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(57) ABSTRACT 
A diamondlike carbon hard multilayer formed ?lm body 
comprises a substrate, a diamondlike carbon ?lm mainly 
composed of diamondlike carbon, and an intermediate layer 
between the substrate and the diamondlike carbon ?lm. The 
diamondlike carbon ?lm is composed of, in order from the 
substrate side, a ?rst diamondlike carbon ?lm and a second 
diamondlike carbon ?lm. The surface hardness of the ?rst 
diamondlike carbon ?lm is Within the range from not less 
than 10 GPa to not more than 40 GPa based on nanoinden 
tation test, and the surface hardness of the second diamond 
like carbon ?lm is Within the range from more than 40 GPa 
to not more than 90 GPa based on nanoindentation test. 
According to such a structure, even if a DLC multilayer 
containing high-hardness DLC ?lm on the outermost surface 
side is formed in a thickness of not less than about 3 pm on 
a substrate of a Wide range extending from a material With 
high hardness such as cemented carbide to an iron-based 
material With loW hardness, excellent adhesion to both the 
substrate and the DLC ?lm can be ensured in addition to 
excellent Wear resistance. 
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DIAMONDLIKE CARBON HARD MULTILAYER 
FILM FORMED BODY AND METHOD FOR 

PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a hard multilayer 
?lm formed body Which has a diamondlike carbon ?lm on 
the outermost layer side, and a method for producing the 
same. The diamondlike carbon hard multilayer ?lm formed 
body according to the present invention is suitably used for 
a surface protective ?lm for a member Which especially 
requires Wear resistance in automobile parts, machine parts, 
precision tools, cutting tools, because it exhibits excellent 
adhesiveness to a substrate. 

[0003] 2. Description of the Related Art 

[0004] Diamondlike carbon (hereinafter referred to as 
“DLC”) is amorphous carbon having intermediate properties 
betWeen diamond and graphite, and called hard carbon, hard 
amorphous carbon, amorphous carbon, delmorphous car 
bon, i-carbon, diamond-shape carbon or the like. The DLC 
is used, for example, as a protective ?lm for a member Which 
requires Wear resistance because of high hardness as Well as 
diamond and excellent characteristics of Wear resistance, 
solid lubricity, thermal conductivity and chemical stability. 

[0005] Physical vapor deposition (PVD) such as sputter 
ing or ion plating, and chemical vapor deposition (CVD) are 
adapted as a method for forming a DLC ?lm. Particularly, a 
DLC ?lm formed by cathode discharge type arc ion plating 
(hereinafter referred to as AIP) Which uses solid carbon as an 
evaporation source (carbon target) is applied to the ?eld of 
cutting tools and the like Which especially require Wear 
resistance, because it contains no hydrogen and can have 
high hardness close to diamond, compared With a DLC ?lm 
formed by CVD. HoWever, a DLC ?lm With high hardness 
has an extremely large internal stress, and its deformability 
is extremely small. Therefore, it has a disadvantage of easily 
separating With loW adhesiveness to the substrate. Therefore, 
it has been proposed for improving the adhesiveness to the 
substrate to extremely minimiZe the thickness of the DLC 
?lm With high hardness to about 0.1 um. 

[0006] The present inventors disclose Japanese Patent 
Laid-Open No. 2000-87218 as a method for improving the 
adhesiveness of DLC ?lm formed by AIP, Wherein a DLC 
?lm is formed on a surface of a metallic or ceramic substrate 
by cathode discharge type ion plating using a carbon target, 
and a mixed layer 10 to 500 A in thickness composed of the 
substrate constituting elements and the ?lm constituting 
elements is formed in the interface betWeen the DLC ?lm 
and the substrate. The mixed layer is formed by controlling 
application voltage to —400 to —5000V and vacuum degree 
to not more than 10 mTorr in DLC ?lm formation, Whereby 
the mixing effect of carbon (C) ion that is the DLC ?lm 
forming material is enhanced. The adhesiveness to DLC ?lm 
can be further enhanced by forming an intermediate layer 10 
to 1000 A in thickness comprising at least one element 
selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, 
Cr, Mo, W, Fe, Si and Al betWeen the substrate and the DLC 
?lm, and forming a mixed layer 10 to 500 A in thickness 
comprising these intermediate layer constituting elements 
and the DLC ?lm constituting elements in the interface 
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betWeen the intermediate layer and the DLC ?lm. Therefore, 
according to the above-mentioned method, a DLC hard ?lm 
formed body (Which may be hereinafter called DLC formed 
body) having a high-hardness DLC ?lm formed With good 
adhesiveness can be obtained. 

[0007] HoWever, in this method, since the mixing effect of 
C is used for forming the mixed layer as described above, the 
thickness of the mixed layer is limited to a narroW range 
from about 10 to 500 A. Therefore, a hardness difference is 
caused betWeen the substrate and the DLC ?lm (in a case 
having no intermediate layer) or betWeen the intermediate 
layer and the DLC ?lm (in a case having the intermediate 
layer), Which are arranged through such a thin mixed layer. 
When the substrate is composed of a material With relatively 
high hardness such as cemented carbide material or ceram 
ics, satisfactory adhesiveness can be exhibited because the 
hardness difference is relatively small. HoWever, When the 
substrate is composed of a material With relatively loW 
hardness such as an iron-based substrate, Which is generally 
used for mechanical parts, easy separation of DLC ?lm 
becomes problematic. When the thickness of a multilayer 
?lm containing DLC ?lm on the outermost surface side (a 
multilayer ?lm including the intermediate layer and the DLC 
?lm, Which may be hereinafter called DLC multilayer ?lm) 
is as thick as not less than about 3 pm, this problem becomes 
noticeable because the Whole stress of the DLC multilayer 
?lm is increased. 

[0008] On the other hand, the present inventors disclose 
DLC hard multilayer ?lm formed bodies comprising a 
predetermined intermediate layer betWeen the substrate and 
the DLC ?lm, Which are formed using unbalanced magne 
tron sputtering (Which may be hereinafter called UBM 
sputtering or UBMS) (Japanese Patent Laid-Open (JP) No. 
2000-119843, U.S. Pat. No. 6,716,540, and Japanese Patent 
Laid-Open (JP) No. 2003-171758). The UBM sputtering 
forms an intermediate layer Which can exhibit excellent 
adhesiveness to both the substrate and the DLC ?lm, in 
addition to formation of a compact DLC ?lm With high 
hardness. 

[0009] General sputtering and UBM sputtering Will be 
comparatively described in reference to FIGS. 3 and 4. 

[0010] FIG. 3 is a schematic vieW shoWing a cathode 
structure for general sputtering. In the general sputtering, as 
shoWn in FIG. 3, ferrite magnets having the same magnetic 
property are disposed at the center and periphery of a 
circular target to form closed loops of magnetic lines of 
force in the vicinity of the target material. When a bias 
voltage is applied to a substrate, the substance constituting 
the target material is formed on the substrate. Although FIG. 
4 shoWs an example using ferrite magnet, Sm-based rare 
earth magnet or Nd-based rare earth magnet can be used. 

