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Mechanism of Nano-Second Laser Ablation of Metallic Thin Film
on Composite Material
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Abstract The processings of laser energy absorption and thermal conduct are analyzed, and a mechanism of metallic
film/composite substrate interface separation while metallic film in solid state due to the composite material thermal
decomposition is also proposed subsequently. A new method of improving laser ablation accuracy using this mechanism
and laser power distribution transform technology is proposed. Laser wavefront diffraction transform technology is
employed to convert the ablation laser power density and its distribution. and the confirmed experiment is carried out.
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Fig. 1 Micrograph of the ablation area on aluminum film

irradiated by a single laser pulse with different

power densities
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Fig. 2 Laser beam scanning ablation pattern is metallic

film on composite material (ablation width is 0. 5 mm)
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Table 1 Parameters used in caculation

Parameters Values
Density /(kg/m?) 2.7X10°
Thermal conductivity /[ W/(m « K) ] 237
Heat capacity /[ kJ/(kg « K)] 907
Laser power /W 2.25
Pulse width /ns 10
Absorptivity 0.08
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Fig. 3 Temperature rising curves of metallic film surface

and interface
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Fig. 4 Schematic diagram for mechanism of the laser ablation metallic film on composite material substrate. (a) only skin-

deep of film is ablated, (b) metallic film is peel off in solid state, (c¢) metallic film is completely ablated directly
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spot with flat-top power density
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Fig. 6 Laser scan ablation results with designed laser power density distribution (the dark area is ablated region,

ablation width is 0. 5 mm)

S 25 s A B SO RE e B 20 A 77 UK
ARAT TR 20 Pl 2 SR S AT 0 2R R A 5 R
0 1 foe /s o SEBR A ARAESE T 0L AR % 0 A il
4, ] {4 e 5 A2 G R R SR IS Hh B A Y S T
O3 X — L AT S B B A AR B A 4 i i R
W T o T AN 45 0 0 5 ] B P sl 555 6 s Y 4 B
X G Ak T AR AT B B0 5T R A 20 i SR R
koA JEE

5 4 B

A Ao X bk 3RO 20 ok A R R e TR ) )
AL RO Hr LA S SE B B0 L B2 T X — R R A Y
TR/ L T ST 2> B AL . RIAE Bk b O 1 S
5% / 2 JEG B T ALk 3t P2 T Ry » A 3 A R N I )
TR TR/ 2 IR 22 1) 0 B R TR BT AT
R A A <5 e M E — 28 TR i S A X PR
WIS SO RE R B A 5. R IX — L. AT 2L
BT B A OLRE A B A L RAR I BB A
B G MRIEIR I EE R

LRI AT BT IR 9 6 R Z0 f <5 Js fE/
SRAAE R I L B A5 R R U SO E W 0 A
JE AT AR i) < Jas 0 18 114 221 foh 25 B ML) o3 S0
Z I AR 4R v 2 PRORS BE . O Ll T 0 kA
SLBL T 4 e R [ A R B AT RLARAS U G I
SRR o I3 3k 1 22 1 AT U BR A A B A T
FEL AL o T 1) 30 R TR T AT AR B R e /2 et 2
i 3R T4 RO 2 P A Bl T A g R A

& % x #t

1 Zhang Boming, Liu Shuang. Investigation on status and

prospective application of composite multifunctional structures
technology[J]. Journal of Astronautics, 2007, 28(2) ; 493~497

TREE X X MK EF £ 0 RE 45 4 04 BF 58 IR BIL 4R I Wi
[J]. FAFIR. 2007, 28(2): 493~497

Wan Shunsheng, Wang Xiaochun, Zhou Yifan. Antenna
multiplexer of frequency selective surface [ J]. Journal of

Do

Nanjing University of Aeronautics & Astronautics, 2005,
37(6): 787~789
TINA: e AR, R — WL AT e R 3R K 2k BT A I A F
(). daFMEAR KRS FM, 2005, 37(6): 787~789
3 Yang Ke. 20/30 GHz frequency selective surface [J]. Space
Electronic Technology . 2007, 4(4) . 34~36
B B 20/30GHz SR Hm B AP RLI] =R & FHK,
2007, 4(4) . 34~36
Zhang Chenhui, Liu Mingchang. Study of large palisane reflected

o~

antenna surface [ ] |. Electronic Process Technology, 2005,
26(4): 232~234

TR BB R 0RO R TR R AR s S TR T A
[J). &5 T &£ H K. 2005, 26(4); 232~234

Wang Jiajin. Laser Processing Principles and Application[ M J.
Beijing: China Measure Press, 1992, 99~155

FRE. gk T H AIML deut: o EFE E R AL, 1992
99~155

Sun Yue, Huang Haiming, Gao Suowen. Process of research in

o

o

laser ablation mechanism[ J]. Failire Analysis and Prevention .
2008, 3(2): 58~63

N ELEME W] BB WOBRR AL RS LT ] kA e AT
5 B, 2008, 3(2): 58~63

Zhang Shudong, Zhang Weijun. Velocity of emission particles
and shockwave produced by laser-ablated Al target[J]. Acta
Physica Sinica , 2001, 50(8);: 1512~1516

TR A L TRON R, BB AL SE = AR (1 8 B T b R SR Y
R L) ], 4 F 4R, 2001, 50(8): 1512~1516

Yan Changchun, Gu Jihua, Wu Maocheng. Study on temperature

-3

oo

field of the material heated by monopulse laser [ J]. Laser
Journal , 2003, 24(2): 50~52

EAR BT AR SR S K i BOE I AR BRI IR B 3 T 5
[J]. #k44&, 2003, 24(2): 50~52

Liu Huixia, Yang Shengjun, Wang Xiao et al. . Experiment study

©

and numerical simulation of pulsed laser ablation crater [ J].
Chinese J. Lasers, 2009, 36(1): 219~223
PURAT R 7 SN CR I [ QULY & T LI N CE N S TS e
EAERILT]. FE3E, 2009, 36(1); 219~223

10 D. S. Ivanov, B. Rethfeld. The mechanism of nanobump
formation in femtosecond pulse laser nanostructuring of thin
metal films[J]. Appl. Phys. A, 2008, 92(4): 791~796

11 Li Ke, Shi Peng, Zhang Xiaobo et al.. Design and preparation of
diffraction optical element in dual lens system[]]. Chinese J.
Lasers . 2010, 37(8): 1972~1977
2w, a ML IRmEDE S OBUE BE R 56 RUEOE Je I 1 1T
fELT]. F E k. 2010, 37(8): 1972~1977

0603031-5



