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Development of Kumgang (£:Rl;diamond) laser:
4 x 0.1J@10kHz/10ns

coherent beam combination laser
using stimulated Brillouin scattering phase
conjugate mirrors (SBS-PCM)

Hong Jin Kong?!, Sang Woo Park?!, Seongwoo Chat, and
Jom Sool Kim?

1 Department of Physics, KAIST, Republic of Korea
2|aser Spectronix, Republic of Korea

Laser Science Research Lab. KAIST 1 Hong Jin Kong
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Beam Combination for Dream Lasers

~ 1 kJ beamlet
~ 10 kJ bundle

P.Mason et al., HIPER, LCS2012

>10J >10kHz ~100-200fs by 1000s fibers combination
G.Mourou et al., Nature Photonics, VOL 7, 258, APRIL 2013

Powerful Dream Lasers Energetic Dream Lasers
for for
CW or High rep. rate > 10kHz Low rep. rate < 10kHz
with small energy with high energy Schematic of 1 kJ
head design

Beam combination of Beam combination of
Many Fiber Lasers Several Bulk Lasers
(more than 1,000) (less than 1,000)

Laser Science Research Lab. KAIST 2 Hong Jin Kong
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Most challenging issues In LFE

DT Laser ignition »-» Fusion Energy »_

| High Rep. Rate Laser (25kJ@10Hz module) Resolved by Coherent Beam

| Target injection (< 20um@400m/s@>5meters ) Combination SBS-PCM

» Protection of windows from explosion debris

Laser Science Research Lab. KAIST 3 Hong Jin Kong
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* High Repetition-Rate/Energy/Power Dream Lasers are strongly required for
e Laser peening
o 2-D laser machining by holography
o Laser n/p accelerator
o Laser fusion driver
 Tremendous applications...
« Solutions to increase the output energy/power :
LD pumping
» High thermal conductivity laser media (Ceramic laser materials)
* Cryogenically cooled ceramic lasers (Yb:YAG, ...))
» Cooling problem(thermal) and parasitic oscillation
» limit the size of the laser media > limit attainable output energy/power
* Beam combination of available lasers ;
o extends the attainable energy/power — Energetic Dream Laser

» Demonstration of CBC by using phase controlled SBS-PCM in high power regime is
very important step for the Dream Laser Technology

Laser Science Research Lab. KAIST 4 Hong Jin Kong
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Phase conjugate mirror

Doubly distorted = Conventional
image , mirror
Conventional mirror Phase conjugate mirror . ? '
Distorted
image

ef'ﬁ(F) ef¢’(F)
e -4 I

Conventional mirror Phase conjugate mirror

Criginal and Phase-conjugatin
final image mirggr? g

Laser Science Research Lab. KAIST 5 Hong Jin Kong
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Practical Application of SBS-PCM

— = &

—)
O t)} @ Optical damage \.\ﬂ

Amplifier

Conventional mirror

=

Amplifier

Cﬂ

PCM

Master oscillator power amplification (MOPA) with phase conjugate mirror (PCM)

Laser Science Research Lab. KAIST 6 Hong Jin Kong
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Image reconstruction by SBS-PCM

CX1 |

%) -
PBS, QWP BS

QX
@) [ AN

A 4

Y

SBS-PCM

l PLCC | ; ;
U Aperture U

CCD
Camera

CX1 |

o .
(b) PBS, QWP B85 ‘
: : T d
LASER::H: Isolator [ . \
\U Pice\) L o ]
Aperture U Mirror

PBS : Polarizing beam splitter; BS : Beam splitter; QWP : Quarter wave plate;
CX1,2,PLCC:Lenses

Laser Science Research Lab. KAIST 7 Hong Jin Kong
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Image reconstruction by SBS-PCM

Conventional mirror SBS-PCM
AR
Without o
aperture .
Rose
shaped
aperture

Laser Science Research Lab. KAIST 8 8 Hong Jin Kong
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Beam combination and Its problems

