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“Passmn extreme light”

Extreme light ultra high intensity roadmap
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Ref : Y Wang, et al, Opt. Lett., 45 (24) 6615 (2020) \”,,—""—’ » ! : | r;h;;d?ﬂ;?:‘l
® 1.1J, 1000Hz, 1kW average 0 STz g 7 B | s !
® 30 x 30mm?2 Yb:YAG crystal (130K) Nt =
@) o oo P g (P | Ref : P. Mason, et. al., Optica, 4 (4) 438 (2017) & &
(=l P 5, Sl ) ~

(o a2 Motipaes a2 ® 100J, 10Hz. World 1st 1kW average

N o ) e ® 100 x 100mm?2 Yb:YAG ceramics (150K)
b e
e ¢ . )

T et & A
o SBBAE- £/ US v 2

Ref : J. Ogino, et. al., Opt. Lett., 46 (3) 621 (2021)
® 9.3J, 33.3Hz 2J x 100Hz (SG1)

@ ¢60 mm Yb:YAG ceramics (130K) » Distributed Face Cooling (DFC) chip
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Heat Flow
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L: rod length
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aFE a

v: Poisson ratio, E: Young’s modules,
a: expansion ratio, Omax: maximum tensile strength
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‘ 5W,50 yum core diamete M1
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(a)

1 mm, 3 at. % Yb>":Lu,0;
and 2 mm Y,0; ceramics

0C

1.0at.% Nd:YSAG 1.0at.% Nd:YAG
Ref. Y. Sato, et al., IEEE JSTQE13(3), 838 (2007)
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Ref. M. Tokurakawa et al., Opt. Lett. 33 (12) 1380 (2008).
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Fig. Energy diagram of Nd-laser. Chip length, mm
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a) Initial state b) FAB c) Amorphous layer
(Fast Atom Beam) creation
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885nm LD stack 885nm LD stack . .
Nr2 withntTaam zhaa(;)ing optics with beam shaping optics SNy DFC Chlop 2x (gam Ijngth 10 mm)
21-crystal DFC chip ~ 21-crystal DFC chip 1.1-at% dO,DEd Nd3+:YAG
1.1-at% Nd:YAG 1.1-at% Nd:YAG 10x10x0.5 mm3
QARG Py |
A c-cut Sapphire
$—> 28 mm ) 10x10x2 mms3
Nda = Double-
- < E Ouop(taicpsass Pump 4x LD modules
- '4-17 Wavelength 885 nm
" -1 Output Rep. rate 1 Hz to 50 Hz
500 mJ, 25Hz, 10nsi/ *@ﬂolﬂs Pump pulse 250 is
Pump power 8 kW per LD
DFCF v Z(10mm0) Z#E&H U Pump energy 2 J per LD

fSAsE— RS Yo Do |

(a) EXE (1064nm) (b) SHiE (532nm)
HE KK >2J, 50Hz DFCFVITL—H—(FB) 2 #&il

10 20 30
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885nm LD stack 885nm LD stack . .
- B Bebain ohaping oplice R Tm——— - DFC chip 2x (gain length 10 mm)

21-crystal DFC chip ~ 21-crystal DFC chip 1.1-at% dop ed Nd3+:YAG

1.1-at% Nd:YAG 1.1-at% Nd:YAG 10x10x0.5 mm3
o[ A A\ ]+
I |\ [ ﬁ | I c-cut Sapphire
28 mm ( 10x10x2 mm3

®

T W

o o Double-pass
- d " E optics Pump 4x LD modules
P /4 - - Wavelength 885 nm
o aiia e g. 2 y Suut Rep. rate 1 Hz to 50 Hz
500 méxeonia ‘O”Sf/ E \L\e—zb ns Pump pulse 250 us
: ; Pump power 8 kW per LD

DFCF v Z(10mm)&&E&HL
JRsl e — NV Yo DANE |

Pump energy 2 ) per LD

Rep. rate | Aperture _HM_ Temp.
(cmxcm)| E (Jecm2) | Pav (W/cm?2) (K)
1 10

ELI-DiPOLE 10x 10 150K
This work 2 50 1x1 2 100 RT
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Master Laser DFC Power Amplifier QPM-Quartz 'b
{ Tiny Integrated Laser } |
\J
i_DFC@%@ﬂ:I:J:UéBI:/J\EM:} — =
NILR RS — VIS |
BIE/SLR | = — 1 "
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Tiny Integrated Laser

Table AFRAVFERIALFRREIEM EHFIE

Nonlinear Optics

for high power applications

Dameaged by intense laser!

10°
Material LBO LN Quartz Quartz
Formula LiB;O; LiNbO, SiO, 10°
n =1.5656
Refractive index n =15905 n, =2.234 n, = 1.5341
y : — —
@1.064 pym n, = 1.6055 n,=2.144 n, = 1.5428 10°
KN
Laser damage th. 45 GW/cm2 | ~300 MW/cm2 | 600 GW/cm?2
intensity, Irr@1.064 um| @1.1ns @10 ns @ 0.7 ns 102 AL
Nonli fhicient, | oo | dy=46 e
onlinear coefficien = 4.
’ dy, =0.85 31 d,; =0.30
(pm/V) @1.064 ym d,, = 0.04 Oy3 =25.2 10" LN
YCOB
Transparent range 0.16-26puym | 0.33-5uym | 0.15-2.8 um 10° KDP
o (HEEESHEMNZWL P BLNIBES 10

o NSBRIEHTME (dEH) P BABL—T—

(a) Conventional FOM (b) Offered FOM : Include Ibt
FOM of nonlinear optics (normalized by KDP)

-

| VUV (>150nm) [CEDEM

° ESEDEEMMY THzwave Laser K8 (Quartz) |
o it cEELRER A

° BRI TR A\N

© ERREMEDEELN THzif (>40pm) [CHE (T D& |
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