The DLC thin fiim forming method of claim 4 is the method in which a
negative voltage is applied to the base material by a bias means during the DLC thin
film formation. |

The DLC thin film forming method of claim 5 is the method in which an
alternatively positive and negative voltage is applied to the base material by a bias
means during the DLC thin film formation.

The thin film forming apparatus of claim 6 is the thin film forming apparatus
for forming a diamond-like carbon thin film on a base material, which comprises: a
vacuum chamber maintaining a predetermined vacuum therein and accommodating the
base material, a gas ion source disposed to face toward said base material for |
generating dissociated carbon, carbon ions, dissociated hydrogen and hydrogen ions,
said gas ion source comprises a reaction gas introducing chamber which is provided
with an orifice directed toward the base material and into which gases are introduced,
thermoelectron discharging means disposed within said reaction gas introducing
chamber for discharging thermoelectrons, a thermoelectron drawing electrode for
drawing thermoelectrons from said thermoelectron discharging means, and an
accelerating electrode for accelerating said ions toward the base material, and further
comprising first bias means for applying a voltage to said base material relative to said
acceleration electrode as a function of time and a second bias means for applying a
voltage to said thermoelectron dlscharglng electrode relative to said acceleration
electrode as a function of time.

In the thin film forming apparatus of claim 7, the voltage applied to the
thermoelectron discharging means relative to the accelerating electrode by said second
bias means is a positive voltage of a constant value or a value varying according to
time. '



and the vacuum w thin the vacuum chanber 1 is nmintained at 10[err] -
10[err] Torrs. Then, the reaction gases such as CHerr] and CJerr]Herr]
are supplied into the vacuum chanber 1 tRrough the reaction gas introducing
ports 103 and 104 and a m crowave plasma 600Wis applied through the wave
gui de 102 to generate mcrowave plasma within the vacuum chanber 1 and a

magnetic field is i (.t hy eg e t
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form ng atHdrfdeldctrohidisthargihy) endzmsaelative to the dccelerating electrode by said second
bias means is an alternating voltage between positive and negative values.

BRIEF DESCRIPTION OF THE DRAWINGS

The present indenting will now become more readily apparent from the
following detailed description of the preferred embodiments of the present invention
taken in conjunction with the accompanying drawings, in which:

Fig. 1 is a sectional view of the DLC thin film forming apparatus of the first
embodiment of the present invention;

Fig. 2 is a waveform diagram of the voltage applied by the bias means of the
first embodiment of the present invention;

Fig. 3 is a Raman-spectrum diagram showing the temperature dependability
of the thin film formation formed by the DLC thin film forming apparatus of the first
embodiment of the present invention; |

Fig. 4 is a sectional view of the DLC thin film forming apparatus of the first
embodiment of the present invention;

Fig. 5 is a sectional view of the DLC thin film formlng apparatus of the second
embodiment of the present invention;

Fig. 6 is a sectional view of the DLC thin film forming apparatus of the second
embodiment of the present invention;

Fig. 7 is a sectional view of the DLC thin film forming apparatus of the third
embodiment of the present invention;

Fig. 8 is a sectional view of the DLC thin film forming apparatus of the third
embodiment of the present invention;

Fig. 9 is a sectional view of the DLC thin film forming apparatus of the fourth
embodiment of the present invention; '

Fig. 10 is a sectional view of the DLC thin film forming apparatus of the fourth
embodiment of the present invention;

Fig. 11 is a sectional view of the DLC thin film forming apparatus of the fifth
embodiment of the present invention; |

Fig. 12 is a sectional view of the DLC thin film forming apparatus of the fifth



I n the above-described conventi onal appar atus and nmethod for forni ng
2 ' .

embodiment of the present invenﬁon;

Fig. 13 is a settional view of the DLC thin film forming apparatus of the sixth
embodiment of the present invention;

Fig. 14 is a sectional view of the DLC thin film forming apparatus of the
seventh embodiment of the present invention;

Fig. 15 is a waveform diagram of the voltage applied by the bias means of
the eighth embodiment of the present invention;

Fig. 16 is a waveform diagram of the voltage applied by the bias means of
the eighth embodiment of the present invention;

Fig. 17 is a waveform diagram of the voltage applied by the bias means of
the ninth embodiment of the present invention;

Fig. 18 is a waveform diagram of the voltage applied by the bias means of
the ninth embodiment of the present invention;

Fig. 19 is a waveform diagram of the voltage applied by the bias means of
the tenth embodiment of the present invention;

Fig. 20 is a waveform diagram of the voltage applied by the bias means of
the tenth embodiment of the present invention; | _

Fig. 21 is a sectional view of the DLC thin film forming apparatus of the
eleventh embodiment of the present invention';

~ Fig. 22 is a waveform diagram of the voltage applied by the first and second
bias means of the eleventh embodiment of the present invention;

Fig. 23 is a waveform diagram of the voitage apphed by the first and second
bias means of the eleventh embodiment of the present invention;

Fig. 24 is a waveform diagram of the voitage applied by the first and second
bias means of the eleventh embodiment of the present invention;

Fig. 25 is a waveform diagram of the voltage applied by the first and second
bias means of the eleventh embodiment of the present invention; |

Fig. 26 is a Raman-spectrum diagram showing the Raman analysis results
of the thin film; | |

Fig. 27 is a waveform diagram of the voltage applied by the first bias means
of the twelfth embodiment of the present invention;

Fig. 28 is a waveform diagram of the voltage applied by the second bias



di anond-like thin filmusing plasma C.V.D., if the tenperature of the base
material is nade lowin order to prevent thernmal defornmation and degradi ng
of the base material, the filmquality is degraded and the bonding strength
of the filmis decreased. Al so, when a tfn filmof Si, Ti, Al or the like
Is to be fornmed as an internediate | ayer between the base material and the
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respect t ase material, an a appar at us nust be used to form
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of the thirteenth embodiment of the present invention; '
Fig. 31 is a waveform diagram of the voltage applied by the first bias means
of the fourteenth embodiment of the present invention; |
Fig. 32 is a waveform diagram of the voltage applied by the first bias means
of the fourteenth embodiment of the present invention;
Fig. 33 is a waveform diagram of the voltage applied by the second bias
means of the fourteenth embodiment of the present invention;
Fig. 34 is a waveform diagram of the voltage applied by the second bias
means of the fourteenth embodiment of the present invention;
Fig. 35 is a waveform diagram of the voltage applied by the first bias means
of the fifteenth embodiment of the present invehtion; |
Fig. 36 is a waveform d_iagram of the voltage applied by the first bias means
of the fifteenth embodiment of the present invention;
Fig. 37 is a waveform diagram of the voltage applied by the second bias
means of the fifteenth embodiment of the present invention;
Fig. 38 is a waveform diagram of the voltage applied by the second bias
means of the fifteenth embodiment of the present invention;
Fig. 39 is a sectional view of the DLC thin film forming apparatus of the
sixteenth embodiment of the present invention;
Fig. 40 is a waveform diagram of the voltage applied by the second bias
means of the seventeenth embodiment of the present inVention; |
Fig. 41 is a waveform diagram of the voitage applied by the first bias means
of the seventeenth embodiment of the present invention;
Fig. 42 is a waveform diagram of the voltage applied by the second bias
means of the eighteenth embodiment of the present invention;
Fig. 43 is a waveform diagram of the voltage applied by the second bias
means of the eighteen embodiment of the present invention;
Fig. 44 is a waveform diagram of the voltage applied by the first bias means



Further, in the conventional apparatus, the gas is supplied to the entirety
of the vacuum chanber and the mcro wave is applied thereto, so that the
efficiency in utilization is |ow _ Further, during the formation
of the DLC thin filmwhich is eIectrica?Iy i nsul ating, the surface of the
thin filmis roughened due to electric discharging generated on the film

RG] RN R TR T b A

Fig. 45 is a waveform diagram of the voltage applied by the second bias
means of the nineteenth embodiment of the present invention;

Fig. 46 is a waveform diagram of the voltage applied by the second bias
means of the nineteenth embodiment of the present invention; |

Fig. 47 is a waveform diagram of the voltage applied by the first bias means
of the nineteenth embodiment of the present invention;

Fig. 48 is a waveform diagram of the voltage applied by the first bias means
of the nineteenth embodiment of the present invention;

Fig. 49 is a waveform diagram of the voltage applied by the second bias
means of the twentieth embodiment of the present invention;

Fig. 50 is a waveform diagram of the voltage applied by the second bias
means of the twentieth embodiment of the present invention;

Fig. 51 is a waveform diagram of the voltage applied by the first bias means
of the twentieth embodiment of the present invention;

Fig. 52 is a wave form diagram of the voitage applied by the first bias means
of the twentieth embodiment of the present indenting; and

Fig. 53 is a sectional view of a conventional DLC thin film forming
apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment 1. _

The first embodiment of the present invention will now be described in
conjunction with the draWings. Fig. 1 is a sectional view of a diamond-like carbon (DLC)
thin film forming apparatus of the first embodiment of the present invention. In the
figure, 1 is a vacuum chamber maintaining a vacuum within the inside, 2 is a gas
evacuating system for evacuating the vacuum chamber 1, 3 is a base material such as
a super hard alloy on which surface a DLC thin film is to be formed, 4 is a base material
holder for holding the base material 3 within the vacuum chamber 1 with its deposition
surface (thin film forming surface) directed downward, S is bias means for applying a
bias voltage to the base material 3 through the base material holder 4 relative to the
accelerating electrode 15 which will be described later, 6 is a base material temperature



di scussed problens of the conventional design and has as its object the
provi sion of an apparatus and a nethod for formng a quality DLC thin film
in which a DLC thin filmwhich is good in bonding to a base material and

hi gh in hardness and fl at ness. g The apparatus for formng a DLC
thin filmrecited in claim1l conprises, a base material holder for holding
a base material within a vacuum chanber, a base material tenperature

regul at i ngguiatingenéahanisey disposed onlthe base evalerial bolder dafiod hbating wacooling thend
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and into which gases are introduced, thernpel ectron di s%hargi n1g neans
di sposed wi t hi n s30 i 2 888 iruseuyas disposed within the vacuum chamber T below and in

opposition to the base material 1, 11 is a reaction gas introducing chamber into which -
a reaction gas is introduced, which is provided with an orifice (not shown) facing toward
the base material 3 so that ions can be discharged and a large flow resistance is
provided to establish a pressure difference relative to the vacuum chamber 1. 12 is
thermoelectron discharging means disposed within the reaction gas introducing
chamber 11 and composed of a tungsten wire for example, 13 is a thermoelectron
drawing electrode disposed within the reaction chamber introducing chamber 11 and
composed of parallel-arranged thin metal wires, 14 is a reaction gas introducing pipe
connected to the reaction gas introducing chamber 11 for introducing the reaction gas
into the inside of the chamber, 15 is an acceleration electrode disposed outside of the
reaction gas introducing chamber 11 for accelerating the ions toward the base material
3, and the gas ion source 10 is composed of the reaction gas introducing chamber 11,
the thermoelectron discharging means 12, the thermoelectron drawing electrode 13, the
reaction gas introducing pipe 14 and the acceleration electrode 15.

Further, one end of the bias means 5, the vacuum chamber _1 and the
acceleration electrode 15 are grounded. '

The operation will now be described. First, the base material 3 is attached

to the base material holder 4 and the vacuum chamber 1 is evacuated by the evacuation
system 2 to a vacuum of about 1X 10 Torr, and then the temperature of the base
material 3 is regulated at about 300°C by the base material temperature regulating
“mechanism 6. Thereatfter, in order for the cleaning treatment of the surface of the base

material 3, a gas suitable for the ion cleaning such as argon gas is introduced into the
reactin gas introducing chamber 11 through the reaction gas introducing pipe 14 to
establish a vacuum of from 1X102? Torr to 1X10" Torr within the reaction gas
introducing chamber 11.

Then, the thermoelectron discharging means 12 is operated to apply a bias
voltage of about from +50 to 800 V to the thermoelectron drawing electrode 13 relative
to the thermoelectron discharging means 12 by means of unillustrated electic source,



I ntroduci ng chanber, a thernoel ectron drawi ng el ectrode for draw ng _
thernoel ectrons from said thernoel ectron di schargi ng neans, -an accel erating
el ectrode for accelerating ions toward the base material and bias nmeans for
applying the voltage to said base

Further, in order to draw ions from the gas ion source 10, a voltage of about
from +200 to 500 V is applied by means of unillustrated electric source to the
thermoelectron discharging means 12 relative to the acceleration electrode 15 or to the
ground potential. The electrons discharged from the thermoelectron discharging means
12 are accelerated toward the thermoelectron drawing electrode 13 to ionize the ion
cleaning gas and the ions generated are radiated to the base material 3. The gas is
ionized positively so that, by adjusting the bias on the base material 3 to the order of
from -1 to -3 kV with respect to the ground potential by means of the bias means 5, the
quantity and the energy of the ions to be radiated to the base material 3 can be
controlled, whereby the cleanng treatment can be efficiently achieved.

By the treatments as above described, the impurities such as the moisture,
the grease components, surface oxides and the like can be removed from the surface
of the base material 3, improving the adhesive contact between the base material 3 and
the DLC thin film.

Then, the supply of the ion cleaning gas to the gas ion source 10 is stopped
to finish the cleaning treatment of the base material 3 surface and the temperature of
the base material 3 is regulated to be from 100°C to 250°C for the reasons which will be

explained later. Here, 200°C was used. Through the use of the bias measure 5, the
potential of the base material 3 relative to the ground potential is given as a

function V(t) of time t. Fig. 2 illustrates an example of a waveform of the bias
voltage supplied to the base material 3. Figs 2(a) to 2(c) show the case where
the voltage applied is a negative voltage of direct current voltage, a half-wave
rectified or full-wave rectified. | )

The voltage value is within a few kV and here it was -1kV.. The frequency in
(o)) was of the order of from several ten Hz to several ten kHz and, here, 60Hz and tkHz
was used. By controlling the voltage value of this V(t), the energy applied to the ion can
be regulated. This enables the adhesive strength and the hardness of the thin film to
be controlled.

Then, a gas of a hydrocarbon system containing carbon (C) is introduced
through the reaction gas introducing pipe 14 into the reaction gas introducing chamber
11 to establish a vacuum of from 1X 102 Torr to 1 X 10" Torr within the reaction gas
introducing chamber 11. As for the reaction gas introduced at this time is a benzene
gas for example. The thermoelectron discharging means 12 is then operated to apply



material relative to said accel eration el ectrode. The DLC thin
filmformng apparatus of claim2 is the apparatus in which the bias neans
can provide a voltage applied to the base material relative to the _
accelerating el ectrode as a function of 19 ne. The DLC thin film
formng nethod of claim3 is the nmethod in which a DLC thin filmis forned
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The DLC t h3melativertd therthemnoaledtroh dischamgimg eansti®e Awvltage iof thvdbederaf from
+200 to 500 V with respect to the ground potential is applied to the thermoelectron
discharging means 12. The electrons discharged from the thermoelectron discharging .
means 12 are accelerated toward the thermoelectron drawing electrode 13 to excite,
dissociate and ionize the carbohydrate gas by the discharging or the electron radiation,
the dissociated carbon, carbon ions and the dissociated hydrogen and hydrogen ions
are radiated toward the base material 3, thereby forming a DLC thin film on the base
material 3. Since the ions are positive, they can be accelerated and drawn from the gas
ion source 10 by the acceleration electrode 15 and by controlling the negative bias
voltage on the base material 3, the energy provided to the ions can be adjusted.