Wavefront distortion

Cooling problem + parasitic oscillation

|

|

'J'i

|

Large-size laser medium

\ 4

Easy cooling

- [—

Piston error

Laser Science Research Lab. KAIST 9 Hong Jin Kong
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Ways of clean-up of wave-front distortion

--- 4Wave Mixing

Depends
Loss of Energy on the small small small
beam
quality
system Simple Complicated Most simple  Complicated
Input energy No limit No limit No limit Small
Piston error Was No
: OK OK OK
correction Now OK*

* Random Piston Error of SBS-PCM
- inherent problem of SBS,
- but it was resolved by H. J. Kong in 2003 by the self-phase-control technique

Laser Science Research Lab. KAIST 10 Hong Jin Kong
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Beam combination laser system using SBS-PCMs

Array amplification system

Wave-front (N x N Array) Output
d|V|d|ng SBS-PCM FR Amp

N
method = Q SBS-PCM

- 0-{] OEH Phase

cof\?rilslirs K Z H controllers
C 0 v v 0

S -

§ Beam expander

SBS-PCM FR Amp
Phase Hzo ] Q  SBS-PCM

controllers - |:| 7 K 1 D 0]
SBS isolator system
Array amplification system

(M x M Array) I

Laser
Oscillator

H. J. Kong, J. Y. Lee, Y. S. Shin, J. O. Byun, H. S. Park, and H. Kim, Opt. Rev. 4, 277 - 283, 1997.

Laser Science Research Lab. KAIST 11 Hong Jin Kong
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WD M X M Amp array

P
SBS-PCM Z

SBS-PCM |z

SBS-PCM |z

SBS-PCM |z

Laser Science Research Lab. KAIST 12 Hong Jin Kong
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Beam combination laser system using SBS-PCMs

Ampl itude Array amplification system Output
. e . M
dividing (2% Arrays)
SBS-PCM FR Amp FR
method 0 {2 5 evpander] // T
rotator
Phase | |_J0 W00 | 22 8eam expa”derl//EN Z I Z D E OEH Phase
controllers troll
I:]C - |:| - ‘2’\4/2 Beam expander ‘// E N O|:] CONTrofiers
0 l:l O ‘2""’2 Beam expander‘// Z X § Beam expander
SBS-PCM FR Amp FR BS Q SBS-PCM
Phase HI:]O L |:| ] ‘ZN/zBeam expander‘ /Z] D ] D 0 ]
controllers [\ R (zwz Beam expander j // ] Q SBS isolator system
Array amplification system
(2N Arrays) I
Laser
Oscillator

H. J. Kong, S. K. Lee, J. W. Yoon, and D. H. Beak, Opt. Rev. 13, 119, 2006.

Laser Science Research Lab. KAIST 13 Hong Jin Kong
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AD M X M Amp array

o<

P

BE Amp H FR SBS-PCM |2
P
BE Amp H FR SBS-PCM |2
P
=) ; BE Amp =] FR SBS-PCM |2
l P
BE Amp H FR SBS-PCM |2

Laser Science Research Lab. KAIST 14 Hong Jin Kong
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“Self-phase control” method

* Feed back mirror > Counter propagating beams > Standing wave > Density modulation

« Standing density modulation locks the ignition position of the moving Bragg grating.

« The Bragg grating locks the phase of the SBS wave.

» Phase controlling of SBS wave is possible by positioning the feed back mirror.

