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CONTEXT
HIGH POWER LASER
FACILITIES

AT CEA-CESTA




Cea CEA-CESTA : LOCATION AND ACTIVITIES

B Activities
= Management of physics experiments in large
@ 250 LM facilities such as facilities of thermomechanical
collaborators . ! ' tests, anechoic chambers, X-ray generators...
= Operating of high power lasers facilities (LMJ and

CEACESTA % ' SV PETAL)

B Hubs of competitiveness

= Route des Lasers (lasers and photonics)
LMJ facility

= Aerospace Valley

e i

e
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LABORATORY OF OPTICAL TECHNOLOGIES (LTO)

Missions
Specification of optical components = to divide in elementary fabrication stages

Fabrication follow-up of optical components

Optical logistics : transit, import/export, storage management (location, quantity,
performances preservation during the storage...)

To Lead the R&D of optical processes

On behalf of
High power lasers facilities at CEA: (LIL), LMJ, PETAL

Other CEA labs
Technical and Scientific studies or valorization

LTO team
14 permanent people and ~10 students

People are skilled according to elementary optical fabrication stages
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SOL-GEL COATINGS




ANTIREFLECTIVE COATINGS FOR THE LMJ FACILITY

1 laser beam

2x small optics G
= 1% u-turn lens

= 1x injection lens

16 large optics (40cmx40cm) coated
with antireflective sol-gel single layers

J | J

3x optical parts in the ¥ "- - 10 optics used at 4 optics used at
A=351nm (3w)

Pockels cell ~ s A=1053nm (1w)
= 2x windows - B A 4
= 1% KDP = -

2 optics used at
1053/526/351nm

LMJ = 176 laser beams
<@ at least 3000 parts

5 optics in the conversion
frequency and focusing device

1x phase
plate

1x lwgrating

2 types of substrates

g J

Fused KDP
— S el silica crystals

V]

= 1% vacuum chamber window
= 1% debris shield CEA | 12t APRIL 2017 | PAGE 6

2x KDP for frequency conversion = 1x disposable debris shield




MAIN ANTIREFLECTIVE COATINGS SPECIFICATIONS

Optical parts used at A=1053nm (1 w)
Transmittance per side > 99.8%

Imperfections (1ISO10110-7) < 20x0.3/ 25x0.275 / 30x0.25 according to the parts
Laser damage densities at 3ns < 0.01cm2@18 J/cm? and < 0.4cm2@25 J/cm?

Optical parts used at A=351nm (3 w) 10 x 0.25 = 0.625 mm?

Transmittance per side > 99.8% / N
Number Side dimension (mm) of

Imperfections < 10x0.25 of defects  @n equivalent square in

: terms of surface
Laser damage density at 3ns < 0.01cm?2@14 J/cm?

Specific parts with differents coatings on each side

Phase plate = imprinted side : T>99.8% at A=1053nm and A=351nm
= « alignment » side : 99.2% < T1lw< 99.6% and R3w > 3%

SHG = input side : R<0.5% at A=1053nm
= output side : R<2.3% at A=1053nm and R<0.6% at A=526nm

THG = intput side : R<0.5% at A=526nm
= output side : R<0.7% at A=351nm
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TWO TYPES OF COATINGS FROM A LIQUID PROCESS

Sol-gel coatings made from a colloidal silica solution

[ Colloida . . . .
silica 62 & o;l/ Gelalmon Solvent Final SO“ld coating
[¢]

o % ° o Deposition | )|  evaporation [ )
o (o}
Coating ao® e B oo BRI RB PSRRI

solution 7 & 3 Mo T=25°C | '
8o P=latm
Ethylic porous film

alcohol n(lw)~1.22 2AR1~215nm thick
- n(3w)~1,24 =AR3w~71nm thick

Sol-gel coatings made from organic polymer solution

—_Organic . . : .
Gelation
polymer /f// | l Solvent Final SOllld coating
/\/N Deposition [ | evaporation [ )
Coating NS P U CTU s d—
solution \ T=25°C
P=1atm
Organic dense film : n~1.31
solvent AR1~200nm thick
- AR3w~67nm thick
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TWO SOL-GEL COATINGS METHODS

