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Specification

1045nm, 500fs, 100kHz, 1.0W, 10uJ, SM

1030nm, 250fs, 0.2-25MHz, 20W, SM
1030-1065nm, 150fs, 10-50MHz, 400mW, bandwidth: <40nm

1064nm, >5W, <300fs, 80MHz, bandwidth: <12nm

980-2200nm, <100fs, 80MHz, >150mW

Del Mar Photonics 1040-1064nm, 100fs, 60-80MHz, 20mW, 0.25nJ

Company
Fianium
Toptica

IMRA America

Clark MXR
Amplitude systems 20W, <700fs, 2MHz, 10pJ

Calmar Laser
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BAOE S IO 0 SO BE)| 74, BA U5 HEE AN ZRD
Ct. Ol EHE <Ioll Fiber desk ct= T2 )8 ES AIZ25I0] &X CPA AIAES &
QACH. Fiber desk= ZAS Asts LAY, BA =, go| e, 528 S =X
O g 2.15%2 &0 Hdg =~ UL,

rCreate pulse @‘
T
-3000.00 -1805.00 -686.00 206.00 1322.00 2416.00 1050
Time [ps] Wavelength [nm]
Interﬂ:” 3000 ps size ek -
FUtHM 0.3 it Type |Sech .
TempSh o {ataarray, centerwavelength | 1060 nr
double pulsing Chirr 0 fsz
double 2 - relative
Rpls ps ragnitude
Energy
1e-009 | J are 0.02 W average power | 20000000 Hz repetition
J8 2.15 23 44 IIE.
Lok YA mE, 2AZEALN = L0 IJtsotH 2H UM Z£FsH GVl CHEH gt
TE 4 L, BEAN 2O NS YHE & Y0, BA = Y S I
UCEH.

24



Propagation parameter

Setu..

L fiber parameter oo

. dispersion coupling |
‘) -

loss 1.3818
0

10

1/
1/m

MFC 1]

gamm | 0.002485

23561

/(W
H

Esa

simulation

[[self steepe... [Z]SPM
[“Jraman resp...

[Cltemp gain... [Jsat ...
steps 100
stepsiz 001 m
distanc 1l m
@live [ write f...

[Irecord measure...

iz [rough -

©@PBC () windowing to ...
]

<« | m

g 2.16 BA =F
x

SR ropagatic Setu,,,  —
fber parameter | moge
~ dispersion  coupling
- waveguide =

loss¢ o| 1/
@J 1 1/

MFC 10 u
gamm | 0.002415 1/(W

Esa ﬂ] u =
-~ simulation

»

et =57 74 LIE.

[ self steepe... [7]SPM
[Jraman resp...

m [Csat. ... e
[Cltemp gain... [} e TR
steps 100 30 Jfom2 saturation power density 1 GW/am?
stepsiz 001 m S
Jloanc = gain saturation | 7.4e6] ) |g=g° /(1+E/Esaz.galn)
wavelength dependent nonlinearity
"VQ write f"' P additional shock time tau_A
[Jrecord measure,.. o anermto| L 9@ | | 1 dAgyl@)
0 fs et TOT N9, |ng do Ay do
saRste
adaptation -
P i = I ==
a8 2.17 22 32| 74 IIE.
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HeAS01 AUCEH.

HOFot 12,

=
[

Ok ot

101.9fs

< ~

(M) 1emod

Time (ps)

a8 2.18 dlolde &

bandwidth: 11.263 nm]

1

1.06

1

1801

1500

120
9
6

(;sd m)iamod

0

1.08

1.00 1.02 1.04

0.98

Wavelength (um)
8 2.19 dIoIX 2 bandwidth &3 .
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18 2.18-19= EIEtsAIIOI0 cl0IMe &5 2 A2 bandwidthE M

fs, BF=E0l 75 MHz, B ==0] 50 mW 0111, ZA =EI|2) A0 At

SYol s oI 23 A EA0ICH E£&t EA SHI0M 2

SIEATS S84S 12ote L2435t &4 (3dB)S EE0IH &

, 2A =0l 100
EotJ| <loH

Fgolu

0l 73.899 ps, bandwidth?t 11.263 nm CH. O 2.71F Al(2-20)2 SolM A
=2 35 cm 2l 82 AHelz Z& S Martinez-Type A =EJ|0|C.

Xt &

o

i

A F2 8 2.200 Z0.

6
[—— 73.899 ps, 35.4 mW]
5 L
—— 4 r
=3
& °f
5
o 2
1k
-0.8 0.4 0.0 0.4 0.8

140

[—— bandwidth: 11.263 nmJ

120 -

100 |

80

60

Power (W ps?)

40

20 -

0
0.98 1.00 1.02 1.04 1.06 1.08
Wavelength (um)

O3 221 EA &&)| E1 = bandwidth 2.
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o =0 35.4 MW E= ROt

BlWoH 2™ bandwidthe
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ol
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g 2.22% &

=
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S=D|

=2 4=
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(=]

0

crolo
— = 1

&It

JeH A YtterbiumOl

Ct.

0sC

Main-Amp

Yb DCF
Core/clad : 10/125 um
Gain: 6.5 dB/m

g
=
W,
«
=
v g
..m
==
=
]
S g
-
o0

Fiber length: 2 m

E
~
P
i)
&
&
-
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=
=

il
Ul

ar
il
~

=)
iof
<
[}

ol
o

Ju
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0

B3
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Hr
Klo

e}

SPM(Se | f-phase-modulation)S 122

!

MFD(mode field diameter)Jt 4.4 um Ol12, gainOl 4

L0l=
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dB/m OIM, YtterbiumO| &EIt=

0
o
o
n
lo
0
o
N 30
10
ny
(=}
o
N
3
o
0l%
I
S
i
nx
X
QJ

AULH. BA SHIIE HH SFE 2= I8 2.23-24% 201 A Z0| 71.857 ps
bandwidthJt 10.963 nm 0|0 @« £0| 0.21 AU, 2R 4= 0d 2 A
M

35

[— 71.216 ps, 0.215 W]

30

25

20

Power (W)

10 |

Time (ns)

J8 2.23 24d% 14 =) S £ 0.215W &= €.

