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The Nobel Prize in Physics 2018

@ Optical Tweezers & Chirped Pulse Amplification (CPA)
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Introduction to fs laser pulses

[ T What is the ultrashort pulse?

~10°s

ernier caliper



Introductlon to fs laser pulses

The shorter pulse duration, the more papers!

Pulse duration (sec.)
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Ultrafast camera!!

Introduction to fs laser pulses

Time Scale (fs)
10° 10°

For ultrafast camera {D
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femtosecond laser
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Introduction to fs laser pulses

' ] What is the ultrashort pulse?

~10°s

~107°s
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Introduction to fs laser pulses

The possibility for nuclear fusion!

O Short pulse = intense peak power
->100mJ, 100 fs = 1 TW
21018 W/cm2 @ ¢ = 10 um (1010 V/cm)

Long pulse,
high energy

. M Verdi

Miiim Mira

Short pulse,
low energy

Amplifier

- M egena

- » USA National Ignition Facility

Nno 9, C
high energy @192 laser beams



Introduction to fs laser pulses

USA National Ignition Facility




FEXREEERHZMS RHHEERER

#: NewTalk #EHt | #75A% — 201452H 138 £F9:18

wrifiinewtalk2014.02.13 #U AR ECE

FTTB B TR T 25 i A R B K R
2 (EH SRS R TR S E R R LR E » B
EHAT (B2 TR

(Lawrence Livermore National Laboratory -
LLNL)I‘*%H?EP#I%‘%‘ :
BT RS R 2H SR DR 2
FRE B AL RS 1113 F HERRUHLS - TS EERA RS 20 R nyEEHS: -
ALV R RHVAE R - SRAGIH AT RE(E %R 45 - (DR s TR i S 2 e A

BAGER - IRERNEEART » TERERE TR T BLBIER R E |

& EfEEEEE - i?jfaéf' F » B[R ':’-f%%@éﬁ@ld&&ﬁ.ﬂ'i’-ﬁﬂ’ﬁﬁ% o HURMERL ERIEERYT RS
pakal e e RG]

ST U

LETTER

bl - L0 LOUSN o L0 6

Fuel gain exceeding unity in an inertially confined

fusion implosion

4 Herdeane”, DA Calldus, Tu T
L F_Bereak Hoplie®, LL Drn."ila.l"n-\.
B Restague’, L D Salsosod, P

lgmmaan sandedio mmi < fm e caangy avash b sk o mengy
s b b vt o e sciiered LA oy viop an e vay i s
i i Bare e paendal Srangh fmion resdions i s
m.:.-.ﬁuﬂ.  phowm cecoal S smous of mergy

L kv fuma s fard s boopae dor-

= fagd L)
q 4 MR T, n-ngn: EII.F-:I'l

Cgary’, T2 ML e’ € Cirfan”, . L Torwea 1, TR Diaeied’, 7. D, T E. Mk,
M, A0 MiaFh?, 1 L Milsviel, A Pak®, K-S Pk, F: K. P,
[ RS L M——

The hghdot mpoeon o desgaed to mdacs ablasna- fons-
o _-‘:hl.-rgmrh md tharshy shihet ablagor gaote { ochon -
by mges 3 1oz dapuen | o om0 aad comammatng
e [T b ot . Thiclaoeer i ad ook dxzrvd
Fagh hohlrnm md neon sevparasee (T, =0 102V] deng s
Tt Iﬂﬂ.‘lfr?lllh“?.ll*I'hnlhltl b contmag e
N ah-:ﬂ.‘lnml']_

iy Hare v ragaart S
g oty o e U NaSomd lgerson Faciliy mong a -’hﬂ
imphasan medadt, which & & smeipaisnon of S boer puls
a:'-n:—-r mi rodica matlsiny it splmia. Thas

[ —— - e

m-n..mm--‘wm.pﬁ
R g — ¢ amqmred i mrd-
rone Acdogano-inmn !-.-uhnm e T
and e
Az tha Hazoml Igmsna Facley (MR, 192 boas ddw e np &
19 ) of byght mitn agald hohrmen, 3 cpliad =cally s baped radsaon
sy (g, 1L had convests the wey mito a merly Pheackas Koy
b & Sion of she Krayaaw shworhed by 3 cxpwnle gmarasng
=100 Sllber of premre . ghe shivor (S outer sl e ool
Tha shiason :-n::.dl_v:d = :::A:m ﬂ:hn:h P
ke 1.'.sz" ch
ﬁ:h.'l ud—-q

