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1. #sS

KFZEGATHENRFE (CNeH) B, b7y A%F (SisNs) ZMHTFHME LT, HRERRE FICBWCHTEMER
T AT — VORI EEFTHRERNEE B O L, BEELRE 0.01 LTORE LI BIREEZ BT 5 2 L 03#H
HInTnwall, oz s, CNeH I, #EE FICBIT38BIEEBEOT-DD N7 A4 REkE LTSRN
HfFanTnWa., ZoRBEROEARERMEZZE LA, BIREBEL BB S5 2 im0 REEOMFI & & b,
ZFOMAMEDORIENRD SN D, & Z TARBFFE T, SisNi/CNuH OBIKEEOMAML (FgEtE) m oo a4+
B5Z L E BRI, BIREEREIE O & OMEGNE IS RIE TR 7 2 EBRICHEF T 5.

2. RERAE
SisNg R—/L &, CNx BB L OKFEEAEN /LD CNeH Table |  Details of disk specimens
% Ji L 7= kA7 A 36 (SiC) 7 4 A7 H AW EEZEERSE  Coating type|  Deposition method Hydrogen content
T (104 Pa LLF) OFR— VAT 4 A7 BEERBRZ FEE L CNxH-A | PE-CVD (RF: -100V) Hydrogen rich
7-. CNy#5 K O CNH X, ZHL €4 IBAD # L0V PE-CVD — CNeH-B | PE-CVD (RF: -150V) ﬁ
O TR 400 nm S ZRIB LU ONGH I, RIBFE — GNAH D T PE oD (R a00v) ot
DNATABBEEESE, KEEGHFENR LD 4 CN, IBAD Hydrogen free
(CNx:H-A,B,CandD) #{ER L7 (Table1). fifEHis L O
NYHEEE, TRENINBIV0.05m/s —E L& L. 15
3. EREBHERBKIUEER [ T | SisNJCN,:H-A
SisNa IZKfT5 CNu i L KRG HRARARS 4 O 2 P
CNcH EO mBEZEREE T2 1) 2 BEERHE % Fig. 1 12RT. é 1.0 — | SizNJCN:H-D
KFEEGH LR CNLEDOS A, BEEBRLGE G DML, g —| SiNJCN,
EEAREL 0.7 R O BEEE L R T OICx L, KFEEEHT D g Siiding veloc"y}gzds:r:”’;
ETOCNcHIROSG G, YN OBEFRTIC L 0 EEREE0.01  F o5 in high vacuum (<2 10¢ Pa)
U T OBIKEREZ RS- ENbn5. 2, CNeH RO &
BHEKEDBIRBEEBERORBEED Z L AR T /R L |
WZ D, LinLei b, REREKMEOHMAICKWT, Zo& o B ‘ L ...
KEEROBHEMMITARTH D Z L bbb s, BIKERE 0 1000 2000 3000 4000 5000
FHE LB OFEHESICKITET, KEEHELXET D Number of cycles, cycle
CNyH RIS oA 7 ATBIEDEH % Fig. 2 [ORT. HIKE Fig. 1 Friction properties of five different carbon nitride
BRERBIAMM P RKEZGTAHEOHMICHEVEML TE Y, coatings sliding against Si3N4 in a high vacuum
CNeH BERN O & KENBRBEEOM AW T HEE 10
B Z R L TCWBZ RN, ;:::’ng: v::locity: 0.05 mis 0.5 Super-low friction
AHEA BP0 ONGH-C 35 KU CNGH-D OB}, B g [MMOmmepem i
FEBRHINGE 13 0.2-07 DEEBIRHZ RT L L bIT, ZOBEHE 53 M/
B CIEO HEPEENOBRABEShTBY, ok 33 OJ
BRI — R0 72 R & FRR, LR ROTFEICRR 5 g 10 Cycles =
TOREMARTHHLVWED. — i, KREARBZ BE ]
CNxH-A 5 KO CNeH-B IROB &, FEESHIME OBERAH 23 ]
13K 0.05-0.1 &, —%MREREEREE LCHyIcEvE O EE | |
Z 9. F£72, CNxH-C, D EOH G T O I FIBEILF L , ; ﬁ
LTWARWNWZ &b, KOFEOFEIGER T 5 ERkOHE 10 CNgH-A  CNgH-B CN_H-C CN,:H-D
MENFRLDFGUGETHDL R D. T OBEEEN RF: 100V RF:-150V  RF:-200V  RF:-300V
% Kﬁ%f“li r%f&@jﬁ#ﬁﬁj v 'J[E%’g"%) . Rlch.‘— H-content of coatings —— Poor
’ = Fig. 2 Effect of bias voltage of the PE-CVD for CNx:H
IR EEAR Ay A 775 L 72 SisNo/CNuH-A S C, R coatings on the length of super-low frictional
BE (n<0.01) & PEEHNE (1=0.05-0.1) (23517 % UL period of SisN4/CNx:H in a high vacuum
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IR R — VEERER O R B SIS, Wikl STEM 18, BLOVT
~ VAT RV Fig 3R T. BIREEEIM T, Yl
WEES ECBEBEMER SN \W—J T, Wi STEM 4T
JEX 10-15nm DRFBEEPER I N TND Z &ERERIN

