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A Study of PCL and PET ablation by ultrashort laser
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ABSTRACT

This paper describes microscale laser structuring of electrospun (ES) PCL and PET nanofiber

meshes.

Electrospinning produces non-woven meshes of synthetic or natural materials fibers with

diameters ranging from micron down to the nanometer scales that are advantageous for the supporting
the growth of the small scale structures. Ulirashort laser found to be effective on the fabrication of
engineeredtissue scaffold with minimum heat affect and ultra precision ablation patterns. The affect of
energy range for ablation quality was analyzed and ablation characteristics of PCL and PET were

compared.
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Fig. 1 Structure of (a) PCL and (b) PET.
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ES process parameters
» Concentration: 12 wt% solution of PCL{Mw 65,000)
» Liquid PCL flow rate: 24 mlL/h
» Applied voltage: 24kv@16cm gap

Fig. 2 Fabrication of PCL by Electric spinning method.

Mz 20| oA A=
5 SRS olet. £ Aol A
Y WIRRARAS BT Guds AR 2
2 Hgo] Fig. 20 EAIEo] itk
PCL 187 FHFEY =& 2%+ 60°C 0]

frE] Aol >=(glass

-60°C2 ¥=lA ot nEABE A =R
L AgkA LHo]E(stannous octoate)ES ©]&
ojuke-g o] &3P, HHHPETE EE| oA

Ata FARA I8, AF 54

HZA ol 2oy, AAYxZL FAH =
EgatAY, wradAgAgRE A& o
E 30 Ao g AZE7|= 5, o
| Ze]Z3 dimethyl terephthalated] AH|Z2 W3Hg
#(transesterification reactionyZ ©]-g3}o] A Zto]
Ho Hi= 2EE oF 260°C o] {EHojREE
oF -75°CE PCLEUI @AAZY AMg2Ee H
7t W

AAHe =2 HojAE AMEstdA 7R
AL halS B8 A3E PCLE 7Hd Aels BA
oom, PCL WEHLE AZ3t &, TiSapphire
Ex Fojx 9 ArF A5 UV #o|AE 7| =
(Atmospheric condition)ol] 4] A¥ Aoz g &

transient temperature)=

m% Jho
TN
o o

(R

ol

Journal of KSLP, Vol. 11, No. 4, December 2008

£
g

Ailyl QR Bt 27 AFANE BY,
2z wlol4E AMgSIelH PCLE 7FESOlE A
AAAS] oigt Wit Ame] ssHEgl 549
Wk A9 ¢l AoE ZAPE HSIL 2H(XY
yghog A I gk PCLY 7% ==
HojA= UV A dlojAR 7hgeh AxT A
A sk Asll BA o & 870
2 o] & & 8ol Mart Hsef,

B o] AMEEl Z49A(central wavelength)
o] 775 nmZ 7AE WEZR go|A9 e, o2
ofz} o | R|(photon energy)= 1.6 eVEA] F3le}
(photo-chemical) 7}2-& 3l7loll= 22 Frol At
2238 3o AL ¥ SEHOIUA (peak
energy intensity)o]] )3 T}HEAE4(multiphoton
absorption)7} H]AF & FER o]FoiA7] W
of 7tEsl7lo) &3 oz o] Hrh ojuf o]
o3t AN LAsE AFAREC] YA
o g4EE ¥ol, 90EY U 5 HUEY v
Hi7kgol 7MsslAl EHoldn”. Fxd HolAE
Agstel DEASRIES 71EE A ol
B3 Egla, ez Ado|ART THEFH &
Ao njj= F2 o] A o] Hi HI
o0 Zzer doldet shHlek 2HM ol
(Near Infra-red)l 775 nm upge] HEZ oA
o} 7¢ ¢l5u|o| M(Incubation) EI7} @ol T
gol'! 7FFER AAFE AT §FINE &
o] Hgou, UV HEX Hojx9 e &2
UAZ AsA o3t Aol tha HA yehd
= BRI B a3 A7PEA T 9
3 UeAds FelE A4 PCL Y=ok PET
G E ATREdn SAT PHE 458
& 7 BEZ dolAg Unz dolAE A8

o4 A7) 7FgRE 2ABAT.

2. Ay g
A% Holx 7H5e $isiA aElolA FAs

Z 775 nmE 7R B2 ZE-A7HTemporal
pulse width)o] 150 fs2] Ti:Sapphire #o]#7} &
Aol AHgEET, A A WS Fig



==& 20[XME 0]

3o =AESITE Adol) AH WEX HojA=
Ti:ALO; (CPA, Clark-MXR CPA2100)o]=, 2ol
BEEYS 1.6 WOl &8a} Ho) M4
HARHEE 2000 Hzof]l 390tk &322 #H3y
splitter)™}  wiubzlapst  2f
(Half-wavelength plate)?] R3S ARESE H o
A ZFaA A (Beam attenuation)Z 2 set AREEFG0
o, Ztzke] AAE Fustel HF &o] 100 uW
oA 20 mW7HA 2 2-EwE AAstgct A W
A A AH A e vt ¥ "oz
FrEL, o+ HAESY ouyz|whe] £ R 314
AR FastodA Thge] Aol Hroh
W2 71AH Aol ofsiA HAe] I E At
| o|FARAA =, Feh=ol ofsiA ulAf
ZHEEE] YFol HEE dA o] ik
2 Ade] A" FHAAE 2¥AET 25
mmQl AMpEE Y Z(Achromatic lens)2t & n| A
£ 1088 (NA=0.25), 208} &(NA=0.40)0] A}&ol
Hourk A g S A S FAA
2HN=E Ads] st O\jr 55 \ A=
CD 7}o|

AT i r1r

(Polarizing beam

[&]

(Diffraction limited focusing dlameter)oﬂ =
274929
10X Hi& 4

oy =4

25mm 74 24 A7\= 75 ym o1
25 2.6 um, 20X Hj&

6 umiE AAE At

BD f “““““““ \
.‘. ~ 3 1
& ,{ !
K : ¥
FS laser V ; B P Lﬁf
g 3
PBS Y3 SHT :

XY station

®  Horizontal polarization } BD: Beam dumper
1 PBS: Polarizing Beam splitter
I Vertical polarization ‘

SHT: Shutter i

Fig. 3 Schematic diagram of Laser beam delivery.
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Fig. 4 Comparison of Nanofiber ablation by Femtosecond
laser and nanosecond laser.
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Fig. 5 Multi-pulse overlap relation, where p= pitch,
f=pulse repetition rate, OL = Overlap, D =
diameter of pulse.

Fig. 6 Linear scan by multi-pulse (Power 5 mW, 7.5
mW, 10 mW, 125 mW, 15 mW, 20 mW
from right, s= 20 mm/sec), scale bar = 1 mm.

Fig. 7 Example of melting my multiple exposures at
lower laser fluence (Laser power = 6 mW, FL
= 1", Focusing location = 150 um from the
focus point).
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Fig. 9 Deviation of channel width squared vs. Laser
fluence, (a) low fluence region (b) high fluence
region).
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