:'_ﬂ"l.'h.r

o Whan

Shot

N13oeeT

V) i hasn lh:n:‘hm 1 orlomgerad bemchm Sourabock.
Sy Sy N p———r—
[P 2= errmeon S e b s e of e
sz deve Kaplaghe Tavior poeaiey

{Fr.7 iFe, v it
Vo™ 3l Ilil"" £yl e vy i

wharek n thr e

m '.hnh:li.'r;:i::: e egh ﬂ'hnH::m i, nJ'hnH:d.m
walacty, sad oy s £y ey of ardemmty valuam
cheguend om ab deacson. acale-leagh 1 ::ld ﬁ: Froads
e = v (pl | Bhakoap 2k &

nxhnd:i:d:d:‘i:h::wh:-‘ﬂ::h:nl-:.l' '\ R
mgha fk, sl b daaton tem of squatson {11 od i:n:d::a
n::-:n]. wehtch rafes the smsh iy srmppoasomln
e [, o premely dus fox enge S dhad, winh
: of the mposon snd paren . e abai s om
1ghly comm e (rakmg ok s demg e ms-
acnd stabality o b e ades b od by comparng te
lighe mzns mena (KA whes B e ma
s ah btor sl of e hgh- aod nwioos mgo-
aigh-fok mgionon, e n-Sght amect raio w mughly
iwriot e mn — e serletacde of masshiey gaeeh
nd i s erpomanad of k._,!ue 2 1) Tha rade-
rup v :I:Lt.-.:hhd:mn:h“:
Ead acbabus g = Ty (axndly dewsted o), whare '
Iy o he Faree poesnw, o hoghir, smdcog dhe Sl len
EIWW:E*&‘L:‘T%:“
bs adabx ma J... i::l:l:rm [T pocou a2
) D, o E pcehar
:m:nd:&:mnvdvdahh#:mm:h—
il aredis Fom iu Srae nak of Sve 1T evlemon
1 cheae b
“=fum mpomana NS00 sad HIS0009 (NIF shot
-t~y iy = VYW MDA badd a3 prean
(M1, by modesly sacrmme g she )3
pr g by bbby caryy hawon dSiens:
bromgh boar m\nk:lg:l:d-a@- ot aSs thocrom-

[ S S S ——
e Y N ———

0 s Ay Pl i 61y L,




Introduction to fs laser pulses

Free electron laser - Japan

%ﬁ@bﬁ

:.-h-thACL.ﬁ. began in 2004 as part of Japan's Key Technology of National Impeortance program.

your support in helping us to achieve this milestone. We will do our best to live up to your expectations.
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Researches in Ultrafast Dynamics Lab
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Outline

2. Nanoparticle fabrication

LASERS

APPLICATIONS IN SCIENCE AND INDUSTR ‘ 1
J Nanoparticles and Nanostructures

Fabricated Using Femtosecond
Laser Pulses

Krzysztof Jakubczak

Chih Wei Luo
Department of Etectrophysic,
Tung Unicersi
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“Can we utilize the femtosecond pulses
to obtain ZnSe nanoparticles?“

Simple! Pure!

Fast!




Experimental setup

80 fs, 0.8 W, 80 MHz 30 fs,2 W, 5 KHz
J \

Oscillator Amplifier

[/l Micra10 /il Legend :]\‘Mirror
@D Iris
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Cylindrical lens
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Translation stagej
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Composition of ZnSe nanoparticles

The EDX spectrum

[0 The main elements in
Zn nanoparticles are zinc
and selenium.

[0 The molar ratio of Zn
and Se~ 1:1.

Normalized count

0.0 0.5 1.0 1.5 20 25 3.0 3.5 4.0 45
Energy (keV)




Structural phase transition

XRD results

[—— ZnSe single crystal ;;: — ZnSe particles at F=290.52mJ/crm?
o =
g gz o
3 N 3 23 5 o
) 8 gs ¢ I s
= o = i = 8
g E
= A
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 20 25 30 35 40 45 50 5 60
20 (degree) 20 (degree)
Cubic structure y \ Hexagonal structure
ZnSe single crystal —— ZnSe nanoparticles

Femtosecond laser process
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The size of ZnSe particles are < 100 nm for laser fluence = 127 mJ/cm?

