#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 10 (2024)

108101

MBSt E R LSRN AR
A R S R

MR EWE

e &

T R

(TR RFEII TS B, J6W) 241000)

(2024 4£ 1 A 20 BYE; 2024 48 3 A 7 BYEIE M)

TERK P EOCTURE AR TSI AA I SI0E %, KRB UES LT RBOC S 8 T RS T A KR BRI IR R,
HE— 2048 2 WA R sp® B 1 R Gl R A P AR O BRI R S g RE A THIY TR 0w RN e R
WE T2 oA, U5 BT MR TAERE S 00T B RAT B0, o w37 BRI T R B B0 e R ol R e iy gk
I 1) KR A rp s DXCIOR AR 2 32 1T 0 RV i 00 1) 405 2 B S, 3 1 i RO R A, OB AR R
5 WA B PR B8 KOG A M RE BN 19 2 1 8O3 S UG 45 2R o, WA ) T 12 e ik 190 265 45 K0 1) Jey 3B 1 )

P e JEJZ v B sp?® i

KA JERIAE, BtOETUR, A B Tk, s

PACS: 81.05.uj, 81.15.-2, 52.38.-1, 52.77.Dq

1 3 =
Ik DR (pulsed laser deposition, PLD)
HORTEHIE I A S B 2 R R, B

A AT MR & HR 2 — 1, B 30RO
SFE TR R R S P B, /8 PLD
FIA#ES R HEJE N T KRB0 R T iR
UKL B 5 3 B BB s B D CRR B A H A A
7] LR SI32 A0 e A g 4R T+ D eI i JLAR PR RE,

NSl A LS S-S RIEE YR PN ST Y A N e N

g UM A S, 12T TETFELL Zhang 459
I Wakiya 55 781 Sy AR, Mo AR 4 k4K ) g,

R L MO % PR 2 IR R 01

FPSIRER TR, (V) AR TR ik 1,
FIURME)Z— R IVA 8 | SR BUE, a1 | i
R A R L | R0 A SR A GO

DOI: 10.7498/aps.73.20240145

WASAE. [ AN R Y], WL RE S MUE PLD (R
M) #il % PbLy 8| FeyOg 5 Mn,Fez ,0,
i . Co-ZnS AN Ag 44K 2k 55 D BE A RLY S A 25
FY, B | WG L AR 10 e n] DU
T TR D 7 R R R R B Lag -Cag sMnOg 44
KR R 191,

1£ PLD ViR 4 WA (diamond-like carbon,
DLC) Mg B h, B R &0 POt &
FARITE AT T LA B e 38 Bh PLD Hhiy
—Be L. 5T P KRR L, B8
(RGN R BE 130 mT) {13 iE 2150 Nd:YAG #0t
(WK 1064 nm, Bk FE 8 ns. Bk v HER 100 mJ) 7=
A= 4B S5 8 - A R O gy RS I T B 20 ARG
BN 15—30 mT MG, b ot (1—
8 J) B B TR B ik vh E B (kS LA
L E(E ) BRI LR, KW
WE AR Rk B 11 & s A s XA 48 v Y SR A

* ERHARB RS (S 12205004)  ZHAR R A FRRFAI R TSI H (#EHES: 2022AH050982) FIZEEL TR R A5 #E A

BIHE Sh3E4 (LS 2022YQQ001) W B i,
T HEEEH. E-mail: manmxu@yeah.net

© 2024 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

108101-1


http://doi.org/10.7498/aps.73.20240145
mailto:manmxu@yeah.net
mailto:manmxu@yeah.net
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 10 (2024) 108101

YRBIOE (200 mJ) 76 0—0.87 T R 414 Fhehh
RN, e S B AR 1) P~ i o SRy e B )
EME R, B B TR R SAN ELT
ARSI, AR CRREOE (0.25—1.5 mJ)
B S E AR OGRS, B A i
Z e 30% 2. a] AT, PLD A4 DLC it
FEGIAWEY), W S8 m O A B AR ik 8 1
HERBIRE, BRXTROGAE B AR AR R L
XKLL, SO B 35 A R, E MG 9 X DLC
P10 B s ) R 2 UL B ) R 42

A T RE R PLD 2B K DLC 221
TEBL . JC2E R L TS W AE DT TH A RZ IR, 1T DLAE R
AR bk — 48 SRS | R O SRR RE,
T OF) s as e, R 2
GO e

