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the inherent drawback of individual deposition technique and broaden the selection of materials. Additionally, the com-
positionally modulated nano-multilayer structure can combine different constituents’ features and synergistically improve the
hardness and toughness. On this basis, a new generation of high-performance tool coatings can be expected. The paper briefly
reviews the development history of hybrid arc/sputtering deposition. The early Arc Bond Sputtering technology realizes
automatic switching between arc-evaporation and sputtering modes of the same target by virtue of the multifunctional cathode
arc source and combines the advantages of different deposition technologies. The relevant research progress of hybrid tool
coatings in academia and industry is summarized, including high-hardness nanocomposite coatings prepared by hybrid
arc/sputtering, a wider range of target materials by using magnetron sputtering, the alternating deposition of arc layer and
sputtering layer to fabricate nano-multilayer tool coatings with friction adaptability, coating design based on the transition from
the bottom arc support layer to the top amorphous functional layer, interruption to the continuous growth of columnar crystals of
arc layers using the amorphous layers deposited by high-power pulsed magnetron sputtering, such as SiBCN and TiB,, which
gives coatings dense microstructure and excellent high-temperature properties. Besides, the study on the properties of hybrid

AITiN and AITiN/AICrN coatings is also reported. Finally, the status of the development and application of domestic hybrid

deposition tool coatings and the unresolved scientific problems are summarized and expected.

KEY WORDS: hybrid physical vapor deposition; tool coating; microstructure; mechanical property; cutting performance
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Fig.2 Typical structure and production process of Hauzer ABS™ coating
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Fig.12 The HI3 technology: a) structure of the coatings; b) various options for top function layer
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Tab.1 The hardness and application of typical AIP/MS hybrid tool coatings

Type Reference Coating Hardness Application
[24] TiN 2300~2600HV
Nitride [27] CrN 2000~2200HV  Determination of process parame-
monolayer [28] TiZtN 3500~4200HV  ters of ABS™
[29] TiAIN 2100~2400HV
TiAIN/CrN/ I
[37-39] TIAIYN 2800HV Titanium alloy
Nitride/nitride [40-41] TiAIN/VN 3800HV Aluminium alloy
nano_multilayer [45] CrN/NbN 3500HV Surgical knives
[103] TiAICTN/WN 34.4 GPa
) H13 tool steel
[104] TiAICrN/NbN 31.7 GPa
Nitride/amorphous [97] TlAlN/SlNX ~31 GPa D2 steel
nano-multilayer [117] AITiN/SiBCN ~28 GPa Ti6Al4V
Nitride/metal [105] AITiN/Cu (21.343.4) GPa  Inconel 718
nano-multilayer
[55-59] TiSiN ~45 GPa
R D2 steel
. [61-63] TiAISIN ~55 GPa
Nanocomposite monolayer .
[74-75] CrSiN ~34 GPa .
. Brass casting and AISI W1-8 steel
[76-81] CrSiON ~47 GPa
[85-86] CrAlSiN ~55 GPa
[87-88] CrMoSiN ~50 GPa 45# steel
[131] TiSiN ~3500HV
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Fig.15 The flank wear curve of AITiN coated inserts during continuous turning (a) 316LI stainless steel and (b) QT600-3 nodular

cast iron

4 BHESRE

P I 5 1 T DA i A i ) 3 ol 58 L R g
PIEEEHUR SHLE N L UM A | et BliE =gl
WA RS H BRI AL R R R, W B
XA AR (8 LR S VTHIIN THoR iz
ORI T B A IR A RE B 1 S v i R ¢ J i [
Jo e SN/ A2 B DURREOR B R TR s s, AT AR S

B—PUREORM L, A TURAER 4 & e 5L B
Py | RIS & ) 9 -5 A T S R A B e )
& R AT PR A EAR S, R R — IO A A [
ARG, JF DB OR 2 R L R ORE S E T,
AR EPERERRE IR SR, TR 2 5 T B A DT EI
BEo MDA [ B XN TR RE, R/ 52 5 DR
ARBENS S BRI 2 o5 4544 1 5 Hi AL B3t $2T1)
BT (HRREIR IR, TIEEATT L,