Fig. 3 shows the results of the Raman-spectrum analysis results of a DLC
thin film with the temperature of the base material used as the parameter. It is seen that
while a typical DLC spectrum is obtained when the temperature of the base material 3
is 250°C, a graphite spectrum is obtained when the temperature of the base material 3
is 300°C or 400°C. Therefore, the temperature of the base material 3 should be equal
to or less than 250°C, but too low temperature is not preferable for ancther reason.
That is, the adhesive strength of the DLC thin film to the base material 3 becomes low
if the temperature is less than 100°C. Therefore, the temperature of the base material
3 being formed is controlled at from 100°C to 250°C by means of the base material
temperature regulating mechanism 6. By this, transforming of the DLC thin film into
graphite can be controlled, allowing the formation of a hard, quality DLC thin film.

The reason that the above temperature range is different from that of the
conventional apparatus shown in Fig. 53 is that the apparatus type is different.

Further, as shown in Fig. 4, a rotary mechanism 100 may be provided in the
base material holder 4 to allow the base material 3 to rotate during the film formation,
enabling the film thickness profile to be more uniform and the deposition unevenness
at the corner portions and the like, i.e., unevén film thickness due to the direction or
position of the surface can be decreased.

Embodiment 2. _
Fig. 5 is a sectional view of the DLC thin film forming apparatus of the second



negative voltage is applied to the base material by a bias means during the
DLC thin filmformation. The DLC thin filmform ng nethod of
claim5 is the method in which an altermatively positive and negative
voltage is applied to the base material by a bias means during the DLC thin

flhl mltolrmatlon The thin filmform ng apparatus of claim6 is the
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Fig. 1 so that their description is omitted.

The operation will now be described. Similarly to the case shown in Fig. 1,
the vacuum chamber 1 is evacuated by the evacuation system 2 to a vacuum of about
1X10° Torr, and then the temperature of the base material 3 is regulated at about
300°C by the base material temperature regulating mechanism 6. Thereafter, a first
gas ion source 10a is operated to achieve the cleaning treatment of the surface of the
base material 3. Then, by the electric discharge or the electron radiation by the first gas
ion source 10a, the hydrocarbon system gas is caused to excite, dissociate and i-onize,
the dissociated carbon, carbon ions and the dissociated hydrogen and hydrogen ions
are radiated toward the base material 3, thereby forming a DLC thin film.

During the formation of the DLC thin film, the second gas ion source 10b is
operated to cause a gas containing hydrogen element, such as methane gas to excite,
dissociate and ionize by the discharge or electron radiation to radiate the dissociated
hydrogen and hydrogen ions, thereby to suppress the transformation of the DLC thin
film into graphite to obtain a hard, quality DLC thin film.

The reasons that this radiation is effective in suppressing the graphite
transformation is that the dissociated hydrogen and the hydrogen ions selectively etch
the graphite on the base material 3 and remove it. '

Further, as shown in Fig. 6, is a sectional view of the DLC thln film forming
apparatus of the second embodiment of the present invention;

Further, as shown in Fig. 6, a rotary mechanism 100 may be provided in the
base material holder 4 to allow the base material 3 to rotate during the film formation,
enabling the film thickness profile to be more uniform and the deposition unevenness
at the corner portions and the like can be decreased.

Embodiment 3.

Fig. 7 is a sectional view of the DLC thin film forming apparatus of the third
embodiment of the present invention. In the figure, 30 is a metallic vapor generating
source, such as an electron beam evaporation source, an ion plating apparatus and a



said gas ion source conprises a reaction gas introducing chanber which is
provided with an orifice directed toward the base material and into which
gases are introduced, thernoel ectron discharging neans di sposed within said
reaction gas introduci ng chanber for discH%rging t her noel ectrons, a

t her noel ectron drawi ng el ectrode for draw ng thernoel ectrons fromsaid
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rel ative far sladidg aoaetailicsourae ehaterial 32 is @ hedtentdrinwatiot the melting pot 31, 33
is thermoelectron discharging means for discharging thermoelectrons, 34 is a
thermoelectron drawing means for drawing the thermoelectrons from the thermoelectron
discharging means 33, 35 is a thermal shield for thermally isolating these components,
36 is an accelerating electrode for drawing ions from the metallic vapor generating
source 30. The metallic vapor generating source 30 is composed of the melting pot 31,
the heater 32, the thermoelectron discharging means 33, the thermoelectron drawing
means 34, the thermal shield 35 and the accelerating electrode 36.

Other portions are similar to those shown in Fig. 1 so that their description
is omitted. | |

The operation will now be described. In a manner similar to that of Fig. 1,
after the vacuum chamber 1 is evacuated to a vacuum of the order of 1X 10 Torr by
the evacuation system 2, the temperature of the base material 3 is regulated to be about
300°C by the base material temperature regulating mechanism 6. Then, similarly to the
case shown in Fig. 1, the surface of the base material 3 is cleaning treated to remove
the moisture, the grease, the surface oxides and the like.

Then, the supply of the ion cleaning gas to the gas ion source 10 is stopped
to finish the cleaning treatment of the surface of the base material 3, and a voltage of
from about -0.5 to about -3 kV is applied to the base material 3 relative to the ground
potential, and the metal such as Si, Al, Ti, W or the like in the melting pot 31 is heated
by the heater 32 to generate the metal vapor, and the thermoelectrons discharged from
the thermoelectron discharging means 33 are drawn and accelerated by the
thermoelectron drawing means 34 to generate the metallic ions which are radiated to
the surface of the base material 3 to form thereon the metallic thin film of Si, Al, Ti, W
or the like as an intermediate layer.

Itis to be noted that the hydrocarbon system gas may be excited, dissociated

~ or ionized by the gas ion source 10 so that the dissociated carbon and the carbon ions
are radiated to the base material 3 or the vacuum chamber 1 may be filled with a
hydrocarbon system gas atmosphere while the metallic vapor generating source 30 is



In the thin filmformng apparatus of claim7, the voltage applied to the

t her moel ectron di scharging neans relative to the accel erating el ectrode by
sai d second bias neans is a positive voltage of a constant val ue or a val ue
varying according to tine. 13

being operated as discussed above, whereby the thin film of ceramics such as SiC,
AlLC,, TiC, WC may be formed on the surface of the base material 3 as the intermediate
layer.

Then, in a manner similar to that of Fig. 1, the gas ion source 10 is operated
and the DLC thin film is formed on the intermediate layer on the surface of the base
material 3.

_ As has been described, the metallic vapor generating source 30 and the gas
ion source 10 are disposed in the same vacuum chamber 1, so that there is no need to
expose the intermediate layer on the surface of the base material 3 to the atmosphere
and the DLC thin film can be formed directly on the intermediate layer in a consecutive
step, and the intermediate layer is formed on the surface of the base material 3 the

" adhesive bonding between the base material 3 and the DLC thin film can be
established. __

Also, as shown in Fig. 8, a rotary mechanism 100 may be provided in the

- base material holder 4 to allow the base material 3 to rotate during the film formation,
enabling the film thickness profile to be more uniform and the deposition unevenness
at the corner portions and the like can be decreased.

Embodiment 4.

Fig. 9 is a sectional view of the DLC thin film forming apparatus of the fourth
embodiment of the present invention. The base material holder 4 is disposed within the
vacuum chamber 1 at its lower portion and the base material 3 is held on the base
material holder 4 with the depaositing surface thereof directed downward. The gas ion
source 10 is disposed in the upper portion of the vacuum chamber 1 so that the ions
can be radiated downwardly toward the base material 3. In other respects, the structure
is the same as that of Fig. 1 or Fig. 4 so that their description is omitted.

The operation is also similar to that of Fig. 1 or Fig. 4, and in this
embodiment the base material holder 4 is disposed at the lower portion of the vacuum
chamber 1 and the base material 3 is held on it, so that the base material 3 can be
easily attached even when the base material 3 is large or heavy, improving the
operability. | :

Fig. 10 illustrates an example in which a first and a second gas ion source



In the thin filmformng method of claim@8, the voltage applied to the

t hernoel ectron di scharging neans relative to the accel erating el ectrode by
sai d second bias neans is an alternatingl%oltage between positive and
negative val ues. BRI EF DESCRI PTI ON OF THE DRAW NGS The present
i ndenting wll now becone nore readily apparent fromthe

10a and 10b are provided and operated in the similar manner as in Figs. 5 or 6, wherein
the base material 3 is mounted upwardly on the base material holder 4 at the lower
portion of the vacuum chamber 1 and the first and the second gas ion sources 10a and
10b are disposed at the upper portin of the vacuum chamber 1 so as to emit the ions
downwardly or diagonally downwardly toward the base material 3, so that the base
material 3 can be easily attached even when the base material 3 is large or heavy,
improving the operability. _
Further, the first and the second gas ion sources 10a and 10b both may be

arranged to operate in the similar manner as that of the gas ion source 10 shown in Fig.
1or4.

Embodiment 5.

Fig. 11 is a sectional view of the DLC thin film forming apparatus of the fifth
embodiment of the present invention. The base material holder 4 is disposed at one |
of the side portions within the vacuum chamber 1 and the base material 3 is attached
to the base material holder 4 with its deposition surfce laterally oriented. The gas ion
source 10 is disposed on the other side portions within the vacuum chamber 1 in

opposition to the base material 3. In other respects, the structure is the same as that -
shown in Fig. 1 or 4 so that its description is ommitted.

The operation is also similar to that of Fig. 1 or Fig. 4, and in this
embodiment the base material 3 is laterally held by the base material holder 4, so that
the base material 3 can be easily attached even when the base material 3 is large or

_ heavy, improving the operability.

Fig. 12 illustrates an example in which the first and the second gas ion
sources 10a and 10b are provided so as to operate in the manner similar to the case
shown in Fig. 5§ or 6, and in this case also since the base material 3 is |laterally attached
to the base material holder 4 and the first and the second gas ion sources 10a and 10b
are arranged to emit ions laterally or diagonal - * laterally to the base material 3, so that
the base material 3 can be easily attached even when the base material 3 is large or
heavy, improving the operability.

Further, the first and the second gas ion sources 10a and 10b both may be

- arranged to operate in the similar manner as that of the gas ion source 10 shown in Fig.



follow ng detail ed description of the preferred enbodi nents of the present
I nvention taken in conjunction with the acconpanying draw ngs in which:
Fig. 1 is a sectional view of the DLC thin filmform ng apparatus of the

first enmbodi ment of the present invention; Fig. 2 is a waveform
di agram of the voltage applied by the bids means of the first enbodi nent of
the present .inpvention; Fig. 3 is a Raman-spectrum di agram show ng

t he tenperaqru'e dependability of the thin filmformation formed by the DLC
thin filmform ng apparatus of the first enbodi nent of the present
I nvention; Fig. 4 is a sectional view of the DLC thin film

formng aBFRReHimentp. the fir st

Fig. 13 is a sectional view of the DLC thin film forming apparatus of the sixth
embodiment of the present invention. The base material holder 4 is disposed at the
lower portioh within the vacuum chamber 1 and the base material 3 is attached to the
base material holder 4. In this embodiment, the DLC thin film is to be formed on the top
and side surfaces of the base material 3. Disposed within the vacuum chamber 1 are
a first gas ion source 10a, a second gas ion source 10b, a third gas ion source 10c and
a fourth gas ion source 10d. Out of them, the first and the second gas ion sources 10a
and 10b are disposed in the upper portion within the vacuum chamber 1 so as to emit
the ions downwardly or diagonal downwardly to the top surface of the base material 3
and the third and the fourth gas ion sources 10c and 10d are disposed in the side
portion within the vacuum chamber 1 so as to emit the ions laterally or diagonal laterally
to the side surface of the base material 3. In other respects the structure is the same
as that shown in Fig. 1 or 4 so that their description is omitted.

The operation is also similar to that of Fig. 1 or Fig. 4, and in this
embodiment the ions are emitted from various directions to the base material 3, so that
the DLC thin film can be formed evenly even when the base material 3 is of complex
shape.

Also, by rotating the base material 3 by the rotary mechanism 100, the film
thickness and the like on the side surface and the like of the base material 3 may be
made uniform.

When the base material 3 is small or light weight, the base material holder
4 may be disposed at the upper portion of the vacuum chamber 1 and the base material
3 is held downwardly oriented, -and the first and the second gas ion sources 10a and
10b may be disposed at the lower portion of the vacuum chamber 1 so as to emit the
ions upwardly or diagonal upwardly toward the base material 3 and the third and the
fourth gas ion sources 10c and 10d may be arranged to emit the ions laterally or
diagonal laterally toward the base material 3. |

Further, the first and the third gas ion sources 10a and 10c may be arranged
to operate in the similar manner as that of the first gas ion source 10a shown in Fig. 10



enbodi nent of the present invention; Fig. 5is a sectional view
of the DLC thin filmform ng apparatus of the second enbodi nent of the
present invention; _ Fig. 6 is a sectional view of the DLC thin
filmform ng apparatus of the second entiédi ment of the present invention;
Fig. 7 is a sectional view of the DLC thin filmform ng apparatus of the

View of tABICTE Rrond A By BT eaurese 1ok A T amde R Bneiged e
present i pperdtedn the similar mannér @s thatiof tike secondgas ion svuret 10reshavin imFig.
film form189 apparatus of the fourth

Embodiment 7.

Fig. 14 is a sectional view of the DLC thin film forming apparatus of the
seventh embodiment of the present invention. The apparatus is provided with a fifth
gas ion source 10e in place of the second gas ion source 10b shown in Fig. 10. The
ﬁﬂh gas ion source 10e is a gas ion source that can form a metallic thin film of Si, Ti;
W, Al, B or the like or a ceramic thin film of Sic, Al,C,, TiC, WC or the like as an
intermediate layer on the surface of the base material 3. In other respects,' the structure
is the same as that shown in Fig. 10 so that their description is omitted.

The operation will now be described. Firstly, the first gas ion source 10ais
operated to achieve the cleaning treatment of the surface of the base material 3 in a
manner similar to the case of Fig. 10.

Then, the bias means 5 establishes on the base material 3 an electric
potential of about from -0.5 to -3 kV relative to the ground potential. Then, the fifth gas
ion source 10e is operated to dissociate or ionize, by the electric discharging or the
electron radiation, a gas containing metal element such as Si, Ti, W, Al, B or the like,
such as SiH,, TiCl,, WF,, AICl, or the like, thereby to radiate the dissociated metal and
the metal ions to the base material 3 to form on its surface a thin film of Si, Al, Ti, W or
the like as the intermediate layer. '

It is to be noted that the hydrocarbon system gas may bé excited, dissociated
or ionized by the gas ion source 10 so that the dissociated carbon and the carbon ions
are radiated to the base material 3 or the vacuum chamber 1 may be filled with a
hydrocarbon system gas atmosphere while the fifth gas ion source 10e is being
operated as discussed above, whereby the thin film of ceramics such as SiC, Al,C,, TiC,
WC may be formed on the surface of the base material 3 as the intermediate layer.

Then, the first gas ion source 10a emits the dissociated carbon and the
carbon ions and the dissociated hydrogen and the hydrogen ions toward the base
material 3 to form a DLC thin film.

