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Introduction

Welcome

LAYERTEC is a globally recognized producer of optical components with a focus on the commercial production of high-performance optics
for laser applications in the wavelength range of 125 nm to 8 um, including large-scale optics. LAYERTEC offers comprehensive capabilities,
producing complex components as single pieces or in series, and covering the entire manufacturing chain.

Certified according to DIN EN ISO 9001-2015, LAYERTEC is dedicated to maintaining the highest quality standards.

Many Technologies are waiting for You
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Figure 1: LAYERTEC's technical manufacturing capabilities

Overview

« Precision optics manufacturing of flat, spherical, aspherical, and cylindrical surfaces from 1 mm to 2000 mm edge length
« Metallic, fluoridic, and oxidic coatings using evaporation and sputtering technologies

« Structuring of optical coatings

« Advanced joining services

« Laser engraving

« Ultrasonic machining of glass substrates for weight reduction and drilling

« Extensive optical metrology for rigorous quality control
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F, Lasers (157 nm)

Selection of Optical Components for Common Laser Types
F2 Lasers (157 nm)

« High quality mirror substrates, windows and lenses of CaF, (193 nm excimer grade quality, HELLMA Materials GmbH)

+ Please note that the 157 nm excimer grade CaF, can no longer be offered. The market for this kind of material is too small com-
pared to the huge effort necessary for the crystal manufacturers to test the material according to this quality standard. Thus, all
LAYERTEC optics for F, lasers will be manufactured using 193 nm excimer grade material in the future.

« PR coatings with tolerances of:
+2 % forR=10%...30 %
+3%forR=30% ... 75 %
and £2 % forR=75% ... 90 %

« Development and production of customer specific components like beam splitters and variable attenuators on request

Mirrors
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Figure 1: Measured reflectance and transmittance spectra of mirrors for 157 nm

a) Laser mirror (AOIl = 0°)
b) Turning mirror (AOI = 45°)

« Laser mirrors:
R=92% ... 95 % at AOI = 0°

Output Couplers

Measurement —R=25+2% R=50+3% AOI=0°
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Figure 2: Measured reflectance spectra of standard output couplers with:
R =50 % *3 % and R = 25 % *2 % (rear side uncoated)

« Turning mirrors (AOI = 45°):
Rs > 95 %
Rp > 90 %
Ru>92 %
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F2 Lasers (157 nm)

Aluminum Mirrors for F, Lasers
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Figure 3: Reflectance spectra of aluminum mirrors
a) Protected aluminum mirror

b) Enhanced aluminum mirror for 157 nm

« Protected aluminum mirrors (optimized for 157 nm): R=74 % ... 78 %

- Dielectrically enhanced aluminum mirrors: up to R = 94 % at AOI = 0°

« For more information on aluminum mirrors see page 89.

Technical Data of Standard F, Laser Components

Table 1: Technical Data of Standard F, Laser Components

PR (0°, 157 nm)
PR (0°, 157 nm)
AR (0°, 157 nm)

R=50% +3 %
R=25% 2 %

R=0.3%

...07%

Coating Spectral Performance Lifetime Tests
HR (0°, 157 nm) R=92%...95% 2 x 108 - 1 x 10° pulses*
HR (45°, 157 nm) R=90 % ... 94 % (unpol. light)

2 x 108 -1 x 10° pulses*
2 x 108 — 1 x 10° pulses*

*  Energy density 25 mJ/cm?, repetition rate 800 Hz, pulse duration 15 ns; tested at COHERENT AG, Mtinchen

Components for the Fifth and Sixth Harmonic of Ti:Sapphire Lasers

Mirrors and separators for the 133 nm and 160 nm range are produced by coating techniques which were developed for F, laser coatings.
For more information please see page 61.
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ArF Lasers (193 nm)

ArF Lasers (193 nm)

Mirrors
a Measurement — R T AO0I=0° b Measurement —R T AOl=45°
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Figure 1: Reflectance and transmittance spectra of mirrors for 193 nm
a) Resonator mirror (AOI = 0°)
b) Turning mirror (AOI = 45°, unpolarized light)

« All-fluoride systems guarantee high reflectance and high damage thresholds
« High quality mirror substrates, windows and lenses of CaF, (193 nm excimer grade, HELLMA Materials GmbH) and Fused Silica

« Development and production of customer specific components such as beam splitters and variable attenuators on request

Output Couplers

" PR 50 o PR 250 ADI—0° « PR coatings with tolerances of:
g easurement - ° ° - +2 % forR=10% ... 30 %
3% forR=30%...75%
50 +2 % forR=75%...90 %
20 1 % for R>90 %
£ 5 - Single wavelength AR coating with residual reflectance values
-4
of:
20 R < 0.25 % at AOl = 0° and
10 R < 0.6 % at AOI = 45° (unpolarized light)
0 - Broadband and multiple wavelength AR coatings
150 170 190 210 230 250
wavelength [nm]
Figure 2: Reflectance spectra of output couplers with
R (0° 193 nm) =50 % =3 % and
R (0°, 193 nm) = 25 % +2 % (coated side only)
Aluminum Mirrors
a Measurement A0l =0° b Measurement —Rs —Rp A0l = 45°
100 100
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Figure 3: Reflectance spectra of aluminum mirrors.
a) Protected aluminum mirror optimized for 193 nm
b) Enhanced aluminum mirror for 193 nm, AOI = 45°

» Enhanced aluminum mirrors:
Rp>93 %
Rs > 98 %
Ru > 96 %

For more information on aluminum mirrors see page 89.