H50% 5

FRALEE - HHI/ S 2 5 DR AR 9 5 8 B A T B 2 (9 18 - 31-

IR Z R R ACHE, EAMIEFEILE S5IRIZ A R
Ab TS HLAL o B X e R RERCELAN | PR GRS EE 1Y LA
LR s W A5 — RN TADRE, [N BYAH Al i
B2 IR 2 G DR R Z i 5 58 . BUR
Il A R I/ S 52 DU AR B AR 1) e A A ) e B
BT SE HELT AN T84 70 B3 2 W s i 520,
T RAARBETE, b dE Tl ™6l , 5 E SN PERET] A
WRIZMATA 2205 0 ESEPrte = I, ZIRTES
DI Z M 2, A n] 5 9 i 4 2300 248
Z (14 PSSR AR B AT TARRR R, flan iR UR
SRS R RREEMITOREIAR, WIT hAL oK
ZJZUR)Z PR A5 A8 B 2 e Re, B BRI T
RO/ S A2 45 DUAREOR B R ) S5 T o et
BExt SIS A2 B DUREOR IR RIAT 5T, 5 A B2
i) T 2O SRk . —RIVKZ E45h iz S
i A = 22 ) v AR R AL A B G S T 45 A 5 A fE
AIARSENE, HATRIHGBE Z IRABIWTSEHGE s —J2 M
P UCRRE AR IE R (o FH I, AN [ BIRR ™ Az 1 25 8 11k 2
T4 143 A E 52 M BIL 71 1 A B B

S k-

(11 5. g U EOR RIS N 2 B R
[7]. T.EHAR, 2008(8): 6-10.

CHU K Y. Research contents and development of 21
century green high-speed dry cutting technology[J]. Tool
engineering, 2008(8): 6-10.

(2]  RERE, &7, &, S UIHIJJHESRH TICN R)2
BB S 2 R ()], RmHR, 2016, 45(6): 125-133.
QIN Z H, XIAN G, ZHAO H B, et al. Research status and
future development of TiCN coatings deposited on cutting
tools[J]. Surface technology, 2016, 45(6): 125-133.

[3] DOBRZANSKIL A, MIKULA J. Structure and properties
of PVD and CVD coated Al,0;+TiC mixed oxide tool
ceramics for dry on high speed cutting processes[J]. Jour-
nal of materials processing technology, 2005, 164-165:
822-831.

[4] QIN J, LONG Y, ZENG J, et al. Continuous and varied
depth-of-cut turning of gray cast iron by using uncoated
and TiN/Al,O3 coated silicon nitride-based ceramic tools
[J]. Ceramics international, 2014, 40(8): 12245-12251.

[5] SOUZA J V C, NONO M C A, RIBEIRO M V, et al.
Cutting forces in turning of gray cast iron using silicon
nitride based cutting tool[J]. Materials & design, 2009,
30(7): 2715-2720.

[6] OKADA M, HOSOKAWA A, TANAKA R, et al. Cutting
performance of PVD-coated carbide and CBN tools in
hardmilling[J]. International journal of machine tools and
manufacture, 2011, 51(2): 127-132.

[71 SOO S L, KHAN S A, ASPINWALL D K, et al. High
speed turning of Inconel 718 using PVD-coated PCBN

[12]

[13]

[15]

[16]

[21]

[22]

tools[J]. CIRP annals, 2016, 65(1): 89-92.

B, AERAR, AR, & SRG SRZ0HIR R
[7]. FHEEAR, 2019, 48(11): 15-22

HUANG C, DU C W, DAI C D, et. al. Reasarch progress
of high-entropy alloy coatings[J]. Surface technology,
2019, 48(11): 15-22.

CARNEIRO M B, MACHADO I F. Sintering and model
of thermal residual stress for getting cutting tools from
functionally gradient materials[J]. Procedia CIRP, 2013,
8:200-205.

MUSIL J. Hard nanocomposite coatings: Thermal stabi-
lity, oxidation resistance and toughness[J]. Surface and
coatings technology, 2012, 207: 50-65.

TR, B, TS, & S Ui ] 2R S A
BURIZWTTEHEREL]. iz fliEEOR, 2013(14): 78-83.
WANG Q M, HUANG J, WANG CY, et al. Development
of PVD coating for high-speed machining cutting tool[J].
Aeronautical manufacturing technology, 2013(14): 78-83.
KANG M C, PARK I W, KIM K H. Performance evalu-
ation of AIP-TiAIN coated tool for high speed machi-
ning[J]. Surface and coatings technology, 2003, 163-164:
734-738.

KOSEKI S, INOUE K, SEKIYA K, et al. Wear mecha-
nisms of PVD-coated cutting tools during continuous
turning of Ti-6Al-4V alloy[J].
2017, 47: 434-444.

LU L, WANG Q, CHEN B, et al. Microstructure and cut-
ting performance of CrTiAIN coating for high-speed dry

Precision engineering,

milling[J]. Transactions of Nonferrous Metals Society of
China, 2014, 24(6): 1800-1806.