As has been described, the intermediate layer for improving the bonding of



enbodi nent of the present invention; Fig. 10 is a sectional view
of the DLC thin filmform ng apparatus of the fourth enbodi nent of the
present invention; Fig. 11 isl% sectional view of the DLC thin
filmform ng apparatus of the fifth enbodi nent of the present invention;
Fig. 12 is a sectional view of the DLC thin filmform ng apparatus of the
fifth the DLC thin film can be formed consecutively after the formation of the DLC thin film

and the element for the intermediate layer is supplied in a gas state during the
intermediate layer formation, so that the limitation on the disposition of the fifth gas ion
source 10e is small and the degree of freedom is high. |

Also, in the first to the seventh embodiments, graphite may be used as the
material for the acceleration electrode 15 and the reaction gas introducing chamber 11
of the gas ion source, whereby the generation of the dust can be suppressed even
when carbon which is a reaction product is depositted on the inner wall of the reaction
gas introducing chamber 11 and the acceleration electrode 15.

Embodiment 8.

While an exarﬁple of V(t) of the voltage to be applied to the base material 3
is shown in Fig. 2, the voltage may have other waveforms such as shown below in stead
of that shown in Fig. 2. The voltage value and frequency should be similar to that
shown in Fig.2 and the voltage is within the range of a few kV both in positive
and negative directions. The waveform shown in Figs. 15 to 20 can be appled to

“all of the apparatus described in connection with the first to the seventh
embodiment.

Fig. 15 shows an example of a waveform of V(t) of this embodiment. (a)
shows a sin wave and (b) - (d) show waveforms biased in the negative direction. In
(a) and (b), the voltage varies between a negative and a positive value, but (c) and (d)
are negative values that vary according to the time.

During the period of time in which V(1) is negative energy is given to the ions

. and during the period of time in which V(i) is positive electrons are drawn, whereby the
electric charge built-up on the thin film on the base material 3 is alleviated by
moderating the charges on the electrically insulating DLC thin film by supplying the
electrons to the base material 3. If the electric charge is built up on the thin film, the
discharge is generated and the film surface is roughened to decrease the surface
flatness.

Although there is no period in which-the voltage is positive in (c) and (d), the
electrons have a certain energy within the gas ion source 10, so that the electrons can
be supplied to the base material 3 during the period of time in which the negative
voltage becomes small in () and (d) according to the balance between the voltage



5 enbodi nent of the present invention, Fig. 13 is a sectional
view of the DLC thin filmform ng apparatus of the sixth enbodi nent of the
present invention; Fig. 14 is a sectional view of the DLC thin
filmform ng apparatus of the seventh enbogli nrent of the present invention;

value and the energy.

Fig. 16 shows the case in which a rectangular waveform is used instead of
the sine wave of Fig. 15. Figs. 16(a) - (d) correspond to Figs. 15 (a) - (d), respectively,
and exhibit similar advantageous results. The waveform may be triangular or the
like.

Embadiment 9.

Fig. 17 shows an example of a waveform of V() of this embodimt_ént of the
present invention. Both of the positive and negative half-waves are sinusoidal half-
waves, but the negative period is longer than the positive period. Therefore, energy
can be given to the ions and the electrons can be supplied to the base material 3 within
a short positive period, so that the charge built-up can be effectively prevented.

Fig. 18 shows the case where a rectangular waveform is used instead of the
sinusoidal wave of Fig. 17. Figs. 18(a) - (d) correspond to Figs. 17(a) - (d),

respectively, and exhibit similar advantageous effect. The waveform may be trianguiar
or the like.

Embodiment 10.

Fig. 19 shows an example of a waveform of V(t) of this embodiment. Both
of the positive and negative half-waves are sinusoidal half-waves, but the positive
period is longer than the negative period just opposite to the case of Fig. 17. Therefore,
mainly, the electrons can be supplied to the base material 3 and the energy can be

~ given to the ions, so that the charge built-up can be effectively prevented.

| Fig. 20 shows the case where a rectangular waveform is used instead of the
sinusoidal wave of Fig. 19. Figs. 20(a) - (d) correspond to Figs. 19(a) - (d),
respectively, and exhibit similar advantageous effect. The waveform may be triangular
or the like.

While the waveform of the voltage to be applied to the base material 3 during
the DLC thin film forming has been described, when the base material 3 is an insulating
material, charge built—up takes place even during the cleaning treatment, so that the
base material holder 4 méy be supplied with a voltage of a waveform of Fig. 18(d) for
example, whereby the electrons can be supplied to the surface of the base material 3



Fig. 15 is a waveform di agram of the voltage applied by the bias neans of

t he ei ghth enbodi nent of the present invention; Fig. 16 is a

wavef orm di agram of the voltage applied by the bias neans of the eighth

enbodi nent of the present invention; Fig. 17 is a waveform

di agram of the voltage applied by the biYas means of the ninth enbodi nent of

the present invention; Ig. 18 is a waveform di agram of the

vol t age awroyﬂj%?“?ﬁéa%ﬁ%?%ﬁéﬁ‘imbfn preventing the pbhargeRiit-Upt t he present

i nventi on; Fig. 19 is a waveform di agram of the voltage applied

by the bias means of the tenth enbodi nent of the present invention;
Embodiment 11. :

Fig. 21 is a sectional view of the diamond-like carbon (DLC) thin film forming
apparatus of the eleventh embodiment of the present invention. In the figure, 1is a
vacuum chamber maintaining a vacuum within the inside, 2 is a Qas evacuating system
for evacuating the vacuum chamber 1, 3 is a base material such as a super hard alloy
on which surface a DLC thin film is to be formed and is held on an unillustrated base
material holder within the vacuum chamber 1. 10 is a gas ion source disposed in
opposition to the base material 3 for generating dissociated carbon and carbon ions as
well as dissociated hydrogen and hydrogen ions, 11 is a reaction gas introducing
chamber into which a hydrocarbon system reaction gas containing carbon (C) which is
a material for the DLC thin film is introduced and, the reactin gas introducing chamber
11 being provided at an opposing portion 16 facing the base materiall 3 with an orifice
(not shown) for discharging ions and providing a large flow resistance for establishing
a pressure difference relative to the vacuum chamber 1.

12 is thermoelectron discharging means disposed within the reaction gas
introducing chamber 11 and composed of a tungsten wire or a-tantalum wire, 13 is a
thermoelectron drawing electrode disposed within the reaction chamber introducing
chamber 11 and composed of parallel-arranged thin metal wires, 14 is a reaction gas
introducing pipe connected to the reaction gas introducing chamber 11 for introducing
the reaction gas into the inside of the chamber, 15 is an acceleration electrode

~ disposed outside of the reaction gas introducing chamber 11 for accelerating the ions
toward the base material 3, and the gas ion source 10 is composed of the reaction gas
introducing chamber 11, the thermoelectron discharging means 12, the thermoelectron
drawing electrode 13, the reaction gas introducing pipe 14 and the acceleration
electrode 15. |

20 is a first bias means for applying a voltage as a function of time to the
base material 3 relative to the acceleration electrode 15, 21 is a second bias means for
applying a voltage as a function of time to the thermoelectron discharging menas 12
relative to the acceleration electrode 15, 22 is a d.c. source for positively biasing the
potential of the thermoelectron drawing electrode 13 relative to the thermoelectron



Fi g. éo Is a wavef orm di agram of the voltage applied by the bias nmeans of

the tenth enbodi nent of the present invention; Fig. 21 is a
sectional view of the DLC thin filmforgng apparatus of the eleventh
enbodi nent of the present invention; Fig. 22 is a waveform
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The operation will now be described. First, the vacuum chamber 1 is
evacuated by the evacuation system 2 to a vacuum of about 1 X 10°® Torr, and then the
temperature of the base material 3 is regulated from 100°C to 250°C by the unillustrated
base material temperature regulating mechanism, and a gas of hydrocarbon system
which is a reaction gas is introduced into the reaction gas introducing chamber 11
through the reaction gas intfoducing pipe 14 and injecting the gas toward the
thermoelectron drawing electrode 13 and the thermoelectron discharéing means 12 to
establish a vacuum of from 1X10? Torr to 1X10™ Torr within the reaction gas
introducing chamber 11. '

Then, the A.C. source 23 supplies an electric power to the thermoelectron
discharging means 12 to heat it to the temperture of about 2000°C at which the supply
of thermoelectrons is ready. Then, the D.C. source 22 applies a voitage of from about
50V to 8OOV relative to the thermoelectron discharging means 12 to apply a positive
bias to the thermoelectron drawing electrode 13, causing the thermoelectron
discharging means 12 to emit electrons of about 1 to 3A toward the thermoelectron
drawing electrode 13 as shown by the arrows in the figure. The gas of the hydrocarbon
system in the reaction gas introducing chamber 11 is excited, dissociated and ionized
due to the contact or the like to the radiated electron and heated thermoelectron
discharging means 12.

At this time, a bias voltage is applied to the base material 3 and the
thermoelectron discharging means 12. Some examples of the voltage V1(t) applied to
the base material 3 by the first bias means 20 and the voltage V2(t) applied to the
thermoelectron discharging means 12 by the second bias means with reference to the
potential of the acceleration electrode 15 are shown in Figs. 22 -_25. For either of V1(t)
and V2(t), the voltage is within *several kV and the frequency is several 10 Hz to
several ten kHz.

When V2(t) is positive, ions (positive charges) can be taken from the reaction
gas introducing chamber 11 and, on the other hand, when it is negative, electrons (negative’
charges) can be taken from the reaction gas introducing chamber 11. Therefore, by



Fig. 25 is a waveform di agram of the voltage applied by the first and
second bi as neans of the el eventh enbodi nent of the present invention;
Fig. 26 is a Raman-spectrum di agram showi ng the Raman anal ysis results of

the thin film Fig. 27 is a wav&f orm di agram of the voltage
applied by the first bias means of the twel fth enmbodi nent of the present
I nventi on; Fig. 28 is a waveform di a%r am of the voltage applied
by the secnteolingine mtenssty and the time ratio of the positive and negative bias voltages, the

kinetic energy and ion amount of the carbon ions and the hydrogen ions affecting the
film formation as well as the kinetic energy and the electron amount of the electrons for
neutralizing the charge built-up on the base material 3 can be efficiently controlled.

Now, the charge built-up will be described. Since the DLC is electrically
insulating, the charge built-up phenomenon occurs in which the film is positively
charged by the ions during the film formation. The built up charge eventually
discharges and the film surface is roughened. In order to suppress this phenomenon,
the electrons are supplied to neutralize the charge and to improve the flatness of the
film. _ .

Furi:her, the kinetic energy and quantity of ions and electrons drawn from the
gas ion source 10 and injected into the base material 3 can be efficiently controlied by
V1({t). Thatis, the ions to which energy is added can be-injected into the base material
3 when V1(t) is negative and the electrons can be supplied when the V1(t) is positive,
so that the kinetic energy and the quantity of the carbon ions, the hydrogen ions and
electrons can be controlled by controiling the intensity of the positive and negative bias
voltages and the ratio of time during which the positive or negative voltage.

Also, the kinetic energy and the quantity of carbon ions, hydrogen ions and
electrons can be controlled by making V1(t) and V2(t) in.synchronization with each
other to control (V1(t) - V2(t)) as a whole.

_Fig. 22 shows the case where V1(t) and V2(t) are in synchronization with
each other and a large amount of ions are drawn from the gas ion source 10 and the
_ energy level is controlled to suite to the thin film formation.

Firstly, in order to take out a large amount of ions from the reaction gas
introducing chamber 11 in the excited and ionized state, V2(t) is made to be a large
positive bias voltage as shown .in Fig. 22(b), whereby a large amount of ions can be
drawn in proportion to the bias voltage. At the same time, by positively biaéing V1i(t) as
shown in Fig. 22(a), the ions are decelerated so that (V1(t) - V2(t)) becomes as shown
in Fig. 22(c) as a whole, whereby the kinetic energy of the ions drawn from the gas ion
source 10 is controlled to an appropriate level and injected into the base material 3.
Further, electrons are drawn from the gas ion source 10 when V2(t) is negative and
injected into the base material 3 according to (V1(t) - V2(t).



6 neans of the twelfth enbodi ment of the present invention; Fig.
29 is a waveform di agram of the voltage applied by the first bias neans of
the thirteenth enbodinent of the present jnvention; Fig. 30 is a
wavef orm di agram of the vol tage applied b%zzthe first bias nmeans of the
thirteenth enbodi nent of the present invention;

Fig. 23 shows the case where, in order to increase the adhesive strength
between the base material 3 and the thin film, a mixing layer is formed by the injection
or the like into the base material 3 by the ion spattering for example and the kinetic
energy of the ions is made at a higher energy level. In order to draw a large amount of
ions from the reaction gas introducing chamber 11, V2(t) is made as a high paositive bias
voltage as shown in Fig. 23(b). At the same time, by making V1(f) a negative bias
voltage as shown in Fig. 23(a), energy is further supplied to the ions so that a large
kinetic energy as a whole as expressed by (V1(t) - V2(t)) shown in Fig. 23(c) is given
to the jons to control the energy level to the level at which the ion spattering is possible
and then the ions are injected into the base material 3.

Fig. 24 shows the case where V1(t) and V2(Y) are alternating voltages, which
are synchronized and equal intensity so that their total is zero. In this case, V2(t) is
alternating between positive and negative and the ions and the electrons are taken from
the gas ion source 10 but decelerated by V1(t) and is injected into the base material 3
at the kinetic energy the ions and the electrons had within the reaction gas introducing
chamber 11.

Fig. 25 shows the case similar to that of Fig. 24 but where (V1(t) - V2(t)) is
made a constant negative voltage, supplying energy to the ions.

In Figs. 22 to 25, the rectangular wave and the sinusoidal wave are shown,
other waveform such as triangular wave may also be used.

Fig. 26 shows the Raman analysis result of the DLC thin film formed as
described above. From the figure, a asymmetric Raman band having a main peak at

~ around 1550cm™ and having a shoulder band at around 1400cm™, which is a typical
spectrum of a DLC, which shows that a quality DLC thin film was formed. For the
reference purpose, spectrum of a graphite thin film is also shown.

Also, as a pre-treatment of the formation of the DLC thin film, a cleaning
treatment of the surface of the base material 3 may be achieved. In that case, a gas
such as argon gas suitable for the ion cleaning is introduced into the reaction gas
introducing chamber 11 th"rough the reaction gas pipe 14 to establish a vacuum of from
1X10? to 1X10" Torr within the reaction gas introducing chamber 11. The
thermoelectron discharging means 12 is then operated to emit electrons toward the
thermoelectron drawing electrode 13 to ionize the gas, the ions then are efficiently



Fig. 31 is a waveform di agram of the voltage applied-by the first bias

means of the fourteenth enbodi nent of the present invention; Fig.
32 is a waveform di agram of the voltage sapplied by the first bias neans of
the fourteenth enbodi nent of the present invention; Fig. 33 is a

wavef orm di agram of the voltage applied by the second bias neans of the
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| the total voltage (V1(t) - V2(t)) of the first and second bias means 20 and 21 is of the
order of from -0.5 to -3 kV. | | |

Through the above cleaning treatment, the moisture, grease components,

surface oxides and the like can be removed from the surface of the base material 3,

improving the bonding between the base material 3 and the DLC thin film.

Embodiment 12.

Fig. 27 shows a voltage waveform of voltage V1(t) applied by the first bias
means 20 to the base material 3 during the thin film formation in the. twelfth
embodiment. The description of the structure of the apparatus or the like similar to
those of Fig. 21 will be omitted. V1(t) is a D.C. or half-wave or full-wave rectified
negative voltage, which supplies energy to the ions to obtain a hard, good-bonding DLC
thin film. At this time, V2(t), which is a voltage for taking out the ions or the electrons
from the gas ion source 10, may be either one of Figs. 28(a) to 28(c).

Also, when both of V1(t) and V2(t) are voltages that vary according to time
and not direct current, they should preferably be synchronized with each other.