SBS Cell#1 P

o

Lens Concave Mirror

SBS Cell #2 g

oo

(a)Concentric type

SBS Cell #1 -

[

Concave Mirror

SBS Cell #2 e

[

(b) Confocal type

Laser Science Research Lab. KAIST 15

Hong Jin Kong
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Reflectivity and breakdown probability depending on

the laser mode of SBS-PCM with FC-75

- g 100-
1 -ee-o— %
= ] o
80 ‘(..’rv. 8 80- ]
;{;\ / % ] /‘/-.4 - ",
X 604 Y el
= m
E 1 =~ 1 /
g 1 g 404 f'/
= 1. > I
2 S w|’ -
] 13) |n <. m  Reflectivity
(0] ° ® Breakdown
e T R & ) PO
) nd 0 50 100 150
Laser input energy(mJ) Laser Input Energy(mJ))
Single mode pumping Multi mode pumping
(Av~120MHz, I'=350MHz) (Av~30GHz, I'=350MHz)
(No break down) (Break down occurs)

Seong Ku Lee, et. al, JKPS 46, pp.443~447, 2005.

Laser Science Research Lab. KAIST 16 Hong Jin Kong
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Experimental setup for the wave-front

dividing 4-beam combination

M2 aMP4 FR4 - SBScell4 C4
6 mm / - - S I
N e M PZT3 :
® A AMP3  FR3  gBscell3 C3 |
s R
%E P3 - - .P_ZTZ 15
4-beam aperture M1 AMP2  FR2  gBScell2 C2 i

Input f=200 mm

AMP1  FR1 SBScelll C1

Nd:YAG laser
oscillator

f=-50 mm

Amplified

|
|
|
|
|
|
|
|
|
|
:
=200 mm |
|
|
|
|
|
|
|
|
|
|
|
|

output
) Ia
I Reference f=-50mm
! CCD  BS  peam
I camera
{: Feedback
: signal
b Phase control electronics --------=--------—--—- !

PB1&PBS2, polarizing beam splitters; HWP1&HWRP?2, half wave plate; P1, P2&P3, 45 degree prisms; BS, beam splitter; W,
wedged window; FR1, FR2, FR3&FR4, Faraday rotators; C1, C2, C3&C4, concave mirrors; PZT1, PZT2&PZT3,
piezoelectric translators.

J. S. Shin, S. Park, H. J. Kong, and J. W. Yoon, Applied Physics Letters. 96.131116, 2010.

Laser Science Research Lab. KAIST 17 Hong Jin Kong
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4-pbeam output profile & Interference patterns

4-beam combined Interference patterns
output profile at CCD camera

0: Reference beam

J. S. Shin, S. Park, H. J. Kong, and J. W. Yoon, Applied Physics Letters. 96.131116, 2010.

Laser Science Research Lab. KAIST 18 Hong Jin Kong



8 HEC-DPSSL 2014

Beam Energy — AMP off case

e Inputenergy:32.2 = 0.3 mJ

e Qutput energy
— AMP off : 9.9 £ 0.5 mJ (reflected by SBS-PCMs)

Laser Science Research Lab. KAIST 19 Hong Jin Kong
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Phase fluctuation without amplifier operation

SD: A/36.3
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J. S. Shin, S. Park, H. J. Kong, and J. W. Yoon, Applied Physics Letters. 96.131116, 2010.

Laser Science Research Lab. KAIST 20 Hong Jin Kong
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Beam Energy — AMP on case

e Inputenergy:32.2 = 0.3 mJ

e Qutput energy
— AMP off : 169 £+ 6 mJ (gain : 5.3)

Laser Science Research Lab. KAIST 21 Hong Jin Kong
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Phase fluctuation with amplifier operation

SD=1/68.8

A®, (degree)
o

500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Count of shots Count of shots
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J. S. Shin, S. Park, H. J. Kong, and J. W. Yoon, Applied Physics Letters. 96.131116, 2010.

Laser Science Research Lab. KAIST 22 Hong Jin Kong
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0.1J@10ns@10kHz laser modules

and beam combination for 4 kW using
SBS-PCMs

Laser Science Research Lab. KAIST 23 Hong Jin Kong
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Laser System Configuration

Front-End

* 1064nm/10kHz
» Single frequency

* Nd:YAG Rod
e Output>200W

» Tunable
* Output>0.3mJ/pulse
* (3W @10kHz)

!