JFeh, SEE, Rhs, S RITRIREH SRR
WFFEBUIR[T]. RIEFA, 2008(2): 71-74.

KANG B, MA R X, WU Z L, et al. Research status in
preparation of modern cutting tool coatings[J]. Surface
technology, 2008(2): 71-74.

SAVVIDES N, WINDOW B. Unbalanced magnetron ion-
assisted deposition and property modification of thin
films[J]. Journal of vacuum science & technology A,
1986, 4(3): 504-508.

WINDOW B, SAVVIDES N. Charged particle fluxes
from planar magnetron sputtering sources[J]. Journal of
vacuum science & technology A, 1986, 4(2): 196-202.
WINDOW B, SAVVIDES N. Unbalanced dc magnetrons
as sources of high ion fluxes[J]. Journal of vacuum sci-
ence & technology A, 1986, 4(3): 453-456.

TEER D G. A magnetron sputter ion plating system[J].
Surface and coatings technology, 1988, 36(3): 901-907.
TEER D G. Technical note: A magnetron sputter ion-
plating system[J]. Surface and coatings technology, 1989,
39-40: 565-572.

MUNZ W D. The unbalanced magnetron: Current status
of development[J].
1991, 48(1): 81-94.
PETROV I, HULTMAN L, HELMERSSON U, et al.

Surface and coatings technology,



.32 .

E TR NN

2021 45 A

(23]

[26]

[27]

[29]

[31]

[33]

[34]

Microstructure modification of TiN by ion bombardment
during reactive sputter deposition[J]. Thin solid films,
1989, 169(2): 299-314.

MUNZ W D, HAUZER F J M, SCHULZE D, et al. A
new concept for physical vapor deposition coating combi-
ning the methods of arc evaporation and unbalanced-
magnetron sputtering[J]. Surface and coatings technology,
1991, 49(1-3): 161-167.

MUNZ W D, SCHULZE D, HAUZER F J M. A new
method for hard coatings: ABS™ (arc bond sputtering)[J].
Surface and coatings technology, 1992, 50(2): 169-178.
SPROUL W D, RUDNIK P J, LEGG K O, et al. Reactive
sputtering in the ABS™ system[J]. Surface and coatings
technology, 1993, 56(2): 179-182.

ROBINSON P, MATTHEWS A. Characteristics of a dual
purpose cathodic arc/magnetron sputtering system[J]. Sur-
face and coatings technology, 1990, 43-44: 288-298.
HURKMANS T, LEWIS D B, BROOKS J S, et al.
Chromium nitride coatings grown by unbalanced mag-
netron (UBM) and combined arc/unbalanced magnetron
(ABS™) deposition techniques[J]. Surface and coatings
technology, 1996, 86-87: 192-199.

DONOHUE L A, CAWLEY J, BROOKS J S. Deposition
and characterisation of arc-bond sputter Ti,Zr,N coatings
from pure metallic and segmented targets[J]. Surface and
coatings technology, 1995, 72(1): 128-138.

MUNZ W D, HURKMANS T, KEIREN G, et al. Com-
parison of TiAIN coatings grown by unbalanced magne-
tron and arc bond sputtering techniques[J]. Journal of
vacuum science & technology A, 1993, 11(5): 2583-2589.
DONOHUE L A, MUNZ W D, LEWIS D B, et al. Large-
scale fabrication of hard superlattice thin films by com-
bined steered arc evaporation and unbalanced magnetron
sputtering[J]. Surface and coatings technology, 1997, 93
(1): 69-87.

DONOHUE L A, CAWLEY J, BROOKS J S, et al. Dep-
osition and characterization of TiAlZrN films produced
by a combined steered arc and unbalanced magnetron
sputtering technique[J]. Surface and coatings technology,
1995, 74-75: 123-134.

DONOHUE L A, CAWLEY J, LEWIS D B, et al. Inves-
tigation of superlattice coatings deposited by a combined
steered arc evaporation and unbalanced magnetron sput-
tering technique[J].
1995, 76-77: 149-158.
MUNZ W D, DONOHUE L A, HOVSEPIAN P E. Pro-
perties of various large-scale fabricated TiAIN- and CrN-

Surface and coatings technology,

based superlattice coatings grown by combined cathodic
arc-unbalanced magnetron sputter deposition[J]. Surface
and coatings technology, 2000, 125(1-3): 269-277.
HOVSEPIAN P E, LEWIS D B, MUNZ W D. Recent
progress in large scale manufacturing of multilayer/ sup-
erlattice hard coatings[J]. Surface and coatings technology,
2000, 133-134: 166-175.

