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ABSTRACT Micro—assembling Teflon/SizgN, multi—layer film was synthesized by ion beam
alternating sputtering Teflon and SizN, ceramic targets. The structure, mechanical and microtri-
bological properties were studied by PHI-5300, FT—IR2000, XRD and atomic force and friction
force microscope. The results show that the multilayer is consist of crystalline Teflon and amor-
phous SizgN;. The hardness of the multilayer is less than that of SizNy4; but the toughness of
Teflon/SizN, is greatly improved. This Teflon/SigN4 multilayer has low friction coefficient and
high wear resistance. The friction force of Teflon/ SigN4 film is linear with the load in nano—scale.
The worn track will be formed in Teflon film when the load is greater than 70 nN.
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iy, HEEGERRFIRERIMERE ¥, FRANIFFGEA ARERAZ S S BN
FEEaHN. EXZEERRY, BEHWEMER / SREBERITHE, WAL EN
MEELZEEOHRTHE L. HEMERE, FERERARNERE, XRAEFRDIENEN
HEEZEBROTRRERE &), mMAHRRERHENNREY / RE 28RS 6.

ROUB BB EEERE, BIERARIR, BEUF, SEMABITFNHEE SR
. WEE, KENIRPNSGREERIFBENREE. BERUBZERER, RN
HHZSAAER, BRATEMVRANE. YRS REENEEOEERY, 2Tk SisN,
HEEAE, Teflon HEKME, FIREFRIXEEMTERENKRE E##ITT Teflon/SisN, £REM
B ERAR, FHMEEW. HEE R MR R E T T IR AR,
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1.1 #HHEEIE

ERARERENSYBE FRMEREE L, RAEETREERS. #HENEZ
A A AL RER AT 9 T 4T Teflon/SisN, ZREAIMAE. B4 T 4if) Teflon FdhE
fesk SisNy W, ZH % Si (100). ZREBEEiT A Teflon #1 SisN, EX#, BA. BIMIKN SizN,
B, 311 2. HEP) Teflon, SizN, HUHIFAEIE, Teflon EHYMETETEI 5 min, SisNg FJES
BF &% 10 min, B TZS BT 1. AEFXTH, #% Teflon . SizNg UM ITE, B& 1 h
Ao Teflon B, M5 2 h H& 4l SisN, R
1.2 &8¥aHh

M PHI-5300 YiE FAEils. FT-IR2000 ZLA)Ei%{ A1 D/MAX—RB Bl X $H875H1Y
WE Teflon . SizN, . Teflon/SizN, LIRS, IFTEEHMHAR.
1.3 Hi¥pidse

AMT-3 RIBHEEITHTRELRMEZEZEN B HMERE, EHBRHD 258,

A% RELBEEREITF £ ERAE0E, BEmMEBedE) Ry 5s. MR FEERAF
NI —EFRNEHHEI/NER O

¥1 ETIEERNARMTIZSH

Table 1 Parameters of ion beam enhanced deposition

Sample Base pressure Sputtering  Sputtering Pressure of Pressure for Temp.
Pa energy, keV current, mA  argon, Pa deposition, Pa [0
Teflon 1.3x1073 1.5 30 — 40 5.2x107% (1.3 —1.6)x10™* 25
SigN4 1.3x1073 3.0 100 5.2x107% (1.3 —1.6)x107* 25
1.4 RREREEERR

£ CSPM—930a R / PESE /) W MBE E0ETT, ST 0N ¥ 0.38 N/m #) SisN,. M
BOERIN, HARE LoV, MZERHTHREXBRA 5T MBFHEN VK ZHBR Ler,
RGBT (Delay=200), iFY Fad V&I iEEF N REUES EMRNEEHER; &
WHE Leer, MEH — RN ARARBRFT THOREHER. HERMBEERNES, RALE. K
Y mRNE#E AR REROEAR, B f=(f, - f.,)/2 BERENERNETE, EMR
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T4, HEHEALOERNET. NRMUEREN, FEELTORNT, & 1 pmx1 pm
TENHE X TR 50 K, RETHE 2 umx2 pm A, L=-0.20 nA RFTFTUREREY
RELH, BLfES - RERBRXANBEREE. -

2 k& ¥ 4 R

21 BEMMNER
1 J& Teflon f X JerFiifAE. WLAEHME T ER CF2(292.01+0.1 eV) EHAR,

BIEELERN C-C(285.2£0.20eV) --

C—H(284.6+£0.20 eV) £5#). KB Teflon ¥

R ERSERUBR B EHRE—BH.

2 /& Teflon | SizN4 . Teflon/SizNy 2 -
AL SN MIRE R, £E Teflon/SisN, £2 g
JERG IR Wi |, #1235 cm~1 | 1076 cn—! B =
5 Teflon MRBUGER T C-F B

C-H (284.6eV)

'\ C-C (285.2eV)

R eE; £ 734 cm 1, 630cm™! ., 520 cm™! 300 296 202 288 284 280
BEEHIT Tefon MFERYME; 5 SN, W Binding energy . eV

PR B AR Y, £ 940 cm ™" | 774 cm™! Bl B 1 Teflon &Y X Yo Fitf
T SiaNg fyRcHE. L e RLREE, Fig.1 X-ray photo—electron spectrum of
Teflon/SisNy £ EBAIFRE SisN, . Teflon Teflon film