Output 4kW @10kHz
(0.4J per pulse)

Main Amp |
(SBS-PCM)

Main Amp 11
(SBS-PCM)
Main Amp |11
(SBS-PCM)
Main Amp IV

(SBS-PCM)

* Nd:YAG Rod
* SBS-PCM
e Output>1kW

Laser Science Research Lab.

KAIST

24

Hong Jin Kong
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Front-End 2D laser cutting by hologram

Pump LD SMYDF PumplLD SM YDF

50nJ/10kHZ/10nS VDM lso/Fllter WDM lSO/FIlteI‘

Sanisk »

fee  meg

Combiner,

Iso/Filter

T,

N e — ——————— — — — — —— -

Collimator

[ —————

0.3mJ/10kHz/10ns

1 \
I 1
,' PBS ' | :
1
I INPUT A | E_ g l ! i |
: (5W from Osc) - - : '
1
i OUTPUT1 GM1 C GM2 M ] i
1
(>50W) PBS i HWP == CM2 w/PZT |
! I
! T <SBS-Cell 2/} — |
! INPUT il Nal__ " 1 M3 w/PZT |
i Ui Vs UE; :
i GM3 C GM4 My V4 w/PZT |
i : : mask |
! 20mJ/10kHz/10ns ! :
! I
1 1 1 ]
\ Vi \ . 1
/ \ - 7
\\\ Pre-Amp . . Main Amp //

Laser Science Research Lab. KAIST 25 Hong Jin Kong
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Front-End system

Laser Science Research Lab. KAIST 26 Hong Jin Kong
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Hybrid Pulsed Seed Laser

CW single frequency diode laser

e Tunable wavelength 1064nm+/-1nm
» Single frequency line-width <1MHz
e Output power >30mwW

* PM fiber coupled

Pulse Slicer

* Fiber coupled fast AO modulator

» Pulse shape near Gaussian

o Pulse width ~10ns & Rep rate 10kHz
» Pulse energy ~0.15nJ per pulse

Fiber amplifier

e YDb-doped PM fiber amplification pumped with 980nm LD

» Output pulse energy ~50nJ per pulse

o Pulse width ~10ns (near Gaussian)

» Wavelength 1064nm with single frequency line-width <100MHz

Laser Science Research Lab. KAIST 27 Hong Jin Kong
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Hybrid Pulsed Seed Laser setup

Ampl LD MaSter
oscillator
- WDM module
Single frequency - % X ~\
CW>30mwW 10ns @10kHz
CW 300mwW @ 100ns @10kHz
@976nm FG AOM?2 BPF
Pump LD
N —
Amp2
WDM BPF
-X % Amp3 X ¢ Fiber
Pump LD Pre-Amp
CW 300mwW 5mW/10ns@10kHz
@976nm
Output:

0.5pnJ/10ns@10kHz ()

Laser Science Research Lab. KAIST 28 Hong Jin Kong
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CW Diode Oscillator

CW Oscillator
(30mW @1064nm, <1MHz)
(0.08nm/K, 0.008nm/mA)

N /
x

AOM

444

To Yb-fiber
pre-amp

NPT
QNN
e

; «:I\:/*”':‘#’/

-

10ns @10kHz

Duty cycle=0.01%
Ave power=0.2uW
0.02nJ/pulse

Driver

Laser Science Research Lab. KAIST 29 Hong Jin Kong
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Pulsed Master OSC

Pump LD “

AOM1

LD OSC

FCIAPC

cw>30mwW

>2nJ/10ns/10kHz

L X
1064nm 10ns @10kHz
Single frequency

®

CW 300mw
@976nm

FG

100ns @10kHz \

PM980
s
FC/APC
output PM Cable
Connector

**AOM1-Pulse modulation, AOM2-CW reduction

WDM

x=spliced
AMP1
X
Yb-doped SM fiber )
PM6/125-SCF
250dB/m (1.5m)
BPF

—J
AOM?2

3 7

Bandpass 1064+/-1nm

Laser Science Research Lab.

