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(57) Abstract: The purpose of the present invention is to
provide a nanostructured composite thin film showing low
friction properties and a method for manufacturing same,
and a member with low friction properties and a method for
manufacturing same, wherein the thin film shows an excep-
tionally low value of friction coetficient but also shows high
hardness and adhesion in comparison with conventional thin
films, and the member has such a nanostructured composite
thin film formed on the surface thereof. Provided, according
to one aspect of the present invention, is a nanostructured
composite thin film having low friction properties which has
a composite structure in which a nitride phase comprising Zr
and Al as a nitride component and at least one metallic
phase are mixed, and has the size of a crystal grain in the
range of 5 nm to 30 nm. Here, the nitride phase has a crystal
structure of Zr nitride, and the metallic phase can comprise
one or more selected from Cu and Ni.
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[Table 1]
et (Bt @) |FEA |24 @t%)

A BER Jzr Al M |cu NI |CutN

= 1

/\a] }\] Oﬂ ZI'63.9A110C1126.1 (1)2mm 639 100 0 26 1 0 26 1
1

/\E] }\] Oﬂ Zr63‘gA110CU26‘1 (1)2mm 63.9 10.0 0 26.1 0 26.1
2

A A & | Zreo s AlgClina 4 $0.5mmt |69.6 6.0 |0 244 |0 24.4
3

4

/\E] }\] Oﬂ Zr66‘85A19Cll24‘ 15 (1)2mm 66.85 9.0 0 24.15 |0 24.15
5

6 55

/\E] }\] Oﬂ Zr66‘2A110CU23‘8 (1)2mm 66.2 10.0 0 23.8 0 23.8
7

/\E]}\] Oﬂ Zr59A110CU31 (1)2mm 59 10.0 0 31.0 0 31.0
8

/\a] }\] Oﬂ ZI'49,8A110CU40.2 (1)2mm 498 100 0 402 0 402
9

2 Al o) | ZrssAlpNisCus $h2mm 55 10.0 |0 300 (5.0 |35.0
10

2] of| | Zrsy;AlLsNigCuy  |p0.5mmt (507 (123 |0 28.0 (9.0 |37.0
11

/\a]}\] Oﬂ ZI'52.6A116.4C1131 (1)05mmt 52.6 16.4 0 31.0 0 31.0
12

13

/\a] }\] Oﬂ ZI'64.6A17. 1CI'2.2CL126.1 (1)2mm 64.6 7.1 Cr: 2.2 |26.1 0 26.1
14

/\E] }\] Oﬂ Zr63A18M01‘5CU27.5 (1)2mm 63 8.0 Mo: 27.5 0 27.5
15 1.5
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Ao |ZrysAlSixCuyrs  |p0.5Smmt 705 (100 [Si: 2.0 [17.5 |0 17.5
16
17 20
Ao |Zre3ALSiCuyy 7 |p2mm 67.3 |10.0 |Si: 1.0 (21.7 |0 21.7
18
/\a]}\] Oﬂ ZI'62.5A110M05CU22.5 (1)2mm 62.5 10.0 Mo: 22.5 0 22.5
19 5.0
/\E]}\] Oﬂ Zr65‘2A1108n1‘2CU23‘6 (1)2mm 65.2 10.0 Sn: 1.2 |23.6 0 23.6
20
/\E]}\] Oﬂ Zr64‘7A11()In1C1124.3 (1)2mm 64.7 10.0 In: 1.0 |24.3 0 24.3
21
22
/\E]}\] Oﬂ Zr63‘gA11()anl4Cllz4‘7 (1)2mm 63.9 10.0 Zn: 1.4 (24.7 0 24.7
23
/\E]}\] Oﬂ ZI'63.8A110V1.5C1124.7 (1)2mm 63.8 10.0 V:1.50 |124.7 0 247
24
/\E]}\] Oﬂ Zr62‘gA110Hf1Cll26.1 (1)05mmt 62.9 10.0 Hf: 1.0 |26.1 0 26.1
25
/\E]}\] Oﬂ Zl‘61.6A112F68Cu18.4 (1)2mm 61.6 10.0 Fe: 8.0 |18.4 0 18.4
26
27 Uz32
2] o] |Zrso oAl TisNi; ¢Cu|$p0.5mmt [59.9 [10.0 |[Ti: 5.0 (235 [1.6 [25.1
2’8 23.5
/\a]}\] Oﬂ ZI'63.5A110Ag2C1124.5 (1)05mmt 63.5 10.0 Ag 2.0 |24.5 0 24.5
29
2] o] |Zres0oAlgCos5Cus 6 |P0.5mmt (689 (6.0 |[Co:3.5 [21.6 |0 21.6
30
H]) ul )] |ZrsoNi o TiCuys $0.5mmt |50 00 |Ti: 15 19 34.0
1 16.0
H] . Oﬂ ZI'50Ni19Ti16CU15 (1)05mmt 50 0.0 Ti: 15 19 34.0
2 16.0
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3
H] J—ﬂdﬂ Zr55A119C019CU7 (1)05mmt 55 19.0 Co: 7.0 0 7.0
4 19.0
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[Table 2]