H. I. Wang, et al., Journal of Nanomaterials 2012, 278364 (2012)
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Se nanoparticle prepared by fs Laser-induced
plasma shock wave deposition

Se particles

Trigdnal ——» _ Monoclinic / Amorphous

Grain size >1 ym 900 nm 500nm 200nm 150 nm ~100 nm

a " b
Raw Raman signals
m-Sefla-Se | | = aSe |...... E mode of bulk t-Se
Bi,Se, s -Se A, mode of bulk t-Se
3 ,' ﬂ . ° ==== A, mode of m-Se/ a-Se
==« === Intra-rings stretching of
L2 Val 8 Se, rings in a-Se
3 Fl :
8 f— s trigonal Se: t-Se
£ £ | monoclinic Se: m-Se
2 ™ 6 c
2 £ amorphous-Se: a-Se
5 [=
£ — £
~ 34y |RAAeSCho.s—SwM .
-Bi,0; 5 ° s
° -, N 1 P
_— 9 B
. ._"._n---u-r ‘n” e
140160"220240260280300 220240260280 737874
Raman shift (cm”) Raman shift (cm) LT

Wen-Yen Tzeng, et al., Optics Express 28, 685 (2020)
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3. Nanostructure fabrication
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APPLIED PHY SICS LETTERS 101, 101911 {2012)

Anisotropic optical transmission of femtosecond laser induced periodic

surface nanostructures on indium-tin-oxide films

Chih Wang,! Hsuan-1 Wang,? Chih-Wei Luo,>* and Jihperng Leu®
lDeparmwm af Materials Science and Engineering, National Chiae Tung University, Hsinchu 300, Taiwan
“Department af Electrophysics, Navional Chiao Tung Universiry, Hsinchu 300, Tatwan

(Received 9 July 2012; accepted 27 August 2012; published online 7 September 2012)

Two types of periodic nanostructures, self-organized nanodots and nanolines, were fabricated on
the surfaces of indium-tin-oxide (ITO) films using femtosecond laser pulse irradiation. Multiple
periodicities (approximately 800 nm and 400nm) were clearly observed on the ITO films with
nanodot and nanoline structures and were identified using two-dimensional Fourer transformation
patterns. Both nanostructures show the anisotropic transmission characteristics in the visible range,

e caad el o akalls s CRR SIS P | | o

which are strongly correlated with the geop
nanostructures. © 2012 American Institute of

Superior local conductivity in
self-organized nanodots on
indium-tin-oxide films induced by
femtosecond laser pulses

Chih Wang,! Hsuan-I Wang,? Wei-Tsung Tang,? Chih-Wei Luo,>*
Takavoshi Kobavashi,>® and Jihperng Leu!-*

IDspmmmr af Materials Sciemce and Engineering, National Chiao Tung University,
Hzinchu, Taiwan
2.Dma'p.:ll.lv'a‘:'m'sﬂ'!'.r af Electrephyzics, National Chiao Tung University, Hzinchu, Tafwan
l.Dapaﬂmm' af Applied Physics and Chemistry and Institute for Lazer Science. The
University of Electro-Communications, Chofugacka I1-5-1, Chafu, Tokyo 182-8385, Japan
4cw1'ua@mar’.i'_ncm.sdu.rw
*jimleuimail net.edu.ow

Fecewved 31 Aug 2011; revaised 23 Oct 2011 ; accepted 24 Oct 2011; published 14 Mov 2011
21 November 2011 / Vel. 1%, MNo. 24 / OPTICS EXPRESS 24236
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Nanostructure on ITO films

O Pulse number-dependent nanostructure

(e) N=3x105

f—]
10um
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Nanostructure on ITO films
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Nanostructure on ITO films

O X-ray photoelectron spectroscopy (XPS)

(a)

ITO surface model

Glass
X Ol Oxygen in the hydroxide
. R _— }h and/or axy-hydroxide
®
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oxygen deficiency site ’ A Oxygen vacancy site