Embodiment 13. _

' Fig. 29 shows a voltage waveform of the voltage V1(t) applied by the first
bias means 20 to the base material 3 during the DLC thin film formation. The
description of the portions similar to those of the apparatus shown in Fig. 21 will be
omitted. Fig. 29(a) shows a sinusoidal wave and (b) to (d) show waveforms in which
the sinusoidal waveform is biased in the negative direction. In (a) and (b), the voltages
are alternating between positive and negative and, in (c) and (d), they are negative
voltages varying in accordance with time. The ions taken out from the gas ion source
10 are supplied with energy in the period where the voltage is negative and the
electrons are supplied with energy in the period where the voltage is positive.

Fig. 30 shows the case where a rectangular waveform is used instead of the
sinusoidal wave of Fig. 29, providing similar advantageous results.



Fig. 36 is a waveform di agram of the voltage applied by the first bias

means of the fifteenth enbodi nent of the present invention; . Fig.
37.is a waveform di agram of the voltage applied by the second bias nmeans of
the fifteenth enbodi nent of the present invention; Fig. 38 is a

wavef orm di agram of the voltage applied by the second bias neans of the

fifteenth enbodi ' QL . Fig. IS _a
sectional view omeeg%f%g§%ﬁhg?' ?F%ﬁ% g?%é?%ﬂﬂg%‘{ ng ﬁnst(*{%lg'ﬁgqrbse'ﬁ?“ be
enbodi menthase dffféigp28x) mr (ehforexample. Fig. 40 is a waveform

di agram of the voltage applied by the second bias neans of the seventeenth

enbodi nent of the present invention;
Embodiment 14.

Fig. 31 shows a voltage waveform of V1(t) during the DLC thin film formation.
The description of the portions similar to those of the apparatus shown in Fig. 21 will
be omitted. The positive haif-wave and the negative half-wave are both sinusoidal half-
wave, but the negative period is longer than the positive period. Therefore,
the energy can be supplied to the ions, which also provides a counter measure against
the charge built-up. | - ' |

Fig. 32 shows a case where a rectangular waveform is used instead of the
sinusoidal wave of Fig. 31, providing similar advantageous results as in the case of Fig.
31.

It is to be noted that, in the case of Figs. 31(a), 31(b), 32(a) and 32(b), the
voltage for taking out the ions or the electrons from the gas ion source 10 méy be the
voltage -shown in either of Fig. 28(b), 28(c), 33(a) or 33(b), and in the case of Figs.
31(c), 31(d), 32(c) and 32(d), V2(t) may be the voltage shown in Fig. 34(a) or 34(b).

Embodiment 15. _ _

Fig. 35 shows a voltage waveform of V1(t) during the DLC thin film formation.
The description of the portions similaf to those of the apparatus shown in Fig. 21 will
be omitted. The positive half-wave and the negative half-wave are both sinusoidal half-
wave, but the positive period is longer than the negative period contrary to Fig. 31.

. Therefore, this advantageously provides a counter measure against the charge buiit-up
because the electrons can be supplied to the base material 3 as well as allows the
energy to be supplied to the ions.

Fig. 36 shows a case where a rectangular waveform is used instead of the
sinusoidal wave of Fig. 35, providing similar advantageous results as in the case of Fig.
35. .

It is to be noted that, in the case of Figs. 35(a), 35(b), 36(a) and 36(b), the
voltage for taking out the ions or the electrons from the gas ion source 10 may be the
voltage shown in either of Fig. 37(b) to 37(d), and in the case of Figs. 35(c), 35(d), 36(c)



Fig. 41 is a waveform di agram of the voltage applied by the first bias
nmeans of the seventeenth enbodi nent of the present invention;
Fig. 42 is a waveform di agram of the voltage applied by the second bias
means of the eighteenth enbodi nent of thg present invention;
Fig. 43 is a waveformdi agram of the voltage applied by the second bias

means of t Wolald i t t ad Pniey Fig.
44 is a vvg@f%ér@?’d\?%(@r @gpg% tﬁﬁg o\l/t%b§ a%@%@lslﬁgd:s%@jgﬁgbmr st bias neans
Also, while sinusoidal waves or rectangular waves are shown in Figs. 27 to
38, other waveforms such as a triangular wave may also be used.

Embodiment 16.

Fig. 39 is a sectional view of the DLC thin film forming apparatus of the
sixteenth embodiment of the present invention. Comparing to Fig. 21, the first bias
means 20 is not provided and the electric potential of the base material 3 is equal to the
potential of the acceleration electrode 15. In other respects, the structure is similar to
that of Fig. 21, so that their description will be omitted.

In this embodiment, the energy of the ions and the electrons radiated to the
base material 3 is controlled only by the second bias means 21, operation is simpler
and the apparatus can be made simple.

Embodiment 17.

Fig. 40 shows a voltage waveform of V2(t) applied to the thermoelectron
discharging means 12 by the second bias means '21 during the DLC thin film formation.
The description of the portion similar to that of Fig. 21 will be omitted. V2(t) is a D.C.
or half-wave rectified or full-wave rectified positive voltage, which efficiently draw ions
from the gas ion source and which provides energy to the ions.

In these cases, V1(t) which is a voltage for supplying energy to ions may be
either of the waveforms of Figs. 41(a) to 41(c).

Embodiment 18.

Fig. 42 shows a voltage waveform of the voltage V2(t) applied during the
DLC thin film formation. The description of the portions similar to those of the
apparatus shown in Fig. 21 will be omitted. Fig. 42(a) shows a sinusoidal wave and (b)
to (d) show waveforms in which the sihusoidal waveform is biased in the positive
direction. In (a) and (b), the voltages are alternating between positive and negative
and, in (c) and (d), they are positive voltages varying in accordance with time t. The
ions are taken out from the gas ion source 10 in the period where the voltage is positive
and the electrons are taken out in the period where the voltage is negative.



7 of the eighteenth enbodi nent of the present invention; Fig. 45
I s a wavef orm di agram of the voltage applied by the second bias neans of
t he ni neteenth enbodi nent of the present invention; Fig. 46 is a
wavef orm di agram of the voltage applied B the second bias neans of the
ni net eent h enbodi nent of the present invention;

Fig. 43 shows the case where a rectangular waveform is used instead of the

sinusoidal wave of Fig. 42, providing advantageous results similar to Fig. 42.
In these cases, the voltage V1(t) for supplying energy to the ions or electrons

may be those of Fig. 44(a) or (b) for example.

Embodiment 19.

Fig. 45 shows a voltage waveform of the voltage V2(t) applied during the
DLC thin film formation. The description of the portions similar to those of the
apparatus shown in Fig. 21 will be omitted. The positive half-wave and the negative
half-wave of V2(t) are both sinusoidal half-wave waveform, but the positive period is
longer than the negative period. Therefore, mainly the ions are supplied with energy
and taken out from the gas ion source 10 and at the éame time electrons can also be
supplied. _

Fig. 46 shows the case where a rectangular waveform is used instead of the
sinusoidal wave of Fig. 45, providing advantageous results similar to Fig. 45.

" Itis to be noted that, in the case of Figs. 45(a), 45 (b), 46(a) and 46(b), the
voltage fo'r supplying energy to the ions or the electrons may be the voltage shown in
either of Fig. 41(b), 41(c), 47(a) or 47(b), and in the case of Figs. 45(c), 45(d), 46(c) and
46(d), V1(t) may be the voltage shown in Fig. 48(a) or 48(b).

Embodiment 20

Fig. 49 shows a voltage waveform of the voltage V2(t) applied during the
DLC thin film formation. The description of the portions similar to those of the
apparatus shown in Fig. 21 will be omitted. The positive half-wave and the negative
half-wave of V2(t) are both sinusoidal half-wave waveform, but the negative period is
longer than the positive period contrary to Fig. 45. Therefore, mainly the electrons are
supplied from the gas ion source 10, enabling sufficient charge built-up counter
measure to be provided and the ions, of course, can be supplied. _

Fig. 50 shows the case where a rectangular waveform is used instead of the
sinusoidal wave of Fig. 49, providing advantageous results similar to Fig. 49.

It is to be noted that, in the case of Figs. 49(a), 49(b), 50(a) and 50(b), the
voltage for supplying energy to the ions or the electrons may be the voltage shown in



Fig. 47 is a waveform di agram of the voltage applied by the first bias
nmeans- of the nineteenth enbodi nent of the present invention; - Fig.
48 is -a waveform di agram of the voltage applied by the first bias neans of
t he ni neteenth enbodi nent of the present2zi nventi on; Fig. 49 is a
wavef orm di agram of the voltage applied by the second bias neans of the
twentieth enbodi nent of the present invention; Fig. 50 is a
wavef or m dtl’mgruﬁﬁig)mta)eu(mi)t&ua) apﬁi (b3 cartdyintthe casecof FEig. 48(c)red(d), 60(¢)end

&2’52? L)?ﬁnhﬁ&@(\zm ﬁ’@ ﬁ/"& %é;ea V;”g\é‘e igl Sﬁ@)fqrrs.?t(bbi as Flrrgénglo:‘ St ﬁe
twentieth enmbodi mMyHileoFigshaontces ¢ nshow Welefdths of sinuscidal wave or rectangular
wave, a triangular waveform may also be used.

As has been described, according to the apparatus for forming a DLC thin
film, an orifice directed toward the base material is provided and a gas ion source
having a reaction gas introducing chamber into which a gas is introduced is disposed
within a vacuum chamber, so that the efficiency in terms of the gas cohsumption
increases.

Also, a bias means applies a voltage to the base material as a function of
time, so that the amount of the energy supplied to the ions and the electrons for
suppressing the charge built-up can be regulated, allowing a quality DLC thin film to be
obtained. '

| According to the method for forming a DLC thin film, through the use of the
above DLC thin film forming apparatus, a DLC thin film is formed while the base
material §temperatljre is being kept from 100°C to 250°C after cleaning the base material,
the cleaning treatment and the film formation can be achieved in the same vacuum
chamber, allowing a hard DLC thin film of a high adhesive strength to be efficiently
formed.

Further, by applying a negative voltage to the base material during the DLC
thin film formation, energy can be given to the ions, allowing a hard DLC thin film of a
high adhesive strength to be formed.

Also, by applying a voiltage alternéting between positive and negative, the
ions are supplied with energy and the base material is supplied with electrons, allowing
a . DLC thin film of an improved flatness. to be formed.

Also according to the apparatus for forming a DLC thin film, a first bias
means for applying a voltage to a base material relative to an acceleration electrode
and a second bias means for applying a voltage to a thermoelectron discharging means
are provided and they are arranged to be applied with a voltage as a function of time,
so that, by controlling the voltage of the first and the second bias means, energy can-
be supplied to the ions, electrons can be supplied to the base material as a counter
measure for the charge built-up or their degree can be controlled, allowing a hard,



Fig. 52 is a wave form diagram of the voltage applied by the first bias
nmeans- of the twentieth enbodi nent of the present indenting; and

Fig. 53 is a sectional view of a conventggonal DLC thin filmformng

appar at us. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi ment 1.

The first enbodi ment of the present invention will now be described in
conjunction with the draw n?s. Fi %\ 1 is a sectional view of a dianond-Iike
car bon (B@ity and flat DLC thin film of a high adhesive strength to be formed.

Further, by applying positive charge to the thermoelectron discharging means
by the second bias means, energy can be given to the ions and the ions can be
efficiently drawn from the gas ion source.

Further, by using a voltage alternating between positive and 'negative as the
voltage of the second bias means, energy can be given to the ions and the electrons
can be supplied from the gas ion source.



thin filmform ng apparatus of the first enbodi nent of the present

i nvention. In the figure, 1 is a vacuum chanber nmaintaining a vacuumw thin
the inside, 2 is a gas evacuating system for evacuating the vacuum chanber
1, 3 is a base material such as a super hard alloy on which surface a DLC
thin filmis to be fornmed, 4 is a base material holder for hol ding the base
mat eri al ’\%,H 'ghi r] Ihed.vacuum chanber 1 with its deposition surface (thin
filmform gla l?r‘f-ﬂ'(%% tirected downward, 5 is bias neans for applying a

bi as voltage to the base material 3 through the base material hol der 4

relative to the accelerating el ec%rode 15 whi CQ w Il be c;.les ,{i bed | ater, 6
is a base materi all-tAHAPPA{ALE for forming a diamond-like carbon thin film comprising:

a vacuum chamber for maintaining a predetermined vacuum inside
thereof;

a base material holder for holding a base material within said vacuum
chamber, _

a base material temperature regulating device for regulating the temperature
of said base material and

a gas ion source disposed within said vacuum chamber to face toward said
base material for generating dissociated carbon, carbon ions, dissociated hydrogen and
hydrogen ions,

said gas ion source comprises

a reaction gas introducing chamber which is provided with an orifice directed
toward the base material and into which gases are introduced;

thermoelectron discharging means disposed within said reaction gas
introducing chamber for discharging thermoelectrons;

‘a thermoelectron drawing electrode for drawing thermoelectrons from said
thermoelectron diécharging means; _

an accelerating electrode disposed outside of said reaction gas introducing

- chamber for accelerating said ions toward the base material; and

bias means for applying the voltage to said base material relative to said

acceleration electrode.

2. A diamond-like carbon thin film forming apparatus as claimed in claim 1,
wherein said bias means can provide a voltage applied to the base material relative to
the accelerating electrode as a function of time.

3. A method for forming a diamond-like carbon thin film through the use of
a diamond-like carbon thin film forming apparatus which comprises a vacuum chamber
for maintaining a predetermined vacuum inside thereof, a base material holder for
holding a base material within said vacuum chamber, a base material temperature

(I



8 regul ati ng mechani sm di sposed on the base nmaterial holder 4 for heating
or cooling the base material 3 to regulate its tenperature, and 7 is
insulating ceramcs for electrically inpsulating between the vacuum chanber
1 and the base material hol der 4. 30

regulating device for regulating the temperature of said base material and a gas ion
source disposed within said vacuum chamber to face toward said base material for
generating dissociated carbon, carbon ions, dissociated hydrogen and hydrogen ions,
said gas ion source comprising a reaction gas introducing chamber which is provided
with an orifice directed toward the base material and into which gases are introduced,
thermoelectron discharging means disposed within said reaction gas introducing
chamber for discharging thermoelectrons, a thermoelectron drawing electrode for
drawing thermoelectrons from said thermoelectron discharging means, an accelerating
electrode disposed outside of said reaction gas introducing chamber for accelerating
said ions toward the base material, and bias means for applying the voltage to said
base material relative to said acceleration electrode;

said method comprising the steps of:

deaning treating the surface of the base material by the ions generated by
said gas ion source; and then

introducing the gas of a hydrocarbon gas into said gas ion source while
maintaining the temperature of said base material at from 100°C to 250°C to form a
diamond-like carbon thin film on the base material.