[35]

[36]

[39]

[40]

[42]

[43]

[44]

[45]

LEWIS D B, HOVSEPIAN P E, SCHONJAHN C, et al.
Industrial scale manufactured superlattice hard PVD
coatings[J]. Surface engineering, 2001, 17(1): 15-27.
MUNZ W D. Large-scale manufacturing of nanoscale
multilayered hard coatings deposited by cathodic arc/
unbalanced magnetron sputtering[J]. MRS bull, 2003,
28(3): 173-179.

HOVSEPIAN P E, MUNZ W D. Recent progress in large-
scale production of nanoscale multilayer/superlattice hard
coatings[J]. Vacuum, 2002, 69(1-3): 27-36.

DONOHUE L A, SMITH I J, MUNZ W D, et al. Micro-
structure and oxidation-resistance of Tij .y ALCr YN
layers grown by combined steered-arc/unbalanced-mag-
netron-sputter deposition[J]. Surface and coatings tech-
nology, 1997, 94-95: 226-231.

LEWIS D B, DONOHUE L A, LEMBKE M, et al. The
influence of the yttrium content on the structure and
properties of Ti;_yy ,ALCryY,N PVD hard coatings[J].
Surface and coatings technology, 1999, 114(2): 187-199.
LUO Q, ROBINSON G, PITTMAN M, et al. Performance
of nano-structured multilayer PVD coating TiAIN/VN in
dry high speed milling of aerospace aluminium 7010-
T7651[J]. Surface and coatings technology, 2005, 200(1):
123-127.

HOVSEPIAN P E, LUO Q, ROBINSON G, et al. TiAIN/
VN superlattice structured PVD coatings: A new alter-
native in machining of aluminium alloys for aerospace
and automotive components[J].
technology, 2006, 201(1): 265-272.
MAYRHOFER P H, HOVSEPIAN P E, MITTERER C, et
al. Calorimetric evidence for frictional self-adaptation of

Surface and coatings

TiAIN/VN superlattice coatings[J]. Surface and coatings
technology, 2004, 177-178: 341-347.

ZHOU Z, RAINFORTH W M, LEWIS D B, et al.
Oxidation behaviour of nanoscale TiAIN/VN multilayer
coatings[J]. Surface and coatings technology, 2004, 177-
178: 198-203.

HOVSEPIAN P E, LUO Q, ROBINSON G, et al. TIAIN/
VN superlattice structured PVD coatings: A new alter-
native in machining of aluminium alloys for aerospace
and automotive components[J]. Surface and coatings
technology, 2006, 201(1-2): 265-272.

LEWIS D B, REITZ D, WUSTEFELD C, et al. Chro-
mium nitride/niobium nitride nano-scale multilayer coa-
tings deposited at low temperature by the combined cath-
odic arc/unbalanced magnetron technique[J]. Thin solid
films, 2006, 503(1-2): 133-142.

VEPREK S, REIPRICH S. A concept for the design of
novel superhard coatings[J]. Thin solid films, 1995, 268
(1-2): 64-71.

VEPREK S, HAUSSMANN M, REIPRICH S. Structure
and properties of novel superhard nanocrystalline/amo-
rphous composite materials[J]. MRS proceedings, 1995,
400: 261.



B50% HsH

FRALEE - HHI/ S 2 5 DR AR 9 5 8 B A T B 2 (9 18 33 -

(48]

[51]

[52]

[56]

[60]

PROCHAZKA J, KARVANKOVA P, VEPREK-HEIIJ-
MAN M G J, et al. Conditions required for achieving
superhardness of =45 GPa in nc-TiN/a-SizN, nanocom-
posites[J]. Materials science and engineering: A, 2004,
384(1): 102-116.

ZHANG R F, VEPREK S. Phase stabilities of self-orga-
nized nc-TiN/a-Si;N4 nanocomposites and of Ti;,SiNy
solid solutions studied by ab initio calculation and ther-
modynamic modeling[J]. Thin solid films, 2008, 516(8):
2264-2275.

DISERENS M, PATSCHEIDER J, LEVY F. Mechanical
properties and oxidation resistance of nanocomposite
TiN-SiNy physical-vapor-deposited thin films[J]. Surface
and coatings technology, 1999, 120-121: 158-165.
VEPREK S, NIEDERHOFER A, MOTO K, et al. Com-
position, nanostructure and origin of the ultrahardness in
nc-TiN/a-SizNy/a- and nc-TiSi, nanocomposites with
HV=80 to =105 GPa[J]. Surface and coatings tech-
nology, 2000, 133-134: 152-159.