m A R - R R A o o o o o o o o o
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WO | alolvw|alaldglalvn|w]|o o v <+ <+ N <+ © o —
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n |~ ||| F || O |n]| o Ne) Ne) Ne) [ Ne) Ne) Ne) v Ne)
—_
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= Sl ||| [ ]Y o N N N v =t = N v
~ Ny Al |d|la]|d|cad|en |6 | o o~ o~ < < o < o —
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A A] 1] 20(404 463 906 0.42 3.36 576 X
A A d]21(396 467 902 0.5 5.1 606 X
A A] o] 221400 462 907 0.56 4.17 612 X
A A] o] 23(397 467 911 0.54 3.99 577 X
2 A] ¢))24(399 455 889 0.42 2.73 584 X
A A] o] 25(400 477 907 0.37 3.11 644 X
A A ol]26(410 477 869 0.43 2.44 607 X
A A od]27(396 477 833 0.53 5.49 571 X
2 A o] 28(397 475 856 0.58 4.50 587 X
2 A] o1]29(405 469 879 0.42 3.70 636 X
2 1] ¢ 30(371 423 898 0.50 4.91 542 X
"l a1 |311 489 794 0.32 3.15 502 0
H]ael|2 |311 489 794 4.69 53.94 594 0
H]:lol|3 (437 491 915 1.92 6.80 725 0
H]alol|4 484 536 949 0.18 0.65 773 0

29T Tg, Tx, Tm< 247k 8- ;‘do]&t 7ﬂ7ﬂ§} 7H}\]£1: =l
LG (AL E)E Yebdth A4 o] 7]+ KS D02059] A
274 P o g 43T} A, # 12] M2 Zr, Al Ni Cu 01944 =43
ol A& ¥33h S A o7 FA|Sh= 7] ot}
¥ 1% %28 Z24E, FEA 1WA 302 A4 1 WA 30)2 o]d e &

0.1zm A oF 1ym H el AV E 7HA = A Ho] U3 B3t A4
Z2) & e o] et 22 & YEN = Aol & 4EAIE T B5 A0
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A gAY o] TEE QATHE] L 3). & 2a WA 2coll = H] L] 2 W %] 49] = A
H2E Fu| M z2 & #zet A3 7F e )
v A A ghFutato] A2
[e]

lo

o
FJ R
W)
o Mo
o
HP#

M

>
o "

[

—

BN
oX,
2
[—
wn
(o
2
N
A=
o
=)
2
111

‘ﬂlﬂ 4] 7é%oﬂ+ Od/‘l

oﬁ [
40 1

< FJ

ol gt e wpgel o3l AleE A4 A FHEAL ol 83 2vE Uy oR
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2~ B] ¥ (non-reactive sputtering)S =3 3} 1t}