800
bandwidth: 10.875 nm
600 -
&
0
o
E 400 |-
o
2
[*]
a 200
0 1 1 1 1
0.98 1.00 1.02 1.04 1.06 1.08

Wavelength (um)

8 2.24 28% 1X 55| St ¥ bandwidth &3,

O
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2F

Ol
JH

Jl 2

2 Z20l= MFD(mode field diameter)JF 10 um OlZ2, gainOl 6.5 dB/m

OI4, YtterbiumOl EItel HLZEQ A&7 Z0IJt 2m &1 SEIIE A& 21t
g 2.25-2610 201 A =0| 67.441 ps, bandwidthJt 10.348 nm 0|2 &7 0|
4.030 W L. 272 &A= 0 dB 2 HAGHH &&eE BAS 52 24ttt
SPM = t2 Qlofl 18 2.24%2 2.262 HlwWotH BA = bandwidthdt O HatEUS
= 2 = AU/JACH. Ol bandwidthel Hot2 Qlof HA 2 Al i 23 BA Z0t
2 2= AlIZ £ glt. elotH SZEJ| ZH Al SPM 2 4E UDedot¢ bandwidthe
H3tE =00F Bt
700
[—— 67.441 ps, 4.039 W]
600 -
500 -
g 400
S 300}
o]
o 200 -
100 |
0 1 1 1
-0.8 -0.4 0.0 0.4 0.8
Time (ns)
8 2.25 B8R 2x 520 S T 40390V &= &,
15k [ bandwidth: 10.348 nmj
12+
2
9L
=
o
6+
3
o
3L
0 1 1 1 Il
0.98 1.00 1.02 1.04 1.06 1.08
Wavelength (um)
8" 2.26 34w 2xt 5ZJ| S F bandwidth & X,



2.5.4. EA &FD| 47

o

24 2R)|l= 08 2.5H8 32 24 &) 2 =5 UL 22 2=)| £
E ol AEAXS AKX === 1200 groove/mm, SIEAXSl LA 40 °, SIEAK
2te] JHele 70 cm 2 HFG6tD AAGHAL. SEIIE SWot 25 A A 2
o= EA =0| 127.4 fs 0112, bandwidthJt 10.348 nm OICt. 2l A A=FRI|E
ALIHA M21 £A2 3 dB/m 2 HAGHH 108 2.27H8 2.879 W It LSS &g
=S Al 18 2,262 18 2.282

= UAACH DI ZE BA S#FIINME 24 =

mjo
e

HIWE [, bandwidthel Hat= SIUALCH. A 65 Al 28 580 =2 EAXNE
AE0tH CPA AIAEIS SHE O SIHAIZ = UL,
240
—— 127.94 fs, 2.879 W]
200 -
—~ 160 -
=
=
5 120 -
3
a 80
40 |
0 1 1 1
4 -2 0 2 4
Time (ps)

a8 2.271 BA 25)| St F 201 2.879 W €.

[—— bandwidth: 10.348 nmj|
10 +
= gL
[/
o
2 sr
S
o
2 ar
O
o
2+
0 1 1 1 1
0.98 1.00 1.02 1.04 1.06 1.08

Wavelength (um)

8 2.28 EA 2| S F bandwidth &3 .
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2.5.5. CPA AIAE 1X&

He
x
xd

CPA AIAES HMIZON et 2LE FESS LAHoIH BA =& ME Al 323

1200 groove/mm & [, 40° 2 SIEZX LAILE 1

St OOl &2 = JE= Hst 200t 15 cm OICH. el

MI|l= SASE DdotH 11X, 2XF S=5019 Zd=
J

OICH. HMZg CPA Dzl dE= 18 2.209 2.

‘osc.  Stretcher
Wavelength : 1030 nm Pulsewidth: 73.9 ps SM YDF
Pulsewidth: 101.9 fs Bandwidth: 11.268 nm Core/clad : 5/125 um
Bandwidth: 11.268 nm Avg power : 35.4 mW Gain: 4 dB/m
Avg power : 50 mW Pulsewidth: 71.216 ps

Bandwidth: 10.875 nm
Avg power: 0.215W

Oscillator = Stretcher —

- Main-Amp

compiner | Colinatin = Compressor [ Tomer |
Yb DCF Pulsewidth: 127.294 fs

Core/clad : 10/125um Bandwidth: 10.348 nm -

Gain: 6.8 dB/m Avg power : 2.87 W

Pulsewidth: 67.441 ps

Bandwidth: 10.348 nm
Avg power: 4.094 W

08 2.29 &5 0IS0HE CPA .

32



H 3 &

H 3.1 2

S =
g A X

1% 3.1 Ti:sapphire dIOIA.

DA A0 Al2= HHISS ofLtd UgalEd, ZA SX)0 LA E 2
2 18 3.19 EIEH=AIIOIO IOl M (Mai-Tai, Spectra-Physics)2A, &0l &
o EH42 EA =0/ 100 fs 0l OHESl HH3It D=8 690-1040 nm OICH. 800 nm
A JtE 2 &8 UWH B2 82 3 W01, 2 =20lAd AFE8 &S 1030
nmZ BF SE2 0.8 W O0ICH. & AMOIZ= 1.2mm 0I0H, =8 HZCZ YO &
C0 oI ZRAS BA BISE2 80 MHz OICH. CPA AIAE A Al 28 HelWAME
dIOIM Zol Y AMOIEDF LAt MEHZ HAI=X &Qlots 2401 S26CH. 1 &t
Olpe L&E SHEHQ &0l otd HE AHX= HEHY 20l SHAH =H BA &E

UI% [:l. _J'\_g%l- A

= T

LI,

e ey ]

AMERO0l BY 4 UCH

. 1A
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Z&ot)| ol 2HolA
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(rotation attenuator)ES & XlotH L.
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995 splicer & AMSot 288 2t
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a8 3.5

18 3.52 X Lbe 0S TECH

M2

IJH0~330mW 012, 8F7=

I

‘

€

&

* o0c00000

EZ Al AL2&E 975 nm HZ LD.

A2l MSS AtEotAD, 0l MsS2 £
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Hl 3.2 & Treacy-Type EA &E&)| 44 L HH

2HOIA HZotAE CPA AIAES H B A SHHIIE I8 3.6 20l 74

L=l = (ps

Grating Normal

Diffraction M=-1 Mirror

Incident Angle

Qutput beam

Input beam

8 3.7 S B2ANLY EA &FD(9 FE=Z2.
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M
i
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fotol Mol sl ZAKS 2=2 AZ AKX Helol et HIoIeE
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P M &0l &0toF ettt

X
o
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R
i

o
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RO

Z At
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ot g 3.81 L.
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=
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J
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o
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®
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=

HI = Ol A
1% 2tel HelE s3EU,

[ H2lJF 5 cm L.