VAZ F, REBOUTA L, GOUDEAU P, et al. Structural
transitions in hard Si-based TiN coatings: The effect of
bias voltage and temperature[J]. Surface and coatings
technology, 2001, 146-147: 274-279.

VEPREK S. Conventional and new approaches towards
the design of novel superhard materials[J]. Surface and
coatings technology, 1997, 97(1-3): 15-22.
LE-BRIZOUAL L, GRANIER A, CLENET F, et al
Experimental study of Ti-Si-N films obtained by radio
frequency magnetron sputtering[J]. Surface and coatings
technology, 1999, 116-119: 922-926.

KIM K H, CHOI S R, YOON S Y. Superhard Ti-Si-N
coatings by a hybrid system of arc ion plating and
sputtering techniques[J]. Surface and coatings technology,
2002, 161(2): 243-248.

PARK O N, PARK J H, YOON S Y, et al. Tribological
behavior of Ti-Si-N coating layers prepared by a hybrid
system of arc ion plating and sputtering techniques[J].
Surface and coatings technology, 2004, 179(1): 83-88.
CHOI S R, PARK I W, PARK J H, et al. Influence of
substrate bias voltage on deposition behavior and micro-
indentation hardness of Ti-Si-N coatings by a hybrid
coating system of arc ion plating and sputtering tech-
niques[J]. Surface and coatings technology, 2004, 179(1):
89-94.

CHOI S R, PARK I W, KIM S H, et al. Effects of bias
voltage and temperature on mechanical properties of
Ti-Si-N coatings deposited by a hybrid system of arc ion
plating and sputtering techniques[J]. Thin solid films,
2004, 447-448: 371-376.

KANG M C, KIM J S, KIM K H. Cutting performance
using high reliable device of Ti-Si-N-coated cutting tool
for high-speed interrupted machining[J]. Surface and coa-
tings technology, 2005, 200(5): 1939-1944.

JEON J H, CHOI S R, CHUNG W 8§, et al. Synthesis and

[61]

[64]

[65]

[68]

[69]

[70]

[74]

characterization of quaternary Ti-Si-C-N coatings pre-
pared by a hybrid deposition technique[J]. Surface and
coatings technology, 2004, 188-189: 415-419.

PARK I W, CHOI S R, SUH J H, et al. Deposition and
mechanical evaluation of superhard Ti-Al-Si-N nanocom-
posite films by a hybrid coating system[J]. Thin solid
films, 2004, 447-448: 443-448.

SUK K J, JOONG K G, CHANG K M, et al. Cutting
performance of Ti-Al-Si-N-coated tool by a hybrid-
coating system for high-hardened materials[J]. Surface
and coatings technology, 2005, 193(1): 249-254.

KANG M C, KIM K H, SHIN S H, et al. Effect of the
minimum quantity lubrication in high-speed end-milling
of AISI D2 cold-worked die steel (62HRC) by coated
carbide tools[J]. Surface and coatings technology, 2008,
202(22): 5621-5624.

TAKADOUM J, HOUMID-BENNANI H, MAIREY D.
The wear characteristics of silicon nitride[J]. Journal of
the European Ceramic Society, 1998, 18(5): 553-556.
JUNG D H, PARK H S, NA H D, et al. Mechanical
properties of (Ti,Cr)N coatings deposited by inductively
coupled plasma assisted direct current magnetron sput-
tering[J]. Surface and coatings technology, 2003, 169-
170: 424-427.

NAINAPARAMPIL J J, ZABINSKI J S, KORENYI-
BOTH A. Formation and characterization of multiphase
film properties of (Ti-Cr)N formed by cathodic arc de-
position[J]. Thin solid films, 1998, 333(1): 88-94.
ULRICH S, HOLLECK H, YE J, et al. Influence of low
energy ion implantation on mechanical properties of
magnetron sputtered metastable (Cr,Al)N thin films[J].
Thin solid films, 2003, 437(1-2): 164-169.

VETTER J, LUGSCHEIDER E, GUERREIRO S S.
(Cr:ADN coatings deposited by the cathodic vacuum are
evaporation[J]. Surface and coatings technology, 1998,
98(1): 1233-1239.

ROTHER B, KAPPL H. Effects of low boron concen-
trations on the thermal stability of hard coatings[J]. Sur-
face and coatings technology, 1997, 96(2): 163-168.
ALMER J, ODEN M, HAKANSSON G. Microstructure,
stress and mechanical properties of arc-evaporated Cr-
C-N coatings[J]. Thin solid films, 2001, 385(1-2): 190-
197.