T30 29 E Yo AL E vy EE AW e A1)(100)9] et
e et Aeiaon) W ebAa02)# 713324 (103)9F8] 718 5= 50~80mm
Hele 2483t 24 5 A2 smTorr = #4382 79 5=
7h2=8 F S 36scem & S TE HIWEG A 2 E P o R A et
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electron microscopy) 22 A 8} a1, ¥kl 4] ¥-2 EPMA(electron probe X-ray
microanalysis) 2} GDOES(glow discharge optical emission spectrometry) =
A vt o] wAl ek A Y AV = il s
53} 2} ¢ v] 73 (high resolution transmission electron microscopy)-S- ©] -85}
A el

3 300 = A gk A
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[Table 3]
24 (A )

Target Zr Al M Cu
1 63.9 10 - 26.1
5 66.85 9 - 24.15
14 64.6 7.1 Cr:2.2 26.1
15 63 8 Mo: 1.5 27.5
16 70.5 10 Si:2 17.5
18 67.3 10 Si: 1 21.7
19 62.5 10 Mo: 5 22.5
23 63.9 10 Zn: 14 24.7
31 64.4 12 Co:3 20.6
32 57.3 10 Ni:5 27.7
33 59.3 12.2 Ag:35 25
34 65.6 10 Co:3 21.4
35 56.3 9.3 Fe:5 29.4
H] 314 70 - - 30

[99] 545 5 55 B 1(Zie oAlCuser) HBFA 19(Zre sAligMosCusy )& ©] 8%

[100]

[101]

=
o

wh ) 2B ol o8 AluE vk s o) A TEE XA AN 2
2 Gepich 29 Y 24 5 e 717k 712 SommE
o A EbZlel] Q171 o191 & 150Woll A 350W = ¥ 3k A Th, A,
¥4 47k W 229 (mel spinning) & ©] &3 4SO &
X 3] AdA A w el vl askgl.
& F5h9, ATkt o) §5ke] Al2E ulwhg A 2 E Y
S EFAAE 2R gEd oju] AH P e Fag ¥4 Wl
1% 9h9] (5 b2llell Q17be whe]yel] whe whubo] XA &) 3
Aol A Ao Fde A Bk &, 084 29 541
3] = (diffuse bragg peak) ] 1426 $h= EEHQ] e 2] 2o 9] 9} 719
SAFSSITE 2 2 el ol] o)af Az ubehe v g vhuto 2 1 g
9] X7} el d 2] gl Ea) 1esv|RE el A A FAg ghs
et At o)== REEQ 2R A S5 A o] vlRkg A AHE Y A S
EZ3lo] ghuhy| & A 9] -5 % AH(congruent transfer) ¥ & 2] 1] g}

5 6a WA 607 22 BFL 1(Zrgs s AlLigCuise 1), BFAL 31(Zres 4AL1:C0sCus6) R EFA

do M
=

BB X i

2,
o ox Y

fo 12 2
o fo

e poh o o

2,

{
f

a ki
it EES
1Q H'E
ki

)

|
L=
4=
i

> J
m

=
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[102]

[103]

[104]

[105]

19(Zr625A110M05CU22.5)% o]%g}oﬂ H] ‘ﬂ'%/g —/—\--‘7'] H ‘%]—o—i Aé ‘1}'5_ ]i}‘l}l:égl
YA A S SEM O 2 H&8 E e sto] vz ARl o)t

5 6a WA 6coll A H=0] 10,0008 o A= 71 2] 3] A @] ~~(featureless) g+
SRS 231o 1 100,0000) 2 AbA| B e 75, Bl A 2ol A
vEb = ) @l (vein) 727 SEE = AL @018 = 9t} o] = mpek A v g A
ZA o] WE g wo| spHA A E = :rszqoL] %AJS)_E 2] ) A A vhalo]
G737 AH S4E Bolg= Aot o] 2 ¥ 5 ol Bl kS
2~ E ol o3& FAEE= g AZo] v A AT
U2 Eghukake) of ¢ B 3 S (buffer layer) 2 A
)