[0011] In the UBM sputtering, as shoWn in FIG. 4, mag 
nets having dilferent magnetic properties (ferrite magnet for 
the center and SmCo magnets for the periphery in FIG. 4) 
are disposed at the center part and periphery of a circular 
target, respectively. By disposing the different magnets in 
this Way, a part of magnetic lines of force generated from the 
stronger magnet reaches as far as the vicinity of the sub 
strate. As a result, plasma generated from sputtering along 
the magnetic lines of force (e. g., Ar plasma) is diffused as far 
as the vicinity of the substrate. According to the UBM 
sputtering, more Ar ions and electrons than those in general 
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sputtering reach the substrate along the above-mentioned 
magnetic lines of force reaching as far as the vicinity of the 
substrate (ion-assist effect). Thus, the UBM sputtering can 
form a compact DLC ?lm With high hardness. It further can 
form a homogeneous amorphous layer. 

[0012] In the three related arts described above, as the 
intermediate layer to be arranged betWeen the substrate and 
the DLC ?lm, an intermediate layer of tWo-layer structure 
composed of, in order from the substrate side, a predeter 
mined metal or a WC compound excellent in adhesiveness 
to the substrate and an amorphous containing this metal or 
WC compound and carbon (C) (JP No. 2000-119843 and 
US. Pat. No. 6,716,540) and an intermediate layer of 
four-layer structure (JP No. 2003-171758) using UBM sput 
tering are disclosed. JP No. 2000-119843, US. Pat. No. 
6,716,540 and JP No. 2003-171758 are di?fered in the kind 
of substrates and in the structure of intermediate layer. 

[0013] Speci?cally, JP No. 2000-119843 describes an 
intermediate layer of tWo-layer structure provided betWeen 
a substrate such as an insulating material such as cemented 
carbide, Si or A1203 and a DLC ?lm, the intermediate layer 
being composed of, in order from the substrate side, a metal 
layer (?rst layer) comprising at least one metal selected from 
the group consisting of W, Ta, Mo and Nb and an amorphous 
layer (second layer) containing at least one of the metals 
described above and carbon. 

[0014] US. Pat. No. 6,716,540 and JP No. 2003-171758 
Were made from the vieWpoint of providing a DLC formed 
body capable of covering DLC ?lm With good adhesiveness 
even in use ofiron-based substrate. US. Pat. No. 6,716,540 
describes an intermediate layer of tWo-layer structure com 
posed of, in order from the substrate side, a metal layer (?rst 
layer) of Cr and/ or Al and an amorphous layer (second layer) 
containing at least one of the above-mentioned metals and 
carbon. JP No. 2003-171758 discloses a ?rst intermediate 
layer composed of, in order from the substrate side, a metal 
layer (?rst layer) of Cr and/or A1, a mixed layer (second 
layer) of a metal of Cr and/or Al and at least one metal 
selected from the group consisting of W, Ta, Mo and Nb, a 
metal layer (third layer) of at least one metal selected from 
the group consisting of W, Ta, Mo and Nb, and an amor 
phous layer (fourth layer) containing at least one metal 
selected from the group consisting of W, Ta, Mo and Nb and 
carbon (C), and a second intermediate layer composed of, in 
order from the substrate side, a metal layer (?rst layer) of Cr 
and/or A1, a mixed layer (second layer) of a metal of Cr 
and/or Al and a compound mainly composed of WC, a 
compound layer (third layer) mainly composed of WC, and 
an amorphous layer (fourth layer) containing a compound 
mainly composed of WC and carbon (C). The DLC formed 
body described in US. Pat. No. 6,716,540 is excellent in 
adhesiveness to, particularly, an iron-based substrate With 
relatively high hardness such as high speed tool steel (HSS), 
While the DLC formed body described in JP No. 2003 
171758 is excellent in adhesiveness to, particularly, an 
iron-based substrate With relatively loW hardness such as 
bearing steel, stainless steel or carbon steel. 

[0015] According to the methods described in JP No. 
2000-119843, US. Pat. No. 6,716,540 and JP No. 2003 
171758, since an adequate intermediate layer is arranged in 
accordance With the kind of substrate, a DLC formed body 
capable of exhibiting excellent adhesiveness to both the 
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substrate and the DLC ?lm can be obtained even if a 
relatively thick DLC multilayer ?lm is formed. 

[0016] HoWever, it is principally difficult for the sputtering 
including UBM sputtering to form a DLC ?lm With 
extremely high hardness as in the AIP Which uses carbon ion 
as a raW material. Therefore, the DLC ?lm formed using the 
sputtering is inferior in Wear resistance to the DLC ?lm 
formed using AIP. 

SUMMARY OF THE INVENTION 

[0017] From the vieW of the above-mentioned circum 
stances, the present invention thus has an object to provide 
a DLC formed body Which exhibits excellent adhesiveness 
to both the substrate and the DLC ?lm in addition to 
excellent Wear resistance, for example, even in a case that a 
DLC multilayer ?lm containing a high-hardness DLC ?lm 
on the outermost surface side is formed in a thickness of 
about 3 um or more to the substrates of a Wide range 
extending from a high-hardness material such as cemented 
carbide to a loW-hardness iron-based material, and a method 
for producing the DLC formed body. 

[0018] The diamondlike carbon hard multilayer ?lm 
formed body according to the present invention Which could 
attain the above-mentioned object comprises a substrate, a 
diamondlike carbon ?lm mainly composed of diamondlike 
carbon and an intermediate layer betWeen the substrate and 
the diamondlike carbon ?lm, in Which the diamondlike 
carbon ?lm is composed of, in order from the substrate side, 
a ?rst diamondlike carbon ?lm and a second diamondlike 
carbon ?lm, the surface hardness of the diamondlike carbon 
?lm is Within the range from not less than 10 GPa to not 
more than 40 GPa based on nano indentation test, and the 
surface hardness of the second diamondlike carbon ?lm is 
Within the range from more than 40 GPa to not more than 90 
GPa based on nano indentation test. 

[0019] In the diamondlike carbon hard multilayer ?lm 
formed body having the above structure, it is preferable that 
the surface hardness of the second diamondlike carbon ?lm 
increases stepWise or continuously from the interface side 
betWeen the ?rst diamondlike carbon ?lm and the second 
diamondlike carbon ?lm toWard the outermost layer side of 
the second diamondlike carbon ?lm. 

[0020] In the diamondlike carbon hard multilayer ?lm 
formed body having the above structure, the substrate may 
be composed of a cemented carbide material, and the 
intermediate layer may be composed of, in order from the 
substrate side, a ?rst metal layer comprising at least one 
metal selected from the group consisting of W, Ta, Mo and 
Nb, and an amorphous layer containing at least one metal 
selected from the group consisting of W, Ta, Mo and Nb, and 
C. 