4. Athin film forming method of claim 3 wherein a negative voltage which is'
constant or a function of time relative to the acceleration electrode is applied to the .
base material by a bias means during the DLC thin film formation.
5. A thin film forming method of claim 3 wherein an alternatively positive and
_ negative voltage relative to the acceleration electrode is applied to the base material by
a bias means-during the DLC thin film formation. °

é. An apparatus for forming a diamond-like carbon thin film comprising:

a vacuum chamber maintaining a predetermined vacuum therein ahd
accommodating the base material,

a gas ion source disposed to face toward said base material for generating
dissociated carbon, carbon ions, dissociated hydrogen and hydrogen ions,

said gas ion source ‘comprises

a reaction gas introducing chamber which is provided with an orifice directed

* c L M S *



10 is, a gas ion source disposed within the vacuum chanber 1 bel ow and in
opposition to the base material 1, 11 is a reaction gas introducing chanber
into which a reaction gas is intr'odlrigfd,, which is provided with an orifice
(not shown) facing toward the base erial 3 so that ions can be

di scharged and a large flow resi stance Is provided to establish a pressure

di fferenggwhrd e Ué‘sé &a&&?al\éﬁ% M §asds arklintroduk8s) moel ectron
wthin the r

di schargi ng neans di sposed action gas I ntroducing chamber 11
and conposed of 4hemnegiectioni dischargingampaas disppsed witkinnssidceaction gas

drawi ng hanber introduci ng chanmber
11 and i%ﬁ%g%‘gg&gﬂh@%ﬁ& &séﬁé&ﬁ’g@{rﬁﬁ% %é{l) CS 'Wres, 14 is a reaction
gas introduci ng m thermoelsutainedrawing letectexizt fop drawing thermdelectrons hempeaidl 1
for intrqoducing the reaction 9}%5
thermoeiectron discharging' means, and
an accelerating electrode disposed outside of said reaction gas introducing .
chamber for accelerating said ions toward the base material, and further comprising;
first bias means for applying a voltage to said base material relative to said
acceleration electrode as a function of time and a second bias means for applying a
voltage to said thermoelectron discharging -'means relative to said acceleration

electrode as a function of time.

7. In the thin film forming apparatus of claim 7, the voltage applied to the
thermoelectron discharging means relative to the accelerating electrode by said second
bias means is a positive voltage of a constant value or a value varying according to
time.

8. In the thin film forming method of claim 8, the voltage applied to the
thermoelectron discharging means relative to the accelerating electrode by said second
bias means is an alternating voltage between positive and negative values.
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into-ihe i nsi de of the chanmber, 15 is an acceleration electrode disposed
out side of the reaction gas introducing ckhnber 11 for accel erating the
ions toward the base material 3, and the gas ion source 10 is conposed of

t he reaction gas introduci ' I ischar gi ng
means 12, the thernoel ectrﬁ%ﬁ[y'@%ﬁ%@ﬁ?@‘%ﬁ%@@c ‘ﬂct);?l gas
i ntroduci ng pipe 14 and the accel eAPPARATUSCANDIETHOD Furt her,

one end of the bias neans 5, the vacuum chanber 1 and the acceleration
el ect r ode ABSIRAGF &mdEHE DISCLOSURE The operation will now be descri bed.

e acbu oocoor T PG b AR B ArhS SRRG19EE, Sll MRlE vl
about 1 X Héldirg J]a base, matetidl ithihhg vaoupet ahifbedf at basd asdterial temperature
regulating device for regulating the temperature of the base material and a gas ion
source disposed within the vacuum chamber to face toward the base material, the gas
ion source comprises a reaction gas introducing chamber which is provided with an
~orifice directed toward the base material and into which gases are introduced,
thermoelectron discharging means disposed within the reaction gas introducing
chamber, a thermoelectron drawing electrode for drawing thermoelectrons from the
thermoelectron discharging means, an accel'erating electrode for accelerating ions
toward the base material and bias means for applying the voltage to the base material
relative to the acceleration electrode. A method for forming a DLC thin film is also
disclosed.
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naterial *3 is regul ated at about 300[err]C by the base materi al tenaggature
regul_ ating Irdm 6. Thereafter, in orler for the cleani ng treat 0928 i
t-hé surface L#%ﬂg_pgse material 3, a gas suitable for the ion cleaning
such as ar g&p gHeZ A NS0 8% 88@ | nto the reactin gds intraddcing chanbgy 11
tthrough the reaction gas introducing pipe 14 to establish a vacuunrof from

'Torr to 1 x 10[err] Torr within the reaction gas introducing

x 10[err] ,

hanber 11. Then, the thernoel ectron discharging neans 12 is
perated to bi.as*Ev@l t age of about from +50 to 800 V to the
|her noel ectron dr : ectrode 13 relative to the thernoel ectron
qischarging 12 by means of unillustrated-electic source,
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9 Furt her,

in order to draM/lons fromthe gas ion source 10,

voltage 0ﬂ%&56ﬂ&-£r0n1+200 to 500 Vis aﬁplled by neans of unillustrated

el éctric source to the
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t her noel ectron di schargi ng neans 12 relative to the acceleration el ectrode
15 or to tR& greund potential. The el ecBrons di scharged fromthe

t her noel ectron di schargi ng neans 12 are accel erated toward the

t her noel e T Badk g 188 e fode 13 to jonize the ion cHear¥nf gdg amd the
ions generated are radiated to the base material 3. The gas is ionized
positively'so that, by adjusting the bias on the base material 3 to the
order of from-1to -3 kV with respect to the ground potential by neans of

the bias npgps-p, t antglty and the energy of the ions to be radiated, to
the base material 3 Canbe controlled, whereby the cleanng treatnent can be
efficiently achi eved. By the treatnents as above described, the

inmpurities such as the goisture the grease copponents _surface oxides and
the |i ke can be rermved fron1the surface -
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iof the base material 3, inproving the adhesive contact between the base
material 3pRd-thg DLC thin film Then, the supply of the ion
‘cl-eani ng gas—to—titre gas ion source 10 is stopped to finish the cleaning
treatment gfpishes baggogpier ghdg 3 surface and the tenperatiure:of 'the base
material 3775 regulrated to be from 100[errjcto 250Cfor—the Teasons i ch
w il be explained |ater. Here, 200[err]C was used. Through the use of the
bi as neasure 5, the potential of the base nmaterial 3 relative to the ground
pot enti al Lége%épn as a function V(t) of time t. Fig. 2 illustrates an
exanpl e of eform of the bias voltage supplied to the base material 3.

Figs 2(a) to 2( ho he case where the voltage applied is a negative
gfyégurréat vol tage, a hal f-wave

vol tage of dir
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rectified or full-wave rectified. 5 The voltage value is within a
few kV and®&#&re—# was -1kV. The frequency in (b) was of the order of from
several ten Hz to several ten kHz and, here, 60Hz and 1 kHz was used. By
control | i fHFRESTAPAHE 265 Bdlof this V(t). the energy appl¥ed td/thel) on
can be regul ated. This enabl es the adhesive strength and the hardness’ of
the thin firlImto be controll ed. Then, -a gas of a hydrocarbon
system cont'ai ni ng carbon (C) is introduced through the reaction gas

i ntroduci ng-g@+p3- 14 into the reaction gas introducing chanmber 1 1 to

est abli sh agﬁ?éﬁun1 from1 x 10[err] Torr to 1 x 10[err]. Torr within the
reaction ga cing chanber 11. As for the reaction gas introduced at

this time is a benzene
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gas for exanpl e. 'I;he t her noel ectron di schargi ng nmeans 12 is then operated

to apply 6 10 ..
PHFH =AP500126 [@FEE . - <=y (& 1)
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a bias voltage of the order of from+50 to 800 V to the thernpel ectron
drawi ng n#AfET1S3 4 el ative to the thernoelzectron dischargi ng neans 12.- A
voltage of the order of from +200 to 500 V with respect to the ground

pot enti al W@ﬁﬁ?’)l"l AP 00428 W Bher npel ectron dischar ging WS Qo 14nat)

el ectrons discharged fromthe thernoel ectron discharging neans 12 are

accel erated toward the thernoel ectron drawing el ectrode 13 to excite,

di ssoci ate' and i oni ze the carbohydrate gas by the.discharging or the

el ectron rgfFat}on, the dissociated carbon, carbon ions and the dissociated
hydr ogen apd hQydpggen ions are radi ated toward the base material 3, thereby
formng a thn filmon the base matgrial 3. Since the~,ons are
positive, they can be acC'éTe%at ed and awn fromthe gas n source 10 by
the acceleration electrode -1 ';ér—ig by cpbntrolling the neg ve “bi as
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i .
boltage onfénqu§§g material 3, the energy provided to the ions can be
hdjusted wez =77 Fig. 3 shows the regults of the Raman-spectrum . *

anal ysis r Qf t b filn1mﬁth the tenperature of the base
rrate% al u% %Sg. A@SO?’I’& % m f\lhl‘f'a( DG 21)
pectrumis obtai ned when the tenperature of the base material 3 is
250[ err] C, a graphite spectrumis obtained when the tenperature of the base
material 31is 300[225) orn400[ err] C. Therefore, the tenperature of the
base materr&® 8% beé%qual to or less than 250[err]C, but too | ow
tenperature i s not preferable for another reason. That is, the adhesive
strength of the DLCthin filmto the basg material 3 beco low if the
tenperature is less than % rr] C. Thgmefore, the tenper re of the base
material 3 being forned is cont€alled 4t from 100[err]C t 50[err] C by

nmeans of the base materi al }iJ
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t enper.at.ure_r equl ati ng mechani sm 6. By this, transform ng of the DLC thin
filminto di&:ﬂlr—f_can be controlled, al jowi ng tthe formati on of a hard,
gual’i ty DL h fi The reason that the above tenperature
range is d%%#’% Lﬂr?r%lﬂhaf.ﬁl_f t he conventional apparatOs—gfioln 94 Flg. 53
I's that the apparatus type is different. Further, as shown in
Fig. 4, a r'otary nmechanism 100 may be provided in the base material hol der

4 to allow'the basehz?lé; 3 torotate during the filmformation,
enabl i ng t REEFBN t ess/profile to be nore uniformand the dep03|t|on

unevenness at the corner portions and the like, i.e., uneven filmthi ckness
due .to the directiop jr Mgf Egg sgrfgce can _be decreased.
C ﬁ 1 .
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Enbodi nent 2, _.

Fig. 5is a sectional viewof the DLC thin film

formng a : f the second 10
EHETES =AP500126 K@ <—2 (10/ 21)
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embodi nent _of the present invention. In the figure, 10a is a first gas ion
source, 1 B®EPS5—aF second gas ion sourcer both having a similar structure as
that of the gas_ion_source 10 described in conjunction with Fig. 1. Oher
portions A HETAPSCY 26 nd¥E shown in Fig 1 so that rmu/dégg!r_.lpdﬂ] is
om tted. The operation wll now be described. Simlarly to the
case showniin Fig. 1, the vacuum chanber 1 is evacuated by the evacuation
system2 to a vacuun;? byyl X 10[err] Torr, and then the tenperature of
t he base n#t@ri—at33 éielg ted at about 300[err]C by the base material.
tenperature regul ati ng mechanism6. Thereafter, a first
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gas ion source 10a,is operated to achleve the cleaning treatnment of the

surface of material 3. Then, byishe electric discharge or the. -
t he hydrocarbon system

el ectron ra e fi ~gas ion source 10a,

gas is (;aus$ %%ﬂl m‘ssp e and iaonize, the dissodirated carbon))

carbon ions and the d|5500|ated hydr ogen and hydrogen ions are radi ated

toward the base material 3, thereby formng a DLC thin film

During the formation é;h Ogt thin film the second gas ion source 1 (b

i s oper at ed-tSTZnk azg/ ai ni ng hydrogen el enent, such as met hane gas
di ssoci ate and ionize by the discharge or electron radiation to

to excite,
radi ate the di ssoci ated hydrogen and hydrogen ions, thereby to suppress the
hard, quality

transformation of the DLC th|n filminto graphite to obtain

DLC«thin film
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§
{The reasongﬁthat this radiation is effectlve in suppressing the graphite
it ransf or ma®E B is%t hat the di ssoci at ed hygrogen and the hydrogen ions.
|
seléctlvelgxéﬁg t@& gra hlte on the base material 3 and renpve it.
‘Fur t her, V= N 0176 6®®s a5 sectional view of the D€ Hinlsdlmi)
forn1ng appar at us of the second enbodi ment of the present invention;
as showmn in Fig. 6, a rotary nechanism 100 nay be provided in the
holder 4 to allow the base material 3 to rotate during the
il mthickness profile to be nore uniform and

LFurt her,
lbase mat eri‘al
?filmfornat-ﬁ-ﬁq;—s-b-n?rr{ie@ tyg
t he deposition unevén the corner portions and the-|like can be
decreased.
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Enbodi nent 3. Fig. 7 is a sectional view of the DLC thin film

form ng agp@ #tu¥ of the third enbodi nent of the present invention. In 4he .
figure, 30 Ts a netallic vapor generatind$ source, such as an el ectron beam
evapor at | @h#sBdF ceAP54012on BdME@AL i ng apparatus and a <— ( 14/ 121)
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112 metallic ion source, disposed in op?osition to the base naterial 3
‘within theB®Blund chamber 1 for formingld netal thin filmor ceramics.thin
‘film the netal Lic vapor generating source-being a nmetal]ic_ign source in
this enbodBAEit S 34P3 OIﬁSrrF@liﬁng pat for placing a et alt e shurldd 21)
material, 32 is a heater for heating the nmelting pot 31, 33 is

t her noel ectiron di schargi ng neans for discharging thernoelectrons, 34 is a
t her noel ect:rron draw means for drawi ng the thernoel ectrons fromthe

n
t her noel ect@r—s £/
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t
Eischargjn
Lonmponent s,

metatlic vape

30 is conpe
di schar gi ng

simlar tot

neans 33, 35 is a therwm

shield for thermally isolating these

715 %an acceleratlng el ectrigde for drawing ions fromthe - *

means 33,

The oper at -of&&i611 n
after the vacuun1chanber

10[err] Torr
material 3 i

h&‘?ﬁ?

sre

t he thernDeIectron dramnng neans 34,
shield 35 and the accelerating el ectrode 36.

e A S

i bed.