2 LR E

FEOIE K WA S M B AR B RSE T , I 55 Bt ] 25
FI i  DURRE AT 2T A0 O D it | JELBE 7 [ oy
2l BUE I ol L RORARBR R, AniEl 1
Jr7R . KGR FERE T 2R 2 By ) SRR
80 mmx60 mmx5 mm, 80 mmx60 mmx10 mm
180 mmx60 mmx 15 mm HKMEIR, TRyt
T zoy V-1 (z = 0) b, JE BURE I 5% B AN [H] 1Y)
3 P (43ldn 45 B, B2 fl B3), PLD itk
HTE 2 < 0 %50

(a)

ot

Bl1 SRS (a) yoz Wil (b) moz Fifi

Fig. 1. Experimental setup: (a) View of plane yoz; (a) view

of plane zoz.
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Fig. 2. Simulation of the magnetic field B1: (a) Distribution of magnetic strength and flux lines in plane zoz; (b) 1D-distribution of

magnetic strength in the plane y = 0; (c) 2D-distribution of magnetic strength at different distance in z axis.
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Fig. 3. Simulation of the C?* flying path: (a) B1; (b) B2; (c) B3.
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Fig. 4. Images (a) and surficial interference (b) of DLC

layers grown in magnetic field.
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Fig. 5. Ellipsometry properties of of PLD grown DLC layers: (a) B1-0 mm; (b) B1-18 mm; (¢) B2-0 mm; (d) B2-18 mm.
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Fig. 6. Thickness and optical constant of DLC layers grown in magnetic field: (a) Thickness distribution; (b) refractive index and

extinction coefficient.
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Fig. 7. Raman spectroscopies of DLC layers: (a) Growth condition of magnetic field B1; (b) growth condition of magnetic field B2.
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Fig. 8. Deconvolued Raman spectroscopies of DLC layers in magnetic field B1.
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%1 DLO BRI BLA S K
Table 1.  Fitted Raman parameters of DLC layers.
R fi# /mm DI /om! DI % fE /cm GUERT B /em™? G R JEE /om ! In/Ig WA
0 1385.4 219.4 1570.8 138.6 0.366
6 1388.1 228.9 1570.3 133.1 0.381
St 12 1387.0 251.3 1580.3 127.2 0.459
18 1381.2 266.0 1588.0 123.5 0.868
0 1391.7 201.3 1563.7 146.1 0.331
6 1386.1 253.1 1576.7 130.3 0.495
> 12 1382.6 287.4 1588.2 122.5 0.838
18 1387.8 308.0 1592.8 114.3 1.020
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Micro-structural and optical properties of diamond-like
carbon films grown by magnetic field-assisted laser deposition”

Lu Yi-Min  Wang Yu-Jie Xu Man-Man! Wang Hai  Xi Lin
(School of Mechanical Engineering, Anhui Polytechnic University, Wuhu 241000, China)

( Received 20 January 2024; revised manuscript received 7 March 2024 )

Abstract

Inhomogeneous magnetic field is introduced into pulsed laser deposition process, in order to find new
properties of diamond-like carbon film grown under magnetic field, thereby offering the theoretical and
experimental basis for further enhancing sp?-bond content in this film. Distribution of the magnetic strength
and flux lines induced by a rectangular permanent magnet is calculated. And then, flying trace of the carbon
ions in the magnetic field is also simulated by the iterative method, which indicates that the carbon ions cannot
expand freely and they are confined and accumulate around the center region of the magnet source. Beside the
surface interference, the measurement and the fitted results of ellipsometry parameters show that magnetic field
exerts an important influence on layer-thickness distribution and optical constant of the pulsed laser deposition-
grown diamond-like carbon film. Meanwhile, it is indicated that the inhomogeneity of the layer-thickness
distribution and optical constant increase when the magnetic strength is higher. Micro-structure of diamond-like
carbon film is affected seriously by magnetic field, which is indicated by Raman spectra. Magnetic field can
enhance the local stress in the carbon matrix net, increasing the sp®bond content. Theoretical research and
experimental research both show that a suitable magnetic strength can excite micro-structure of diamond-like
carbon film significantly, and the high-quality diamond-like carbon coating with practical application value will

be obtained by technological adjustment.

Keywords: diamond-like carbon film, pulsed laser deposition, magnetic field-restrained plasma, micro-

structure
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