[0021] In the diamondlike carbon hard multilayer ?lm 
formed body having the above structure, otherWise, the 
substrate may be composed of an iron-based substrate, and 
the intermediate layer may be composed of, in order from 
the substrate side, a second metal layer comprising Cr and/or 
A1, a composite metal layer comprising a metal of Cr and/or 
Al and at least one metal selected from the group consisting 
of W, Ta, Mo and Nb, a ?rst metal layer comprising at least 
one metal selected from the group consisting of W, Ta, Mo 
and Nb, and an amorphous layer containing at least one 
metal selected from the group consisting of W, Ta, Mo and 
Nb, and C. 
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[0022] In the diamondlike carbon hard multilayer ?lm 
formed body having the above structure, it is preferable that 
the thickness of the intermediate layer is Within the range 
from not less than 10% to not more than 50% relative to the 
total thickness of the diamondlike carbon hard multilayer 
?lm formed body, and the thickness of the second diamond 
like carbon ?lm is Within the range from not less than 50% 
to not more than 90% relative to the total thickness of the 
diamondlike carbon hard multilayer ?lm formed body 
except the intermediate layer. 

[0023] The method for producing a diamondlike carbon 
hard multilayer ?lm formed body according to the present 
invention Which could the above-mentioned object is a 
method for producing any one of the above-mentioned 
diamondlike carbon hard multilayer ?lm formed bodies, 
comprising the steps of: 

[0024] (a) preparing a substrate; 

[0025] (b) forming an intermediate layer on the substrate 
by sputtering; 

[0026] (c) forming a ?rst diamondlike carbon ?lm on the 
intermediate layer by sputtering; and 

[0027] (d) forming a second diamondlike carbon ?lm on 
the ?rst diamondlike carbon ?lm by cathode discharge type 
arc ion plating. 

[0028] In the above-mentioned method for producing a 
diamondlike carbon hard multilayer ?lm formed body, a 
composite type coating device having a sputtering evapo 
ration source and a cathode discharge type arc ion plating 
evaporation source provided Within one vacuum chamber is 
used in the steps (b), (c) and (d). 

[0029] In the method for producing a diamondlike carbon 
hard multilayer ?lm formed body, it is preferable that the 
step (b) includes a forming process by unbalanced magne 
tron sputtering. 

[0030] In the method for producing a diamondlike carbon 
hard multilayer ?lm formed body, it is preferable that the 
step (c) includes a forming process step by unbalanced 
magnetron sputtering. 

[0031] In the method for producing a diamondlike carbon 
hard multilayer ?lm formed body, it is preferable that the 
composite type coating device comprises an unbalanced 
magnetron sputtering evaporation source. 

[0032] The diamondlike carbon hard multilayer ?lm 
formed body of the present invention is remarkably 
enhanced in adhesiveness betWeen the substrate and the 
DLC ?lm and also excellent in Wear resistance because of 
the above-mentioned structure. According to the present 
invention, excellent adhesiveness and Wear resistance can be 
ensured even if a DLC multilayer ?lm containing DLC ?lm 
as an outermost surface layer is formed in a thickness of not 
less than about 3 pm on substrates of a Wide range extending 
from cemented carbide to iron-based material With loW 
hardness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a schematic sectional vieW shoWing the 
structure of a ?rst formed body according to the present 
invention; 
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[0034] FIG. 2 is a schematic sectional vieW shoWing the 
structure of a second formed body according to the present 
invention; 
[0035] FIG. 3 is a schematic descriptive vieW shoWing a 
cathode structure in general sputtering; 

[0036] FIG. 4 is a schematic descriptive vieW shoWing a 
cathode structure in UBM sputtering; and 

[0037] FIG. 5 is a schematic descriptive vieW shoWing an 
upper surface of a composite type coating device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] The present inventors earnestly studied, paying 
attention to AIP and sputtering, for the purpose of providing 
a DLC formed body Which exhibits excellent adhesiveness 
to both DLC ?lm and substrate in addition to excellent Wear 
resistance even if a DLC multilayer ?lm is formed thickly 
regardless of the kind of substrates. 

[0039] As described above, although the AIP can form a 
DLC ?lm With high hardness, particularly, on a high 
hardness substrate such as cemented carbide With good 
adhesiveness While ensuring satisfactory Wear resistance, 
adhesiveness to, for example, an iron-based substrate With 
loW hardness or the like is insuf?cient. Further, it has the 
problem that formation of a thick DLC multilayer ?lm of 
about 3 pm or more results in reduction in adhesiveness. On 
the other hand, the sputtering such as UBM sputtering can 
form a DLC formed body Which can exhibit excellent 
adhesiveness to both substrate and DLC ?lm by forming an 
adequate intermediate layer according to the kind of sub 
strates as shoWn in JP No. 2000-119843, US. Pat. No. 
6,716,540, and JP No. 2003-171758, While it has a problem 
of defective Wear resistance because it is dif?cult to form a 
DLC ?lm With high hardness. 

[0040] The present inventors made studies for providing a 
high-hardness DLC formed body having both adhesiveness 
and Wear resistance by utiliZing characteristics of the ?lm 
forming processes by AIP and sputtering. As a result, the 
inventors found that the expected purpose can be success 
fully achieved if a composite process for forming, in a DLC 
?lm having a tWo-layer structure differed in hardness, an 
intermediate layer and a DLC ?lm With loW hardness 
(referred to as ?rst DLC ?lm) provided on the intermediate 
layer side by the sputtering, and forming a DLC ?lm With 
high hardness (referred to as second DLC ?lm) provided on 
the outermost layer side by the AIP is adapted, and com 
pleted the present invention. 

[0041] The DLC formed body of the present invention is 
characteriZed in that, as the DLC ?lm, a tWo-layer DLC ?lm 
composed of the ?rst DLC ?lm With loW hardness and the 
second DLC ?lm With high hardness are provided With good 
adhesiveness. A predetermined intermediate layer capable of 
exhibiting excellent adhesiveness to both the substrate and 
the DLC ?lm is provided betWeen the substrate and the DLC 
?lm according to the kind of substrates. As the intermediate 
layer, for example, the intermediate layers described in JP 
No. 2000-119843, US. Pat. No. 6,716,540, and JP No. 
2003-171758 are used. 

[0042] Preferred embodiments of the DLC formed body 
according to the present invention Will be described in 
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reference to the drawings. Although an example of the 
intermediate layers described in JP No. 2000-119843 and JP 
No. 2003-171758 is used for illustration in the following 
preferred embodiments, the kind of intermediate layers is 
not limited to this. For example, the intermediate layer 
described in Us. Pat. No. 6,716,540 is effective for use of 
an iron-based material with relatively high hardness such as 
high-speed tool steel. In Embodiment 2, the second inter 
mediate layer described in JP No. 2003-171758 can also be 
used. 

Embodiment 1 

[0043] A ?rst embodiment of the DLC formed body 
according to the present invention (referred to as ?rst DLC 
formed body) is described in reference to FIG. 1. The ?rst 
DLC formed body is useful, for example, for use of a 
substrate with relatively high hardness such as cemented 
carbide material, and the intermediate layer described in JP 
No. 2000-119843 is typically used as the intermediate layer. 