YAO S H, SU Y L. The tribological potential of CrN and
Cr(C,N) deposited by multi-arc PVD process[J]. Wear,
1997, 212(1): 85-94.

CEKADA M, PANJAN P, NAVINSEK B, et al. Chara-
cterization of (Cr,Ta)N hard coatings reactively sputtered
at low temperature[J]. Vacuum, 1999, 52(4): 461-467.
SAHA R, INTURI R B, BARNARD J A. Structural and
mechanical characterization of Cr-Ta-N hard coatings
prepared by reactive magnetron sputtering[J]. Surface and
coatings technology, 1996, 82(1): 42-47.

PARK J H, CHUNG W S, CHO Y R, et al. Synthesis and



© 34 .

E TR NN

2021 45 A

(82]

(84]

(85]

(88]

mechanical properties of Cr-Si-N coatings deposited by a
hybrid system of arc ion plating and sputtering techni-
ques[J]. Surface and coatings technology, 2004, 188-189:
425-430.

KIM J W, KIM K H, LEE D B, et al. Study on high-
temperature oxidation behaviors of Cr-Si-N films[J]. Sur-
face and coatings technology, 2006, 200(24): 6702-6705.
HOLLECK H. Metallurgical coatings and thin films
1990[M]. Amsterdam: Elsevier, 1990: 245-258.

SJOLEN J, KARLSSON L, BRAUN S, et al. Structure
and mechanical properties of arc evaporated Ti-Al-O-N
thin films[J]. Surf coat technol, 2007, 201(14): 6392-6403.
STUBER M, ALBERS U, LEISTE H, et al. Magnetron
sputtering of hard Cr-Al-N-O thin films[J]. Surface and
coatings technology, 2008, 203(5): 661-665.

DREER S, KRISMER R, WILHARTITZ P, et al. Stati-
stical evaluation of refractive index, growth rate, hardness
and Young’s modulus of aluminium oxynitride films[J].
Thin solid films, 1999, 354(1): 43-49.

CARVALHO P, VAZ F, REBOUTA L, et al. Structural
stability of decorative ZrN,Oy thin films[J]. Surface and
coatings technology, 2005, 200(1): 748-752.

LEE J D, WANG Q M, KIM S H, et al. Microstructure
and mechanical properties of quaternary Cr-Si-O-N films
by a hybrid coating system[J]. Surface and coatings
technology, 2012, 206(18): 3721-3727.

CHOI E Y, KANG M C, KWON D H, et al. Comparative
studies on microstructure and mechanical properties of
CrN, Cr-C-N and Cr-Mo-N coatings[J]. Journal of mate-
rials processing technology, 2007, 187-188: 566-570.
AHN S K, KWON S H, KIM K H. Effect of carbon on
microstructure of CrAIC,N,_, coatings by hybrid coating
system[J]. Transactions of Nonferrous Metals Society of
China, 2011, 21: S78-S82.

KIM M W, KIM K H, KANG M C, et al. Mechanical
properties and cutting performance of Cr-Al-N hybrid
coated micro-tool for micro high-speed machining of
flexible fine die[J]. Current applied physics, 2012, 12:
S14-S18.

PARK I W, KANG D S, MOORE J J, et al. Microstru-
ctures, mechanical properties, and tribological behaviors
of Cr-Al-N, Cr-Si-N, and Cr-Al-Si-N coatings by a hybrid
coating system[J]. Surface and coatings technology, 2007,
201(9): 5223-5227.

KANG M C, JE S K, KIM K H, et al. Cutting perfor-
mance of CrN-based coatings tool deposited by hybrid
coating method for micro drilling applications[J]. Surface
and coatings technology, 2008, 202(22): 5629-5632.
HONG S G, KWON S H, KANG S W, et al. Influence of
substrate bias voltage on structure and properties of Cr-
Mo-Si-N coatings prepared by a hybrid coating system[J].
Surface and coatings technology, 2008, 203(5): 624-627.
HONG S G, SHIN D W, KIM K H. Syntheses and
mechanical properties of quaternary Cr-Mo-Si-N coatings

[92]

[99]

[100]

[101]

by a hybrid coating system[J]. Materials science and
engineering: A, 2008, 487(1): 586-590.

SHIN S H, KIM M W, KANG M C, et al. Cutting perfor-
mance of CrN and Cr-Si-N coated end-mill deposited by
hybrid coating system for ultra-high speed micro machi-
ning[J]. Surface and coatings technology, 2008, 202(22):
5613-5616.

WANG Q, PARK I W, KIM K. Influence of N, gas
pressure and negative bias voltage on the microstructure
and properties of Cr-Si-N films by a hybrid coating
system[J]. Journal of vacuum science & technology A,
2008, 26(5): 1188-1194.