D, FOT AT MUIED,GE—7 EFREND 2 OD

IRFEHEFDOEY—27 #H L, CNcH #IIHSEN B EL LIz R

FHBENERINTNDLZEEZRLTWD. ZNLDOHHT

FERIE, SEATRREIC BV CRBIRER B 2 R L B IcliE &

b, TR LVORFBERBOREE KT HN. —4,

BRI IS CIE, MIREEYIE TR 5N 5 nm 4 — & —0DJZ

SORBEBOWKIIRO T, 7T AX—RORED

KT BAET2ENMEEIND. £/, FOT v AT b

Ui, CNgH #IHEE & R OBENTER S TnWbs Z &

ERLTWD. T77b b, BEREBEEMAIZICE VN TR—L

PEFBIR ISR SN B IRBRBEOREE N 5 R 22> TR

D, DR DO TG ORI DS, BRSO AN

Lo EEL LNV D.

T DT, IR ST E L2 SisNs AR — /L & CNyH-
ATEOR L O B & FFOVEER S 72 BR O BREFRE: % Fig. 4
WoRT. FHMICEL 0.1-0.2 FLE O EEERE 2 /R LIz A —L
EEFEIR (Fig. 3a2, b)) %, RLw OB L BB ESESZ LI
L, FOBEKEBENRET LI ZENbns. 2k, A—
JVEEFEIR EIZ, Fig. 3 (a,b) IR TIRENF O K I LT
LT EERBLTEY, R VERE~OBERIC LT
4 AT REORENRNEEE FIFLTCND Z LWL,
Thd. HNT, MEZERET TO SisNg/CNe?H ORI
BWTHBIKEESEMZ R Lz CNg2H BERIRICK L TOF-
SIMS & EHi L, 5bhiz 2H OokxkFREm~ v ¥ /8%
Fig. 5 1279, BEEFEIRALM L bk LT, BEFEEN TIX 2H O
HENSKIBIZHEA L TRY, SEZERE TSR 2 BRI
Lo T ONcH ERFREN O EHKZLBHEL TWAHZ &R
D7D, Wang B, DLC O#filiaE IZ451F 5 KFERF23 C-C
FEEOUWICTHES T 2HE/MRELZREL TR KLY D
Fhid & DEERIZ L > TFH ) A — LD REEENHEERE S
NAFER (Fig. 4) #5E x5 L, KENPRTCCHEED
I MR SN D RBEBRECBNTT /) A7 —VORFEE
J& (Fig.3ai, b)) BB II, KFEOBBENET LEIZY
T A —IRORFRLT-PHAET A R (Fig. 3a2, ba) DK
WCEBTA LD EEZLND.

4. #EE

1. EHEZEREEICBIT D SizNG/CNeH OBKEE (1<0.01)
OFFREI, BEROEHKFZEOBEIMAENENT 5.

2. KFEHEAENDRKEZU CNeH A WS, BIREE
(u<0.01) 7> 5 HIEEZ PO TITBEEIREL 0.05-0.1 BEE
TEINT 5 TEKEEEM ) 2RIT 5.

3. BIREEEMGK, SiNg BICERESNE T/ ZAF—10
IRFEBEN 7 7 AX —WROKFEORLAFDEAET DI
BT 5.

4, HIREEEHEM%E O SisNg & CNeH AR L w 5 Bk & B
BIEHZ LT, BIREE (u<0.01) ZHUHRHET 5.
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Fig. 5

Raman shift, cm™
(a) Optical images, (b) cross-sectional STEM
images, and (c) Raman spectra of typical wear
scars on the SisN4 balls which showed the lifetime
of super-low friction: (a1, bi, c1) during super-low
frictional period, (a2, bz, c2) after friction increase

|15t step 2nd step
Ball/disk: Si;N,/CN,:H-A —_ Same track
Load: 1N — | Newtrack

_ Sliding velocity: 0.05 m/s
in high vacuum (10%-10-Pa)
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Friction properties of SisN4/CNx:H-A at two-step

friction tests; 1st step: friction tests were stopped

after friction increase; 2nd step: the SizN4 balls
were rubbed against new or same track as 1st step
on CNx:H-A coatings
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Distribution of *H on the wear track of CNx:2H
coatings after the lifetime of super-low friction: (a)
optical image and (b) TOF-SIMS top-surface

mapping