[0044] A ?rst DLC formed body 10, as shown in FIG. 1, 
comprises a substrate 1, a diamondlike carbon ?lm mainly 
composed of diamondlike carbon (DLC ?lm) 3, an inter 
mediate layer 2 between the substrate 1 and the DLC ?lm 3 
(which may be called a ?rst intermediate layer 211 for 
discrimination from a second intermediate layer described 

later). 
[0045] The DLC ?lm 3 is composed of, in order from the 
substrate 1 side, a ?rst DLC ?lm 3a and a second DLC ?lm 
3b, with the surface hardness of the ?rst DLC ?lm 311 being 
within the range from not less than 10 GPa to not more than 
40 GPa based on nano indentation test (described in the 
column of examples) and the surface hardness of the second 
DLC ?lm 3b being within the range from more than 40 GPa 
to not more than 90 GPa based on nano indentation test. 
Since the ?rst DLC ?lm 3a is formed by sputtering (pref 
erably, by UBM sputtering), and the second DLC ?lm 3b by 
AIP as described in detail later, a high-hardness DLC ?lm 
excellent in adhesiveness to the intermediate layer can be 
formed on the outermost surface side. 

[0046] The surface hardness of the ?rst DLC ?lm 3a is 
controlled within the range from not less than 10 GPa to not 
more than 40 GPa to enhance the adhesiveness to the 
intermediate layer 2a, preferably, within the range from not 
less than 20 GPa to not more than 30 GPa. The surface 
hardness of the second DLC ?lm 3b is controlled within the 
range from more than 40 GPa to not more than 90 PGa to 
ensure expected wear resistance, preferably, within the range 
from not less than 50 GPa to not more than 80 GPa. 

[0047] The surface hardness of the second DLC ?lm 3b 
preferably increases stepwise or continuously from the inter 
face side between the ?rst DLC ?lm 3a and the second DLC 
?lm 3b toward the outermost surface layer of the second 
DLC ?lm 3b. According to this, the adhesiveness between 
the ?rst DLC ?lm 3a and the second DLC ?lm 3b can be 
further enhanced. 

[0048] The ?rst DLC ?lm 311 may be composed of only 
DLC, but can include at least one metal selected from the 
group consisting of W, Ta, Mo, Nb, Cr and A1 (a ?rst metal 
and a second metal used in the intermediate layer). Accord 
ing to this, since the internal stress of the ?rst DLC ?lm 3a 
itself is moderated to improve the follow-up property to 
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deformation of the substrate 1 as well as further improve 
ment in toughness, the separation of the DLC ?lm 3 can be 
suppressed. The above-mentioned metal is preferably con 
tained in the DLC ?lm within the range from not less than 
5 atomic % to not more than 20 atomic %. When not less 
than 5 atomic % of the metal is added, the stress moderating 
effect can be effectively exhibited. However, since excessive 
addition of the metal causes excessive reduction in hardness 
of the DLC ?lm 3a, the upper limit is preferably set to 20 
atomic %. 

[0049] The structure of the intermediate layer 211 will be 
described. 

[0050] The intermediate layer 211 used in this embodiment 
has a two-layer structure consisting of, in order from the 
substrate 1 side, a ?rst metal layer 21 (?rst layer) and an 
amorphous layer 22 (second layer) described below. In this 
speci?cation, for convenience, a layer comprising at least 
one metal (?rst metal) selected from the group consisting of 
W, Ta, Mo and Nb is referred to as “?rst metal layer”, and 
a layer comprising metal of Cr/Al (second metal) to as 
“second metal layer”. 

[0051] The ?rst layer is the layer 21 composed of the ?rst 
metal comprising at least one metal selected from the group 
consisting of W, Ta, Mo and Nb. The ?rst metal layer 21 may 
contain the ?rst metal independently, or may be a mixed 
layer containing two or more thereof. Otherwise, it may be 
an alloy layer in which part of the ?rst metal is alloyed. 

[0052] The second layer is the amorphous layer 22 con 
taining at least one metal selected from the group consisting 
of W, Ta, Mo and Nb, and C. The second layer may contain 
the ?rst metal independently, or may contain two or more 
thereof in combination. The amorphous layer means the 
layer where no crystal phase or ?ne deposit layer can be 
con?rmed in transmission electron microscopic observation 
(magni?cation: about 100,000-fold). According to the 
present invention, since the amorphous layer composed of 
the ?rst metal such as W, which forms the ?rst layer, and C 
is formed without formation of a fragile carbide layer, the 
internal separation or breakage of the intermediate layer 211 
can be prevented. Further, since the DLC ?lm 3 which forms 
the outermost surface layer is also amorphous, the adhesive 
ness between the DLC ?lm 3 and the amorphous layer 22 
can also be ensured. 

[0053] The concentration of the ?rst metal (and carbon 
concentration) which forms the amorphous layer 22 may be 
substantially constant. However, the ?rst metal preferably 
decreases stepwise or continuously from the substrate 1 side 
toward the DLC ?lm 3 (surface layer side) (in other words, 
the carbon concentration increases from 0% to 100%). 
According to this, since the mechanical characteristics of the 
DLC formed body 10 composed of a multilayer ?lm change 
stepwise or continuously from the substrate 1 side toward 
the DLC ?lm 3, separation caused by local stress concen 
tration accompanying thermal shock or the like can be 
effectively prevented. 

[0054] In this embodiment, the kinds of metals forming 
the ?rst layer and the second layer may be the same or 
different as long as the above requirements are satis?ed. 
Since the ?rst metal used for the ?rst layer is W, Ta, Mo or 
Nb, for example, a metal layer 21 composed of W and an 
amorphous layer 22 composed of Ta and C may be 
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employed as the ?rst layer and the second layer, respec 
tively, and in this case, also, the above-mentioned effect is 
exhibited. In order to ensure a further excellent effect, the 
?rst layer and the second layer are preferably formed so as 
to contain the same kind of metals, and further preferably 
formed of the same kind of metals. For example, it is 
preferable that the ?rst layer is a metal layer 21 composed 
of W, and the second layer is an amorphous layer 22 
composed of W, Ta and C, and it is further preferable that the 
?rst layer is a metal layer 21 composed of W, and the second 
layer is an amorphous layer 22 of W and C as shoWn in an 
example described later. 

[0055] The thickness of the ?rst intermediate layer 211 (the 
total thickness of the ?rst layer and the second layer) is 
preferably set substantially Within the range from not less 
than 10% to not more than 50% relative to the total thickness 
of the DLC multilayer ?lm (the multilayer ?lm composed of 
the intermediate layer 211 and the DLC ?lm 3). According to 
this, excellent adhesiveness betWeen the substrate 1 and the 
DLC ?lm 3 can be ensured Without impairing the effect of 
the intermediate layer 211 and the DLC ?lm 3. 

[0056] The thickness of the second DLC ?lm 3b is pref 
erably set substantially Within the range from not less than 
50% to not more than 90% relative to the total thickness of 
the DLC multilayer ?lm except the intermediate layer (or the 
total thickness of the ?rst DLC ?lm 3a and the second DLC 
?lm 3b). According to this, the Wear resistance of the DLC 
multilayer ?lm can be enhanced. 