Qin 3 dike site

(b) ©

535 534 533 §32 531 530 G289 28

527 526
Binding Energy (a\V/)

I

Tha direction of the f

=+— In-In bonding
state

n metal v

py= 3:10° A_
= 3:10° — S
v

fé=1x10"

N=5:10° A
=0
e k

In,0, powder
In-0 bonding state
448 446 444 442
Binding Energy (eV)

& & i

450 440

s -
Non-constructwe m;egr:;z:ﬂw o
' imilar to a5
jon (similar |
= In metal-like cluster (In nr:tf;;P "
Construcﬁve interferen
fs laser source

High intensity

Low intensily

laser polarization

. (i



Application I

O Effects on organic photovoltaics using fs-laser-treated ITO

(@) g

& 96
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Mei-Hsin Chen, et al., ACS Applied Materials & Interfaces 8, 24989 (2016)
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Application II

0 Anisotropic optical properties

1.6
i Nanodot
1.5F Nanoline
. e
S s N\
m -
5 = 13}
g /’d_v"—‘a’__l o i
z as-deposited ITO ° 12
5 fs laser treated films = :
= |_ —— L/IP, nanodot L-E 11 [
= P, \NIT —e— 1P, nanodot T
] VoV —o— LJ/P, nanoline i B
Seactim ot ranaine 1) —*— LLP. nanoline i
™ ] ™ [l & ™ i ™ i a

400 500 600 700 400 500 600 700
Wavelength (nm) Wavelength (nm)

Chih Wang, et al., Applied Physics Letters 101, 101911 (2012)



Application III

0 The colors of ITO films before and after laser processing.

(b) 100 100

. f’\-
60 -

Untreated ITO flim

(a)

=]
(=]

[=2]
o

Untreated
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® 0000

40

20\’§=—/F;
0 'S L L
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400 450 500 550 600 650 700 750
Wavelength (nm)

s &
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(c) 25 (d) 1.00
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20F
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0.70 |
05F L
0.65
0.0 oco MENNNNNNNNSS, | , ,  Sojs
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Ya-Hsin Tseng, et al., Optics Express 25, 33134-33142 (2017)
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Application 1V

O The image that is displayed on the LCD can be
selectively screened by varying the view angle.

(b) & <10°

_ Wuoisiges  SubLs ShEtSLoed

‘_'_‘,;.iPhone panel §+§ g‘i % E E g %

_, : E
e gEig
SRR RE RS
L 32 SRETN B i
'E F-5- GOS0
(e) 8~25

&1

Ya-Hsin Tseng, et al., Optics Express 25, 33134-33142 (2017)




Summary I

O The hexagonal ZnSe & Se nanoparticles
can be fabricated by properly controlling
the fluences of the irradiating fs laser.

O The nanostructure with anisotropic transmission
characteristics on ITO films induced by fs laser
can be used for the alignment layer, polarizer and
conducting layer in LCD cell.

O The nanostructure on the surface of ITO films
significantly attenuates blue light, which are
suited to eye protection and the screening of
images behind ITO films for information security.
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4, Ultrafast dynamics in topological insulators
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Platform for ultrafast dynamic study in Taiwan

o ¢ Strongly correlated
€ Topological insulators electron systems

ey
. PUMP-PROBE SPECTROSCOPY

iR
Intermetallics

Perovskite

2D transition fnetal Heterostructures
dichalcogenide e.g., water splitting



Topological insulators (TIs)

O 3D TIs: Bi,Se;, Bi,Te;, ... etc.

e Bi
@ Sel
¢ Se?

=015 0 015

H. Zhang, et al., Nat. Phys. 5, 438 (2009)
M. Z. Hasan, et. al., Nat .Phys. 5, 398 (2009)
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5.2 MHz Ti:Sapphire
50 fs @ 80
1.7 W

B.S)

balanced
diodes i EO sampling

Delay stage

Chih-Wei Luo, et al., Advanced Optical Materials 1, 804-808 (2013)



" - - - e
A’z A

National Chiae Tung University %

6= +40°
—

0

340 20 «(degree)
~ ’

Sapphire: 500 um

X ’
= U Sb,Tey: 45 nm — > ¢ x
. Capping Se: 10 nm
h -0.4 -0. 0. D. 0.4
. o+ : RHC

k, (")