=

XN 2
=

ESEEPNL|

3

=Pl
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JF BEXIZ =2 2.85 ps OIUALY.
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=
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('n "e) Ayisuau)
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H 3.3 & Martinez-Type EA S&)| A & HE

Treacy-Type B A &I HEHZS Soll I EAX 2t Held IE AKX 2 Atct=

210l et 2A0F E8HE 358 =538 = UAALL
S

JdeiLt @Ol BA =II= T A2 FHOI AXE, WHHQ CPA AIAHES X
XA BA =] PO 2% OIZ0M LY Nartinez PEE MBI 0@ D,
BA @) T4 Al B0 22 T RES0| SOIIS2 B0 ¥FS =+ UL
JeHM OIBItls 2RUA SYst YY PEES 0188 Martinez 7ES BA =)

Ol CHot Al &2 AHIGt) XMIZGHRUCH. Martinez-Type EA SHEJIE A HMZAE Treacy-
Type EA SHFI|t &2 2BAXNE 0/E0t0 18 3.9%2 &0 #&6t0 MASHALCH

SEANNL EA IS 2F2= 18 3.109 20, E£& clolN 232 =49 B

BN
2 AN & HZBOZ HSAIA H BN ZBAX0 LAGHESE 2HGHACH. SEDI
ES ES =0, =8Helot 512 mm 0I0H, &2 5

UBEEOl Martinez RR0IA B ALOIOI HES &EXIctH B 2 EHS Z2A &F

i
>
0F0
ol
R

Flat'Mirror‘

Grating

)
Flat Mirror
B n—
v

I8 3.9 Martinez-Type E

I>
Jo
03
S
10
4
74
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Input beam Retroreflector
Incident

Angle

Output beam

Diffraction
Angle

(L

i Grating

Lens

Grating Normal

Flat Mirror

O 3.10 82X BA 2F)|9 BHZ
Ol20 &HYst=Z Martinez-Type EA =&I = 32 S¢S B4&6H)| /ol 3 &
ALt X2t HElE Z=EAHLECH A EXIctH 82 AHel g2 F=I1 W0
Qo] 2AH0| 0|20 &AICH., =0t A=20] AIZFXISE et AUbR(e2)0] 220 o
I (220l 422 FEN 2= ol A2ME9 HA SA)0ICH. 2 =20lA
= 0 EA ESHIE g 3.111 20l & Mo 3sEAXe dX, HEHHZ,
retroreflectorE AIEot0 8H £ XMESHALCH.
f f
(. ............ D ......... )
Grating
Flat Mirror
Retroreflector
% 3.11 Martinez-Type A E &I HEX.
J8 3118 Eoll & == U0l JIEQ Martinez 2EUA &lX AOIO U= H2Q
BrAIE HE OI5H SEAXL dXQ 5 Z0|HAMH EA ESHHI|Q AOIEEZ =Y
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T

0 UACH BM EA 2| 2HE et = & gt 28 gt
A

= BlWoh)| <ol 2A SHIIE MAGHUCH. 100 fs &= EBAIL B AX LA
= 22 50" 2 D&otl, EALL X A0S HelE 20 em 2 £ BA =

=2 S e 20 O 3.122 £0. ZAHE 21 BHXI=2 48.066 ps OIUCH

o
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o
@

FWHM: 48.066 ps

Intensity (a. u.)
o

o
o
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100 -50 0 50 100
Pulsewidth (ps)
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0
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Hl 3.4 & Offner-Type BA SZA)| A < HE

Autocorrelator,

2 3.14 Offner-Type BA E&J|S X,

8 3.142 20l SIEAXI2E Concave mirror, Convex mirrors AtSot0 Offner 2
LE MZASHCE. Concave mirror = 1024 mm & =& He2lE JtXIOH, SdlJt 20 cm
spherical mirror EEHOIOY, Convex mirror = 512 mm 2 =& AHIE JHXIG, 310t
12 cm X 1 cm @ cylindrical mirror € AIE0IH EA SHI|IE

3.152F 20| 2B=2E H&oiUL, B A= 01X EA EXHI|NA ALSE 3IE

A% =2 20

Input beam

Retroreflector

-
\
\,
2
1
a

Incident

'l Convex Mirror \

Grating Normal Concave Mirror

O 3.15 3/ FATS BA &FI|9 BFZ.(36]
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Of fner-Type
Zl A3t A

AESHH A

aara=aul

HelJt 60 cm Ol

2+
BA

X+ 80l Jt

DA EHD| Ol20M dYE Al(2-21~30)2 A2 Soil =Xtee S
bol gt 2 ZEAXS A& aAE AKX OI0IKI AtOISl Hel &= HE=S
|=dl0l&atRULE.
1.00 + —— theta0: 31 degree
—_ —— theta0: 29 degree
= 098} —— theta0: 27 degree
« —— theta0: 25 degree
~ 096} —— theta0: 23 degree
3 : 21 degree
S o094}
&
c L
3 0.92
ot
g 0.90 |
g 0.88
<
0.86
50 60 70 80 90 100 110
s1 (cm)
8 3.16 =X+l Chst &A.
105 ¢ —— thetal: 31 degree
—— thetal: 29 degree
90 - —— thetal: 27 degree
—— thetal: 25 degree
75 + —— thetal: 23 degree
—— thetal: 21 degree
— 60 |
£
L 45
=]
30 |
15 |
0t
50 60 70 80 90 100 110
s1 (cm)
a8 3.17 s10l ME bel Hist.
CHet & 230 10" 3.160 A Concave mirroret =20&AX2 JHel s19
1, Concave mirror2 system axis(center)el 2t&JF 31° < M, =
& MM 8 3.172 Sofl s12 HelJdt 60 cm 011, Concave mirror 2l
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_/ — AA —
OF 512 g0l 61 om & M A = SHZ 2| 2ol LA 40°, IEAX 5= 1200
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ol YAt 2E0F 70 ° 21 S22 01 Treacy-Type BB A EEJ|QF 50 °

OlA L2AHOI Martinez-Type EA 2AD|, 12l Offner-Type 2A HAI|E A

AR 2+l Heldk @20l ZoHA AEHuA 2 ZATS PAIEE 70° 014 se2ll,
30 ° Olot &Il of= A0l EHUHAN= HsAXNL, A= 2= LA oA
DeGHA &1, SIEAXS &80 JIE £E2 AEE JIFE2Z o0
autocorrelator2 BA = SIS SZE = U= SHAHXIIA 2HGH
20l et 3IEAX 242 HelE HSFAIIIHA AKX SEXE Hlw 286D
40° L M, Hels ZESIHA, BA SHEIIE FHGHH IZBARX 249 Hele ©
Of & CIOIHE 22U, OIEIIXNZ 50° Y M HelE ZEHGIHAM BA SHAIE
4Gt S EAT 2t2l Helel #stol HE CIoIeE 2ACH. e M 40 ° 2 50 ° Ol

st dAXIet =X CO0HE 22 HlWdtH ZA =0 0L SELA=X &9
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H
I
ol

=
Q
1A

St Martinez-Type ZA EHEI|T OEIIXNZ SIEAXS L A0

40° & [ HelE XZot8AN, A SIS FAdot0 2AZA X2 X A0S Hel

BHot0l HE CIOIEE AL, OIEIHXZ 50 ° L I HelE XEotHA 2A EHD

£ F4ot EAT 2t Hell Hetol HE OIoIHE ACH. A 40 ° ¢
0l L

I

50 ° 0 CHet £XAIXI2t =&KX HOoIeHE =2 Blustd 2A 50| €0t E Y=
A &Fot== ofAlt. 12l IZHXe} dXE AIEs dEae BA SHEI|0A

SIEAXL el X A2 HElJdF JINRE T 2o AHEZHQ| &Hlle =0 it
HEMOZ2 A2AMEQl Offner-Type A A