[0057] In this embodiment, a stress relaxation layer (not 
shoWn) composed of carbon may be provided betWeen the 
amorphous layer 22 (second layer) and the ?rst DLC ?lm 3a. 
By providing such a stress relaxation layer composed of C, 
the stress concentrated to the interface betWeen the amor 
phous layer 22 and the ?rst DLC ?lm 311 can be relaxed to 
further improve the adhesiveness. In order to effectively 
exhibit the effect of the stress relaxation layer, the thickness 
of the stress relaxation layer is preferably set substantially 
Within the range of about 20 to 80% of the thickness of the 
?rst DLC ?lm 3a. 

[0058] The hardness of the stress relaxation layer prefer 
ably increases stepWise or continuously from the ?rst metal 
layer (?rst layer) 21 toWard the DLC ?lm 3. Concretely, the 
hardness of the stress relaxation layer is preferably close to 
that of the amorphous layer 22 in the interface With the 
amorphous layer 22, increases stepWise or continuously 
toWard the surface layer side of the ?rst DLC ?lm 3a, and 
is substantially identical to the surface hardness of the ?rst 
DLC ?lm 3 in the interface With the ?rst DLC ?lm 3. The 
difference in interface hardness betWeen the stress relaxation 
layer and the amorphous layer 22 at the interface betWeen 
the both is preferably about not more than 10 GPa. Accord 
ing to this, since the stress concentrated to the interface of 
the adjacent layers can be minimiZed, the adhesiveness is 
further improved. 

[0059] The ?rst DLC formed body preferably further 
comprises a diffusion layer betWeen the substrate 1 and the 
?rst metal layer 21 (?rst layer). According to this, the 
adhesiveness betWeen the substrate 1 and the ?rst layer is 
further improved. 

[0060] As the substrate 1, for example, cemented carbide, 
thermet, insulating materials such as SiC or A1203, ceramic 
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materials (With about 1500 Hv to 2000 Hv by Vickers 
hardness) and the like are used. 

Embodiment 2 

[0061] A second embodiment of the DLC formed body 
according to the present invention (second DLC formed 
body) Will be described in reference to FIG. 2. In FIG. 2, the 
same reference numbers as in FIG. 1 are assigned to parts 
overlapping With those of the ?rst DLC formed body. 

[0062] The second formed body is differed from the ?rst 
formed body in the point that the intermediate layer is 
composed of four layers, and an iron-based material (pref 
erably, a material With relatively loW hardness such as 
bearing steel) is used as the substrate, as described beloW in 
detail. As the intermediate layer to be used in the second 
formed body, the intermediate layer described in JP No. 
2003-171758 is typically given. Compared With the inter 
mediate layer in the ?rst DLC formed body, the third layer 
(metal layer) and the fourth layer (amorphous layer) in the 
second DLC formed body correspond to the ?rst layer and 
the second layer in the ?rst DLC formed body, respectively. 
Detailed descriptions for the parts overlapping With those in 
the ?rst DLC formed body (the third layer, the fourth layer, 
and the DLC ?lm 3) are omitted. 

[0063] As shoWn in FIG. 2, a second DLC formed body 20 
according to the present invention comprises a substrate 1, 
a DLC ?lm 3 mainly composed of DLC, and an intermediate 
layer 2b betWeen the substrate 1 and the DLC ?lm 3 (Which 
may be called a second intermediate layer for discrimination 
from the intermediate layer in the ?rst DLC formed body). 

[0064] The intermediate layer 2b has a four-layer structure 
consisting of a second metal layer 23 (?rst layer) composed 
of Cr and/or A1, a composite metal layer 24 (second layer) 
composed of metal of Cr and/or Al and at least one metal 
selected from the group consisting of W, Ta, Mo and Nb, a 
?rst metal layer 21 (third layer) composed of at least one 
selected from the group consisting of W, Ta, Mo and Nb, and 
an amorphous layer 22 (fourth layer) containing at least one 
metal selected from the group consisting of W, Ta, Mo and 
Nb, and C. 

[0065] According to this embodiment, since the Cr/Al 
metal layer (?rst layer) Which is excellent in adhesiveness to 
an iron-based substrate is formed on the iron-based substrate 
side, and the amorphous layer (fourth layer) Which contains 
the same amorphous C as DLC is formed on the DLC ?lm 
side, excellent adhesiveness can be ensured to both the 
iron-based substrate and the DLC ?lm. Since the second 
layer of the intermediate layer contains further the metal of 
Cr/Al Which forms the ?rst layer, the adhesiveness to the 
?rst layer is also excellent. Since the third layer further 
contains other metals (W, Ta, Mo and Nb) Which form the 
second layer, the adhesiveness to the second layer is also 
excellent. Since the fourth layer further contains the other 
elements Which form the third layer, the adhesiveness to the 
third layer is also excellent. The intermediate layer used in 
the present invention can ensure excellent adhesiveness even 
if the DLC multilayer ?lm is formed in a thickness of 3 pm 
or more, since the component of each layer Which forms the 
intermediate layer is regulated so as to ensure the adhesive 
ness to each layer to be formed above and under it, and also 
regulated so as not to cause separation or breakage in the 
inner part of the intermediate layer. 
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[0066] The ?rst layer is a second metal layer 23 of Cr 
and/or Al. The second metal layer 23 is similar in mechani 
cal characteristics or the like to the iron-based substrate 1, 
and can exhibit satisfactory adhesiveness to the iron-based 
substrate 1. The second metal layer 23 may contain Cr or Al 
independently, or may be a mixed layer containing both Cr 
and Al. Otherwise, it may be an alloy layer in Which part of 
Cr and Al is alloyed. 

[0067] The second layer is a composite metal layer 24 
containing second metal (Cr/Al) Which forms the ?rst layer 
and ?rst metal constituting the third layer (at least one metal 
selected from the group consisting of W, Ta, Mo and Nb). 
The ?rst and second metals may be contained independently, 
or tWo or more thereof may be used in combination. 

[0068] The concentration of the ?rst metal Which forms 
the composite metal layer 24 may be substantially constant. 
The content of the second metal preferably decreases step 
Wise or continuously from the iron-based substrate 1 side 
toWard the DLC ?lm 3 (surface layer side) (or the concen 
tration of the second meal decreases from 100 to 0%). 
According to this, the mechanical characteristics of the 
composite metal layer 24 can be changed stepWise or 
continuously from the ?rst layer side to the third layer side, 
and consequently, separation caused by local thermal stress 
by thermal shock or the like can be effectively prevented. 

[0069] The descriptions for the third layer and the fourth 
layer are omitted. 

[0070] The thickness of the second intermediate layer 2b 
is preferably controlled in the same manner as in the ?rst 
DLC formed body. 

[0071] In the second DLC formed body, also, a stress 
relaxation layer (not shoWn) is preferably further formed 
betWeen the amorphous layer 22 (fourth layer) and the DLC 
?lm 3 in the same manner as in the ?rst DLC formed body. 
A diffusion layer (not shoWn) may be further provided at 
least any one of betWeen the substrate 1 and the second 
metal layer 23 (?rst layer), betWeen the second metal layer 
23 (?rst layer) and the composite metal layer (second layer) 
24, betWeen the composite metal layer 24 (second layer) and 
the ?rst metal layer 21 (third layer), and betWeen the ?rst 
metal layer 21 (third layer) and the amorphous layer 22 
(fourth layer). The description therefor is omitted since the 
details are substantially the same as in the ?rst DLC formed 
body. 