Binding Energy (eV) m

o ' THz emission = old 6=4Q e g=+1°
X +6 g 20f o a5
Z :2 0 N N
E o — [ —
I, | IR P T T I B i | ) IR I [ I I B B | | P O NV I T o (i |
yQWP }—6001234567 012 3 45686 7 012 3 45686 7
. Time Delay (ps) Time Delay (ps) Time Delay (ps)
= e 9=40° O (=306ps [h 6=+1° O (=306ps [i g=+40° O (=3.06ps
- ne ® 20 F s i F — H % —— Fit
0 e 0 Ao | O 0 o o 30 FA O
$=180 a 0 ‘ ; ; e N b u T
0 £ Sanf o\ 6| [t o Mo N
D <9 ~ <0 9 = Ij—:_4° 2l [Raadl 1y 13 d ! [3 ciy oJi L ey b T R ia
% "' % 'L 0 60 120 180 240 300 360 0 60 120 180 240 300 360 O 60 120 180 240 300 360
it B> M * B QWP angle « (Degree) QWP angle a (Degree) QWP angle @ (Degree)
i 81
I P 7 : :
. E ruz (@, 1) « C'(0)sin(2a) + L'y (O)sin(4a) + L', (t)cos(4a) + O(t)
C c I
ie ¥ L e C'(t): circular photogalvanic effect (CPGE) = Surface state
D (x0.07) . QY oeo0n I | L', (t):linear photoglvanic effect (LPGE) - Surface state
Fit amplitude Fit amplitude L', (t): photon drag effect (PDE) = Bulk state
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C. M. Tu et al., Physical Review B 96, 195407 (2017)
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Ultrashort-pulse light sources in UDL

Ultraviolet \lisibl

(1.8-50 ym, 200-5500 cm, 25-682 meV)

7

Tizsapphire amplifier 0.85 mJ, 790 nm, 1 kHz

Energy

0.55

a
1
FEMTOLASERS £ ‘ '
0.8
N fo.so7.5 fs 0.,
ﬂ Grating P 5 .
Compressor Eret % 045 l o4
MH S Err T S o040} Hhoz
oL Apwe A X I] MH = } I I 1-0
spectrometer b T \
|-| ; 05 | ' =
filament 8 o0 —
M1 (~3cm) M2 \ = § |] |:| g osp VY 1 e
FWDFG OP] = ) ' v 006 Bro nd Probe
Wi + Wi — Wz = wo /\/“K Xe BF I N ! ! | . . "046ieV]
Wi + E\lm_[)ff‘_> o -200 -100 0 100 200
- Delay (fs)

Ky

Y. Normura, et al., Optics Letters 40, 423-426 (2015)
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800 nm pump & ultrabroadband mid-IR probe

Pump

Ti:sapphire amplifier | Grating

Compressor Chirp pulse
Optical | | 4

0.85mJ, 750 nm, 1 kHz >
L 2 chopper™ Pump pulse 800 nm, 30fs " Delay stage

. \ - e . \ Jj
DLP: Delay plate, DWP: Dual wave plate Dispersion medium
MIR probe pdlse

BBO DEP_DWP ‘/ ITo

Blue filter

&
Sample : é Spectrometer
Ge <100>

0.5 mm

Pump beam : 800 nm (1.55 eV), 30fs

H. Shirai, et al., Phys. Rev. Appl. 3, 051002 (2015)
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800 nm pump & ultrabroadband mid-IR probe

Pump

Probe (MIR) Delay

Ti:sapphire amplifier ‘ . Grating

~

/__‘,_L_,_u_ Compressor Chirp pulse
Optical | : |

0.85mJ, 750 nm, 1 kHz ) \ ) 4
. . chopper S 1, sefsion medium Pump pulse 800 nm, 30fs " Delay stage
DLP: Delay plate, DWP: Dual wave plate (500 Hz) b

