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Large-Area Laser Marking Methods Based on Femtosecond Laser Filamentation
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Nankai University, Tianjin 300350, China

Abstract In the conventional laser marking systems, the marking area is usually limited due to the short focal
length. Herein, an alternative method is proposed to pursue large-area marking based on femtosecond laser
filamentation, and the marking range and resolution are analyzed in detail. The experimental results show that the
femtosecond laser filamentation can effectively increase the focal depth and complete marking on large-area flat or

curved surface samples. Furthermore, the resolution uniformity is improved within the effective working range of

the marking system.
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Fig. Principle of large-area marking based on

—_

filamentation. (a) Photograph of filamentation
taken by CCD; (b) schematic of expanding

marking range based on laser filamentation

3 SLEGEEE

BT R B 22 RN 1Y AT AR S5 B R gE
Kl 2 ) iz S50 BT B9 OG I B 8k = 4 AR
%% (Legend Elite, Coherent, 2 E), WAL AY
O K 800 nm, Ik GEH 42 fs, H & MK
2.5 kHz, SEHRZ PR W KB M1 AT M2 ifiE B i
A B L 30 R 22 B 9 5 e S B OL B R Y
LA Z )5 R A FEIEN 750 mm 1935 B R £
JEASFRIREE b PR 4R BT S 0l 45 D' RTE AR 5
ELPIAN I 1) b iR 8l f 6 2 A 4 T Y

0508019-2



H |

i b

HHCHR ., JRE Ty i — 8 S 8 M3 K Ot
SR E 4L B K ST | . LAJT 8 R AR A B, SE
ISR 20.3 mm/ERE H I E A2 8200 mm A A5

@ galvanometer
focusing  scanner
len
M2
Ly
Glan prism L 7
— w
M1 sample

femtosecond laser

BER I B E TREA 2L L.
iR A 3 R AR O IT R 3 B AN 2(h)
Fi7R BB AR RE 100 mm,

(b) galvanometer
scanner
M2
Glan prism
f-theta len X
— )
femtosecond Ml sample
laser

F 2 SO RE R TR, (O WO ZITIR RGN B (D) F 5 R EROCITIR RGN E R

Fig. 2 Schematics of laser marking system. (a) Schematic of femtosecond laser filamentation marking system;

(b) schematic of flat-field focusing laser marking system

(SRR S

4.1 HOEMZXIEE T EITHR

37 2R £ 15 B 2 — AT LU IE 45 1Al B9 3 B
Ll A B AT WO AT B nl LR B0 A T T
T A B /)N W S R R T AR I I A A R . B
& T BB A B R DL KA BR B SF 3095 E fE
I3 -5 R AEFTHr 2 Ge AT M LS BE K i 1 A = 4
TEITAR . RS Se x5 R AR HOCTT AR R R TAE
WHEAT IR E . ASEOL RN 140 mW. 1 J7

B3 o3 B A 9 s 2] S5 8 245

ERAR, X R EHE G-I X-Y P, 6 AL 7
N Z 51 . S, % Z 05 18 B9 AT ARV Bk AT AR
FEFEMY Z R B KR 0.5 mm, [A] i
FESHT X Jrm b ik R E AR 21— 4 4 IR TR 2%
BT Z J5 B ATAR S Y 0~3 mm., KJF,
B Z 7 ] TAES BN [l A8 % X-Y P14 T
b I T HE AT AR 2 . BT AT bR BB b A BE R AR
(USAF-1951) 451, AT LA W] B 45 2] g 180 < /)N FiAS [A)
DI N FT AR 2 PR 1Y 22 545 B . FTHR A B A FE 5 i
Kl 3Ca) s,

o (PR EWOCITHR R GEAR 2B 73 BEHRAIES] 5 (b 3 Cad b J5 HE 9 B T K B4

Fig. 3 Result of marking experiment with resolution plate array. (a) Sample processed by flat-field focusing

laser marking system; (b) magnification of region boxed in Fig.3(a)
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Fig. 5 Result of marking experiment with resolution plate array. (a) Sample processed by femtosecond laser

filamentation marking system; (b) magnification of region boxed in Fig.5(a)
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Fig. 6 Marking resolution. (a) Marking resolution of flat field focusing laser marking system;

(b) marking resolution of femtosecond laser filamentation marking system
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Fig. 7 Laser making on sphere. (a) Schematic of maximum range for marking on sphere;

(b) marking image on surface of stainless steel ball
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Fig. 8 Correction of marking distortion on sphere and marking resolution on sphere. (a) Pre-marked resolution plate

array; (b) resolution plate array obtained by projection calculation; (c) sample marked by projected image;

(d) magnification of region boxed in Fig.8(c); (e) marking resolution on sphere
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