Selection of Optical Components for Common Laser Types
ArF Lasers (193 nm)

Technical Data of Standard ArF Laser Components

Table 1: Technical Data of Standard ArF Laser Components

Coating/Reflectance Fluoride

. Substrate Damage Threshold* Lifetime Test
Coating
AR (0°, 193 nm) R < 0.25 % CaF, 4 -5 J)/cm? 108 pulses, no damage**
AR (0°, 193 nm) R < 0.25 % Fused Silica 2 -3 J/cm?
PR (0°, 193 nm) R = 25 % CaF, 3 -4 J/cm? 10'° pulses, no damage**
PR (0°, 193 nm) R =50 % CaF, 2 -3 J/cm? 10'° pulses**
HR (0°, 193 nm) R > 97 % _ R 10'° pulses**, no damage
(typically R > 98 %) Cafs 2-3Jem 4 x 10° pulses***, no damage
o 0,
HRu (45°, 193 nm) R > 97 % CaF, 23 J/em?

(typically R > 98 %)

* 1000-on-1, pulse duration 14 ns; measurements were performed at Laser Labor Géttingen, Laser Zentrum Hannover and at Friedrich Schiller University
Jena

**  Energy density 55 mJ/cm?, repetition rate 1 kHz, pulse duration 15 ns; tested at COHERENT AG, Miinchen

***  Energy density 80 mJ/cm? repetition rate 1 kHz, pulse duration 12 ns, tested at COHERENT AG, Mdinchen

Components for the Fourth Harmonic of Ti:Sapphire Lasers

Mirrors and separators for the 4% harmonic of Ti:Sapphire lasers in the wavelength range around 200 nm are produced by coating tech-
niques which were developed for ArF laser coatings. For more information please see page 61.
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KrF, XeCl, XeF Lasers (248 nm, 308 nm, 351 nm)

KrF, XeCl, XeF Lasers (248 nm, 308 nm, 351 nm)

Cavity Mirrors
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Figure 1: Reflectance spectrum of a 308 nm cavity mirror

Fluorine Resistant Cavity Mirrors
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Figure 2: Reflectance spectrum of a fluoride KrF cavity mirror

Output Couplers

A0l =0°
60
50
g
= 30
20
10
0
270 280 290 300 310 320 330 340 350
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Figure 3: Reflectance spectrum of an output coupler with R (0°, 308 nm) =
50 % £3 %

- Oxide coatings for high mechanical stability

- Coatings can be produced by IAD, magnetron sputtering or
IBS

« Fluoride coatings and CaF, substrates for high stability against
fluorine and chlorine

« Laser mirrors with R > 98 % at 248 nm, 308 nm and 351 nm

« PR coatings with tolerances of
2% forR=10% ... 30 %
3% forR=30% ... 75 %
2% forR=75% ... 90 %
and =1 % for R >90 %
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Selection of Optical Components for Common Laser Types
KrF, XeCl, XeF Lasers (248 nm, 308 nm, 351 nm)

Fluorine Resistant Output Couplers

A0l =0°
30

25

20

R [%]

0
200 210 220 230 240 250 260 270 280 290 300

wavelength [nm]

Figure 4: Reflectance spectrum of a fluoride output coupler with
R (0°, 248 nm) =25 % £3 %

Windows and Lenses

« PR coatings with tolerances of:
2% forR=10% ... 20 %
+3%forR=20%...75%
and 2 % forR=75% ... >90 %

« High quality mirror substrates, windows and lenses of Fused

0 — AO0I=0° A0l =30 Silica
9
8
7
= 6
s
= 5
4
3
2
1
0250 270 290 310 330 350 370 390 410 430 450
wavelength [nm]
Figure 5: Reflectance spectra of an AR coating for 308 nm
and AOI = 0° - 30°
Turning Mirrors
Measurement —Rs — Rp A0l = 45°
100.0
99.8
99.6
99.4
= 99.2
s
= 99.0
98.8
98.6
98.4
98.2
98'0280 290 300 310 320 330
wavelength [nm]
Figure 6: Reflectance spectra of a turning mirror for 308 nm produced by
IBS (Reflectance measurement in s- and p-polarization by CRDS)
Table 1: Reflectance of Turning Mirror
Coating R (AOI = 0°) Rs (AOI = 45°) Rp (AOI = 45°)
248 nm |IAD >99.0 % >99.5 % >99.0 %
248 nm sputtering >99.7 % >99.8 % >99.6 %
308 nm IAD >99.7 % >99.8 % >99.5 %
308 nm sputtering >99.9 % >99.9 % >99.7 %
351 nm IAD >99.9 % >99.9 % >99.7 %
351 nm sputtering >99.95 % >99.95 % >99.9 %