WANG Q M, KIM K H. Microstructural control of
Cr-Si-N films by a hybrid arc ion plating and magnetron
sputtering process[J]. Acta materialia, 2009, 57(17):
4974-4987.

VEPREK S, MANNLING H D, KARVANKOVA P, et al.
The issue of the reproducibility of deposition of superhard
nanocomposites with hardness of =50 GPa[J]. Surf coat
technol, 2006, 200(12-13): 3876-3885.

DAYAN M, SHENGLI M, KEWETI X, et al. Effecting of
oxygen and chlorine on nano-structured TiN/Si;N, films
hardness[J]. Materials letters, 2005, 59(7): 838-841.

KIM K H, CHOI E Y, HONG S G, et al. Syntheses and
mechanical properties of Cr-Mo-N coatings by a hybrid
coating system[J]. Surface and coatings technology, 2006,
201(7): 4068-4072.

KOHARA T, TAMAGAKI H, IKARI Y, et al. Deposition
of a-Al,O; hard coatings by reactive magnetron sputtering
[J]. Surface and coatings technology, 2004, 185(2): 166-
171.

YAMAMOTO K, KUJIME S, TAKAHARA K. Properties
of nano-multilayered hard coatings deposited by a new
hybrid coating process: Combined cathodic arc and unba-
lanced magnetron sputtering[J].
technology, 2005, 200(1): 435-439.
YASHAR P C, SPROUL W D. Nanometer scale multi-
layered hard coatings[J]. Vacuum, 1999, 55(3-4): 179-190.
CHU X, BARNETT S A, WONG M 8§, et al. Reactive
unbalanced magnetron sputter deposition of polycrysta-

Surface and coatings

Iline TiN/NbN superlattice coatings[J]. Surf coat technol,
1993, 57(1): 13-18.

SPROUL W D. Reactive sputter deposition of polycry-
stalline nitride and oxide superlattice coatings[J]. Surface
and coatings technology, 1996, 86-87: 170-176.

NORDIN M, SUNDSTROM R, SELINDER T I, et al.
Wear and failure mechanisms of multilayered PVD TiN/
TaN coated tools when milling austenitic stainless steel[J].
Surface and coatings technology, 2000, 133-134: 240-246.
SELINDER T I, SIOSTRAND M E, NORDIN M, et al.
Performance of PVD TiN/TaN and TiN/NbN superlattice
coated cemented carbide tools in stainless steel machi-
ning[J]. Surface and coatings technology, 1998, 105(1):
51-55.



H50% 5

FRALEE - HHI/ S 2 5 DR AR 9 5 8 B A T B 2 (9 18 -35-

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

FOX-RABINOVICH G S, YAMAMOTO K, VELDHUIS
S C, et al. Self-adaptive wear behavior of nano-multilay-
ered TiAICTN/WN coatings under severe machining con-
ditions[J]. Surface and coatings technology, 2006, 201(3):
1852-1860.

FOX-RABINOVICH G S, YAMAMOTO K, KOVALEV
A 1, et al. Wear behavior of adaptive nano-multilayered
TiAICtN/NbN coatings under dry high performance ma-
chining conditions[J]. Surface and coatings technology,
2008, 202(10): 2015-2022.

FOX-RABINOVICH G S, YAMAMOTO K, AGUIRRE
M H, et al. Multi-functional nano-multilayered AITiN/Cu
PVD coating for machining of Inconel 718 superalloy[J].
Surface and coatings technology, 2010, 204(15): 2465-
2471.

KALSS W, REITER A, DERFLINGER YV, et al. Modern
coatings in high performance cutting applications[J]. Int j
refract met hard mater, 2006, 24(5): 399-404.

KIM Y J, BYUN T J, LEE H Y, et al. Effect of bilayer
period on CrN/Cu nanoscale multilayer thin films[J]. Sur-
face and coatings technology, 2008, 202(22): 5508-5511.
VETTER J, KUBOTA K, ISAKA M, et al. Character-
ization of advanced coating architectures deposited by an
arc-HiPIMS hybrid process[J]. Surface and coatings
technology, 2018, 350: 154-160.

VETTER J, PERRY A J. Advances in cathodic arc tech-
nology using electrons extracted from the vacuum arc[J].
Surface and coatings technology, 1993, 61(1): 305-309.
VETTER J, BURGMER W, PERRY A J. Arc-enhanced
glow discharge in vacuum arc machines[J]. Surface and
coatings technology, 1993, 59(1): 152-155.