%fe 30. The netalllc vapor gpneLa |qq sour.ce

2

t he thernal

Ot her portions are-,

1 so that their description is omtted.
In a manner simlar to that of Fig. 1,

1 is evacuated to a vacuum of the order of 1 X

uation system 2,
to be about.

the tenperature of the base
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300[ ery] C by 4he _bgse material tenperature regul ating nechani sm 6. Then,
Sim|arly tothe—case shown in Fig. 1, the surface of the base material 3
i's cleaninggt Y| V. he noi sture, the grease, the surface oxides
and the Iigg.#%ge Atp%‘fﬁrﬁ) ﬁ,ﬁ : o iy éaql /o 2he
gas ion source 10 is stopped to finish the cleaning treatnent of the

. surface of :the base material 3, and a voltage of fromabout -0.5 to about
-3 kVis appld,ed. to t se erial 3 relative to the ground potential,
and the net%%ﬁfasfzngl,/n%, Wor the like in the nelting pot 31 is
heated by the heater- 32 to generate the netal vapor, and the '
t her hoel ectrons F)?Z% ged fromthe thernoel ectron dischargi ng neans 33 are
drawn and accel e g Y the thernoel ectron drawi ng nmeans 34 to generate
the netallic ions wifcH [are radiated to -
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lthe sur f\ac g base material 3 to formthereon the netallic thin film
lof Si, Al%ﬁ%:lW'O'l' the like as an intermadi ate |ayer. It is fo
'be not ed t Bag: Eh=pdnocay bgmmsyst em gas may be excited, ~dissoci-gged 294
i oni zed -by™Thé gas 1o0n source 10 sO that the dissoclated carbon and the

carbon ions are radiated to the base material 3 or the vacuum chanber 1 may
be filled with a hydrocarbon system gas atnosphere while the netallic vapor

gener at [ ng WJBOF?G /8
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13 bet ng ogerat edyas di scussed above, whereby the thin filmof ceramcs

$uch as SIC_‘N‘["E'I"I"]C[GI’I’] TiC, WC may be f{erned on the surface of the
lpase naterual#%g&-kh@adl@ger@%gl ate | ayer. Then, in a nmanner
similar to That of Frg— i —the—gas—onr—souree—3+0—is eperéled_a.&d_LIiLH_C
thin filmis formed on the internedi ate |ayer on the surface of the base
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lmatterl aI- Gpms — 2 As has been descrl bed, the netallic vapor generatijpg
‘source *30 amt-Theyas ion source 10 are dosposed in the same vacuum chanber
1, sSo t hattdhed € = 4prnm ineedytim expose the internedi ate l-ayer d@n -tdye suyface
of the base materral 3 to the ainosphere and the DLC thin filTmcan be
formed directly on the internediate layer in a consecutive step, and the
finternmedi at'e layer is forned on the surface of the base nmaterial 3 the
‘adhesi ve bg[@_,p_g P% ;@@ base material 3 and the DLC thin filmcan be
establ i she Al's as. shown in Fig. .8 a rotary mechani sm 100 nay
be provided in the base materlal hol der 4 to allow the base material 3 to

rotate during t WOLTHIGES or mat i on,
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ennes$R& 7the® cor ner port i ons and thexl i ke can be decreased.
di mrent 4. Fig. 9 is a sectional view of the DLCthlnfllm

yl ng the filmthickness profile to be nore uniformand the dep05|t|on
un
forming a;ﬁé’iﬁsbﬁmhé”@ﬁh enbodi ment_of the present—i%véntiign.3oFhe

base material holder 4 is disposed wthin the vacuum chanber 1 at its | ower
portion and the base material 3 is held on the base material holder 4 with
t he deposit'ing surface thereof directed downward. The gas ion source 10 is
di sposed i (st BezUupper—pgrds on of the vacuum chanber 1 so that the i ons

FIG. 2
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W
F

an be- radi atgd_downwardly toward the base material 3. In other respects,
e structure%i_r.' Zthe* sane as that of Fig. 1 or Fig. 4 so that their ’

bScri ption |y§{£¥ ted. The operat%zon is also simlar to that of
g. 1 or Fi &~2=Zurlsfoisi s BBbodi ment the base materi al <heltler 42)S 30)
sposed at the |ower portion of the vacuum chanber 1 and the base naterral

is held oh m@ﬁ the base material 3 can be easily attached even
hen t he base rial [ s-i-/a@e roheavy, inproving the operability.
g. 10 ill ust&&eels an exanbl’e”i-n“w¥ch a first and a second gas ion source
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14 1 Ca and 1 Ob are provided and operated in the simlar manner as in
Figs.. 5 or RE in the base material 23is nounted upwardly on the base

material holder 4 af the IOE%i portion of the vacuum chanber_1 and the
first and =t 3y S48L38 4 ources 1 a _and ~—Y ( 3/ 130)
R
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=

Ob are di sposed at the upper portin of the vacuum chamber 1 so as to emit

he ions dow&rdhy#or di agonal |y downwardly toward the base material 3, so
hat the base material 3 can be easily at¥ached even when the base material

is |arge off fid &= APabtievi nif Whe operability. ~ —Fyrghery, t
irst and the second gas ion sources 1 Oa and I Ob bolth nay be arramgec to

perate in the%nner as that of the gas ion source 10 shown in
ig. 1 ord4! di rent 5.
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Fig. 11 is a sectional view of the DLC thin filmform ng apparatus of the
fifth ‘enbgoEent xof the present invention. The base nmaterial holder 4 is
di sposed at one  of the side portions wi 2Ri n the vacuum chanber 1 and the
base nat er fuiF VS 5 A6 0GIed® o t he base material holder®# i €h i%/s 30)
deposition surfce laterally oriented. The gas ion source 10 is di sposed on

t he ot her si%gd?%ga%g?%_ i thin the vacuum chanber 1 in opposition to the
base nmaterial r resggcts the structure is the sane as that shown

in Fig. 1 ormdsga thatZylz, ription is ommitted. The
operation is alSo simlar to that of Fig. 1 or Fig. 4, and in this

enbodi nent the base material 3 is laterally held by the base nateri al

hol der 4, so that therbase material 3 can be easily attached even when the
base material 3 is#mrge or -
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Fig. 12 illustrates an

heavy,~ i npr qyi the operability.
exanple in m-l_ﬁe first and the second2égas ion sources 1 Ca and 10b are
provided SO%%% oaggate in_the manner simlar to the case shown in Fig.
5 or 6, and | B hon the hase material 3 js—#t éralﬁl/y 30)

to the bhase materl al holder 4 and the first and the second gas

attached
ion-sources'1 are arranged to emt ions laterally or diagonal

laterally to the aseW@ eé‘é so that the base material 3 can be
easi |y attadi@&ven se material 3 is large or heavy, inproving
the operability. - Further, the first and the second gas ion
sources 1 Oa and 1 Ob both may be arranged to operate in the simlar

T T

manner as that of thf gas*ion 'sourte 10 shown in Fig.
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4 or 4.
nventi on.

mat eri al

he top and: si
yacuum chanber

LOb, a thirdeggs—on

; Enbodi nent 6.
1hin f|In1de§igg:§@paratus of the sixth esgpodi nent of the present :

The base materi al
v thin t he VAT HhANISI3) & t he base materia

F|g 13 is a sectional view of the DLC

hol der 4 is disposed at the | ower portion
3 is attaehed(tosyhagobhase

hol der 4.

SRR

In this enbodi nent,
of the base material 3. Disposed within the

é r%al on source 10a, a second gas i on source

the DLC thin filmis to be forned on .
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a fourth, gaiggpg,ggurce 1 &d. Qut of them the first and the second gas ion
sources 10a-#& are di sposed in the upper portion within the vacuum

chanber 1 s poglD -8 ) b$£§ downwar dl y or diagonal downwardly to the
t op surface%%l Lﬁ% Uggéoigfe..a! 3-and—thethird and the Tantt f ga¥/ | oh)

sources 10c and 1 re gdisposed in the side portion within the vacuum
chanmber 1 sé d§7{%ga%f?jfhe ions laterally or diagonal laterally to the
side surface g; the base tefiyal 3. In other respects the structure is the
sanme as that in,ﬁ?@%ﬁlﬁggﬁ4 so that their description is omtted.
The operation is also simlar to that of Fig. 1 or Fig. 4, and in this '

enbodi nent the ions are emtted fromvarious directions to the base
material 3, so thabl&héJbLC thin filmcan be fornmed evenly even when the

base material 3 X&7AL&EJnpl ex //,—\\\
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hape. so, by rotating the base material 3 by the rotary

chanlsn1laﬁL_Ehe:£JIn1th|ckness and the_like on the side surface and thé
li'ke of the.%ﬂ%gg%a xrlal 3 be made unPform . Wien the base

terial 1= ?5qﬂﬁht ght, the base material holder¥4(nay¥/beso)

| sposed at the upper portlon of the vacuum chanber 1 and the base materi al

I's held down y gnted, and the first and the second gas ion sources

OCa and 1 'Gb nma di s s%gTat the | ower portion of the vacuum chanber 1
$0 as to emi-~EEBHesibn r or diagonal upwardly toward the base ;
taterial 3 and the third and the fourth gas ion sources 10c and 10d nay be
arranged to enit the ions laterally or

f e+
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di agonal, | ajeLally, toward the base materlal 3. Further, the first
and the thiﬁé&s——t—on sources 10a and 10c3xmy be arranged to operate in the

simlar nmengek & LQgt o Af; st h@%l rst gas ion source 10a shgv_vn‘ ||2 Fig 10
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‘16 and the sgcgnd and the fourth gae I on sources 10b and 10d may be
arranged to?ﬂ.ﬁe.."_ifﬁ_i n the si mlar mannegz as that of the second gas ion

2

source 1 Qb Q%IQ, Enbodi nent 7. Fig. 14 is a
sect’i onal %@- i *_hAn! 5'r thl | m form ng annarﬁt us of 'TH‘P/SG(VPhUn 30)

enbodi nent of the present I nvention. The apparat us is provided with a fifth

—esg—?—z—a— 6. f,_z
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gas ion source 10e in place of the second gas ion source 10b shown in Fig.
10. The'fi f#fEdas #on source 10e is a gas ign source that can forma
netallic th|n filmof Si, Ti, W A, Bor the like or a ceramic thin film
of Sic, A[EdfFEFerAI300IBE, M@ or the |iKe as an interneeiate {ayay o)t he
surface of the base naterial 3. In other respects, the structure 1s tThe

sane as that s f g. 10 so that their description is omtted.
The operati'on wrl F now He described. Firstly, the first gas ion source 10a
IS operatedf@g*ﬁﬁgeyéVChe;EEbaning treatment of the surface of 'the base
material 3 in a manner simlar to the case of Fig. 10. Then, the
bi as neans 5 establizﬂis on the base material 3 an electric potential of
about from-0.5 ¥847E%G rel ative to the ground potential. Then, the fifth
gas ar+t -
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gon source 10e is operated to dissociate or ionize, by the electric
i schar gi'ng B(& Fhe £I ectron radiation, a gas containing netal elenent such

as'Si, Ti, \r%#"ﬁl ,.B or the like, -such as S?‘f—i[err], Tic[err], WH[err],
B %bP 5 W0hat e o radiate the di ssoci at ed<retal( apg,t h%)

AlCl [err] o

netal ions to the base material 3 to formon its surface a thin titmrof—Si,
A, Ti, Wor t : e internedi ate | ayer. It is to be
noted that the h car boA system gas nmay be excited, dissociated or

ioni zed by tf&@&gasJi on soﬁgﬁ that the dissociated carbon and the
carbon ions are radiated se material 3 or the vacuum chanber 1 nhy
be filled with a hydrocarbon system gas atnosphere while the fifth gas ion

source 10e is bevog pkZated as di scussed above, whereby the thin film of
ceriam cs such as SLQE 411[ errjJCerr], TiC, .
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WC may be farared _op the surface of the base material 3 as the internediate
| ayer. Men, the first gas ion ,source 10a emts the dissociated

carbon and Fhezcarbers g9 30g t he di sso:?; ated hydrogen and $he hydr oggn

ions toward The base material 3 to fornmma DECthimfiTm As—tras
been descri bed,, the i'tjﬂ;&di e | r for inproving the bonding of
s A A
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17 t-he DLC thin filmcan be forned consecutively after the formation of

the DLC thi fRf@ Firdhd the el enent for the i3stermediate |ayer is supplied Pn
a gas state duriE%Vthe internedi ate |ayer formation, so that the limtation
on the di sp@&FEER=APHWAEI% | B8 gas ion source 10e is snedl— #nd t he/ deg)y ee

of freedomis high. Also, in the first to the seventh
enbodi nent s/ grg%?i e used as the material for the acceleration
el ectrode 15 and reactdi on gas introducing chanber 11
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of the gas ion source, whereby the génération of the dust can be suppressed
even when cf‘@dn—which is a reaction producgyis depositted on the inner
wal | of the reaction gas introducing chamber 11 and the accel eration

el ectrode 1H#& % BrbdBitoat E ‘Wil e an exanpl & of¥V(t)11df iMe
voltage to be applied to the base material 3 is showm in Fig. 2, the
vol t age may havgégﬁiﬁg}éhﬂefo sqg?ﬁas shown bel ow in stead of t hat shown
in Fig. 2. ‘The vél abue /an&¥ir ency should be simlar to that shown
in Fig. 2 anggthesvpl tage is within the range of a few kV both in positive
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_de negative directions. The wavef orm shown in Fi gs. 15 to 20 can be appl ed

fo all of thgBgparatus described in coggection with the first to the >
sevent-h enbodi ment . Fig. 15°Shows an exanpl e of a waveform of

V(t) of thi SE&nBoRimehteo1fn) BEws a sin wave and (b) - (d)-show way efzqh s
bi ased in the negative direction. In (a) and (b), the voltage varies

et ween a negat %h@osmlv v'}l e but (c) and (d) are negative val ues
{hat vary accorditn ;‘ Buring the period of time in
phi ch V(t) iggpeegtyve energy is ‘given to the ions and during the period of
ime in which V(t) 1s positive electrons are drawn, whereby the
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el ectric chargg_built4up on the thin filmon the base material 3 is

al | evi ated WE@Ddedati ng the charges on thggel ectrically insulating DLC
thin filn1béF%%£plying the electrons to the base material 3. If the

el ectric chBHrim=ARPe14p Bifithe thin film the di schargye ¥s (gehdt ated
and the filmsurface is roughened to decrease the surface fl atness.

Al t hough there LS . Hod i p.which fhe voltage is positive in (c¢) and
(d), the electrdns“iave cerfHfpendftd) within the gas i on source 10, so
that the el epfersycan be supplied to the base material 3 during the period
of time in which the negative voltage becones small in (e) and (d) '

e
according to t hd/Haf4 bet ween the voltage
= |4
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val ue and the energy.
Fect angul ar ga@vEfom i s used instead of

40

I FEFZ=AP500135 K@

Fig. 16 shows the case in which a
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t he sLne.mave”pi Fig. 15. Figs. 16(a) - Q_)_correspond to Figs. 15 (a) -
(d), resbecﬁi&éi¥?§_and exhibit sim |l ar advantageous results. The waveform

may be triangyl or, .t he Enbodi ment 9. Fig. 17 shows
an exarrp| e %giuyﬁ M3r§f &eﬁ\ of this enbodinent of t Bh— "ﬁl‘ 5:92141‘/ 30)

I nvention. Both of the posi t|ve and negative half-waves are si nusoi dal

hal f - maves b gqélo |s | onger than the positive period.

Therefore, energ n’be ions and the el ectrons can be
suppl i ed toJHEGLHaEe naterlal 3 within .
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,'a shor.t positive period, so that the charge built-up can be effectively
—Z Fig. 18 shows the case where a rectangul ar waveform

is used instead of th si nusoi dal wave of #%g. 17. Figs. 18(a) - (d)

‘cor r éspond ﬁﬂ‘ﬁﬁf& Af’?PM” B respectively. and exhi bit —s¥nil &2/ 30)

advant ageous effect. The waveform may be triangular or the |ike.