KAIST

30

Hong Jin Kong
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Pulsed Master OSC

Interation time: |4 gg ~ | Scansto | Boxcar SirobelLamp Eleciric dark EETLHE
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*
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TR RO B

A0 | Pixet ’152'25 |
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1066 1067 1068 10649 1070
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e
]
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Laser Science Research Lab.

KAIST

31 Hong Jin Kong
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Pulsed Master OSC

t BeamStar

B 30 Display |

E ] 1
ePoastion |mm)

Ling Frotile
=um Fralile

[
~ Modulatio ey
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Fiber Pre Amp

AMP2

x=spliced
Input ISO WDM BPF
= X X &
Yb-doped SM fiber )
>2nJ/10ns/10kHz PM6/125-SCF
250dB/m (1.5m)
Pump LD
CW 300mW
@976nm AMP3 CW 300mW
Pump LD @srem
Output WDM
>500nJ/10ns/10kHz " "
- - Y
Yb-doped SM fiber
PM Cable BPF PM6/125-SCF ISO
250dB/m (1.5m)
Laser Science Research Lab. KAIST 33 Hong Jin Kong



8t HEC-DPSSL 2014

Output beam spectrum @10kHz

15000 -

10000

5000 7

Intensity(a.u.)

1060 1061 1062 1063 1064 1065 1066 1067 1068 1069

Wavelength(nm)

Central wavelength= 1064.6nm

Laser Science Research Lab. KAIST 34 Hong Jin Kong
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Output pulse shape @ 10kHz

| €— 97nst0.4ns

i

it
1'“-41-,‘_' . . . . .
R A i i N g Ry A

oA e e, A= A e g e

A A P et A i e W e st iR i e o W e e A i

@ 50.0mve 2.00V )
Value Mean min Max ;

@D Positive width  9.767ns  9.708n  §.770n  10.66n [20-0"9
[ Peak-to-peak  204mV 206 176m 220m §+¥340.600ns

][5.'00'(;5'/5; ][ .9;.1'. '2.52'\/]

10k Point

Laser Science Research Lab. KAIST Hong Jin Kong
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10kHz Regenerative Amplification

ulse width 8t ("
_ P 5t < ST(=2L/c)
Hybrid pulsed .A. L=cavity length
seed laser ~50nJ @ 10kHz / ~10 ns ~2.25m
M 1\ J
| M
OUTPUT
M > 0.26 mJ@ 10 kHz/ 5.9 ns

HR QW TFP
HV (10kHz)
oV

Pulse Pulse
injection ejection

.

A HR

HR: Cavity high reflector, M: Mirror
QW: Quarter wave plate

PC: Pockels cell, TFP: Polarizer
GM: Nd:YAG rod gain module

A: Aperture (for TEM,, mode)

I: Isolator, AOM:AO Modulator

Laser Science Research Lab. KAIST

36 Hong Jin Kong
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Output power stability

after regenerative amplification

Channel A W]
5.000

4.500

4.000

3.500

3.000

2.500

2.000

1.500

1.000

0.500

0.000

0 0.108 0.217 0.325 0.433 0.542 0.65 0.758 0.867 0.975 1.083
Time [Hours]

||7 — A-0.0W-50W I

Output power P, = 2.576 W = 26.45 mW
(= 1% standard deviation, during 1 hour)

Laser Science Research Lab. KAIST 37 Hong Jin Kong
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Output beam pulse width

Select
Measurement

Ch2 +Width
5.934ns

. ch2Pk-Pk |

Cycle RMS

@IE 100mVQ-M20.0ns A Ext S 435mV] —more-
: e : : SO S
‘ 1 @+v.799.800ns
Remove  Gating W é't';'bw Reference Indicators