Attenuators

100
90
80
70
60
50
40
30
20
10

R, T [%]

0
250 270 290 310

—R T TO-1%)

330 350 370 390 410

wavelength [nm]

A0l = 45°

430 450

Figure 7: Transmittance spectrum of a sputtered attenuator (IBS) for 308
nm with exactly adjusted and thermally stable transmittance of T
=0.08 % at AOI = 45° (unpolarized light)

LIDT and Lifetime Data

Table 2: LIDT of Oxide Coatings

Selection of Optical Components for Common Laser Types
KrF, XeCl, XeF Lasers (248 nm, 308 nm, 351 nm)

Table 3: Lifetime of Fluoride Coatings

Coating LIDT* [J/cm?] Coating Lifetime

HR (0°, 248 nm) 10 J/cm? (1-on-1) HR (0°, 248 nm) 2 x 108 pulses*
IAD 5 J/em? (1000-on-1) PR (0°, 248 nm) = 50 % 2 x 108 pulses*
:"A'TDMSO' 23 10 Jem? (1-on-1) AR (0°, 248 nm) 2 x 108 pulses**

* Measurements were performed at Laser Labor Géttingen and at Fried-

rich-Schiller-University Jena

HR (0°, 308 nm)
HR (0°, 351 nm)
PR (0°, 351 nm) =25 %

2 x 108 pulses**
2 x 108 pulses**

2 x 108 pulses**

*

Energy density: 100 mJ/cm?, repetition rate: 100 Hz, pulse duration:

15 ns; tested at COHERENT AG, Miinchen

**  Energy density: 55 mJ/cm?, repetition rate: 100 Hz, pulse duration:

15 ns; tested at COHERENT AG, Miinchen
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Selection of Optical Components for Common Laser Types
Ruby and Alexandrite Lasers (694 nm, 755 nm)

Ruby and Alexandrite Lasers (694 nm, 755 nm)

Ruby and alexandrite lasers are especially used for medical laser applications and work at 694 nm and 755 nm, respectively. LAYERTEC
offers a wide range of laser optics for both wavelengths with high laser-induced damage thresholds and long lifetimes. Besides typical
combinations with wavelengths for the alignment of the optical system (e.g. 694 nm + 633 nm), a special feature of LAYERTEC products
is the variety of combinations with other common wavelengths used for medical applications in the same device, but from different laser

sources (e.g. 532 nm + 694 nm).

The coatings introduced here are optimized for high LIDT values, but not for extreme spectral bandwidth, GD or GDD. Please add a remark
like “for ruby lasers” or “for alexandrite lasers” to your optics inquiry to avoid any mix-up with optics for Ti:Sapphire lasers which may also
be specified for 694 nm or 755 nm but which show significantly lower LIDT values.

Cavity Mirrors

a —R --R(99-100 %) AOI=0° b --R(99-100 %) AOI=0°
100 100
90 90
80 80
70 70
<] 60 5 60
S 50 S 50
40 40
30 30
20 ! 20
10 ! 10 i
0 . 0 1
500 550 600 650 700 750 800 850 900 600 650 700 750 800 850 900
wavelength [nm] wavelength [nm]
Figure 1: Reflectance spectra of cavity mirrors for:
a) R (0°, 694 nm) > 99.9 %
b) R (0°, 755 nm) > 99.9 %
* Reflectance: R >99.8 % ... R>99.9 % at AOI = 0°
LIDT Info
800 MW/cm?, 694 nm, 35 ns
Turning Mirrors
a — Ru  AOI=45° b — Ru  AOI=45°
100 100
90 90
80 80
70 70
] 60 5 60
S 50 S 50
40 40
30 30
20 20
10 10
0 0
500 550 600 650 700 750 800 850 900 500 600 700 800 900 1000
wavelength [nm] wavelength [nm]

Figure 2: Reflectance spectra of turning mirrors for:
a) Ru (45°, 694 nm) > 99.8 % + Ru (45°, 633 nm) > 95 %
b) Ru (45°, 755 nm) > 99.8 % + Ru (45°, 633 — 650 nm) > 95 %

