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Effect of Pulse Duration on Laser-Induced Forward Transfer of
Microdroplets
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Abstract

Pulse duration is a critical factor that influences the droplet transfer behavior, but droplet generation and deposition

Laser-induced forward transfer has application prospects in three-dimensional metal microstructure printing.

behavior under different pulse durations are unclear at present. In this study, 500 nm copper films were used as the
research object to perform a laser-induced forward transfer experiment at five pulse durations. The results show that with
an increase in pulse duration, the minimum and maximum energy fluence thresholds of the laser-induced forward transfer
process to form complete microdroplets gradually increase, and the pulse duration significantly influences the morphology
of deposited microdroplets. Based on the experiment, the processing map of laser-induced forward transfer under different
pulse durations was plotted, and the material transfer rates of microdroplet deposition at different pulse durations were

calculated. Finally, the large-area microdroplets array was printed using the scan head line-scanning method.

Key words laser and laser optics; microdroplet additive manufacturing; pulse duration; laser induction; metal
microdroplets
1 L KR FEF 33X P oy B SR DL 2 H LS A 0 ] i
=

ok R LIFT T2 5 KM 48 F S U6k
4 OF ELT A2 SUSRBE R AT B0 B 36 4 0 I
OB B TR 2 — . BT LR &80

VRO B Sy i 1) 56 3% (LIFT) T 20, PR IOE#e
B, 2 —Fh & 4y % 3D HE HUR |, i 7 1 Bohandy

R 20 228 SOARARAR IR TN RS T, T
H T2, 3 5 R 6w ARG RS B SR
HTZHEBUESMSR T2k 2010 4F,
Kuznetsov %5 ) 1 #0655 ED il & T H 424 180 nm 1)

TR T O A RS R RHT B AR 4
s, BAT R KT 1

LIFT TZEZHRZ WAL R R BOEERER
F R BB O Y A 22 R 2R 4 3 [ R HE R L

Wi B 2022-11-09; EEHH. 2022-11-20; RABH.: 2022-11-30; MEHEZBH: 2023-01-04
BHEWEH: HEARPAIESET SIS T H 3ot b & 5 il & (51922069)

BEIEE . huyx@sjtu.edu.cn

1914001-1


https://dx.doi.org/10.3788/LOP223006
mailto:E-mail:huyx@sjtu.edu.cn
mailto:E-mail:huyx@sjtu.edu.cn

HEXE-HRIEX

AR ETE . IR AR T2 S 80T B RURH T SR 2 2
BRI T AR MGE LIFT T2 i E A m . 4
WG 2R G M S BT TS [ TR A B R R P 7 i
(B LA R SRR AR S OB RE 19 E R . Zergioti 55
HIHH 500 fs OLHEIE T 8 I YOG 5% EDSE 5, BF 78 &
B, BE A e BV RE B B, O R AT R 22K LR
BT Y K GG BE . LIFT /Y ik 9 ol 98 Bl 441
Z, N AR R RS W B AE T AT, R A DK BE T LA
ANPOEEBE Y R, DT R A 5 iy 14 e B S, He
CRPREEE T AR BULE AR B G RD R K nioOB £F
POCT A A8, PO A (19 fok 58 I ) 18 mT RE , DA T A
LIFT T 25t 7T Z Al e H fE il . 324 0 1k, UAE
0 BIF 5 T A1 T 2 4 w7 B — R Ik E 9 90O e BN S
B, JCHS TN H )Tz B 9 A R A TR k9
T 7= A2 AR DURRAT TR FE 0, TR I O T A 56 52 56
BINZ Bk SExT T LIFT T AR5 A S L,

ARICHEI T 5 FhAS R AR bk 52 30 , #E4T T 500 nm
A T A AT B SE B, I X DO ARG SR PR AT 1O W RUER

(b} laser beam

control system

%6055 1981/2023 &£ 10 A/t 5B FEHE
FHH B (SEM) 20 8, XFAS [F] Ik 98 & /9 LIF T
T AT IRE . R T HOGIKTE LR HOGRE I 2
B T 0 ROE T 30 i 5w, i o TR TR K OTE T 1Y
LIFT T A XA, I g8 it 1T A Rk 5 T 40 D0 i 44
B L2 TR 1) R B 4 40 4 O 2 803 b e
KA AR M B RS ST 34750 A 1 i R 2 ol 4%
IO E T 120 X JR) B AT 850k o

2 SLIS ARG HEH

2.1 LIFTTER®E

LIFT T. 2 034 TAEE B W& 1(a) s, F H
PO A TR BN 3G A A5 B 3R Y 4w TS, S o B 2
A 11 TR 5 R AR R R I AL TR B AR 4 R T S
75 BH BL 5SS 101 T 18R 3 5 TR 9K Sl 1k 4 s e, OB Ak
4 V@ LI A I S 3 =2 R Y [ B ) IR IS
2 il 375 O 28 A R 422 WO RE IS B R X7 0 B, AT DL S B
&R S A A B FTED . T R R — R e mE g AR
fik = Ay EL AT 55 2 ] 43 B A0 T 1S o i e R

expander aperture mirror ranging

Y

receiver
metal
film coaxial
scan head cch
g \. |

Lt

3 (il

[N

receiver

E%;_

Bl LIFT (a)id P A1 (b) S22k B 5 5]
Fig. 1 Schematic of LIFT (a) process and (b) experimental setup
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Table 1 Experimental scheme of LIFT

No. Pulse duration /ns Repetition rate /kHz Spot size /um  Single pulse energy /pJ Energy division
1 14 20 19 8.65-16. 50 10
2 20 20 19 9.00-19. 30 15
3 30 20 19 8.84-19. 20 21
4 50 20 19 8.83-22.50 23
5 100 20 19 8.92-23.90 21
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Fig. 3 SEM images of donor copper film and receiving substrate under different pulse durations. (a) 14 ns; (b) 20 ns; (¢) 30 ns;
(d) 50 ns; (e) 100 ns
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Fig. 4 Processing map of LIFT under different pulse durations
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Fig. 5 SEM images of deposition microdroplets under different laser energy flux densities at pulse durations of 14 ns and 50 ns (sample
rotated 55°). (a) 14 ns; (b) 50 ns
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Fig. 6 Schematic of formation of deposition microdroplet morphology under short pulse duration. (a) Single droplet; (b) stacked droplet;

(c) fused droplet
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Fig. 7 TImages of copper film and deposition microdroplet ablated by 20 ns, 4916 mJ/cm’ laser. (a) SEM image of copper film;

(b) SEM image of deposition microdroplet; (¢) confocal microscopy image of deposition microdroplet
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Fig. 8 Material transfer rates under different pulse durations
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Fig. 9 Large-scale microdroplet array. (a) SEM image of microdroplet array; (b) mesh matching diagram of deposition microdroplet

and ablative pit; (¢) landing errors of Az and Ay
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