Measrmnt
for Ch? Measrmnt Off Auto Levels Off

Output beam pulse width=5.9 ns

Laser Science Research Lab. KAIST 38 Hong Jin Kong
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Output beam Interferogram

using Fabry-Perot interferometry

* There’s no sub-fringes between the fringes
« At the multi-mode operation, sub-fringes are shown
between the fringes
» Therefore, the output beam is considered as single mode

Laser Science Research Lab. KAIST 39 Hong Jin Kong
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Output beam line-width

measured by scanning Fabry-Perot interferometry

Free spectral range
=7/50MHz

Ch2 +Width |
1.849us |

: low -
| : resolution
€ 4 : : ) ; .'

R =80MHz & @ifl: o+ &
:!liii-i'}"i- 'i""'"l""'"l""" .;.+|..|i“;;.+|+ jhl‘i"?‘“?’f‘f"ii'i'l"’“ii‘

Ch1 S.00V  [IE 1.00V +'M1.00ms'A Ch1 / 2.20V
- : : ' 1 395.80% e

Output beam line-width=80MHz

Laser Science Research Lab. KAIST 40 Hong Jin Kong
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Rod Pre-Amp Module

Chiller Optional
Pre-Amp

LD LD
Oriver Driver
PBS 1 ‘__‘1 Chiller
INPUT > ¢
(>5W, 0.5mJ, 10kHz) /r . > I

M LD LD
OUTPUT1 GM2 C GM1 Driver Driver

(>50W, 5mJ, 10kHz) PBS 1 1
* INPUT <_I 1->I
GM2 || C || GM1 M
GM: Gain module (pump diode+Nd:YAG rod)
C: Compensator, SF: Spatial filter, M:Mirror, PBS: OUTPUT > 200W
Polarization BS 20mJ, 10kHz

Laser Science Research Lab. KAIST 41 Hong Jin Kong
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Gain Module: Design

HiWatt-Series GM4.5 Gain Module (GM) for Pre-AMP

* Wavelength 1064nm

* Nd:YAG rod- ¢4.5mm x 96mm

o CW diode-stack side-pumped

e Pump power 1kW max @808nm

 CW output power>350W*

« DI water-cooled, flow 7L/min

« Single LD driver of 5kW drives
two GMs in series

GM4.5 @1064nm Nd:YAG Rod Pump LD (max Power) CW Output*

HiWatt-YAG1064-2005-045 f4.5mm, 0.6% 200W x 5ea (1kW) >350W, MM

*short cavity, unpolarized

Laser Science Research Lab. KAIST 42 Hong Jin Kong
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Gain Module: Drive & Cooling

-

Gain module -
- — ’ ‘_,—e'_r - |
(nominal 35V/50A) - - awe
- - _’_’ - o
] J’—’ - -
- -
1 - - .
: - Closed-loop chiller

Coolant: DI water
Temp: 25C nominal
Flow rate: 6~7L/min

LD Driver
DC80V/63Amax , 5SkW
Air-cooled

Lu\)\al SMulvCitlve TT\CouCvuUul wvil VAN, lv‘ld. TJ Hong \]in Kong
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Gain Module: CW Burn-in Test

Chanmel A [W]

GM4.5: HiWatt YAG1064-2005-045

4 hours @52A (~90% of rated LD current)

Short cavity L=140mm w/ OC=70%)

250.0 :
] LI g 12 1.6 _ [2|-|m|“_| 24 28 3.2 ik i
[‘_— I AS0.0W ]
Laser Science Research Lab. KAIST 44 Hong Jin Kong
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Pre-AMP Configuration

PreAMP-1 Double pass + PreAMP-I1 Single-pass
(thermal lensing and birefringence compensation)

Front—FEnd Tnput Eij g
150 . HWF
A
HR FR G2 GMIT
FBY
= |
Pre—AMP-i m—%}—ﬂ E—E %—E E—%{z %—E -
&
RL Rl F Ri
B
%;GMQQ GMZT