LIDT Info

800 MW/cm?, 694 nm, 35 ns




Beam Combiners

Selection of Optical Components for Common Laser Types
Ruby and Alexandrite Lasers (694 nm, 755 nm)

a — Ru  AOI=45° b — Ru  AOI=45°
100 100
90 90
80 80
70 70
5 60 g 60
S 50 = 50
40 40
30 30
20 20
10 10
0 0
600 620 640 660 680 700 720 740 760 780 800 450 480 510 540 570 600 630 660 690 720 750
wavelength [nm] wavelength [nm]
Figure 3: Reflectance spectra of special beam combiners for 694 nm and 633 nm:
a) PRu (45°, 694 nm) = 99.0 % +0.3 %+ Ru (45°, 633 nm) <35 %
b) Ru (45°, 630 — 640 nm) > 35 % + Rp (45°, 694 nm) < 0.3 %
« Precisely adjusted degree of reflectance by using sputtering technology
« Easy combination with alignment beam (e.g. at 633 nm)
« High performance coatings and cost-optimized solutions with special designs
Output Couplers
AOl = 0° AOl = 0°
50 100
45 90
40 80
35 70
5 30 g 60
S 25 S 50
20 40
15 30
10 20
5 10
0 0
400 500 600 700 800 900 1000 650 675 700 725 750 775 800 825 850 875 900
wavelength [nm] wavelength [nm]

Figure 4: Reflectance spectrum of an output coupler for the ruby laser:
PR (0°, 694 nm) =20 % £2 %

« Output couplers with precisely adjusted degree of reflectance

Figure 5: Reflectance spectrum of an output coupler for the alexandrite
laser: PR (0°, 755 nm) =85 % =2 %

« AR coatings for a single wavelength with a residual reflectance of R < 0.2 % on the rear side of output couplers as well as on both

sides of lenses and windows made of Fused Silica



- Selection of Optical Components for Common Laser Types

Ti:Sapphire Lasers operated with ns-Pulses (550 — 1100 nm)

Ti:Sapphire Lasers operated with ns-Pulses
(550 - 1100 nm)

LAYERTEC offers a wide range of optical components for Ti:Sapphire lasers which operate with ns-pulses. Please note that all of these
components are optimized for smooth group delay (GD) spectra in order to achieve wide tuning ranges. However, these components are
not optimized for group delay dispersion (GDD). Such optics are necessary for fs-pulses and they will be introduced on page 37.

Please note that broadband optics for Ti:Sapphire lasers cannot be used for the radiation of ruby or alexandrite lasers, although they are
specified for 694 nm or 755 nm, respectively. Ruby and alexandrite lasers require special high power coatings. For such special coatings
please see page 12.

Cavity Mirrors

a AOl = 0° b AOI = 0°
100.0 150
99.9
99.8
99.7 100
5 996 £
z 995 s 50
99.4
99.3
99.2 0
99.1
99.0 -50
550 650 750 850 950 1050 1150 550 650 750 850 950 1050 1150
wavelength [nm] wavelength [nm]

Figure 1: Reflectance and GD-spectra of a broadband laser mirror
a) Reflectance vs. wavelength
b) GD vs. wavelength

Pump Mirrors

a — R --- R(99-100 %) A0l =0° b A0l =0°
100 A N o L 150
90 1’ i\ N/ TN \\\
80 : \ 100
70 ! \
g 00 i \ =
E o i L a 50
[ | ! [c]
40 : i
1
o E ! 0
20 | |
10 : :
0 ' ' -50
450 550 650 750 850 950 1050 1150 1250 550 650 750 850 950 1050 1150
wavelength [nm] wavelength [nm]

Figure 2: Reflectance spectra of a broadband pump mirror
a) Reflectance vs. wavelength
b) GD vs. wavelength

Special Features

« Very high reflectance of the mirrors: R > 99.9 %, depending on bandwidth R > 99.98 % may also be achieved
« Spectral tolerance: £1 %
« Center wavelength, bandwidth and reflectance of partial reflectors according to customer specification
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Turning Mirrors

Selection of Optical Components for Common Laser Types

Ti:Sapphire Lasers operated with ns-Pulses (550 — 1100 nm)

a —Rs — Rp A0l = 45° b — s-pol — p-pol AOI =45°
100.0 100
99.9 o~ vf— A I
Al SINA M\ \ \ ~ |
o || R ; 0 N/AVAN
99.7
eyt [ o e HANZAVER\|
g gos L p \ 2 /A Y
“ g0l | L 8 40 [
sl I | [} - Y
99.2 20
99.1 T T T T T —
99.0 0
600 700 800 900 1000 1100 1200 1300 600 710 820 930 1040 1150
wavelength [nm] wavelength [nm]
Figure 3: Reflectance and GD spectra of a broadband turning mirror
a) Reflectance vs. wavelength
b) GD vs. wavelength
Output Couplers
a — standard — broadband AOI = 0° b A0l =0°
100 100
» AV aVaVa N o N ]
o I B N N JVARIAN
71 / \ 70 AN
= 9 = 60
g l / \ \ g \
=z 9 I \ \ = 50
94 I \ \ 40
93 , \ \ 30
92 , \ \ 20
91 ' \ \ 10
90 0
600 700 800 900 1000 1100 1200 600 700 800 900 1000 1100
wavelength [nm] wavelength [nm]