? © Two coated large sides simultaneously
© Parts shapes : flat, convex, concave...
_ _ © Easy parts loading
5 © Not appropriate for one coated side or differents coatings on each side
(¢ (o]
02c o9 © Alarge quantity of coating solution is required
0o (o}
00 5°09
°§o°o%°o° The sol-gel technology has been developped by CEA
S and then transferred to a company .
Dip-coating A specific production facility and coating equipments
have been designed by CEA.

thickness = C x(speed)" n~2/3

© Appropriate for one coated large side or differents T —

coatings on each large side <‘)
© A small volume of solution is required o0 Aere
O s08Lx%0

© Parts shape : flat only Meniscus-coating

® The parts loading required specific adjustements

| PAGE 9
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PRODUCTION FLOW
AND

PERFORMANCES




Ce2a SOL-GEL PRODUCTION FACILITY

Energies -
supplies zone ,

M ....... o .
Desks and : I_
logistics zone - =

Sol-Gel process zone : cleamrooms

100m? 1ISO8 / 200m? ISO6 / 50m? ISO5
T=21+1 °C/ RH = 455 %
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PRODUCTION FLOW AND PERFORMANCES

i

ISO 5 H
ﬁ packi ng area

: i
g Chefnical
";"F @" hardéning

KDP parts__ N
cleaning machine

73 Manual cleaning
& coating removal ‘

' 1SO8 unpacking
& cleaning area

ISO6

Flﬁ coating area
| 'I Fused silica parts
| = {,I cleaning machine

=

) Spectral
|| measurements

Meniscus coating

b
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cea

ISO8 UNPACKING / CLEANING AREA

. Fused silica parts
cleaning machine

KDP parts
cleaning machine

Polished parts in
transport frames : : _
_--"'"-- — L-H.-..
‘-' T
Opticamarts'
transfer equipment



Cea ISO8 UNPACKING / CLEANING AREA
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Ce2a ISO8 UNPACKING / CLEANING AREA

3rd tanki i
. WithC i:l'4_

Steel fram? .

11t tank filled f 2nd tank filled / Ir

of kerosene of toluene ]
i
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ISO8 UNPACKING / CLEANING AREA

Final KDP cleaning step :
tetraghloroethylene spraying
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C22) 1SO 6 COATING AREA

cleaning

i ”’. e
EI‘:-I;.I' ':f.'l.l'% _— __;..,':-.;h
RS S
ﬂﬂwmf #:'III‘IIJE{IIIIF B I'I R :'II aawi |\"|'\"|I'|“-"{1'|"1 -, ??%%
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DIP COATING MACHINE

=

Dip

e
X

oating machine
t,i:"z |
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C22) DIP COATING MACHINE

dip-coating
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Cea MENISCUS COATING MACHINE

Slotted cylinder inside
a Teflon receptacle

Moving marble part g 3  [GFals 4. ohnecting pipes.

ng and drain) _.
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MENISCUS COATING MACHINE
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CZ2) CHEMICAL HARDENING

-
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CHEMICAL HARDENING

10
L]
- (e "8 g
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SPECTRAL MEASUREMENTS
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TRANSMITTANCE PERFORMANCES
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TRANSMITTANCE PERFORMANCES
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TRANSMITTANCE PERFORMANCES

Transmittance of a dip-coated PEPC window

Transmittance fﬁﬂ
o X
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TRANSMITTANCE PERFORMANCES

Transmittance of a meniscus-coated vacuum window
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TRANSMITTANCE PERFORMANCES

Transmittance of a meniscus-coated phase plate
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TRANSMITTANCE PERFORMANCES
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C220 TRANSMITTANCE PERFORMANCES