RL |y RL . PR I RL
Pre—AMP Il Output . . C b = = Pre—AMP !
PBS

GM1-4: Gain module(GM4.5), RL: Relay image lens, PR: Polarization rotator
FR: Faraday rotator, PBS: Polarization beam splitter, ISO: Isolator
A,B,C: measurement positions

Laser Science Research Lab. KAIST 45 Hong Jin Kong
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Pre-AMP: Input vs. Output

300 l T T
PreAMP-1 + PreAMP-Il @C

- (GM@52A & @53A)

200 /
g /i’
|_
E 150 //
.
@)

100 PreAMP-1 @B(GM@52A)

T A —>
//
° 0 0.5 1 1.5 2 2.5 3 3.5 4

INPUT(W) (@A)

Laser Science Research Lab. KAIST 46 Hong Jin Kong
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Pre-AMP: Power stability

= USH - [USEl Thermopile: F3008 (s/ni146264) UB1.45 (s5/n] A53631]
Eile Maw Log Zelect Device Fynctions Options  Mindow  Help

= EQ B & 7
—— 0 2 | :
| e T IE |
Statistica [Power, W] Time Left: 00:04:51 Elapsed Time: 00:05:09
i 228 4w
H ks -
A:mge 2308w H0.0W [
Sad [rev. GEFR St WWWWM—M“MMMF
Oivmrangs 0
Measirarmnanl Parameta:
Mods —J 200w
Lase TN _] .
L —> <0.28%rms (5min.)
Gisve Setingy] | |180.0w - - - - | | : : :
Logging

Fresoed M Save | e
=
Logging in progiess

12000

i, 0W

0, 00W

H.00W

o .00 H.]'D 2.1.1'0 100 400 5.00 E.‘l.'llﬂ 700 B0 .00 10,00
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Pre-AMP: Input beam profile
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Pre-AMP: Output beam profile
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Pre-AMP: Output beam profile
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Pre-AMP: Pulse width & profile

Input pulse (10ns) Output pulse
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Rod Main Amp Module

LD LD LD LD
Driver Driver Driver Driver

PBS I 1 M

INPUT _ | _ )

@10k, =i sSiiEtigE=)
m z

GM4 C2 GM3 SF2 GM2 C1 GM1 SF1 FR SBS-PCM

OUTPUT

(1kw, 100mJ@10kHz, 10ns)

GM: Gain module (pump diode + Nd:YAG rod, Gain > 1.5)
C: Compensator, SF : Spatial filter, FR : Faraday rotator
M : Mirror, PBS : Polarization BS (TFP)
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Gain Module: Design

HiWatt-Series GM6.3 Gain Module (GM) for Main-AMP

* Wavelength 1064nm

* Nd:YAG rod- $6.3mm x 146mm

o CW diode-stack side-pumped

e Pump power 2kW max @808nm

 CW output power>880W*

» Single LD driver of 5kW drives
one GM

GM4.5 @1064nm Nd:YAG Rod Pump LD (max Power) CW Output*

HiWatt-YAG1064-2005-045 $6.3mm, 0.6% 400W x 5ea (2kW) >880W, MM

*short cavity, unpolarized

Laser Science Research Lab. KAIST 53 Hong Jin Kong



8t HEC-DPSSL 2014

Gain Module: CW Burn-in Test

GM6.3: HiWatt YAG1064 model
1 hours @50A (~90% of rated LD current)
1800 Short cavity L=250mm w/ OC=70%)