Figure 4: Reflectance spectra of several types of output couplers
a) Standard and broadband output coupler

b) Output coupler with a special reflectance profile which enables the compensation of the amplification characteristics of the laser; see also:
B. Jungbluth, J. Wueppen, J. Geiger, D. Hoffmann, R. Poprawe: “High Performance, Widely Tunable Ti:Sapphire Laser with Nanosecond Pulses” in:
“Solid State Lasers XV: Technology and Devices”, Proc. of SPIE Vol. 6100, San Jose 2006

a —Rs — Ru A0l =45°
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) llﬂ\\\
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LY - N
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0500 600 700 800 900 1000 1100 1200
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Figure 5: Reflectance and GD spectra of a broadband beam splitter with PRu (45°, 650 — 1050 nm) = 50 % =3 %

a) Reflectance vs. wavelength
b) GD vs. wavelength

Tolerances

« Standard output couplers (120 — 150 nm bandwidth):
+25% forR=10...70 %
+1.5% forR=70...90 %
+0.75 % forR=90... 95 %
+0.5% forR=95... 98 %
+0.25 % for R>98 %

« Broadband output couplers (200 — 600 nm bandwidth):
+3% forR=10... 70 %
+2 % forR=70... 90 %
+1 % forR=90 ... 95 %
+0.5 % forR=95... 98 %
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Selection of Optical Components for Common Laser Types
Diode Lasers (620 — 680 nm, 808 — 990 nm)

Diode Lasers (620 — 680 nm, 808 — 990 nm)

Diode lasers are widely used for measurement applications, as alignment lasers, for pumping of solid-state lasers and for direct material
processing. Diode lasers do not require external resonator optics and are mostly coupled to fibers. Many applications require high quality
beam steering optics such as beam combiners or scanning mirrors which are shown on the following pages. For more information on pump
mirrors for solid-state lasers and combiners for diode lasers please see also pages 18 and 77.

Turning Mirrors

—Rs — Rp  AOI=45°

100.0
99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2

98.0
700 750 800 850 900 950 1000 1050 1100 1150

wavelength [nm]

R [%]

Figure 1: Reflectance spectra of a broadband turning mirror which can be
used for all diode lasers between 808 nm and 980 nm
(AOI = 45°, s- and p-polarization)

Scanning Mirrors

a — A0l =22° AOIl = 45° AOIl = 58° b — A0l =22° AOl = 45° A0l =58°
100 100
95 99
90 98
85 97
80 96
g 75 g 95
© 70 = 94
65 93
60 92
55 91 A
50 90
630 640 650 660 670 700 750 800 850 900 950 1000
wavelength [nm] wavelength [nm]

Figure 2: Reflectance spectra of a scanning mirror for diode lasers between 805 and 940 nm combined with R > 50 % between 630 and 670 nm (alignment
laser): HRu (22° — 58°, 805 — 940 nm) > 99.3 % + Ru (22° — 58°, 630 — 670 nm) > 50 %
a) Wavelength range of the alignment laser (630 — 670 nm)
b) Wavelength range of the high power diode laser (808 — 980 nm)

« Scanning mirrors with other specifications on request
« For more information and examples about scanning mirrors please see pages 75 and 86.



Thin Film Polarizers

Selection of Optical Components for Common Laser Types
Diode Lasers (620 — 680 nm, 808 — 990 nm)
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Figure 3: Reflectance spectra of a thin film polarizer for 940 nm, AOI = 55°

Figure 4: Reflectance spectra of a broadband thin film polarizer
for 940 - 970 nm:
HRs (45°, 940 — 970 nm) > 99.9 %
+ Rp (45°, 940 - 970 nm) < 1 %

« Thin film polarizers are especially useful for polarization coupling of high power laser diodes

+ For high power 940 nm radiation we recommend to use SUPRASIL 300®, SUPRASIL 3001/3002® or Corning 7979® as substrate
material because standard Fused Silica shows an absorption band around this wavelength (see page 135 to 137)

Conventional Steep Edge Combiners for Diode Lasers

a —Ts —Tp —Tu A0l =22.5°
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920 \\
80 \
70 \ \
g VA
= 50 \ \
40 \ \
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20 \\ \Q\
18 N\
860 880 900 920 940 960 980 1000
wavelength [nm]

b —Ts

— Tp — Tu AOl=45°
100 — ——
20 \ \
7 \\\\ \\
E 5 A
- \ \
;‘g \ \\
\ \
20 \ \\
o N
860 880 900 920 940 960 980 1000
wavelength [nm]

Figure 5: Transmittance spectra of conventional steep edge filters HR (980 nm) > 99.9 % + R (915 nm) < 5 % which are used as combiners for pump laser

diodes at 915 nm and 980 nm:
a) HRs,p (22.5°, 980 nm) > 99.9 % + Rs,p (22.5°, 915 nm) <2 %
b) HRs,p (45°, 980 nm) >99.9 % + Rp (45°, 915nm) <2 %

« At AOI = 22.5° the conventional steep edge filter separates 915 nm and 980 nm for p-, s-, and unpolarized light
« To preserve the steep edge at AOI = 45° the radiation must be polarized and only one polarization can be used. For unpolarized light

the slope of the edge can change significantly.