Sot0 MEst 2A SEJ|2 SH0 ol &YatE
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2 M, 2AHAX= 10ps =2 &= ZA0 dHlol 1108 UM, SHX= 7.6

0cm 2 HZ3M

w

ps & 80HH HHEJCH OHIHXIZ A 262 HelgE O =

= M, €HX= 32 ps AL, P BA0 dioh 34081 A0, EHX= 30 ps 2

0

32080 EELIAJLCH. 3l
HXl= 53.3ps & &

H 410112, O =2 E HES=Z

10 cm 30 cm 50 cm

Ze 40° 40° 40°
A H K| 10 ps 32 ps 524 ps
=X K| 7.6 ps 29.8 ps 53.7 ps

& 2AXF 2HAH0l 50 cm 2 BR0l= EAHXE 52.4 ps 0111, =
& UALCEH. Ol et LHE= 2tEotH Helgt

=0
lw=4s gl ot ?lol 118 4.12 HdotAH

PE (2 EA-95 fs).

tol
e

H 4.1 A2 40°, Hel Hetol OHE BA &

T T T T T
60 [ . j
| | = Design l
s0- | = Measurement | J
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A% 22l Helg
Of CHet CIoIEE
d3E=2 A0 dioH 826K
CREAN 2o HelE O = 30 em 2
ZA0 HloH 25064
A% 2He] HelE O =d 50 cm & HMH
Bloll 416 B SHEE AN
2 X 2tH01 70 cm @ H 00
2= UACH. Ololl CHEr U

e

o1 2o 8 4.48 &H&otALH.

" 10cm 30cm

Ze 50° 50°
HAKX  79ps 24 ps
=™K 7.6 ps 221 ps

RS

A

—/

HECAOH,

=
=

H=
=

M,

F3H
AN
, S8X= 42.6

=
=

2t

[

ol

Az

50 cm
50°

40 ps

42.6 ps

, Hel dsol OE 24 &3 ¢
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| 2o e 284

Helob 10 cm

Z&XI= 7.6 ps 2 794K
SHAHX= 24 ps
dXl= 22.1 ps 2 2308H
SAHX= 40 ps A
ps E 443HH
HAXl= 56.1 ps 0122,

ot Eelgh 20l &2

X2

M=

M,

70 cm

50°
56.1 ps
54.6 ps

ol
=

M,
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L = Design %
50 - = Measurement .

L L =

20 B

Pulsewidth (ps)

10 - B

Length (cm)

8 4.4 A2 EFX S & BA F Hlu 24,

SIEATN LA E SARZ0I 50 ° OIA 3I&E AXF 2tel JHelE 50 cm Jb Ot:l 70
cm NAl s€l Olss 40° 2 Z2& &I O FEG6HAH Hlwastol fsiAO0ICH. O™
445 Sot0 HAX SEXI0 et @XHLAIL 2F £33 ps EEQ FHeteEl EA
HIIIE MAHCHUCH L8t BEA SHHI|0 et BA ==, 0SAE Aot EAQ
AHEZHE SHot0 AZHX 2t2 el HE AMEZS el 108 4.58 29
Hol LAl UL,

o
I

& FO 407 M =E A I el AHEYS HEI HY = 0ls

= 40° 0lAd 385 = 82 E50t O LII0l I Z2ZR0A Eele SHIF 26K
o pATH

50 0l 2IZAX 2t2 Hel Bstofl el A Z9 &= AS =0 2O
flof 18 4.6X8 3D OI0IKIZ Xcloted EA F0I 2 ZAX 2t Helol et &
b= 2= 2/%L. of X2 OZ0A & = JAX0l 50° HiMdeE & AN Hel
Jb 201 2010l et sIEAXTES Hel o BA = &F39 Hs0] 88 H0tX=
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A 22 HOIHE EUE S A2 40° 2 50°, deld sIEHI 268 Hel ©
HlWotACH. H2lJF 10 cm & [ 40 °
50° OlA M= EA 2EJ9 H2, BA 5 & = 76ps & A2 H

= 2 = AU, 1 Olxres AEHX 2t2 Helel 2tH30] s HOoF 24 = 20
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= 2 = UCH. L8, 224 SHHIIUAM 2E AL 22 Hele 24 F 2HE0AM S
ot HAK L, F ISl 2 HlwWotHA 50° OIM =38t 24 =HFI|Q R
gdet 2=E Ndst HdEHA 2AZAKT 2t2 Hel Hetol et 2A F= A
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Ml 4.2 B Martinez-Type BA &) E4 53 ¥ 24

S
i

W oAE x22 o

0

e
be
Jo

FI1E Mot A0l
teb el 29 JH2lE BStAIRCH. BN EHE Soil 2242 Helol OHE A
et OOIEHE €2 = MAEGH =HotRC 28 AKX X2l Heldt

M, 2Z0A ASAX0l &H 2AE2A X 2AE AKX 001X AOI2 Hels

i

ton
|1l
1N

X
O

o
0%
S

Bz 4= ZA0N HioH 11081 SHEU2MH,

— A
S O
(@)
=3
ne

(@}
3
J

= Ch A8 23 10.6 ps
15.2 ps 2 16081 SHEEAUCH. OtIIXNZ 2/ ZAXL el X2 JHelE It 35
cm £ MAMS M, ZAHX= 31.6 ps A0, L EA0 dlof 33081 =HASH, =F

30.7 ps & 3206H HEEUCH. 2/&E AKXt elX2l HelIdt 25 cm & BR0U=

Jh
0
hal
=

>
rr

AKX = 52.8 ps 0111, ZEHXI= 45.2ps 2 ETESS & = URIUCE. OO CHE U
22 2HHoA H2lsh A0l HE 4.30112, O A2 E HE2=Z HuEAS A 6|

10cm 30cm 50cm

Zte 40° 40° 40°
HAX| 106ps 316ps 528ps
=H™X| 152 ps 30.7ps 452ps

H 4.3 SA2H 40°, Hel Bigol @2 2A && BT (23 BA-05 fs),
60+ = Design
—_ m Measurement
o 50}
=
= 40t
: %
30}
|-
w 20}
3
o 1o} ;
of =
0 10 20 30 40 50
Length (cm)

A8 4.7 AKX SFX 9 =& BA F Hlu 24.
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o
=

intensity (a. u.)

8 4.9 3D imageZ = 40°, AHel HElM OE S3E BA =,

40 " OIM AEE AME DHEIIXZ 50° & &2 =AH422 MAGHRUCH H Bl &
g A2 28 BAI XS AZ2AXN0 SA2S 50° 2 D&M MEGH= 2011

2 AXe dXol Heldt 45 cm & M, EAHX= 8.01 ps 32 &= EA0 HloH

84 EHEACH, SFX= 10.3 ps £ 10861 HEZUCH. SIE AKXt &l X2 Hel

2

E 3B com 2 HMAEIYS O, 2HX= 24 ps AL, S BA0 HioH 25081 &HEUA2

O, SE8X= 20.7 ps 2 21761 SHEZRUCH. I E 22Xt &2 HelE 25 cm 2 X[
M, Z&AHXE 40 ps R0, &S EA0 HloH 4160 HEJALH, SEXI=

s & 445 B =HEERUACH. Ol0l Ciet LHE= 2tEotHl Helat A0l # 4,401,

3p
wWEAS A o)l ol Q8 4.108 & HGIUL.