Enbodi nent :10. gfl/%‘ ? ws an. exanple of a waveform of V(t)

of this enbodi . e #tive and negative half waves are

si nusoi dal b[aEf-z-bs?&es, but the positive

prevent et. RET
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period:is |lo r_than the negative perlod just opposite to the case of Fig.
17. ThereforMy, the el ectrons can be supplied to the base materi al

3 and_the en |ven to t he ions, “ that the charge built-up can
be effecti v“gf%)%%a 9391“% ___Fig. 20 shows the cabse #théresgd 30)
rect angul ar wavef ormlis, used |nstead of the sinusoidal wave of Fig. 19

Fi gs. 20(a) ( dto Figs. 19(a) - (d), respectively, and
exhibit sim I ar advanh ag s effect. The waveform nay be triangular or the
like. . MHE'[ % m of the voltage.to be applied to the
base material 3 during the DEC tHin filmform ng has been described, whern

the base material 3 is an insulating material, charge built-up takes place
even during the cipapiggareatnent, so that the
=+ k

(=) u T

TMZ
—4
WLTAGE
xz +1
(b) o - ’
AHE: 1
7/ME
—4

Sheet Has Been R laced

i |I|



base rraterlahgnqj.deﬁr, 4 may be supplled with a voltage of a waveform of Fig.
18(d) for e ereby the electrons cgn be supplied to the surface of

the base matgrial e3 4psi013s PTORE _ ‘ 19
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to provide an advantageous result in preventing the charge built-up.
Enbodi nent BREZ —# Fig. 21 is a sect4sonal view of the dianond-I1ike

carbon (DLC__thin filmform apparatus of the el eventh enbgdi nent of the
present an'Bﬁ} 555 sfop,basfi%gm 1 is a vacuum chanber faintailni i al®)

vacuumwithin the inside, 2 is a gas evacuating system for evacuating the
vacuum chamer{m—ﬁﬁbase mat eri al such as a super hard all oy on which
surface a DLC T Il m4s to be fornmed and is held on an unillustrated

bas? ~£ 263 /E/G ¢Z
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fhat eri.al hol der within the vacuum chanber 10 is a gas ion source

‘Hi sposed-i n ®@Fstthi on to the base material” 3 for generating dissociated
car bon. and carbon_ ions as well as dissociated hydrogen and hydrogen i ons,
11 is a read®fich FaAR580 puBI By chanber into which a hydrocét Hon?&hseem

Yeaction gas containing carbon (C) which is a material for the DLC thin
filmis inUroducez;iﬁﬁqZEy?Zreactin gas introduci ng chanber 11 bei ng

pr ovi ded at' an op #hg. fgordtion 16 facing the base materiall 3 with an
prifice (notrghewn) for ding?ggin Ui?ons and providing a large flow )
resi stance for establishin r.es e difference relative to the vacuum
chanber 1. 12 is thernoel ectron di schargi ng neans di sposed
within the T eactl/ﬂttljﬁé'é'ntroduci ng chanber 11 and conposed of a tungsten

Wi re or a tantal um g &b 13-is a
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t her noel ectron draw ng el ectrode dlsposed wi thin the reaction chanber

|ntrodUC|ng__ﬁ§Eh§__11 and conposed of paraljel-arranged thin metal wires,
14'is a reactloa gas i ntroducing pipe connected to the reaction gas

i nt roduci ng ¥ = AP50P®35 | B Boduci ng the reaction gas iRtest e pnsi dg) of
the chanber, 15 is au?Epceleratlon el ectrode di sposed outside of the

reaction gas int 3 er 11 for accelerating the ions toward the
base material 3, ahnd<he das ion source 10 i s conmposed of the reaction gas

i ntroduci ng CEaebed 11, fhe 3%ron di schargi ng means 12, the
t her noel ectron draw ng elect e 13 e reaction gas |ntrodu0|ng pi pe 14‘

and the accel erati on el ectrode 15. 20 is a first bias neans for
applying a voltaggbiidgéunctlon of tinme to the
w4 )
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base paterial 3 relative to the accel eratiomgel ectrode 15, 21 is a second
bi as- neans RE Zppkying a voltage as a function of tine to the ) :
&hernnerectron di scharging nenas 12 relative to the accel eration el ectrode
15, 22 is azfE SouP§eofasr @i ti vely bi asi ng the potenttal Yof tisd 30)

t hernoel ectron drawi ng el ectrode 13 relative to the thernoel ectron
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20. Cd schargigg means 12, and 23 is an alternating source for operating
the.!t'her'rmég_&_{md"_di schargi ng neans 12. One end of each of the
accel eratiQ ,e%e%t_r ode 15, the first and ffle second bias neans, 20 and 21
are §round 1 —AP5°°135ThEprr;ﬂinn will now he descrihed (Ei 34 3Phe

vacuum chanber 1 is evacuated by the evacuation system2 to a vacuum of

about 1 x 10[err xtfd then the tenperature of the base material 3 is
regul ated froml r 0_25 [e% by the unillustrated base materi al
t enper at ur eLEEFU dt i ng macpé;ﬂ' m a gas of hydrocarbon system
VLTAG € -
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Jhich?rgva ieACHi O gas is introduced into the reaction gas introducing
dhambgr 11 through—the reaction gas introdusong pipe 14 and injecting the
das toward e 3 Eecnwebects o&ﬁrawi ng el ectrode 13 and the thernoel ectron
di schar gi ng” means T2 T0 estabh T sh—a—vacuumof—remt—x—t0LarF}Totl/ t AN X

~10[err] Torr within the reaction gas introducing chanmber 11.
syppli-es an electric power to the thernoel ectron

Then, the A'C. source 2
to the tenperture -of about 2000[err]C at

di schar gi ng @@pgq %
whi ch the supply "of thernoeleCtrons is ready. Then, the D.C. source 22
applies a voltage of -from about 50V to 800V relative to the thernoel ectron

di schar gi ng- neansZy oigL y a positive bias to the thernoel ectron draw ng
el ectrode 13, cadusi t he Ther noel ect rop
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di schargi-ng nmeans 12 to -enit electrons of about 1 to 3A toward the

t her moel ectron draw ng el ectrode 13 as shown by the arrows in the figure.
The gas of the hydrocarbon systemin the reaction gas introduci ng chanber
11 is excited; dissociated and ionized due,to the contact or the like to
the radiated el ectron and heated t her moel 3% on di schargi ng neans 12.

At this time, a bias voltage is applied to the base material 3 and the

t her noel ectron di schargi ng neans 12. Sonme exanples of the voltage VI(t)
applied to the base material 3 by th means 20 and the voltage
V2(t) applied to the thernoel ectron aFil‘E;glng means 12 by the second bias
means with reference to the
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potentiral of the acceleration electrode 15 are shown in Figs. 22 - 25. For
either of Vi(t) and V2(t), the voltage is wwthin several kV and the
frequency is several 10 Hz to several ten kHz. ' When V2(t) is
positive, ions (positive charges) can be talkssn fromthe reaction gas -

i ntroduci ng chanber 11 and, on the other hand, when it is negative,

el ectrons (negative charges) can be taken fromthe reaction gas introducing

chanber 11. Therefore, by _
| Fl G 2 REPLACEMENT SHEET
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21 controlling the intensity and the tine ratio of the positive and
negative bias voltages, the kinetic energy and ion anount of the carbon
ions and the hydrogen ions affecting the f3i h&nformation as well as the
ki netic energy and the el ectron anount of 1/ e electrons for neutralizing

the charge built-up on the base material 3 can be effigl |y controll ed.
Now, the charge built-up will be described. Since the m@liAEEﬂ kT E Yy

FIG. 3 || r2sermm
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i nsul ati ng; the charge built-up phenonenon occurs in which the filmis
positively charged by the ions during the filmformation. The built up
charge eventual |y discharges and the film Zyéface i's roughened. In order to
suppress this phenonenon, the el ectrons ar upplied to neutralize the
charge and to inprove the flatness of the film Further, the

ki neti c energy and quantity of ions and el ectrons drawn fromthe gas ion
source 10 and injected into the base material 3 can beefficient]y
controlled by Vi(t). That is, the ionFQ;G/m ch ner gy ||$Em0mmprsnpgy
I njected into the base . material 3 whe Jo i egat i pepamd—the—eleety Ons
can be supplied when the VI(t) is positive, so that thg Ki Q% sﬁ'e%rlgy nd -
the quantity of the carbon ions, the hydrogen ions and
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el ectrons c¢an be controlled by controlling the intensity of the positive
and.negative bias voltages and the ratio of time during which the positive
or negative voltage. Al so, the kinetic energy and the quantity of
carbon ions, hydrogen ions and el ectrons can be controlled by -making V1(t)
and V2(t) in synchronization with each other to control (V1(t) - V2(t)) as
a whol e. Fig. 22 shows the case’ re Vi(i) _and V2(t) are in
synchroni zation with each other and a | arge anount jJoREp from
‘the gas ion source 10 and the energy level is cont O-Wﬁ'ﬁiﬁﬁ of t he
thin filmformtion. Firstly, in order t aﬁe'out a | arpe] anount
of ions fromthe reaction gas introducing chanber f1ji 2 8EP1997t el fnd
ionized state, V2(t) is nade to be a |l arge :
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positive btas voltage as shown in Fig. 22(b), whereby a | arge anount of
ions can be drawn in proportion to the bias voltage. At the same tinme, by
positively biasing V1(t) as shown in.Fig. 22(a), the ions are decel erated
so that (V1(t) - V2(t)) becomes as shown in Fig. 22(c) as a whol e, whereby
the kinetic energy of the ions drawn fromthe gas ion source 10 is

controlled to an appropriate |evel and injggped i material 3.
Further, electrons are drawn fromthe gas ion souf REPLACEMENT ‘gﬁ?# i s
negative and injected into the base material 3 ackofdrTg—teo—dll - .

V2(1)). | . 0L12'SEP 097
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22, ; Fig. 23 shows the case where, in order to increase the
adhesi ve strength between the base material -3 and the thin film a m xing
| ayer is fornmed by the injection or the like into the base material 3 by
the ion spattering for exanple and the kinetic energy of the ions is nade
at a higher energy level. In order to dral#58 | arge anount of
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ions from,the reaction gas introducing chanber 11, V2(t) is nade as a high
positive bias voltage as shown in Fig. 23(b). At the sane tine, by nmaking
V1 (t) a negative bias voltage as shown in Fig. 23(a), energy is further
supplied to the ions so that a |l arge kinetic energy as a whol e as expressed
by (V1(t) - V2(t)) shown in Fig. 23(c) is given to the ions to control the
energy level to the level at which the ign spatteri | | d then
the ions are injected into the base nate { 3. REPLACEMENT. SHEETSHOWs
the case where V1(t) and V2(t) are alternating volt n t-€

synchroni zed and equal intensity so that their totg case,
V2(t) is alternating between positive and negative he
el ectrons are taken fromthe gas ion source 10 but lerated by Y1{qt) and

is injected into the base material 3
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at the kinetic energy the ions and the electrons had within the reaction

gas introduci ng chanber 11. Fig. 25 shows the case simlar to
that of Fig. 24 but where (V1(t) - V2(t)) is nmade a constant negative

vol tage, supplying energy to the ions. In Figs. 22 to 25, the
rectangul ar wave and the sinusoidal wave are shown, other waveform such as
triangul ar wave may al so be used. 9/50Fi g. 26 sh FILREE

analysis result of the DLC thin filmfornmed as descri be HﬁﬁB
figure, a asymmetric Raman band havi in pgak at ound 1550cnferr
and having a shoul der band at aroundpﬁli errY whichf i EPcuo97
spectrumof a DLC, which shows that a quality DLC thin |fiLmwas forned.
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ref erence purpose, spectrumof a graphite thin filmis also shown.
Also, as a pre-treatnent of the formation of the DLC thin film a cleaning
treatment of the surface of the base material 3 may be achieved. In that
case, a gas such as argon gas suitable for the ion cleaning is introduced
into the reaction gas introduci ng chanberiof$ot hrough the reacti on gas pipe
14 to establish a vacuumof from1l X 10[err] to 1 [ hin the
reaction gas introduci ng chanber 11. The t her noel J&QLﬁgﬁ@gﬁo$ Fﬁ% nmeans
12 is then operated to enmt electrons toward t he tihgr moel ectron drfawi ng

el ectrode 13 to ionize the gas, the ions then are [efffi & P\1997
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23 tsaken:fromthe excited and ionized reaction gas introducing chanber 11
and the kinetic energy and the anount of the ions injected into the base
material 3 is controlled by the first bias nmeans 20. At this tinme, an
efficient cleaning treatnent can be achi eved when

11/50
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the total voltage (V1(t) - V2(t)) of the first and second bias neans 20 and
21 is of the order of from-0.5to -3 kV. Through t he above :
cleaning treatment, the noisture, grease conponents, surface oxides and the
| i ke can be renoved fromthe surface of thg/dpase material 3, inproving the
bondi ng between the base material 3 and the DLC thin film Enbodi ment 12.
Fig. 27 shows a vol tage waveform of voltage V1(t) applied by the first bias
means 20 to the base material 3 during the thin fil mfermation in the

twel fth : F I G ‘l 2 REPLACEMENT SHEET
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enbodi;ment: The description of the structure of the apparatus or the |ike
simlar to those of Fig. 21 will be omtted. VI1(t) jes—al2.C__or half-wave
or full-wave rectified negative voltage, which suppl iREPLACEMENT $8Eé i ons
to obtain a hard, good-bonding DLC thin film At th g trre—edd., fch is
a voltage for taking out the ions or the el ectrons from&w | o} gource
10, may be either one of Figs. 28(a) to 281(3?§0 : 0, e ot h of
V1(t) and V2(t) are voltages that vary accoérding t and not dir¢ct
current, they should preferably be synchronized wi fh each ot her.

Enbodi nent 13. '
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Fig. 29 shows a voltage waveform of the voltage V1(t) applied by the first
bi as nmeans 20 to the base material 3 during the DLC thin filmformation.
The description of the portions simlar to those of the apparatus shown in
Fig. 21 will be omtted. Fig. 29(a) shows a,sinusoidal wave and (b) to (d)
show wavef ornms in which the sinusoidal wa®¥ mis piased in the negative
direction. In (a) and (b), the voltages are altern tﬁgq_ gh riive
and negative and, in (c) and (d), they are negativ ' [
accordance with tine. The ions taken out fromthe pa
supplied with energy in the period where the voltaje
el ectrons are supplied with energy in the period
positive. Fig. 30 shows the case where
used instead of the
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si nusei dal. wave of Fig. 29, providing sinmlar advantageous results.
24 :
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In these cases, the voltage V2(t) for taking out the ions or electrons my

be those of Fig. 28(b) or (c) for exanple. Enbodi ment 14.

Fig.

31 shows a voltage waveform of V1(t) during the DLC thin filmformation.