Transmittance of a meniscus-coated THG
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CZ22) FINAL INSPECTION

1.5mx1.5m 2700K illuminant
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FINAL INSPECTION

1rst step : to detect and record the defects location on each coated side

\ 4

photos of whole clear
aperture for each side

$

photos are scanned with a
numerical magnifying sub-
aperture 60mmx60mm

\ 4

Operator flags sub-aperture
in which he catches defects *




FINAL INSPECTION

2nd step : to:measure the defects detected beforehand

i 4
A unit equipped with a secdnd ¥
camera and a LED spot i L

moved at flagged sub—adertures

A
Rl

After focusing a photo is
taken and the defect’s size
IS automatically calculated
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CZ2) FINAL INSPECTION

Side A of a lens Side B of the same lens

Side A of a vacum window Side B of the same vacum window

AR3w meniscus

CEA | 12th APRIL 2017 | PAGE 35




C22) COATING REMOVAL

Before chemical hardening After chemical hardening
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LASER INDUCED DAMAGE THRESHOLD

LIDT checked by sampling on representative small parts

B AR3w: Raster scan method on large surface (CEA bench) & damage density

uncoated area AR3w coated area
1 ilhE g
B All damages | B All damages
* ‘ Growing damages & X Growing damages
g e [ 1
N ] W 8
2 | > '
2 » b
S &
° °
(@] ] £
] (o)
= @©
s :
= 0100mm fused silica part a
half dip-coated sides

1 = " T 1 1 1 i1 ¥
Fluence at 355nm and 3ns (J/cm?) Fluence at 355nm and 3ns (J/cm?)

B ARlw: Raster scan method on 1cm? surface @ damage threshold

Coatin os AR1w dip coating AR1w dip coating AR1w meniscus coating
g typ + hardening w/o hardening + hardening

Damage thresholds
(2/cm?) 50 50 40
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PRODUCTION RATE




PRODUCTION RATE (2016)

B Dip-coated parts except DDS
@ Meniscus-coated parts
@ Disposable Debris Shield (DDS)

n
=
g M4
o) Mean DDS aty
Q ,
E
o . . o e R . e, (| e e e
(@] 15
S
o
>
=
= Mean qtv w/o DDS
g hll_ N T
(@4
- = s e i
| I II . ] I I I
[ N I = - i I_l I
17 3 4 % 6. F B0 1017 823394 1% 06 87 18 00 20 27 22 }3 24 3% 26 37 28 70 30 31 37 33 -ﬂ!-:-!-a-.l.?lﬂﬂ‘?ill.'lﬂ'l.l.rﬂ-lil-lﬂ 0 &7 &8 2% %0 %]

Weeks

Quantity of coated parts except DDS : 339 9 mean ~8 parts/week and max ~16 parts/week
Quantity of coated DDS : 96 < ~16 DDS/week

Total quantity : 435 in 2016
Total expected quantity in 2017 : ~575 including 172 DDS CEA | 121 APRIL 2017 | PAGE 39



YIELD — 2016 (EXCEPT DDS)

B 345 polished parts have started the coating process

U 6 parts have been stopped before the coating stage because of different problems
< cleaning dysfunctions, handling issues ...

% 339 parts have been coated
< only 2 unusable parts after coating

B The yield of compliant parts beginning the coating process is better than 97%

% the coating process is efficient for such large optical parts

B The yield of compliant parts after coating is better than 99% (only 2/339 have been rejected)

% the coating stage is high-yield because it is well controlled

Such yields are essential because the coating stage is les s than 10% of the
total cost of a finished patrt.
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CONCLUSIONS
AND

PROSPECTS




CONCLUSIONS AND PROSPECTS

B The sol-gel technology has been transferred successfully from CEA to industry

B Today the production facility, the equipments and the know-how allow to reach a
high-yield production in compliance with LMJ requirements

B The production rate could be increased by adding other equipments (dip-coater,
cleaning machine...)
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