40 += A 1(Zre3.0A1,0Cus.1), ElA 31(Zres 4A11,C03Cun ), ElA 19(Zx6, sAl,\Mos
Cusns) D B H] 4(ZryCusg) S ] G3k0] HIuh-3 4 2Bl 2 0 5 A upgl uhuge]
EPMA 41 )7} vhelt gk, BbAlel) 917hsl st91(eh7 990)3= 150w sk
200W O| Ut} B ubut o) A FHFEL AT ulwafe] A abo| 7t oF 191419

e

1m
géi

ao1
I

olet® Aol TG ghS Bt} o] g Axpi= wrvto] ol gl Ay w3
FA AANA TS AR ZALE AT
E 4
[Table 4]
uhukol 4]
Bt & 719 Zr Cu Al Mo |Co
H] 14 Zr:Clisg 150W 7245 |27.55
H] 14 Zr,6Cus 200W 73.12  |26.88
1 Zre oAl Cusy,  |150W 65.77 |23.48 [10.75
1 Zre oAl Cusy,  [200W 6623 [22.12 |[11.65
19 Zre>.sAl,0M0sCuy, | 150W 6231 [21.01 [10.78 |5.90
s
19 Zre,.5Al,0M0sCuy, | 200W 62.45 [20.62 [10.83 |6.10
s
31 Zr61.4A115C05Cuy, |150W 64.51 [18.63 [13.44 |- 3.42
6
31 Zr61.4A115C05Cuy, |200W 63.77 |18.88 [13.76 |- 3.59
6
78 ¥ 49 BF 19(Zrg, sAlLiMosCuy, 5) E 0] -8-3}e] Alubel v 42
el GEOES 4] Adto|th 1 78 Fastd, WE AR A5 4vtd
it T | A L SHA EA e S ER1E 5 AT B g of] 93 A
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[106]

[107]

[108]

[109]

[110]

[111]

[112]

Az v 240 o] b el A o] FU g 2AE YERY, o] = 4] ALY
Z/do) ko g2 7o) it d st AAbg ol whet vetbil A 2ol
T i s I
o] e AA A FFEAS o] &3] Y ButaS F A&
AHEEHE ArZD N, 23 B 7oA A3 utS L3tet= vherS 3 Al 6=

HE-5-A 25 B ¥ (reactive sputtering)-S- 533 8} 31 T},

ojmj ~HE Y& TR FRA Hefzvt A Y], e R AL VAR
HSA T 3 40 = A A 22 EF 5(ZrgessAleCusy is), EFAL 15(Zrg;AlsMo, sCu
275) = 2= 32(Zrs73A110NisCuy;, 7)% 0]3.3}04 300w 9| et Q17F lﬂr‘ﬂi dakek
73] whepA B F2E o] YERY 8

%55 FEsh, A ef 7k kel Adaglo] Ao wdd 3 S
Holom, Aty ahtE S B S-S e LT ojul] &

Aol A 5 0.05um/3- ©]/32] 4h& Bol T2 LS55 vl
e T

5= 8a W A] 8di= EFAl 5(ZrgessAleCuny 5) 5 ©]-8-3F0] Az 7of & Y-z
Egtebutol Xd 3| EA AR E A el sk datolth & gav BHALAIH A E
4.5cm, A A2F5E 4.5scem® F-A]5HA A BFA 119 280W, 300W, 340W, 360W =
A AN 71 A A zg Aol T gk A Ao, & 8bi= &= a2 2717}
EFAL-AIH A7 S5emS] & Al @lehar 2 2xdol A Alxd Al HE A S
Axfolt}. = 8ei= EFA-AIH A8 & 4.5em, B 349] 5 300W R F-%] A A
A AFoFES 4,45, 5scem HBA 7| A A A 28 A|H] B Ado|t) & 8dE =
8col 213 Bt A-A1H 71 2] 7F sem, BFAL 9H9] & 300W = F-A s A A AF#2
3,3.5,4,4.5sccm .5 M BA] 7| HA A 2238 A H o] A4 1}o| )

XA 3 ETA A, BE e A 23 wb-gol of sl P H Zr AsHE ]
A 7F A 2AE A} o)u) zr AFE-L ZeN7F BHEEH AT A0 zr A3 F
ZINS Ao wpet -9 7 skttt o & 50 = 8a W A] &= 8c9
Aol = (A1) A7 AR E QoY & 8dE sk, B 397t
300Wolal A A 9] f-8Fo] 3scem©] =7 ol A= ZrN2] (200) 449 7}
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[Table 5]

e a2 BAAAA 2R [T | FH B

] ) in.)