Special Steep Edge Combiners for Unpolarized Light

—Ts —1Tp —Tu AOlI=45°
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0 880 900 920 940 960 980 1000 1020
wavelength [nm]

Figure 6: Transmittance spectra of a special steep edge filter
HRu (45°, 980 nm) > 99.8 % + Ru (45°, 940 nm) < 3 %

« Filters of this type can be used as separators or combiners for
s- and p-polarized light even at 45° incidence

* The cut-on/cut-off edges for the two polarizations only show
a spectral separation of about 10 nm

« Consequently, these filters can be applied as combiners for
unpolarized light of 940 nm and 980 nm diodes at AOI = 45°




Selection of Optical Components for Common Laser Types

High Power Lasers on the Basis of Yb- and Nd-doped Materials (1020 — 1080 nm)

High Power Lasers on the Basis of
Yb- and Nd-doped Materials (1020 — 1080 nm)

Yb- and Nd-doped high power lasers are commonly used in material processing as well as measurement applications. Thin disk, slab and
fiber lasers were developed to achieve high cw-output power and excellent beam quality. They can also be operated as high power lasers

in the ns to fs range.

Mirrors
a --R(99-100%) AOI=0° b —Rs —Rp —Ru  AOI=45°
100 100
99 ~ 99
98 3 98
97 97
s % s %
=z 9 4 = 95
94 1 94
93 d 93
92 ' 92
91 | 91
90 1 90
900 950 1000 1050 1100 1150 1200 1250 900 950 1000 1050 1100 1150 1200 1250
wavelength [nm] wavelength [nm]

Figure 1: Reflectance spectra of HR mirrors for 1030 nm
a) Cavity mirror
b) Turning mirror

LAYERTEC has developed different coating designs for handling extraordinarily high power densities or energy densities in cw lasers or
pulsed lasers, respectively. The designs are optimized either for cw radiation, ns pulses or ps pulses.

Edge Filters and Pump Mirrors

A0l =0° A0l =0°
100 A 100
90 ( 90
80 80
70 70
<] 60 5 60
£ 50 S 50
40 40
30 30
20 20
10 10
0 0
700 800 900 1000 1100 1200 1300 700 800 900 1000 1100 1200 1300
wavelength [nm] wavelength [nm]
Figure 2: Reflectance spectrum of a steep edge short pass filter which can Figure 3: Reflectance spectrum of a steep edge long pass filter

be used as pump mirror for fiber lasers

Special Features

HR (0°, 915 = 980 nm) > 99.8 % + R (0°,1030 — 1200 nm) < 3 %
for use as output mirror of a fiber laser (rear side AR coated)

« Short pass filters with a very steep edge which are utilized as a pump mirror for solid-state lasers based on Yb-doped materials, e.g.

Yb:YAG, Yb:KGW or Yb-doped fiber
« Also useful for Nd-doped and Yb-Nd-co-doped materials
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Selection of Optical Components for Common Laser Types
High Power Lasers on the Basis of Yb- and Nd-doped Materials (1020 — 1080 nm)

Thin Film Polarizers

Thin film polarizers are key elements for regenerative amplifiers in ns- and ps-lasers. LAYERTEC optimizes its polarizer designs for high la-
ser-induced damage thresholds (LIDT). Figure 4 shows examples of a broadband polarizer with Rp < 0.2 % for AOI = 55° with a bandwidth
of 25 nm in the wavelength range of Yb-doped fiber lasers (figure 4a) and a narrowband polarizer which is optimized for very low Rp val-
ues at a single wavelength (figure 4b). Figure 4c shows a comparison of the calculated transmittance spectrum for p-polarized light and a
measurement in a CRD set-up. Figure 4d shows Tp vs. AOI for the same polarizer (measured at 1042 nm). These measurements prove that
Tp > 99.9 % can be achieved by angle adjustment. This is important especially for intra cavity applications.

a —Rs —Rp --Rp(0-1%) AOI=55° b —Rs —Rp --Rp(0-1%) AOI=55°
100 ‘7\ 100 '| /I
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1000 1010 1020 1030 1040 1050 1060 1070 1080 1000 1010 1020 1030 1040 1050 1060 1070 1080
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Figure 4: Reflectance and transmittance spectra of thin film polarizers (TFPs)

a) Reflectance spectra for s- and p-polarized light of a broadband thin film polarizer showing a bandwidth of 25 nm with Rp < 0.2 % (AOI = 55°)

b) Reflectance spectra for s- and p-polarized light of a narrowband thin film polarizer which is optimized for very low Rp values and easy angle
adjustment for the optimization of the polarizer performance (AOI = 55°)

¢) Calculated and measured transmittance spectra for p-polarized light of the narrowband thin film polarizer shown in figure 4b (AOI = 55°).
Tp > 99.8 % is reached with a bandwidth of 15 nm and Tp > 99.9 % can be achieved within a bandwidth of 5 nm. The spectral position of this
transmittance maximum can be adjusted to any wavelength between 1035 nm and 1045 nm by angle adjustment.

d) Transmittance spectrum Tp vs. AOI at 1042 nm measured at the polarizer shown in figure 4c

Picosecond Lasers based on Yb-doped Materials

Picosecond laser optics require specially designed coatings to achieve high laser damage thresholds. For detailed information please see
page 53. For GTI mirrors which are often used for pulse compression from the ps range down to a few hundred fs please see page 63.