PRSI AR

SisN4 . Teflon Hi Teﬂon/SlaN4 Z A XRD F (H 3) &84, g}%mqaﬂq Teflon #1 SizN,
SHEBREMHMERSRBHFE, 540 Teflon . SidES SisN, HTHIFE—. HH
Teflon/SizNs £ ERA M FSH Teflon FIEFHBH SisNy AL,

2.2 SEMIIEMRE

% 2 2 SigNy . Teflon I Teflon/SisN, ERBEE. BEBERMA . TFefon .
SisN, . Teflon/SisNy IREYBEAY. Teflon MRAYBEREME. HIVEEER; SisNe BRE R {EE
WG SEBHLHMEREH Tefon/SisN, ZEM, FMUTRFHMHEE, TEHES SN,
RALBR B SE. B ER M Teflon 2. B SisN, EB‘JEK&%&%TUE—%B‘J
AR E R

®2 BEBEOMEMEIE
Table 2 Film thickness and mechamcal properties of multilayer film

Sample Film thickness, nm chrohardness HK Relative toughness Bce, g
Teflon 820 60 >100 - :
SisNy 920 . 2016 - 7

Teflon/SisNg 870 1578 30
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Fig.2 FT-IR spectra of SisN4, Teflon and Fig.3 X-ray diffraction patterns of SizNjy,
Teflon/SisN4 film Teflon and Teflon/SizNy4 film

2.3 fAREEERE
4 & Teflon . SizgN, . Teflon/SisN, BEATREESR T SRAETHIL R, X SisN, .

Teflon/SisNy i, SEEESE FHEEAAIYIMMLRENK, 2LERRPE
f=0171P +997 (SisN,)

f=0.115P +1.68 (Teflon/SizN,)
Xt Teflon B, LMEIAIEAT/NTF 700N BY, AN SEAFIRGHERR, KIEFER

f=0.057P +2.78 (Teflon)

{HUIMAKT 70 0N 5, WEEHABHEEFAMIITHR, KA/ SkER, R
FAREMEERI: HAKT 70 0N J5, 7ERMAEER TR S Teflon Ml Teflon/SisNy BEFE ™A 1
TREE R B S B (A 5), M4 SisNg PR BHER.

YRR 1 SEARE L ANARIENMEER M TR RER AR &, sTUEHE
EREAEEE A ¥ (0.115) BIRKT Teflon & (0.057), {HBH B /T SisN4 fE (0.171).
2.4 RUER

H 6 /& Teflon B7E 110 nN T, 1 pmx1 pm FEEAE X FEEH 50 KEHHREE
£, HETR, REHUS Tefon BRE=4ABRNER. TRMHRERIYEH/NT 700N |
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15 50 WY R, Teflon fl Teflon/SizNy MBS 50 BARBER; (BUEF KT 70 oN
J&. Teflon # Teflon/SiaN, WAL ™ 4 Bref B A EM, M2 SiaNg BE, 7E 20 — 140 nN §988ff
T, 2 50 MEHRENT, HEAASEBMR. FAEE T Teflon . Teflon/SizNy M
ST S bR ATe X R P 7 Bk, PO AR Y. MERAREES KRR, Bl
BEMST 2N, MERGT, Teflon MAYHEMEIRAE, #9% Teflon/SisN, HAY 10 %
mIRE, SREHZHAR T Teflon/SiaN, ZEK, KB BEMNE.
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Fig.4 Dependence of [riction force of Teflon, Fig.5 Morphology of Teflon/SisN4 film under
SiaNy and Teflon/SisNy film on load 116 uN load after 10 cycles’ friction (2
pmx2 pm)
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Fig.8 Worn morphology of Teflon under 110 Fig.7 Dependence of worn depth of Tefion
nN load after 50 cycles (2 pmx2 um) and Teflon/SisN4 film on load
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Bk, HEHR, HMEEREAERR, ARBRE BREXSFHEASEE N Van der
Waals 71, 48 H8M&, BT Teflon K4 FHTRE. TRESESBIRAAE, HEELT,
ERENEERL: SUHER, B P,

FEREESUT RS, YEA/NT 70 0N B, B TEEAR/D, FRUES THRYE, EHW

BEE H SPERATA M I K, BRSSP AN ER. EL8|F KT 70 0N 6, FEAERER
HE&MSTFESERD, BEMEREMRBFHTHEKR, BRSBTS FRERERK. ATTER
B B i B TR A AR

S5 Teflon 5T SisN, XBARE, FEBRMNKRESN (FE) . AEABIAHEN

M. Teflon/SisN, FHE LAROMEEEERE, REME SisNy BZEH Teflon X4F
H 2R H MY SisNg HyZEH], Teflon - FHEMEBAENREMR, NHEEEEHRLIRES, £
B ABRMYERRY, XARRREME.

4 4 w

(1) Teflon/SisNs £ 2 MR Teflon MIERKSH SisNg AR
(2) Teflon/SisN, LR T4 SisN, AL, RABEAPTREME, EHEGRINABHNE,

Teflon/ SisN, % Z B EEE R BAWEE S BRARLAS.

(3) Teflon(<70 nN) . Teflon/SisN, # SisN4 M MEE S SRMEE RIFHLIE XK.

WA TF 70 oN B, EEHLTRF Teflon 2K AEWRE, WL BLABHER.
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