[0072] As the iron-based substrate 1, any iron-based mate 
rial can be used Without particular limitation, including both 
an iron-based material With relatively high hardness (Vick 
ers hardness of about 900 Hv) such as high-speed tool steel, 
and a loW-hardness iron-based material With V1ckers hard 
ness of about 200 Hv to 800 Hv. In the present invention, use 
of iron-based materials With loW hardness is preferred, for 
example, including bearing steel, stainless steel, carbon steel 
and the like Which are loWer in hardness than high-speed 
tool steel. 

[0073] In the above, the second DLC formed body accord 
ing to the present invention Was described. 

[0074] The method for producing the ?rst and second 
DLC formed bodies according to the present invention Will 
be then described. As described above, since the ?rst and 
second DLC formed bodies are identical except the differ 
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ence in the kind of substrates and the structure of interme 
diate layer, methods for producing these formed bodies are 
collectively described. 

[0075] The method for producing a DLC formed body 
according to the present invention comprises the steps of (a) 
preparing a substrate 1; (b) forming an intermediate layer 2 
on the substrate 1 by sputtering; (c) forming a ?rst diamond 
like carbon ?lm 211 on the intermediate layer 2 by sputtering; 
and (d) forming a second diamondlike carbon ?lm 2b on the 
?rst diamondlike carbon ?lm 211 by cathode discharge type 
arc ion plating. 

[0076] The substrate 1 described is prepared (step (a)). 

[0077] The intermediate layer 2 is then formed on the 
substrate 1 by sputtering (step (b)). 

[0078] Since various kinds of metals can be easily evapo 
rated according to the sputtering, for example, intermediate 
layers containing various metals as the intermediate layers 
described in JP No. 2000-119843, U.S. Pat. No. 6,716,540 
and JP No. 2003-171758 can be easily formed. Further, since 
the evaporation amount of metal can be extensively con 
trolled by controlling the sputter poWer, an amorphous layer 
containing a metal contained in the intermediate layer and 
carbon (preferably an amorphous layer in Which the con 
centration of the metal changes continuously or stepWise) 
can be easily formed. Although various metals can be 
evaporated by use of AIP, it is di?icult to evaporate an 
extremely trace amount of metal by the AIP because a 
minimum current for keeping arc discharge in vacuum is 
present. Accordingly, it is dif?cult to form the intermediate 
layers described the three related arts by the AIP. Based on 
the above vieWpoint, the intermediate layer is formed by use 
of sputtering in the present invention. 

[0079] Concretely, for example, a Cr layer or W layer can 
be formed by sputtering in pure Ar atmosphere by use of a 
Cr target or W target. 

[0080] The intermediate layer 2 is preferably formed by 
UBM sputtering. According to the UBM sputtering, in 
formation of the amorphous layer 22 (second layer) con 
taining the ?rst metal of W, Ta, Mo and Nb as in the ?rst 
DLC formed body, for example, the homogeneous amor 
phous layer 22 can be obtained Without forming carbides by 
the ?rst metal Which has high carbide forming capability. 

[0081] In the formation of the intermediate layer 2, it is 
preferable to control the temperature of the substrate Within 
the range from about 150° C. to 350° C. (preferably about 
250° C. and 350° C.) in the stage of forming the ?rst layer 
(in the ?rst DLC formed body) or the ?rst to third layers (in 
the second DLC formed body) to promote the diffusion to 
the substrate and layer-to-layer diffusion of the metal ele 
ments in the ?rst layer. According to this, the adhesiveness 
of the ?rst layer to the substrate and the layer-to-layer 
adhesiveness among the ?rst layer to the third layer can be 
further improved. HoWever, in the formation of the amor 
phous layer and the subsequent DLC ?lm, the substrate 
temperature is preferably controlled to 300 to 100° C. (more 
preferably about 200 to 100° C.) because these layers are 
Weak to heat. 

[0082] When the stress relaxation layer is formed betWeen 
the intermediate layer 2 and the DLC ?lm 3, also, sputtering 
(preferably UBM sputtering) is employed. In order to con 
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trol the hardness of the stress relaxation layer, the bias 
voltage to be applied to the iron-based substrate 1 is pref 
erably controlled about Within the range from —50V to 
—l00V. 

[0083] On the thus-formed intermediate layer 2 in Which 
each layer is formed With good adhesiveness, the ?rst DLC 
?lm 3a is formed by sputtering (preferably, by UBM sput 
tering) (step (c)). According to the UBM sputtering, the 
compact ?rst DLC ?lm 3a With high hardness can be 
formed. The details of the sputtering are the same as 
described in the step (b). 

[0084] In the present invention, the steps of forming the 
intermediate layer 2 and the ?rst DLC ?lm 311 (including, if 
the stress relaxation layer is formed, the step of forming the 
stress relaxation layer) are preferably performed continu 
ously by use of sputtering. According to this, since the 
interface betWeen the amorphous layer Which forms the 
intermediate layer and the ?rst DLC ?lm 3a is unclear, and 
the ?rst DLC ?lm 3a is also amorphous, the adhesiveness 
betWeen the amorphous layer and the ?rst DLC ?lm 3 is also 
ensured. The UBM sputtering is more preferably employed 
in all of these steps. 

[0085] The hardness of the ?rst DLC ?lm 311 can be 
enhanced, for example, by setting the bias voltage to be 
applied to the substrate high about Within the range from 
—l00V to —200V. Otherwise, the hardness can also be 
controlled by adjusting the hydrogen content of the ?rst 
DLC ?lm 3a, and if the hydrogen content is reduced, the 
hardness is increased. The hydrogen content of the ?rst DLC 
?lm 3a is controlled to be about 5% to 20%. 

[0086] On the ?rst DLC ?lm 3a, the second DLC ?lm 3b 
is formed by cathode discharge type arc ion plating (AIP) 
(step (d)). According to this, an outermost surface layer 
excellent in Wear resistance With high hardness (extremely 
high hardness close to that of diamond) Which cannot be 
attained by the sputtering can be obtained. Since the AIP 
uses solid carbon as the evaporation source as described 

above, a ?lm free from hydrogen can be formed, compared 
With the DLC ?lm formed by CVD. Generally, the hardness 
of DLC ?lm is greatly in?uenced by the hydrogen amount 
in the ?lm, and it is knoWn that as the hydrogen amount is 
smaller, a DLC ?lm With higher hardness is formed. 

[0087] The above-mentioned steps (b), (c) and (d) can be 
performed by use of a sputtering device and an AIP device 
separately. In this case, the intermediate layer 2 and the ?rst 
DLC layer 311 are formed by use of the sputtering device. 
After releasing to the atmosphere, the second DLC ?lm is 
formed separately by use of the AIP device. OtherWise, for 
further ef?ciently performing the ?lm formation While pre 
venting reduction in adhesiveness betWeen the ?rst and 
second DLC ?lms as much as possible, a composite type 
coating device provided With both a sputtering evaporation 
source (preferably, UBM type sputtering evaporation 
source) and a cathode discharge type arc ion plating evapo 
ration source Within in one vacuum chamber is preferably 
used. According to this, the steps extending from the inter 
mediate layer to the ?rst and second DLC ?lms can be 
continuously performed. 