Alignment and Process Monitoring

a —Ru  AOI=45° b —Ru  AOI=45°
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Figure 5: Reflectance spectra of turning mirrors with special features for alignment and process monitoring
a) Turning mirror with low IR reflectance, i.e. high IR transmittance for process monitoring
b) Silver based turning mirror with Ru (45°, 1064 nm) > 99.8 % and with Ru > 80 % for an alignment laser in the red spectral range
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Selection of Optical Components for Common Laser Types
High Power Lasers on the Basis of Yb- and Nd-doped Materials (1020 — 1080 nm)

Output Couplers and Beam Splitters
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Figure 6: Reflectance spectra of output couplers and beam splitters (center wavelength 1064 nm)
a) Output couplers with different degrees of reflectance
b) Common 50:50 beam splitter for unpolarized light

+ Beam splitters and output couplers can be produced with a « Common types:
precisely adjusted degree of reflectance according to custom- Rs,p>95 % £0.5 %
er specifications. Rs,p=809% ...95% +1 %

Rs,p=10% ... 80 % +2 %

Non Polarizing Beam Splitters
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Figure 7: Non-polarizing beam splitters
a) Calculated reflectance spectra of 3 types of non-polarizing beam splitters for AOI = 45°
b) Measured reflectance spectra of the 50 % beam splitter

+ Beam splitters with Rs = Rp (|Rs — Rp| < 1.5 %) for AOI = 45° and different degrees of reflectance:
« Common types:

Rs,p=66 % 1 %

Rs,p =50 % 2 %

Rs,p=33%=*3%

« All non-polarizing beam splitters with rear side AR: Rs ~ Rp < 0.6 %



Selection of Optical Components for Common Laser Types

Second Harmonic of High Power Lasers on the Basis of Yb- and Nd-doped Materials (515 nm, 532 nm)

Second Harmonic of High Power Lasers on the Basis
of Yb- and Nd-doped Materials (515 nm, 532 nm)

The harmonics of Yb- and Nd-based high power lasers are widely used material processing as well as for measurement applications.
Moreover, the second harmonic of these lasers is often used as a pump source for Ti:Sapphire lasers. LAYERTEC offers a variety of optics
for 532 nm: dual wavelength mirrors, separators, thin film polarizers and non-polarizing beam splitters, but also cavity optics for com-
pact diode pumped lasers of different configurations. Coatings for 515 nm are available as well. All designs are calculated according to

customer specifications.

Turning Mirror for the Second Harmonic and the Fundamental Wave
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Figure 1: Reflectance spectra of a turning mirror for the second harmonic and the fundamental wave

HRs,p (45°, 532 + 1064 nm) > 99.9 %

Cavity Mirror for the Second Harmonic and the Fundamental Wave
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Figure 2: Reflectance spectra of a cavity mirror for the second harmonic
and the fundamental wave with high transmittance for the
pump wavelength (808 nm)

Figure 3: Reflectance spectra of an HR mirror for 1064 nm with additional

output coupler for 532 nm:
HR (0°, 1064 nm) >99.9 % + R (0°, 532 nm ) =99 % 0.3 %

Separators for the Second Harmonic and the Fundamental Wave
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Figure 4: Reflectance spectra of separators for the second harmonic and the fundamental wavelength:

a) HR (0°,1064 nm) > 99.9 % + R (0°, 532 + 808 nm) <3 %

b) HRs,p (45°, 515 + 532 nm) > 99.8 % + Rs (45°, 1030 + 1064 nm) <5 % + Rp (45°, 1030 + 1064 nm) <2 %

Separators with different features are available according to customer specifications.
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Selection of Optical Components for Common Laser Types

Second Harmonic of High Power Lasers on the Basis of Yb- and Nd-doped Materials (515 nm, 532 nm)

Thin Film Polarizers
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Figure 5: Reflectance spectra of a thin film polarizer for 532 nm

Non-Polarizing Beam Splitters
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Figure 6: Reflectance spectra of a non-polarizing beam splitter for 532 nm
with Rs = Rp =50 =2 % (IRs — Rp| < 3 %)

Coating on Nonlinear Optical Crystals

The transmittance of thin film polarizers for p-polarized light can
be measured in-house with high accuracy using a modified Cavity
ring-down set-up.
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Figure 7: Reflectance spectrum of a dual wavelength antireflection coating

on KTP for 532 nm and 1064 nm

Figure 8: Reflectance spectrum of a dichroic mirror on KTP:
HR (0°, 532 nm) > 99.98 % + R (0°, 1064 nm) < 0.2 % optimized
for very high transmittance at 1064 nm