5 Lt 3sAleCuss 15 Scm 3.5 sccm 1.07 0.107

5 Zre6.85A16CU04 15 Scm 4 sccm 0.89 0.089

5 Lt 3sAleCuss 15 6.5cm 3.5 sccm 0.70 0.069

5 Lt 3sAleCuss 15 6.5cm 4 sccm 0.71 0.071

5 Zre6.85A16CU04 15 8cm 3.5 sccm 0.62 0.062

5 Lt 3sAleCuss 15 8cm 4 sccm 0.70 0.070

15 |ZrgAlsMo; sCuy s Scm 3.5 sccm 0.81 0.081

15 |ZreAlsMo,sCuyys Sem 4 sccm 0.98 0.098

15 |ZrgAlgMo, sCuys s 6.5cm 3.5 sccm 0.60 0.060

15 |ZrgAlsMo; sCuy s 6.5cm 4 sccm 0.65 0.065

15 |ZreAlsMo,sCuyys 8cm 3.5 sccm 0.56 0.056

15 |ZrgAlsMo; sCuy s 8cm 4 sccm 0.46 0.046

32 |Zrs;3A1NisCuys 5 Scm 3.5 sccm 1.17 0.117

32 |Zrs;3AliNisCuyy 4 Scm 4 sccm 1.21 0.121

32 |Zrs;3A1NisCuys 5 6.5cm 3.5 sccm 0.71 0.071

32 |Zrs;3A1NisCuys 5 6.5cm 4 sccm 0.77 0.077

32 |Zrs73AlNisCuyr 5 8cm 3.5 sccm 0.58 0.058

32 |Zrs;3A1NisCuys 5 8cm 4 sccm 0.61 0.061

[113] % 9a W A] 94 B 15(Zrg;AlgMo, sCuyy5) S ©]-8-3f o] A &t whwlo] 3)5hA 3

[114]

[115]

[116]

AEIE E1317] 91 gk XPS(X-ray photoelectron spectroscopy) w21 A 3} 7} L} EFL}
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74 %~ (Hardness) 2 ¥HA 7] 9=(Elastic Modulus)7} YEFY It} & 119] x& &
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[Table 6]
T A MAS S5 |28 (99 |[9A# Y YTtz [JA
[N] =7 (= A
7 7 [1m]
[wm] |[um]
1 |5 |TiEMAEE |5em/4.5scem [300W [50.0  |0.55 |2.00 2.55
et
2%
2 |5 |TiEMmAEAE |Sem/4.5scem [340W [50.0  |0.81 [2.10 2.91
et
2%
3 |5  |TiEMA8E  |Scm/dscem |320W (284 074 [2.62 3.36
et
2%
4 |5 [(¥]HgA Scm/4.5scem [300W [39.7  |0.53  [2.53 3.06
Ep=icintly
5 |5 |v148Z Scm/4.5scem |340W [28.0  [0.51  [3.26 3.77
et
6 |5 |v482& Scm/4scem |320W [50.0  [0.38  [1.96 2.34
et
7 5 |TiE S5cm/4.5scem |300W (332 040 [2.88 3.28
8§ |5 |TiZ Scm/4.5scem |340W [21.4  [0.39  [2.37 2.76
9 |5 |Ti% Scm/4scem |320W (349 (020 |2.71 2.91
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T3 He
e NEXT WpEAE 43 FREY DevhEAH ], 5 50,

[133]

[134]

[135]

[136]

[137]

>

100, 200, 300N, &&= A : 10mm, 5 :
5Hz(100mm/sec.), <5 : 90°C, 150°C

7] ¥ (substrate) AA L e 157, 34 x 20 x 1.5 mmt, 54 ¢
quenching® A 2], 7 & 700+50Hv, 3 H %% : Ra
0.01~0.015.m

A}l A (Counter) A2 2 el SCM415, @12mm x 4mmt, E-A1 :

ZErA 7], A% 800+£50Hy, THZE : Ra 0.095~0.105m
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[Fig. 9]
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