VETTER J, WALLENDORF T. Plasma diagnostics of
arc-enhanced glow discharge[J]. Surface and coatings
technology, 1995, 76-77: 322-327.

GENGLER J J, HU J, JONES J G, et al. Thermal cond-
uctivity of high-temperature Si-B-C-N thin films[J]. Sur-
face and coatings technology, 2011, 206(7): 2030-2033.
VLCEK J, POTOCKY 8, CIZEK I, et al. Reactive mag-
netron sputtering of hard Si-B-C-N films with a high-
temperature oxidation resistance[J]. Journal of vacuum
science & technology A, 2005, 23(6): 1513-1522.
VLCEK J, HREBEN S, KALAS J, et al. Magnetron
sputtered Si-B-C-N films with high oxidation resistance
and thermal stability in air at temperatures above 1500 C
[J]. Journal of vacuum science & technology A, 2008,
26(5): 1101-1108.

KALAS J, VERNHES R, HREBEN S, et al. High-tem-
perature stability of the mechanical and optical properties
of Si-B-C-N films prepared by magnetron sputtering[J].
Thin solid films, 2009, 518(1): 174-179.

ZEMAN P, CAPEK J, CERSTVY R, et al. Thermal sta-
bility of magnetron sputtered Si-B-C-N materials at tem-
peratures up to 1700 °C[J]. Thin solid films, 2010, 519
(1): 306-311.

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

VETTER J. Innovative PVD processes for advanced
coatings based on HiPIMS and arc: Scalable pulsed power
plasma and high ionization triple[C]. Functional Coatings
and Surface Engineering. Montreal: [s. n.], 2014.
ENDRINO J L, FOX-RABINOVICH G S, GEY C. Hard
AITiN, AICrN PVD coatings for machining of austenitic
stainless steel[J]. Surface and coatings technology, 2006,
200(24): 6840-6845.

VOEVODIN A A, MURATORE C, AOUADI S M. Hard
coatings with high temperature adaptive lubrication and
contact thermal management: Review[J]. Surface and
coatings technology, 2014, 257: 247-265.

RIEDL H, KOLLER C M, LIMBECK A, et al. Oxidation
behavior and tribological properties of multilayered Ti-
Al-N/Mo-Si-B thin films[J]. Journal of vacuum science &
technology A, 2015, 33(5): 05E129.

RIEDL H, ASCHAUER E, KOLLER C M, et al. Ti-Al-
N/Mo-Si-B multilayers: An architectural arrangement for
high temperature oxidation resistant hard coatings[J]. Sur-
face and coatings technology, 2017, 328: 80-88.
KOLLER C M, HOLLERWEGER R, RACHBAUER R,
et al. Annealing studies and oxidation tests of a hybrid
multilayer arrangement of cathodic arc evaporated
Ti-AlI-N and reactively sputtered Ta-Al-N coatings[J].
Surface and coatings technology, 2015, 283: 89-95.
KOLLER C M, GLATZ S A, RIEDL H, et al. Structure
and mechanical properties of architecturally designed
Ti-Al-N and Ti-Al-Ta-N-based multilayers[J]. Surface and
coatings technology, 2020, 385: 125355.

KOLLER C M, GLATZ S A, KOLOZSVARI S, et al.
Thermal stability and oxidation resistance of architect-
turally designed Ti-Al-N- and Ti-Al-Ta-N-based multila-
yers[J]. Surface and coatings technology, 2020, 385:
125444.

ASANUMA H, KLIMASHIN F F, POLCIK P, et al. Hard
Ti-Al-N endowed with high heat-resistance through allo-
ying with Ta and Ce[J]. Surface and coatings technology,
2019, 372: 26-33.

TR, B, WO, . ZREG HAS R TR
ARWH AR, HZS, 2002(3): 10-12.

WANG Z F, CHEN B L, FAN B, et al. New development
of ion coating equipment in multi-layer film[J]. Vaccum,
2002(3): 10-12.

WRDRIN, FEULIE, FEVEZE, 5. ZINRERE & & T L
FIBFRI[I]. E2S, 2005(1): 36-38.

CHEN Q C, TONG H H, CUI X R, et.al. Research and
manufacture of a multi-function arc ion plating unit[J].
Vaccum, 2005(1): 36-38.

XY, IS TP R PRSI S A A i 4 TICN IR JZ BT
FE[D]. K REHE A, 2013,

LIU Y. Deposition of arc ion plated and magnetron sput-
terrd TiCN coatings with pulsed bias[D]. Tianjin: Tianjin
Normal University, 2013.

( FHESE 101 B1)