> MIR probe pulse . vVDeIavstage

BBO DEP M J

=

Blue filter

Sample : Spectrometer
Ge <100>

W
Probe beam : Mid-infrared -

Air
Four-wave difference frequency generation

O
(FWDFG) o y
Pulse width: 7 fs w1+ Wi - w2 =

Band width: 200-5000 cm? / 800nm 800nm 400nm

H. Shirai, et al., Phys. Rev. Appl. 3, 051002 (2015)




3 n - i_- {

National Chiao Tung Uﬁﬁ"ﬁ(si

800 nm pump & ultrabroadband mid-IR probe

Pump

Probe (MIR) Delay

Chirped pulse

Ti:sapphire amplifier ‘ Grating

/—_,_A—.’___ Compressor Chirp pulse
- —Optieal- T —

0.85mJ, 750 nm, 1 kHz I ] s
/ chopper™ Dispersi ; Pump pulse 800 nm, 30fs " Delay stage

DLP: Delay plate, DWP: Dual wave plate
MIR probe pulse

Spectrometer

Detection: Upconversion (FWDFG)
Broadband capability
High sensitivity
High speed scan

|JaJ,aLuomads |

NG
g

Sample w1 4+ w1 -
800nm 800nm ~400nm

H. Shirai, et al., Phys. Rev. Appl. 3, 051002 (2015)
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Ultrafast dynamics in topological insulators

O Sb,Te,Se single crystals (p-type) Pump beam fluence : 101 (uJ/cm?)

8
m
e
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ek 2 o
- 3 :
v l- B w +
O s >
o
o AR/R
20000
04 02 00 02 04 2 . o 7 " 5
o () " Wavenumber (cm-1).
4 venu r -
15000
O Bi,Te,Se single crystals (n-type)
100
10000
st 0.0 ©  sof
g
e o IS 5000
3252 = -
° S :
ur > [40ba . 0
w E . |:
ég 20 Ii |
o -5000
- §ir1
0 L X e
S A . 1000 2000 3000
04 -02 00 02 04
Wavenumber (cm-1)

ki (A7)
ARPES images: measured by Dr. Cheng-Maw Cheng (NSRRC)
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Delay time (ps)

1000 1500 2000 2500 3000 3500
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T. T. Yeh, et al., Scientific Reports 10, 9803 (2020)
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Summary II

¢ Ultrabroadband mid-IR generation & detection

Tizsapphire amplifier o g5 ) 790 ym, 1 kHz

FEMTOLASERS 400 420 480 500
S S P — 10% — \ I
ti n E ) A E
gran "-;rse ceor IR £ i: Py o »\V Mﬂ—w e T ]
DL A\, = MH S Fig T 5 10 /’/ e 2
DWP a Eo ) If q
e A I] ]%H spectrometer & 102k f [
g E
filament U _A/\/\_ @ 10 A
M1 (~3cm) M2 ‘S - " g 10 CPU —— 73
E\IIVPEICL oy s OP| /\/\/\F_WXI;FG B E 10 E ‘ retrieved i
w1+ w1 —wo — w2 0 1000 2000 3000 4000 5000

Wavenumber (cm™1)

é Time-resolved + FTIR

€ Reveal the full ultrafast dynamics in
topological insulators.

o

Delay time (ps)

¢ Apply to study the vibration dynamics of
molecules in femtosecond timescale. e e s
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Thank you

or your attention!!




	Introduction to �Ultrafast Science and Technology
	投影片編號 2
	投影片編號 3
	投影片編號 4
	投影片編號 5
	投影片編號 7
	投影片編號 8
	投影片編號 9
	投影片編號 10
	投影片編號 11
	投影片編號 12
	投影片編號 13
	投影片編號 14
	投影片編號 15
	投影片編號 16
	投影片編號 17
	投影片編號 21
	投影片編號 23
	投影片編號 24
	Composition of ZnSe nanoparticles
	Structural phase transition
	投影片編號 28
	投影片編號 30
	投影片編號 31
	投影片編號 32
	投影片編號 33
	投影片編號 34
	投影片編號 35
	投影片編號 36
	投影片編號 38
	投影片編號 39
	投影片編號 40
	投影片編號 41
	投影片編號 42
	投影片編號 43
	投影片編號 44
	投影片編號 45
	投影片編號 58
	投影片編號 59
	投影片編號 60
	投影片編號 61
	投影片編號 63
	投影片編號 66
	投影片編號 67
	投影片編號 68
	投影片編號 72
	投影片編號 76
	投影片編號 77
	投影片編號 78
	投影片編號 80
	投影片編號 81
	投影片編號 82