10cm 30cm 50cm

e 50° 50° 50°
AKX 80lps 24ps 40 ps
=™K 103 ps 207 ps 423 ps

44 QA2 50°, AHel BHetol MHE ZA &F HetE (Y™ BA- 95 fs).
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&0

m Design
50 B Measurement

i

w0+

20} E
10} [

Pulsewidth (ps)

0 10 20 30 40 50
Length (cm)

O 4.10 €AXI2 SEFXQ &3 BA = HW 4.

8 4.102 Sot AKX SEX0 et LXER0F 2f £3 ps el 2A &

Bandwidth (nm)
|

(3]

Length (cm)

O 411 S BAC AHER,
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50 ° OlAl BIZAX 2tel el #ishol Wet BA Zo &Fgs A2 =0l 29
SIoh 02 4.12M% 30 OI0IKIZ H2I5t0f BA =0| 3| =ATQ XS Helol wet
SN 252 oI5

]
1.0 4 f —_95fs
/4 |—10.3 ps
08 Bt *) 20.7 ps
§
')

Intensity (a. u.)

8 4.12 3D image2 2= 50°, Hel BHM TE S&EE EA

AN Y2 T YAZUAS BA Z AN S CIOIEIE EUZ Martinez-Type
A A2 LAZO0I 40° 2 50°, D2l IEAX} X A0l Hel Bstol
Cer e 2A 239 S4 Z2E Ul Wt Heldtk 10 em & @ 40°, 50°°
A MEE A A9 B, HA = &% F&= 15.2 ps, 10.3 ps A2, 30
cm OIAd= 40° Ol HMIZE EA

Of EEO0I 10 ps O HEES 2 = JURUCH. 0HE Olges 2AM Treacy-Type EBA

SEIIOAM s A, AAZ2AR0 LAt = 20l IZARNL SH=ES JIELZ

rkﬂ
5l

ol 2t0l Al(2-19)€ Sotel 24 =0l O 20l =HEEI| MS0ICH. T8, Treacy-

M collimination 3t3 BIAXIB, EHIM20F LS HOA 7Z0l 2 X o 2
SIEAXS AOIZE AFZOHOIXIZ, O HRIWAMEX ZA = X0 Jiss
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Martinez-Type ZEA

2 ZotRUlt.

d 0ls= 18 4.132 4,148 Sl

SHIIE HHE

1.0}

~ 08}

]

S 0.6 |

2

]

S 04)

=
0.2}

Spectrum: 1010~1055

FWHM: 10.699 nm

¥

0.0 . .
1000 1$0 1020 1030

1040 1050?1060 1070
Bandwidth (nm)

18 4.13 Ti:sapphire ellOIM2S ABES,
I 5 10 | |
mm ~ mm gy -
| | i I
| LT : 12.96 mm :
] ) 6,53 mm ~13.05 mm I
e i |
| A 2.0457° T |
‘ | 18.32 mm |
| i l
I — | €— I
512 mm . 512 mm 7
1% 4.14 No stretcher XU M ZBE=2.

02 4138 Soll 22 AIOIEX2F 2O spectral edgeE Ot A2 AE HA A
JI0A &0l L0tLE Xl X8 HAE £ Uedl, O 41448 EA SHFGHA &
T2 1A Al SABAXNE E610 SIEE 20| X9 AFOIX0 Z2IX 2LH SHAIX
2 UK, HES ¢ S0IHA Y0l HEZ HXD| S0 2= AI0I=9 SHHZ
OIGH &&= glo] N ECH E£5 dXRQ HE2E2 FEZX0 IOl ZHE HE
2 20 =S0I2= SIEE 8ol &M O %0l HAJ| Mo 2ol o Z2lH Zof &
§st ATEZHO 2AJ LOUHCH. OZE)| R0 s 85 ZSAID| fol sl &E
22X AOIXQF D2l lXet H22 AIOIEE ZEHGIH EA SAIIE HEGHH
O NOI AHEHZ 2 EA SE)| HE0| JisE A2z 2010,

56



Offner-Type 2A EHAIIE MEE Of, AKX &

St A 3EE 2ol gHMe2 HE = JAES AESE TZS 2o A0l 47°
F2M, Concave mirroret 3l
Ct. 81X EAHE Soff 222 JHelol E 22 =HEJ|0 tet OolgE 22 =, 3
& AL Heldb 10 cm & W, EHX= 16.1 ps 3= 23 ZBAN Hich 169K
, S8X= 18.02 ps 2 18901 HEZJCH. OI&IXZE HelE O =9
20 cm 2 HMAMES [, EHX= 32.5 ps A, L& BAN HIoH 34281 =A204,

ps & 3660 EXTRUCH. 3IE AKXt 2tA0l 30 cm 2 F=20l= HAHX
= 52.4ps 010, =EFX= 53.3ps 2 S&HE=S & == JUUCH. 0l0 et Ligs 2+

ot Ec2let 2101 & 4.50IC.

10 cm 20 cm 30 cm

4e 47° 47° 47°
MAAKX 161lps 325ps 502 ps
£HK 1802 ps 348ps 53.2ps

|1l
1y
>
Ny
10
.
o
1]
T
tol
>
e
o
=)
1]
|>
I
o
I
04
ol
9

O

H 4-5 Concave mirror2t E&E2XI 242 Hel Bty E
(UBEA-05 fs).

| >

i
Joo
02!
£
for
H

60

= Design i
50 - = Measurement
8 40t
£ i
T 30
=
Q
© 20l
& E Error Range
10 - Degree : £3°
Distance : £1 cm
Otm . \ \
0 10 20 30

Length (cm)

8 4.15 €AX2 EFX HlW

A
=.

HI
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HAX SEEX s 18 4.158 Sofl HlWoHE2H SEXI EAHX 2ol SHL
= ZHSE BA SEIIE HMHSIRULCH. 2LAHAS £3 Tem E & Ol &3
HOF 20l AHESI04, Concave mirror2t Convex mirror JF CHHZEOIDJ| W0 Ol AISH
H ZESHI| HEDl MEO0ICH. elll, 0SAE ASB6I BAQS AHMEYS ZXE 2

o, 3 EBAXR Concave mirrorl Hel BHEH HE AZEHN ol O 4.162=2

o

ClOIEater 20, BA ZS HEGIHE AHEZHO

-/ o

SHEHOIAULCH.