Hik

] 245 B.459 0.734 037 1223 1468 1.713 1.958 2.2 2447
Timie [Hours)

|'F — A-DIW- FTODN I

Laser Science Research Lab. KAIST 54 Hong Jin Kong



8t HEC-DPSSL 2014

Main-AMP test (single pass) : configuration

Pre-Amp-1 Double pass + Main-Amp Single pass

CL HWP
Osc . FI H %

Pre-Am-Ié
" e S S B

RL7 PR3 RL6 RL5 PR2 RL4 | TTTTA
—1 GM .'I.I:GM I GM M GM
! 6 | 5 4 i . 4 4 3 ~
D C B Main-Amp module
CL, collimation lens, FI, Faraday isolator, HWP, half wave plate,
RL1~7, Relay image lenses, GM1~6, Gain module, PR1~3, Polarization rotator
FR, Faraday rotator, HR, high reflector, A~D, measurement point
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Main-AMP (single pass): Input vs. Output
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Main-AMP: Power Stability
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LD laser oscillaotor module

1 2 -‘h-- ¥
,r,.-.--

~
o~

. '. F ‘4'!-"'-&._‘,

.
Yb doped fiber amp

Pumping LD '

Acoustic
Optical
Modulator
(AOM)

10kHz pulse sllcmg

LD oscillator __
(30mw)

Laser Science Research Lab. Hong Jin Kong




8 HEC-DPSSL 2014

Pre-AMP setup
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2D Laser machining by hologram

Any Patterns and many
holes can be machined,
ns Dream laser cutting, welding, drilling,
surface treating without
scanning

substrate hologram
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Laser machining by hologram pattern

Conventional
. . | laser processing

1. straight-line cut
by sawing

......

2. round edge

3. curved-line

e

One-shot
processing
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OPA: Optical Parametric Amplification

A

Fump beam

signal beam

Amplified signa
Uepleted pump

yFw .

Nonlinear crystal
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Initial short pulse A pair of gratings disperses

the spectrum and stretches

’ \ the pulse by a factor
- /7 5 e fossand

Short-pulse oscillator

The pulse is now long l

and low power, safe

for ampilification

-

High energy pulse after amplification

——

Power amplifiers

-J L

Resulting high-energy,
ultrashort pulse

A second pair of gratings
reverses the dispersion of the
first pair, and recompresses the pulse.
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OPCPA = OPA + CPA

STRETCHER

positive chirp
~400 fs
100 fs
COMPRESSOR  negative chirp

—

A

Pump beam

I el s =t Tl i
Depleted pump

Nonlinear crystal
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High rep rate high energy fs/ps laser by OPCPA

Exa-watt laser concept based on
broadband OPA pumped by multiple beams

Amplified signal
(Uniform phase)

Multiple pump beams

with different phases _ 2 st
.—"’f =
i
j,,-""'-" - _7__. .

Partially deuterated KDP
K. Ogawa et al., Opt. Express 17, 7744-7749 (2009).

Broadband signal
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Future Plans

- — »
B+ >
g S _ € |4 Beam combination
222 g ”
L 2 400J~4kJ@10Hz
— B
)
@ | 10 X 10 Beam combination
5 1
o 10kJ~100kJ@10Hz
7]
"Q.
v Laser machining by Hologram
4 La.ser maChlnlng by v Laser peening
Hologram v' nlp generator
v EUV source v’ Laser Fusion
v Etc. v Etc.
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Conclusion

e 0.1J@10ns@10kHz laser modules has been designed and is
being tested.
— Pre-Amp module: 23mJ@10kHz/10ns
— Main-Amp module: 51.6mJ@10kHz/10ns (single pass)

« Beam combination will be done by a serrated aperture or a
VBG (Volume Bragg Grating)

» The system will be completed by Feb. 2016.

» The success of research is expected to be a critical point for
the future laser technology.

» This beam combination can be applied to WD and AD
schemes depending on the demands.

« This project is very important step for future development of
Dream Pulsed Lasers.
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Thank you for your attention.
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Future Works

® With new amplifiers, the 4 beam combined output energy Is
expected to be around 2,000mJ (4*x500mJ) at 10 Hz repetition
rate.

v' For AD and WD
® For the WD beam combination
v Beam-quality improvement by
» Image relays,
> serrated apertures
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