[0088] The structure and effect of the present invention 
Will be further concretely described in reference to 
examples. The present invention is never limited to these 
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examples, and can be carried out With proper modi?cations 
Within the scope adaptable to the gist of the present inven 
tion, and such modi?cations are therefore intended to be 
embraced by the technical scope of the present invention. 

EXAMPLE 

[0089] DLC formed bodies (Nos. 1 to 11) having various 
?lm structures shoWn in Table 1 Were produced in the 
folloWing manner, and evaluated for adhesiveness to the 
DLC ?lm. Among them, Nos. 2 to 6 and 8 to 11 are inventive 
examples Which satisfy the requirements of the present 
invention, and Nos. 1 and 7 are comparative examples Which 
do not satisfy the requirements of the present invention. 
Each of Nos. 2 to 6 has a tWo-layer intermediate layer, and 
each of Nos. 8 to 11 has a four-layer intermediate layer. 

(Substrate) 
[0090] As shoWn in Table l, cemented carbide (“UTl20T” 
manufactured by Mitsubishi Materials Corporation) Was 
used in Nos. 1 to 6, While SUJ2 of JIS standard Was used in 
Nos. 7 to 12. Each substrate has a siZe of 12 cm square and 
5 mm thickness, With a mirror-polished surface (Ra=about 
0.02 pm). 

[0091] These substrates Were ultrasonically Washed using 
an alkali tank in and a pure Water tank in advance, and dried. 

(Formation of Intermediate Layer and DLC Film) 

(1) Nos. 2 to 6 and 8 to 11 (Inventive Examples) 

[0092] Using a composite type coating device having a 
plurality of evaporation sources shoWn in FIG. 5 (“AIP 
S40HC” manufactured by Kobe Steel, Ltd.), the intermedi 
ate layer and the DLC ?lm Were formed as folloWs. The 
composite type coating device, as shoWn in FIG. 5, com 
prises an AIP evaporation source (target siZe: (1)100 mm) and 
a UMB evaporation source (target siZe: 127 mm><508 mm). 

[0093] Each substrate Was set on a substrate stage Within 
the composite coating device, and after the internal pressure 
of the device is reduced to vacuum of about 3x10“3 Pa, the 
substrate Was heated to about 1500 C. by a heater to perform 
degassing of the substrate. The surface of the substrate Was 
etched using Ar plasma. During the etching process, the 
temperature of the substrate is raised from 200 to 2500 C. 
The intermediate layer and the ?rst DLC ?lm Were formed 
using UBMS as shoWn in Table l, and the second DLC ?lm 
Was formed using AIP. 

[0094] Concretely, the intermediate layers of Nos. 2 to 6 
Were produced as folloWs. 

[0095] The ?rst layer Was formed by UBMS using a target 
of a ?rst layer metal (W, Ta, Mo or Nb) shoWn in Table l in 
pure Ar atmosphere. The second layer Was then formed by 
UBMS using targets of a second layer metal (the same metal 
as in the ?rst layer) and carbon (C). In No. 6, the content of 
W in the second layer Was reduced continuously from the 
?rst layer side to the second layer side by adjusting the 
sputter poWer of the targets of W and carbon (C) to 4 kW to 
0.1 kW and 0.1 kW to 6 kW, respectively. 

[0096] In Nos. 8 to 11, the intermediate layer of four-layer 
structure Was produced as folloWs. 

[0097] The ?rst layer Was formed by UBMS using a target 
of a ?rst layer metal shoWn in Table 1 (Cr or Al) in pure Ar 



US 2007/0054125 A1 

atmosphere. The second layer Was then formed by UBMS 
using targets of a ?rst layer metal and a third layer metal (W 
or Ta) shown in Table 1. The third layer Was formed by 
UBMS using a target of a third layer metal (W or Ta) shown 
in Table 1. The fourth layer Was formed by UBMS using 
targets of a fourth layer metal (the same metal as the third 
layer) shoWn in Table 1 and carbon (C). 

[0098] After forming the intermediate layer in this Way, 
the DLC ?lm of tWo-layer structure differed in hardness Was 
formed as folloWs. 

[0099] The ?rst DLC ?lm With loW hardness (about 20 to 
40 GPa) shoWn in Table 1 Was formed by UBMS. Con 
cretely, the formation of the ?rst DLC ?lm Was performed 
in full pressure of 0.4 Pa of Ar or (Ar+CH4) mixed gas With 
input poWer to target of 6 kW. DC bias Was applied Within 
the range from —l00V to —200V so that the substrate (the 
processing object) has a minus potential. 

[0100] The second DLC ?lm With high hardness (about 40 
GPa to 80 GPa) Was formed by AIP. Concretely, the forma 
tion Was performed With an arc current to C target of 50 A, 
anAr gas pressure of 0.1 Pa, and a DC bias voltage of —l00V 
to 200V. In No. 11, the hardness of the second DLC ?lm Was 
controlled so as to increase from the interface side With the 
?rst DLC ?lm to the outermost layer side of the second DLC 
?lm by continuously changing the bias voltage from —50V 
to —150V. 
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system (nano indentation tester “ENT-1100a” manufactured 
by Elionix Inc.). The sample Was ?xed to a measurement 
holder by use of an instant adhesive, mounted on a heating 
stage, and held thereon at 260 C. for 30 minutes or more, and 
at the time When the temperature difference betWeen the 
device and the sample disappeared, the hardness after cor 
rection of the in?uence of an indenter shape Was measured 
at a load of 200 mg to 2 g. 

(Evaluation Method) 

[0104] With respect to each of the thus-obtained formed 
bodies shoWn in Table 1, LEVETEST scratch test Was 
performed as described beloW to evaluate the adhesiveness 

to the DLC ?lm (critical load). 

(Scratch Test) 

[0105] Each formed body Was ?xed to a moving stage, and 
the moving stage Was moved at a rate of 10 mm/min While 
loading the surface of each formed body by use of a diamond 
indenter at a load rate of 100 N/min. Scratch ?aWs formed 

on each formed body Was observed by an optical microscope 
(magni?cation: 200-fold) to measure the critical load (N) of 
scratch Which causes separation of DLC ?lm. 

[0106] These results are also shoWn in Table 1. 