— o

11

[ ]
3 "
5 1.0 _.. ...........................................................
=
i
'E 9 "
(]
m
a L L L L
i} 10 20 a0
Length (cm)
8 4,16 &&E HAQ ABNEHY,
1.0 —_95fs
0.8 —— 18.02 FS
34.8 ps
0.6 — 53.5ps

]ntensllt‘j' {a. u.)
S

58



WS =0l 01 fiof O 4.174& 30 OI0IXI2 HMelstH BA =01 Helol [e
2YEHE 2= OoUU. 2UHoZ AHEZH B gld, AKX FEX

O 1200 groove & AtE28t 3IEAKXC 20| 80% 0|CHOID| =20 3IEAKXC &=
C

0] 90% Ol&Ql 1700 groove E 0ot EA HAEIIE HHGSHD HEGHAUCEH

otd A2l 2ol A0 75° 2 HAAHGIY2M, Concave mirror2t 3I&AX 2+

HelE BstAIA IOt 24 =

ZA =HIII0 et OOIEE 22 =, 22 AN AHelot 2.5 cm € M, £AHX

= 26.4 ps 82 U ZEA0 dlof 27781 SHEEJULH, SEX= 26.6 ps £ 280

i SECIACH. Ot&EIIX=Z AHelg O =2 5 cm 2 HEIMS M, &HX= 46.3
[, A BA0N dlol 48780 EIAU2M, EEX= 49.7 ps 2 52301 =HEHEIRUCH
& AL 264801 7.5 cm 2 AR0l= dHX= 63.5ps 0112, EEX= 64.3 ps 2
FES € = JUULCE. OI0 e LHES 2HHGHAH Heldt 240l & 4.60IC.
P ——
25cm 5cm 7.5cm
e 75° 75° 75°

AKX 264ps 463 ps 635ps
=™K 266ps 497 ps 643 ps

H 4-6 Concave mirror2t E&EAXI 2t2 Hel Bl OE EA = &
B3 HE(UBEA-O5 fs).

90 [ w pesign
go| | ™ Measurement

701
60 |
50
40t

30 - Error Range

20l Degree : £3°

Distance : =1 cm

0 1 2 3 4 5 6 7 8
Length (cm)

Pulsewidth (ps)

10

8 418 8AHIXI SEX Hw 24
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11

10 F mer e - b

Bandwidth (nm)

Length (cm)

J2 419 HFE BAO AHE

AR S gt 18 4.188 Saoli Hl

wol2H FEXI A ol SO
= zHstE BA SHHI|IE NAHGHULH. LAUHAE £3°, 1em E & 0lRE &

SHHIDF 20l AFE2E M, Concave mirror 2t Convex mirror 2F CHEZ0[D| TH=201 Ol Al
otAHl Z=&EBHI| (HED| MHR0ICH. Jdelld, 0SAE AlEot EAQ ABEHZ =X&H

21, 2/ ZBZ2X2E Concave mirror2l JHel BN HE AHESEN CHol O 4.19

o

|0

Z Oolestet 20, 2A =5 S&Hol0E ABEHO0 HEHOIJULCEH,

Intensity (a. u-)
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| ?lof & 4.20M& 3D Ol0IXIZ2 Xelot]

SOIGHRICH. 2Tz AHEZHO HEIt
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91

Z| Mot Offner-Type ©A =&
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Jm
0x
AT
x

M 4.4 B Ytterbium@ AIS8t 2487 = M

24 SHFIIE Sol BA == #Fotl, 1 Us &Y EAE A SFI(E
Sol SZotedl ettt 2¥0 2z DEHe =" EA & < of

£ p)
YtterbiumOl S8 E ZFHKRE MEoIH Z&ER EA SEIIE F4E = U, 08
42148 1030 nm & 287 EA 1K SZ)|l= BZ LDE 25
Ei(lsolator), I LD, WOM Coupler, 12l OISOHEZ ArEdt= Ytterbium doped
fiber2 FAGHIl FAdH AZctol& (Splicing) MelE ot Z2&R 2H0l HAZS ot

Ct 0 =019 28T = 18 4.222 2C.

YDF 1m (1200dB/ 4/125 um)

Q

Isolator (1W)

- —

Amplified
stretched Pulse

B —->
Coupling

Stretched Pulse

Max 330mW (975 nm )

a8 4.22 1 SFJ| 24k,
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H&2 AUTO 22

= ol
22 0.01 dBm OICk.

&5R0171

i0)

S=

s
—

o)
ol

0l
ol
Rl

Ol
~nJ

Ok
0
0

)
Gl

o)
760

00

—_
110
o
10

Kl

=X

ol L2

E AN
=

I_ 2o
=«

=

JI &0l BX LD 2 8F0 ek MS2 At

=]

8 =0l

pN|
=

8 4.28

=
=

200 300 400 S0G

100

250

o0t

Current {mA}

iy
Hir
K0

9|

% 4.23 Currentfl & I D

22 A MZESAEA Of fner-Type

0l

i

PN

ol
—

, 7.5 cm & M EA =0| 64.3 ps

75°

S=II0 =

o

7}

}

I

9
B OPE A Fiber

LD

A&l

1]
<|
=l
o)
K0
i

loss Ol CHoll =&

HoF 18 4.2401CH.

Z1

o)

[ =R R WY e Y W R Vo R e ]
55554433221100

oo oOoOoO OO oOoOoOo oo

{(Anw) andino

15 20 25

Input (mW)

10

=

& 4.24 Fiber Loss(YDF).
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" 4.25= A &) S0 F ULe WHE ZZOtHA Pump LDl Current
Hatt e Z2UE AT
180 |
170 | —— 550 mA|
jradly —+— 500 mA
140 [ —k— 450 mA|
130 | —v— 400 mA|
= —« 350 mA|
E 1| —r— 300 mA,
= —+— 250 mA
g0 [
3 ot —«— 200 mA|
5 wml —a— 150 mA
O sf —+— 100 mA
3: —+— 50 mA
ol 0 mA
10 | |
0 E it oo B A1 A o b i i dii i iy |
oo 25 50 75 100 125 4150 4175 200 225 250
Input (mvV)
0% 4.25 BA B2)|0] 52 S4
BEX oINS T 250 mW & [, EA X S =2 =2 126 mW 0|04,
HAE fiber2 EHAIZ2I 22 E€2 25 W 2 S3I(0 EU2 M HIZE LD
CurrentJt 550 mW OllA &S=& ==0[ 180 mW ACH. 0 S=J12 Gain 2 8.1 01 12,
08 4.25= 85510 S&8E 2AQ AHEHZ 5He ZU0I0H. 2ERS 4 &
SE51H PN BAC AMEH0| %42 ZHSUC
11
1
- = ] ] n
E 5L
g
=
E 7}
3
E}
E L L L L 1
[¢] 100 200 00 400 S00
Pump P ower {mA}
8 4.26 X LDQ Current Bi5H0 ME EBAQ ABEH Bt 5F,