The description of the portions simlar tos¢hgse of the in
Fig. 21 will be omtted. The positive half-wave and t eR?ﬂ_ RHEET whve
are both sinusoidal half- wave, but the negative peripd]{is Iongmh [ he
positive period. Therefore, the energy can be supplie o kA SEPot997 whikh
al so provides a counter neasure agaiFs| G 1 6
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the charge built-up.: . Fi g. 32 shows a case V\/nere a rect angul ar -
wavef ormis used instead of the sinusoidal wave of FEig.- 31 provi di'ng
simlar advantageous results as in the case. of Fig. 31. S it s to_ .
be noted that, in the case of Figs. 31 (a), 31 (b), 32a)—and 32(h) _  the - -
vol tage for taki ng out the ions or the el ectfsons from tREPLgﬁSMEMJhSﬂGBTce 10 .. -
may be the voltage shown in either of Fig. .28(b), 28(f) '
and in the case of Figs. 31 (c),-31 (d), 32(c) and 32[d}

vol tage shown in Fig. 34(a) or 34( bFIG 1 7
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Enbodi. ment. 15. _
the DLC thin filmformation.
those of the apparatus shown in Fig. 21 will
hal f-wave and the negative: hal f-wave are both sinusoi

dal

hal f-

F|g 35 shows a voltage wavef orm of VI1(t) dur i ng .
The descrlptlon of ‘the portions simlar to '
.be omtted. The positive.

the positive periodis longer than the negt#i30e peri g
Therefore, this advantageously provides a counter nmeds
charge built-up because the el ectrons can be suppliec

3 as well as allows the energy to bﬁtﬁl o&
Em

36 shows a case where a rectangul ar
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i rst Pad of

the

si nusoi dal wave of F| g. 35, providing simlar advantcgeous results as ifn
t he case of Fi g. _ :
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35. .+« It isto be noted that, in the case of Figs. 35(a), 35(b),

36(a) and 36(b), the voltage for taking out the.ions or the electrons from

the gas ion source 10 may be the voltage shown'in either of Fig. 37(b) to

37(d), and in the case of Figs. 35(c), 35(d1)9I536(C)
_ : - o o
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25 and 36(d), V2(t) may be the vol t a'ge._sho'wn in F| g. 38(a) or 38(b). . .
Al so, while sinusoidal waves.or rectangul ar waves are shown in-Figs. 27 to
38, other waveforms such as a triangular wave nay al so be used. '

Enbodi ment 16. ~ Fig. 39 is a sectional view of_the DLC thin film
formng apparatus of the - 20/50 REPLACEMENT SHEET | -
FlG 20 12 SEP 997
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si xt eent h enbodi ment of the present invention. Conparing to Fig. 21, the
first bias means 20 is not provided and the electric potential of the base
material 3 is equal to the potential of the acceleration electrode 15. In~
other respects, the structure is simlar g9sghat of Fig. g_t hat thelr
description will be omtted.. In this enbodi ment ' 1
the ions and the electrons radiated to the base material 3 >
only by the second bias means 21, operation is sinpler ang { f@?

can'be nade sinple. . Enbodinent 17. Fl G 21 EP 1997
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Fig. 40 shows a voltage waveform of V2(t) applied to the thernoel ectron
di schargi ng neans 12 by the second bi.as neans 21 during the DLC thin film
formation. The description of the portion simlar to that of Fig. 21 wll
be omtted. V2(t) is a D.C. or half-wave rectified or full-wave rectified
positive vol tage, which efficiently draw2kbis fromthe gas ion source and.
whi ch provides energy to the ions. : .- In these cases, VI(t) which

is a voltage for supplying energy to ions nmay be either'% P of
Figs. 41 (a) to 41 (c). = Enbodi mantFif.G 22 | HEET
o | T | 12 SEP 197
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F|g 42 shows a voItage waveformof the voltage V2(t) applled duri ng the S

DLC'thin filmformation. The description of the portions simlar. to those . -

of -the apparatus shown in Fig. 21 will be onmtted. Fig. 42(a). shows a -
si-nusoi dal “ wave and (b) to (d) show waveforns in which the sinusoidal
‘wavef:ormis biased in the positive di rect?HR0 I n (a) and (b), the" voltages

are alternating between p05|t|ve and negative and, in-(c) and (d), .they are o

positive vol tages varying in accordance with time' t. The ions are t aken: out "
fromthe gas ion source 10 in - the. pe¢ ‘ﬂn 623 voltage i s positive and
the el ectrons are taken out in the pE er e voI-t—ag-e-x.s_.ae.g.aLl_\Led_,
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26  '-' R F|g 43 shoms the case mhere a rectangular maveforn1|s used
i nst ead. of the sinusoi dal wave of” Fig. 42, provi di ng -advant ageous. resul ts
&nﬂartoﬁg 42 S S ' - o S
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I'n these cases, the voltage Vl(t) for suppl y| ng energy to the i ons -or

- el ectrons may be those of Fig. 44(a) or (b) for exanple.  Enbodi ment - 19:

 Fig. 45 shows .a vol tage waveform of the.voltage V2(t)- applied during the
DLCthin filmformation. The descrlptron of _the portions .similar to those

of the apparatus shown in Fig. 21 wll- @b tted. The positive half-wave

and the negative hal f-wave of V2(t) are both si nusoi dal hal f-wave wavef or m S

‘but the positive peri od is |onger than the negatr Ve peri od. Therefore

mai nIy the ions are SUIOIO'led wth eFrFG 25
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‘and taken eut - fromthe gas ion source 10 and at the same tine electrons can .

al so be suppl ied.” Fig. 46 shows the case where-a rectangul ar
‘waveformis used instead of the si nu50| daI wave of Fig. 45, “providing -
‘advant ageous results sinlar to Fig. - 1t is_to be noted that,

in the case of Figs: 45(a), 45 (b 46 a 2%?8 46(b), the

suppl yi ng ener gy '?o the(l 2)ns or(t%e el fac%rons ma§/ %)e the \/(c)]j ggﬂg *)WH%T
ei'ther of Fig. 41(b), 41(c), 47(a) or 47(b), and in the ca vv?(ifz EIEF ‘997 _
45(c 45(d), 46(c and46d V1 (t be t oltaeso [ 5
e or aath K F FG 26 erpmeTTe
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Enbodi menf 20 - . F|g 49 shows a voltage wavef ormof t he voltage :
V2(t) applied during the DLCthin filmformation. The descrlptlon of the-
portions simlar to those of the .apparatus shown in:Fig. 21 will. be.

om tted. The positive half-wave and the apgetive hal f-wave of V2(t) . are

~ both.'si nusoi dal hal f-wave waveform but the negative perl od‘is longer than "

the positive period contrary 'to Fig. 45. Therefore, mainly the el ectrrons
are supplied fromthe gas ion source 10, -enabling suf i

built-up counter measure to be pr oFgeﬁandv\azl ons, ﬁEﬁ%F@Eﬁf%EBe
suppl i ed. : Fig.. 50 shows -

a reft pngul ar. wavef o i.s
~used instead of the si-nusoidal ~wave of Fig. 49, provifi 1g aﬁﬁi&‘”@ou .
results simlar to:Fig. 49. ' N 2 R o
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.|f.I$ to be noted that, in the case of Flgs 49(a) 49(b) 50(a) and 50(b) .
the vol tage for supplylng -ener gy to the ions of- the electrons may be the -
-_voltage shown in . o . e .27
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either of. F|g 44(a), 44(b), 51 (a) or 51 (b) and in the case of Flgs S
49(c) 49(d), 50(c) and 50(d), Vi(t) may. be the voltage shown in- Fig. 52(a)

or 52(b). While Figs. 49 to 51 show waveforns of sinusoi dal vave.
or rectangul ar wave; a triangul ar wavef A%rfay al so be used. .- - As
‘has’ been described, according to the apparatus for forping a DLC th|n fl|n]'

an orifice directed toward the base material is prOV|d-chE$@ﬂcv, A 3
source having a reacti on gas introduci ng chanber. into :

i ntroduced is disposed within a vac nbe o] thf
terms of the gas .consunption Fr']@a 29
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increases.. Al so, a bias neans. applies a voltage to the base _
material as a function of time, so that the amount of the energy supplied .
to the.ions and the el ectrons for suppressing the charge built- up can be
‘regul ated, -al'lowing a quality DLC thin filmto be obtaineg, .
According to the nethod for formng a DLC 30450 film’ thro gﬁhc- -
above DLC thin filmform ng apparatus, a DLC.thin filmis]fg
base material tenperature is being kept from 100[err]Ct 250[err :
cl eaning the base material, the cIeFépﬁream and tHe if i 12 SEP

can be achi eved i-n the sanme vacuum ng a hr. DLC thin I
of a high adhesive strength to be efficiently _ :
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S —

'Further, by appl yi ng a negati ve vol tage t-o t he base

formed. .

material during the DLC thin filmformation, energy can be given to the

ions, allowing a hard DLC thin filmof a high adhesivestrength to be

fornmed. Al 'so, by applying a vol tagejg}%ﬁr nati ng betameen positive
and negative, the ions are supplied with. energ nd t he ba'eR'myAgEM T :
supplied with electrons, allowing a DLC.thin filmof aph rapreved  *
flatness to be forned. _ - Al'so el Nng .to the appafatus for. :
forming a DLC thin film a first bias n?acr£é)r_ a@lli ng .3 vol__ﬂégﬁEPO‘DW
base material relative to an accel erati.on el ectro nd a {sdcond bias neans|-

for applying a vol t-age'wsi).r'&iGéherrmel ectron di schargi ng neans




‘are pnovidéd_and:ﬁhey are arranged to be applied with a voltage as a
function of time, so that, by controlling the voltage of the first and the

second bi as neans, energy can be supplied to the ions, e

12*%%’@5@{].5?‘?51&

ol

supplied to the base material as a countes2ysmmsure for-t
or their degree can be controlled, allow ng a hard, - _ )
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28 quality and flat DLC thin f|In1of a hlgh adhe5|ve St
f or med. - * Further, by applying positive charge to
thernDeIectron dlscharglng means by the second bi as neans,

rength to be :
the i
energy can be

given to the_lons and the ions can be effisgigpt!y drawnff as—i-6h
sour ce. - Further, by using a voltage alternati cﬁ%ﬂ@ﬁﬁm &EETV
and negatlve as the voltage of the second bias neans, eneygy can be gr
to the ions and the el ectrons can be supplled fron1the gas ﬂGhSEPUHOP
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1. An-.apparatus for formng a dianond-1like carbon thin film conprising:
a vacuum chanber for naintaining a predeterm ned vacuum inside thereof; -
a base material holder for holding a base material within said vacuum.
- chanber, ' a base material tenperajgyse regul ating. device for
regul ating the tenperature of said base material and ) s
source di sposed within said vacuum chanber to face towafd

FIG. 36
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'base'haferlm
hydr ogen and hydrogen ions,

for generating dissociated carbon,

carbon ions, dissociated

. said gas ion sour ce COI’TpI’I ses

a reaction gas introducing "cHanber which is provided with an orifice

directed toward the base materi al
~ thernoel ectron di schargi ng neans di sposeggysg hin said re
i ntroduci-ng chanber for discharging thernoel ectrons;

t her moel ectron drawi ng el ectrode for drawi ng thernDeIect offis fromsaid

t her noel ectron di schar gi ng neans; Fl G 3d'gcel erat|n
dlsposed outside of said reaction gds odu :
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chanber for accelerating said ions toward the base material; and L

bi as neans for . applying the voltage to said base material relative to said
accel erati on el ectrode. _ - 2. Adianmond-like carbon thin film
form ng apparatus as claimed in claim1l, wherein said bias neans can .
‘pravide a voltage applied to the base natéPVé? relative to the accel erating

elecprode as-a function of tine. - - |
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3. Anethod for formng a dianond-like carbon thin filmthrough the use of
a di anond-1ike carbon thin filmform ng apparatus which conprises a vacuum
.chanber for maintaining a predeterni ned vacuumi nsi de thereof, a base

mat eri al’--hol der' for holding a base nater |3%I/5(wth| n said vacuum chanber, a -

~base materi al terrperature

Fie 39
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30 regul-ating device for regulating the tenperature of said base materi al
and -a gas ion source disposed within said vacuum chanber.to face toward -
sai d -base material for generating dissociated carbon, carbon-ions,

di ssoci at ed' hydrogen and hydrogen i ons, salg as i-on source conprising a
reaction gas introduci ng chanber which is 6

toward the base material and into which gases .are introduced,

t her noel ectron di schargi ng nmeans disposed within said reactlon gas

i ntroducing chamber for dlscharglng | ec s, a thernnelectron
drawi ng el ectrode for F1 Ge 40
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drawi ng t hernoel ectrons from said thernoel ectron di schargi ng neans, an

accel erating el ectrode di sposed outside of said reaction gas introducing
chanber .for accelerating said ions toward the base material, and.bias neans
for applying the voltage to said base material relative to said

accel eration el ectrode; ; said.mé0 ﬁﬁ_conprising the steps of:

- cleaning treating the surface of the base material by the ions generated by
said gas ion source; and then . i ntroducing the gas of a - .
hydrocarbon gas into said gas ion sogrj ilegre§ ntaining the tenperature
of said base material at from 100C t or r 'Ot f'orma dianond-1ike"
carbon thin filmon the base material . ' . : -
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4:- A thin fllﬁ]forn1ng met hod of claim3 wherein a negatlve voltage whi ch
“is constant or a function of time relative to the acceleration electrode is
applied to the base material by a bias nean uring the DLC thin film

formati on. -5, Athin filmform Hethod of 'claim 3 wherein an
alternatively positive and negative voltage relative to the accel eration
electrode is applied to the base materiral by a bias nean e DLC

F‘d&#hng_Lh___~‘~h
th|n f|| nlfornat|on o - REPLACHMENT SHcF]
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6. An apparatus for formng a dianond-1like carbon thin film conprising:
a vacuum chanber mai ntai ning a predeternined:VacuunTtherein and -
acconmodating the base material, : ~a gas ion source disposed to
face toward said base materi al for generaH#Qg0d|SSOC|aged car bon, carbon
i ons, dissociated hydrogen and hydrogen io _ '

source conpri ses - a reaction gas introducing

prOV|ded with an orifice directed | -
FlG 43 12 SEP 997

VOLTAGE +
0 -
(_a) TIME : t
-y
. VOLTAGE + |
o -
(b) - TIME : t
R |
VOLTAGE + }
() "1 . . TIME:t
— ¥
VOLTAGE + }
(d)
0 TIME : t
- o .




31

VOLTAGE +}

| @ \_/ N/ o OTIME:t

VOLTAGE + ¢}

0 . . _
(b) : - . TIME:t

REPLACEMENT SHEET |




~toward the base material and into which gases are introduced,

t her moel ectron di schargi ng means di sposed within said reacti on gas
introduci ng chanmber for discharging thernoel ectrons, "a

t her noel ectron draw ng el ectrode for dr awlsmgot her m)el ectrons from sai d
t her noel ectron di- schargl ng means, and '

~ FIG. 45
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an accel erating el ectrode di sposed outside of said reaction gas i nt roduci ng
chanber for accelerating said-ions toward the base material and further
~.conpri sing first bias means for applying a voltage to said base
material relative to said acceleratlon el ggtspode as a function of tine and
a second bias neans for applying a voltage to said thgrmpeteestron :
di scharging neans relative to said acceleration eIectTo@@ﬂdﬁEMEﬂﬁﬁbEEDn of

e FIG. 46 12 SEP w97 |
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7. Athin.filmformnmng apparatus of claim6 wherein the voltage applied to

t he thernoel ectron discharging neans relative to.the accel erating el ectrode.
by said second bias neans is a positive voltage of a constant value or a

val ue varying according to tine. : 8. Athlnfllmformng appar at us
of claim®6 wherein the voltage appli ed t $#*6¢ AR "t her noel ectron di schargi ng
means relative to the accel erating electrode by

FIG. 47
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sald second bias neans is an al ternating vol tage bet ween p05|t|ve and
negati ve vaI ues.
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DIAMOND-LIKE CARBON THIN FILM FORMING
APPARATUS AND METHOD

ABSTRACT OF THE DISCLOSURE

The DLC thin film forming apparatus comprises, a base material holder for
holding a base material within a vacuum -chamber, a base material temperature
regulating device for regulating the temperature of the base material and a gas ion
source disposed within the vacuum chamber to face toward the base material, the gas
ion source comprises a.reaction gas introducing chamber which is provided with an

orifice directed toward the base material and into which gases are introduced, -

thermoelectron discharging means disposed within the reaction gas introducing
chamber, a thermoelectron drawing electrode for drawing thermoelectrons from the
thermoelectron discharging means, an accelerating electrode for accelerating ions
toward the base material and bias means for applying the voltage to the base material
relative to the acceleration electrode. A method for forming a DLC thin film is also
disclosed.

Figure 1
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toward the base material and into which gases are introduced,

thermoelectron discharging means disposed within said reaction gas
introducing chamber for discharging thermoelectrons,

a thermoelectron drawing electrode for drawing thermoelectrons from

said thermoelectron discharging means, and

an accelerating electrode disposed outside of said reaction gas
introducing chamber for accelerating said ions toward the base material and
further comprising

first bias means for applying a voltage to said base material relative to
said acceleration electrode as a function of time and a second bias means for
applying a voltage to said thermoelectron discharging means relative to said
acceleration electrode as a function of time.

3
7. A thin film forming apparatus of claim 6 wherein the voltage applied to
the thermoelectron discharging means relative to the accelerating electrode by

said second bias means is a positive voltage of a constant value or a value
varying according to time.

8. A thin film forming apparatus of claim 6 wherein the voltage applied to
the thermoelectron discharging means relative to the accelerating electrode by
said second bias means is an alternating voltage between positive and negative
values.
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