TABLE 1 

DLC ?lm 

Intermediate layer First DLC ?lm Second DLC ?lm 

Thic- Hard- Thick- Total Scratch 
1S‘ kness ness Thickness Hardness ness thickness critical 

No. Substrate Process layer 2nd 3rd 4th (pm) Process (GPa) (pm) Process (GPa) (pm) (pm) load (N) 

1 WC-Co AIP W/C i i i 0.01 i i i AIP 60 3.1 3.1 55 

2 WC-Co UBMS W W/C i i 0.5 UBMS 30 1.0 AIP 60 1.5 3.0 82 

3 WC-Co UBMS Ta Ta/C i i 0.6 UBMS 30 1.1 AIP 60 1.4 3.1 77 

4 WC-Co UBMS Mo Mo/C i i 0.4 UBMS 30 1.2 AIP 60 1.5 3.1 78 

5 WC-Co UBMS Nb Nb/C i i 0.5 UBMS 30 1.0 AIP 60 1.5 3.0 78 

6 WC-Co UBMS W W/C i i 1.0 UBMS 40 1.0 AIP 40 to 80 1 2 3 2 80 

(inclination) 
7 SUJZ AIP Fe/C i i i 0.01 i i i AIP 60 3.0 3.0 35 

8 SUJZ UBMS Cr Cr/W W W/C 0.8 UBMS 20 0.5 AIP 65 1.8 3.1 60 
9 SUJZ UBMS Al Al/W W W/C 1.0 UBMS 20 0.7 AIP 65 1.3 3.0 61 
10 SUJZ UBMS Cr Cr/W Ta Ta/C 0.6 UBMS 20 0.6 AIP 60 1.8 3.0 58 
11 SUJZ UBMS Cr Cr/W W W/C 1.0 UBMS 40 1.0 AIP 40 to 80 1 2 3 2 55 

(2) Nos. 1 and 7 (Comparative Examples) 
[0101] As shoWn in Table 1, the intermediate layer and the 
DLC ?lm Were formed using AIP. As the device, the 
composite type coating device Was used similarly to (1), and 
the AIP evaporation source thereof Was used. The detailed 
forming method is as folloWs. 

[0102] The intermediate layer (mixed layer) Was formed in 
a thickness of 100 nm With a bias voltage of —800V While 
discharging a C target With an arc current of 50 A in the 
atmosphere of Ar pressure of 0.1 Pa, and the DLC ?lm Was 
formed thereafter With a bias voltage of —200V. 

(Measurement of Hardness) 
[0103] The surface hardness of the intermediate layer and 
the DLC ?lm Was measured by use of a nano indentation 

[0107] From Table 1, the folloWings can be considered. 

[0108] In the inventive examples Nos. 2 to 6 and 8 to 11 
Which satisfy the requirements of the present invention, even 
if a DLC multilayer ?lm having high-hardness DLC ?lm as 
an outermost layer is formed in a thickness of about 3 pm, 
excellent adhesiveness could be exhibited. In detail, the 
scratch critical load Was not less than 77 N in Nos. 2 to 6 
using the cemented carbide substrate, and not less than 55 N 
in Nos. 8 to 11 using the iron-based substrate, and extremely 
high adhesive strength could be obtained. 
[0109] In contrast to this, Nos. 1 and 7 are comparative 
examples in Which the DLC ?lm is composed of only one 
layer, and only the amorphous layer is formed betWeen the 
DLC ?lm and the substrate Without metal layer. In each of 
these comparative examples, the scratch critical load Was 
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less than 60 N in the cemented carbide substrate and less 
than 40 N in the iron-based substrate, and the adhesiveness 
to DLC ?lm Was inferior. 

1. A diamondlike carbon hard multilayer ?lm formed 
body, comprising: 

a substrate; 

a diamondlike carbon ?lm mainly composed of diamond 
like carbon; and 

an intermediate layer betWeen said substrate and said 
diamondlike carbon ?lm, 

said diamondlike carbon ?lm being composed of, in order 
from said substrate side, a ?rst diamondlike carbon ?lm 
and a second diamondlike carbon ?lm, 

the surface hardness of said ?rst diamondlike carbon ?lm 
being Within the range from not less than 10 GPa to not 
more than 40 GPa based on nano indentation test, and 

the surface hardness of said second diamondlike carbon 
?lm being Within the range from more than 40 GPa to 
not more than 90 GPa based on nanoindentation test. 

2. The diamondlike carbon hard multilayer ?lm formed 
body according to claim 1, Wherein the surface hardness of 
said second diamondlike carbon ?lm increases stepWise or 
continuously from the interface side betWeen said ?rst 
diamondlike carbon ?lm and said second diamondlike car 
bon ?lm toWard the outermost layer side of said second 
diamondlike carbon ?lm. 

3. The diamondlike carbon hard multilayer ?lm formed 
body according to claim 1, Wherein said substrate is com 
posed of a cemented carbide material, and said intermediate 
layer is composed of, in order from said substrate side: 

a ?rst metal layer comprising at least one metal selected 
from the group consisting of W, Ta, Mo and Nb; and 

an amorphous layer containing at least one metal selected 
from the group consisting of W, Ta, Mo and Nb, and C. 

4. The diamondlike carbon hard multilayer ?lm formed 
body according to claim 1, Wherein said substrate is com 
posed of an iron-based substrate, and said intermediate layer 
is composed of, in order from said substrate side: 

a second metal layer composed of at least one metal of Cr 
and A1; 

a composite metal layer composed of at least one metal of 
Cr and Al and at least one metal selected from the group 
consisting of W, Ta, Mo and Nb; 

a ?rst metal layer composed of at least one metal selected 
from the group consisting of W, Ta, Mo and Nb; and 
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an amorphous layer containing at least one metal selected 
from the group consisting of W, Ta, Mo and Nb, and C. 

5. The diamondlike carbon hard multilayer ?lm formed 
body according to claim 1, Wherein the thickness of said 
intermediate layer is Within the range from not less than 10% 
to not more than 50% relative to the total thickness of said 
diamondlike carbon hard multilayer ?lm formed body, and 
the thickness of said second diamondlike carbon ?lm is 
Within the range from not less than 50% to not more than 
90% relative to the total thickness of said diamondlike 
carbon hard multilayer ?lm formed body except said inter 
mediate layer. 

6. A method for producing a diamondlike carbon hard 
multilayer ?lm formed body according to claim 1, compris 
ing the steps of: 

preparing a substrate; 

forming an intermediate layer on said substrate by sput 
tering; 

forming a ?rst diamondlike carbon ?lm on said interme 
diate layer by sputtering; and 

forming a second diamondlike carbon ?lm on said ?rst 
diamondlike carbon ?lm by cathode discharge type arc 
ion plating. 

7. The method for producing a diamondlike carbon hard 
multilayer ?lm formed body according to claim 6, Wherein 
a composite type coating device having a sputtering evapo 
ration source and a cathode discharge type arc ion plating 
evaporation source provided Within one vacuum chamber is 
used in the step of forming said intermediate layer by 
sputtering, the step of forming said ?rst diamondlike carbon 
?lm by sputtering, and the step of forming said second 
diamondlike carbon ?lm by cathode discharge type arc ion 
plating. 

8. The method for producing a diamondlike carbon hard 
multilayer ?lm formed body according to claim 6, Wherein 
the step of forming said intermediate layer by sputtering 
includes a forming process by unbalanced magnetron sput 
tering. 

9. The method for producing a diamondlike carbon hard 
multilayer ?lm formed body according to claim 6, Wherein 
the step of forming said ?rst diamondlike carbon ?lm by 
sputtering includes a forming process by unbalanced mag 
netron sputtering. 

10. The method for producing a diamondlike carbon hard 
multilayer ?lm formed body according to claim 7, Wherein 
said composite type coating device comprises an unbalanced 
magnetron type sputtering evaporation source. 

* * * * * 