64



JSIIS

P

NBs s MR W& I K p— +||
@%Qsgw__gWs_MAT%%__gm%%_womo._ep_e _w
o WS 2. o oom ™ E gD g L I 110
W o= o 2 KO =oa = Do o® o W

= <l oo A T R 4 %0 o
W oW o © _Hr 5 = RO 2 o g RU J RM
ol -, — = © <l oo L ox o o B .6 =

B== . <A @s -5 = KN s of = N o =z _
0o o o 5 ° 8w 2 N S5 B < 35 3 ™
I = % 55 om LB E g R 2 il __f
P s 2B T g g8 O
Oo =) ° 11 _Ao Ol— m ﬂ H E.__| UAI O._ __u_l |__|_ D < _ .
VT = R S S R Tyt ow o ¥y 2
womarJol.A_E_mE:MoeA_mmlﬂtmoiﬁogﬂEAmma
I ™ io. _ - —_ T ° < I .
&%5agmﬁmemﬁo_eo__wmn_:wa_ﬂ,ueO_E__g & w5
%Uﬂﬂ.MIA_%@ﬁﬂ%#%MHEEEé%J
O_Déélam_gllrxeﬂP:.aw_a____o____é Hir

i ol T O A B KL g X T U W o
n T = ag=<doe 8 ¥aoa AU R
= < @ . oy . AW = ) g . K o s 2 ur- X0 N
o o] = o o = E._ = o — U . ~ E.o oE_ J
W g B w<g s R N B U T
ol % _Jl_ I ) |r_. ml _._uu__.= a ol m.JI < o =_.__. H 11O ol L._. o) o_:._

e A I Wogrow A0S
A_ __| oJ O|— .IA S ol 1 :._._ - m_. O = = M_ A_ = _x_.___ E._
=l W <k - ol 0 R u 0 o = RU > Al - 10F —
- L = .= mom & M5 & Sy LB . W
ol 2 M =z o _ ™ |_Ar E O ol = S ) g ]
> =W o o 3 R o o O RalBls w3
= P LI B DD g B D moa o M o 2
TR Vg Ao R Yy kA oK = o
. B = . I o XA A = R
= 5 W s o SRR = g o ©om A m Oz oo Kogp M
ST - AP e - B LR R LT
I S T R %0 W o < < @

T o @ W W W g s S o M SR g WK omwm o
P S R s - R AT R T W 3

- = D e ]
pl sl m B gz Ao g x T U I S O
- K s = e 08 B oL, - =
SR L - - - R =

ol o _ Com R o = < 0
mw_.wA_a&mginwmﬁL@o_agA_JA_AOmﬁ@@

o m =z K o o ) R m 5 M S L BB

T gy o o sw s T oo 8 55 = 0

E S M WA~ T 5 3 R A = o8 =9

= W~ 0O 3 B3 B A o388 B MM S @ & £ o K -

(=}

(=]

65

=0/ 3w 0lH,



[1] D. Strickland and G.Mourou, “Compression of amplified chirped optical
pulse” , Opt. Commun. 55, 447 (1985).

[2] C. V. Shank and E. P. lIppen, “Subpicosecond kilowatt pulses from a mode-
locked CW dye laser” , Appl, Phys. Lett. 24, 373 (1974).

[3] R. L. Fork, B. |. Greene, and C. V. Shank, “Generation of optical pulses

shorter than 0.1 psec by colliding pulse mode-locking” , Appl. Phys. Lett.
39, 617 (1981).

(4] J. A. Valdmanis, R. L. Fork, and J. P. Gordon,” Generation of optical
pulses as short as 27 femtoseconds directly from a laser balancing self-
phase modulation, group-velocity dispersion, saturable absorption, and
saturable gain” , Opt. Lett. 10, 131 (1985).

[5] R. L. Fork, C. H. B. Cruz, and C. V. Shank, “Compression of optical pulses
to six femtoseconds by using cubic phase compensation” , Opt. Lett. 12, 483
(1987).

[6] P. Moulton,” Spectroscopic and laser characteristics of Ti:Al.03" , J. Opt.

Soc. Am. B 3, 125 (1985).

[7] D. E. Spence, P. N. Kean, and W. Sibbett, “60-fsec pulse generation from a
sel f-mode-locked Ti:sapphire laser” , Opt. Lett. 16, 42 (1991).

(8] T. F. Carruthers, |. N. Duling Ill, M. Horowitz, and C. R. Menyuk,

“Dispersion management in a harmonically mode-locked fiber soliton laser” ,
Opt. Lett. 25, 153 (2000).

[9] M. E. Fermann, “Ultrafast fiber oscillators” , in Ultrafast Lasers:
Technology and Applications (eds. M. E. Fermann, A. Galvanauskas, G. Sucha),
Chapter 3, pp. 89-154, Marcel Dekker, New York (2003).

[10] Cumpston, B. H., Ananthavel, S. P., Barlow, S., Dyer, D. L., Ehrlich, J.

E., Erskine, L.L., Heikal, A. A., Kuebler, S. M., Lee, I.-Y. S., McCord-
Maughon, D., Qin, J., Rockel, H., Rumi, M., Wu, X.-L., Marder, S. R. and

Perry, J. W., “Two-photon polymerization initiators for three-dimensional

66



optical data storage and microfabrication” , Nature, 398, 51 (1999).

[11] Saleh, B. E. A. and Teich, M. C.,” Fundamentals of Photonics” , Wiley, pp.
522-525 (1997).

[12] Young-jin Kim, Yunseok Kim, Seungman Kim and Seung-Woo Kim, “Ultrafast
Femtosecond Lasers: Fundamentals and Applications” , Journal of the Korean
society for precision engineering 27, 6 (2010)

[13] Igor. Jovanovic,” Chirped-Pulse Amplification: Ultrahigh peak power
production from compact short-pulse laser systems” , Optik & Photonik
Tutorial 4, 30 (2010).

[14] Eugene. Hecht, Optics 4™ edtion, pp. 358~363, Addison Wesley Longman, Inc.

(2002) .

[15] &&&, “Design and Characteristics of a broadband Cr:forsterite Optical
Parametric Chirped Pulse Amplifier at kHz repetition rates” , Ot==CHSlW A
A2l == (2006).

[16] Thorlabs. catalog. 21. pp.874~878.

[17] Newport, diffraction grating handoook chapter2 ‘THE PHYSICS OF

OIFFRACTION GRATINGS’

[18] D.strickland and G.mourou, “Compression of amplified chirped optical
pulses” , Optics.Comm. 56. 447 (1985).

[19] C. Fiorini, C.Sauteret, C. Rouyer, N. Blanchot, S. Seznec, and A. Migus,

“Temporal Aberrations Due to Misalignments of a Stretcher—-Compressor
System and Compensation” , IEEE. J.Quantum Electron. 30. 7 (1994).

[20] E. B. Treacy, “Optical Pulse Compression with Diffraction Grating” , |EEE
J.Quantum Electron QE-5, 454 (1969).

