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2.1. Crystal properties
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3.1.1 Index homogeneity pure CaF2 Héllma'Materials
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For pure CaF, in DUV imaging optics refractive index variation is specified to be
extremely low. Annealing processes are in place to deliver blanks with An down to
0.5ppm over a diameter of 250mm.
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3.1.2 Index homogeneity Heéllma Materials
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Refractive index homogeneity of today’s products is < 10ppm for D up to 3”

Glass-Type: CaF2

Batch MNo.: 32032

Part Mo.: Y B-HK Order No.:
Diameter @ 120.0 mm

Thickness: 47 3 mm

An
4B1E-S
4.04E-5
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28865
= 231E5
1 1.73E-5
. 1.15E-5
5.77E-6
— 0.000
Evaluation: Histogram Homogeneity
Test Size: 178.1 % 94.8 mm vy
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Delta n: +Z3.07 E6 (HD)

RMS: 573EB




3.1.2 Index homogeneity Heéllma Materials
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Refractive index homogeneity of today’s products is < 10ppm for D up to 3”

Glass-Type:  CaFZ Glass-Type:  CaF2

Batch Mo 032031 Batch Mao.: 032032

Part Mo.: Q401 Order No.: Part Mo C405 COrder No.:

Size: 189.4 % 117.8 mm [elelelelele elee) Size: 2205 ¥ 148.2 mm 998999995

Thickness: 67.6 mm Thickness: 61.7 mm
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3.1.3 Index homogeneity

Sometime things go wrong ....

Sample:
Glass-Type:
Batch No.:
Part No.:
Size:
Thickness:

Evaluation:
Test Size:
PV:

Delta n:
RMS:

Customer:
CaF2
032032
Q403 Order No.:
262.4 % 149.8 mm 999999999
36.4 mm
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= 0 000
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3.2.1 Stress birefringence Héllma Materials
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Stress birefringence can be smaller than 1.0nm/cm PV
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3.2.2 Stress birefringence Héllma Materials
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Stress birefringence can be reduced below 1nm/cm by annealing
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3.3.1 Results - homogeneity of Yb3+ distribution Héllma’MQyEE"imS

There is no difference for Yb3+ between bottom an top of the crystal, but for Yb2+ there
is a lower absorption at the bottom (near seed crystal)
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3.3.2 Results - homogeneity of Yb3+ distribution
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3.4 Crystal defects - small angle grain boundaries Héllma‘Mgggrials

Small angle grain boundaries cannot be removed with annealing
Classification weak, middle, strong

20.03.2014 12:23:51 SIN:  M4-029 v2010.1.25 Max: 21,582 RMS: 6,012
Rundscheiben_Drm33-100 Image: 113 x 113 mm Min: 0,005 Mean: 4,943
Korth_04 Norm. retardation (nm/cm) StDev: 3,421

1% 12,6% 6.7% 3.4% 1.9% 1.0% 0.4% 0.2%
65 86 10,8 13,0 15,1 17,3 194 216



3.4 Crystal defects — Slip planes Héllma'Materials
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Slip planes defects can be reduced by annealing
Classification: weak, middle, strong




3.4 Crystal defects - Scattering Héllma'Materials

Lithotee Crystals

Scattering is determined by bright light source — classification 0, 0-1, 1, 1-2, ... 3

0-1

1-2




3.5.1 Polishing Héllma Materials
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il

Polishing technology to reduce sub-surface damage and increase lifetime

Rq=0,2 nm
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3.5.2 Laser damage

Different damage mechanisms

Inclusion dominated

breakdown defects,
Damaged coating at
position 84 of sample #3
(energy density 33 J/lcm?,
damage after 1 pulse)

Melting due to absorption/
Recrystallization damaged
coating at position 138 of
sample #1 (energy density
70,0 J/em?)damage after
1244 pulses)

- confidential -
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200 pm.

Coating ablation damage
at position 64 of sample
#1 (energy density 120,0
J/cm?, damage

after 2 pulses)



3.5.2 Laser damage
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Laser damage for AR coating ~25J/cm? at small beams
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4.1 Large aperture, low dispersion and low n, windows Hellma Materials

Lithotee Crystals
T
D=426 mm, t=52mm
Refractive index homogeneity < 3.5 ppm,
Stress birefringence: <2.7 nm/cm (330mm)
| | 02.501-2.62
Phasendaten 333 82.37-2.501
Einheit  n(ppm) 313 82.239-2.37
293 82.108-2.239
Py 3.468 -
- 273 01.977-2.108
RMS: 04683 o 1 953 01.846-1977
=N L
Seale: 0.5 | 133 01.715-1.846
] 01.584-1.715
4]
213 01.453-1.584
Variable Skala 193 "2 @1a21453
£
A nfppm} 173 £, m1.191-1322
l" 3,488 L4153 > @1.06-1.191
3,034 o 133 80.929-1.06
2 BO1 | | | 113 @0.798-0.929
B 00.667-0.798
2,167 ul 93
1 734 - 00.536-0.667
: Jauu & 80.405-0.536
DJBB? 53 80.274-0.405
E 0'433 m(e " = 33 00.143-0.274
J 2l 13 00.012-0.143
F=Z13mm / P=505113 / Ung.P. = 0.1Z % @D,DDD . s £
— —— f 7 O 0-0.119-0.012
M O O M MO M O MO MO O O O O O O 0O O O =
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5.1 Summary
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When every photon counts. Hé“ma'Mater‘ialS
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A1 Absorption and emission cross section Héllma‘MgEgrials
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A2 Refractive index and dn/dT of Yb3*:CaF, Heéllma'Materials
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Almost no differences between pure CaF, and 1% Yb-doped CaF,

1,49 |
1,48 | Spectral| Vacuum dn,e/dT [1E-6 / K]
Line |wavelength| Nitrogen, -40--20 Nitrogen, 60-80
i [um] CaF; pure |CaF; 1%Yb |CaF;, pure |CaF; 1%Yb
' i 0,365 7,7 -7,8 -10,3 -10,5
x TiSa, 10fs Yb*:CaF, h 0,405 -7,9 -8,0 -10,6 -10,8
2 16 100fs g 0,436 -8,1 -8,1 -10,7 -10,9
s —— — —— n(1%YbF3) F' 0,480 -8,2 -8,2 -10,8 -11,0
o D I —— — n(undoped) e 0,546 8,3 8,4 11,0 1,2
[3 Fused Silica d 0,588 -8,4 -8,4 -11 ,0 -11 ,2
\ (HeNe) 0,633 8,4 8,5 11,1 11,3
1,44 C' 0,644 -8,4 -8,5 -11,1 -11,3
s 0,852 -8,5 -8,6 -11,2 -11,4
143 325ppm R t 1,014 -8,6 -8,6 -11,2 -11,5
(Nd) 1,060 -8,6 -8,6 -11,2 -11,5
1,42 - - - - - - - — !
0,3 04 0,5 0,6 0,7 0,8 0,9 1 1,1
wavelength [pm]