[21] 0. E. Martinez. “Grating and prism compressors in the case of finite beam
size” , J. Opt. Soc. Amer. B. 3, 7 (1986).

[22] 0. E. Martinez, “Design of High-power Ultrashort Pulse Amplifiers by
Expansion and Recompression™ ,IEEE. J. Quantum Elec. 23. 8. 1385 (1987).

[23] 0. E. Martinez, “3000 Times Grating Compressor with Positive Group
Velocity Dispersion: Application to Fiber Compensation in 1.3-1.6 um

Region” , |EEE. J. Quantum Elec. 23, 59 (1987).

67



[24] M. Pessot, P. MAINE and G. Mourou, “1000 Times Expansion/Compression of
Optical Pulses for Chirped Pulse Amplification” , J. Opt. Soc. Amer. B. 62,
6 (1987).

[25] Jeff Saquire, Charles Durfee |Ill, Thomas Planchon, “Chirped Pulse
Amplification” Department of physics, Colorado school of Mines, USA..

[26] G. Cheriaux, P. Rousseau, F. Salin, and J. P. Chambaret, “Aberration-free
stretcher desing for ultrashort-pulse amplification” , Opt. Lett, 21, 6
(199) .

[27] Qingwei Yang, Ailin Guo, Xinglong Xie, Fuling Zhang, Meizhi Sun, Qi Gao,
Meirong Li, Zungi Lin, “Stretcher Design for the SGII Petawatt Upgrade
Laser Facility” The Review of Laser Engineering Supplemental. 2008 (2008).

[28] Jie Jiang, Zhigang Zhang, Toshifumi Hasama, " Evaluation of chirped-pulse-
amplification systems with Offner triplet telescope stretchers” , J. Opt.
Soc. Am. B. 19, 4 (2002).

[29] A. Tunnermann, T. Schreiber, F. Roser, A. Liem, S. Hofer, H. Zellmer, S.
Nolte and J. Limpert, "The renaissance and bright future of fibre lasers” ,
Journal of Physics B 38, 681 (2005).

[30] W. A. Clarkson, L. J. Cooper, P. Wang, R. B. Williams and J. K. Sahu,

“Power scaling concepts for fiber lasers” , Trends in Optics and Photonics,
83, 261 (2003).

[31] A. Liu and K. Ueda, “The absorption characteristics of circular, offset, and
rectangular double—clad fibers” , Optics. Communications 132, 511 (1996).

[32] H. M. Pask, R. J. Carman, D. C. Hanna, A. C. Tropper, C. J. Mackechnie, P.
R. Barber, J. M. Dawes, “Ytterbium doped silica fiber laser: versatile
sources for the 1.0-1.2 um Region™ , IEEE J. Electron 28, 1 (1995).

[33] H. W. Etzel, H. W. Candy. And R. J. Ginther, “Stimulated emission of
infrared radiation from ytterbium-activated silicate glass” , Appl. Opt 1,
534 (1962).

[34] FR-103XL AUTOCORRELATOR INSTRUCTION MANUAL, Femtocrome Inc.

[35] E. P. Ippen and C. V. Shank, S. L. Shapiroed, in Ultrashort Light Pulses,
New York, Springer-Verlag (1997).

68



[36] H.TAKADA, M.KAKEHATA, K.TORIZUK, “Large-ratio stretch and recompression
of sub—10-fs pulse utilizing dispersion managed devices and a spatial |ight

modulator” , Appl. Phys. B 74. 253 (2002).

69



ABSTRACT

A study of Chirped Pulse Amplification system for developing

specific heat sub—micron femtosecond laser

Hwang, Jung Min
M.S. In Dept. of Electrical and Electronic Engineering
The Graduate School

Yonsei University

Although ultra-short (below picosecond) laser have only a little energy, use
of the laser with high peak power has increased for ultra—-micro machining in
the Micro Industry. As expanding Industry part, the laser system for ultra-
micro machining is required much high peak power. Chirped pulse amplification
(CPA) is the only way to amplify ultra-short pulse. So, the technique has been
applied a lot of femtosecond laser systems. Principle of the CPA is that
pulsewidth of ultra-short pulses of the laser is stretching from the pulsewidth
a hundreds of times to a hundred thousands of times without damaging a gain
medium. The more pulsewidth of the laser is stretched, the more peak power of
the laser is decreased, relatively. So, amplifying stretched pulse of the laser
can avoid non-linear phenomena during amplifying the laser. In other words, it
can amplify efficiently. By compressing pulsewidth of the laser, it is how to
get ultrahigh power ultra-short pulses with the peak power of more than 100 TW.

In this paper, the first step of CPA is a way to stretch the pulsewidth with
ultra-short pulses though a Pulse Stretcher. The pulse stretcher can produce
structure of two methods. One is causing strong positive dispersion effects to

compensate negative dispersion through positive dispersion type pulse
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stretchers. In turn, two is strong negative dispersion effects to compensate
positive dispersion through negative dispersion type pulse stretchers. So the
two types of pulse stretcher were designed and produced, respectively.

The negative dispersion type pulse stretcher was designed and built by using
Ti: sapphire laser with pulsewidth of 100 fs and wavelength of 1030 nm. After,
Laser beam is entered incident angle of 40°and 50 °on a Diffraction Grating.
Then, distance of between the grating is changed at 10, 30, 50 cm as fixed the
grating state. Pulse stretcher with the structure of two angles were designed
and produced, respectively. When incidence angle of the first diffraction
grating is 40°, after producing pulse stretcher according to changing distance
of between the grating, data gained as a 50 ° . In addition, positive dispersion
type pulse stretcher by using Ti: sapphire laser |ike negative type pulse
stretcher designed and manufactured. Next to Incident beam is fixed incidence
angle of 40°and 50 “at the grating, as changing the distance between the
grating and lens at 10, 30, 50 cm. respectively. Then, pulse stretcher designed
changing pulsewidth according to change distance between the grating and a lens.
Also, pulse stretcher of new structure was designed and built for compensating
a reduction of the spectrum of stretched pulse about produced positive
dispersion type pulse stretcher.The second step of CPA is technique that a way
to amplify stretched pulse by using a crystal or optical fiber as gain medium.
Pulse amplifier with Double Cladding fiber, LMA (Large Mode Area), ytterbium-
doped fiber has designed to reduce peak power of laser that high peak intensity
occurring non-linear effect or damage in the fiber. And, with amplifying
stretched pulse, output of pulse due to characteristic of the grating is
reduced. So, ytterbium—doped fiber 1th amplifier was constructed to compensate
it. The final step of CPA is pulse compressor that by using the grating pair

was designed to compress amplified stretched pulse.

Keyword: Chirped pulse amplification, Ti:sapphire, Ultrashort pulse, Pulse
stretcher, Pulse compressor, Ytterbium doped fiber, Large mode area, Group

delay dispersion, Diffraction grating, Diffraction angle
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