Nonlinear optical crystals are the key elements for frequency conversion. LAYERTEC offers a variety of coatings on crystals like KTP and
lithium niobate. For more information about coatings on crystals see page 83.
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Selection of Optical Components for Common Laser Types -
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Third Harmonic of High Power Lasers on the Basis
of Yb- and Nd-doped Materials (343 nm, 355 nm)

Standard Components

The third harmonic of Nd:YAG, Nd:YVO, and Yb:YAG lasers has gained importance in the field of material processing, for measurement
applications and as pump source for optical parametric oscillators. LAYERTEC manufactures a wide range of optics for 355 nm: single and
multiple wavelength mirrors, separators, thin film polarizers and antireflection coatings. The coating designs shown here are calculated for
355 nm, but designs for 343 nm are available as well. In general, the coating designs are optimized according to customer specifications.

Turning Mirrors
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Figure 1: Reflectance spectra of a turning mirror:
HRs (45°, 355 nm) > 99.9 % + HRp (45°, 355 nm) >99.5 %

Standard Separators

— Rs — Rp A0l = 45°

100
90
80
70
60
50
40
30
20
10
0

R [%]

300 400 500 600 700 800 900 1000 1100

wavelength [nm]

Figure 2: Reflectance spectra of a standard separator reflecting the third harmonic
and transmitting the second harmonic and the fundamental wave:
HRs (45°, 355 nm) > 99.9 % + HRp (45°, 355 nm) > 99.5 %
+ Rp (45°, 532 + 1064 nm) <2 %
+ Rs (45°, 532 nm) <5 % + Rs (45°, 1064 nm) < 10 %

Special Separators
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Figure 3: Reflectance spectra of a special separator optimized for low reflectance at 1064 nm:
HRs (45°, 355 nm) > 99.9 % + HRp (45°, 355 nm) > 99.5 %
+ Rp (45°, 532 + 1064 nm) <2 % + Rs (45°, 532 nm) <5 %
+Rs (45°, 1064 nm) <2 % 23



24

Selection of Optical Components for Common Laser Types

Third Harmonic of High Power Lasers on the Basis of Yb- and Nd-doped Materials (343 nm, 355 nm)

Windows and Lenses
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Figure 4: Reflectance spectra of a single wavelength AR coating for
355 nm optimized for AOI = 0°- 30°

Multiple Wavelength Mirrors
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Figure 5: Reflectance spectrum of a triple wavelength antireflection coat-
ing on Fused Silica for 355 nm, 532 nm and 1064 nm
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Figure 6: Reflectance spectra of a triple wavelength turning mirror for
355 nm, 532 nm and 1064 nm

Thin Film Polarizers
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Figure 8: Reflectance spectra of a thin film polarizer for 355 nm:
HRs (55°, 355 nm) > 99.5 % + Rp (55°, 355 nm) <2 %

Table 1: Technical Data of Mirrors and Separators

wavelength [nm]

Figure 7: Reflectance spectra of a dual wavelength turning mirror for
355 nm and 532 nm

The transmittance of p-polarized light can be optimized by angle
adjustment. Tilting the polarizer by +2° shifts the minimum of Rp
to longer or shorter wavelengths which can improve the polariza-
tion ratio significantly.

Rs (355 nm) > 99.9 %
Rp (355 nm) > 99 %
Rs (532 nm) <5 %
Rp (532 nm) <2 %
Rs (1064 nm) < 10 %
Rp (1064 nm) <2 %

Separator AOI = 45°

Type of Coating IAD IBS

Mirror for AOI = 0° R>99.9 % R>99.9 %

Turning Mirror Rs >99.9 %, Rs >99.95 %,
9 Rp > 99 % Rp > 99.8 %

Rs (355 nm) > 99.9 %
Rp (355 nm) > 99.7 %
Rs (532 nm) <2 %

Rp (532 nm) <1 %

Rs (1064 nm) <2 %
Rp (1064 nm) <1 %
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Higher Harmonics of High Power Lasers
on the Basis of Yb- and Nd-doped Materials

(213 nm, 266 nm)

The harmonics of Nd:YAG and Nd:YVO, lasers are widely used for material processing as well as for measurement applications. LAYERTEC
offers a variety of optics for the fourth (266 nm) and fifth (213 nm) harmonic. All designs are calculated according to customer specifica-

tions.

Multiple Wavelength Mirrors
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Figure 1: Reflectance spectra of a dual wavelength turning mirror for
266 nm and 355 nm

Separators for the Fourth Harmonic
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Figure 3: Reflectance spectra of a separator reflecting the fourth harmonic
and transmitting the lower harmonics and the fundamental
wave

Separators for the Fifth Harmonic

Figure 2: Reflectance spectra of a four wavelength turning mirror:

HRs (45°, 266 nm + 355 nm) > 99 %
+ HRs (45°, 532 nm + 1064 nm) > 99.9 %
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Figure 4: Reflectance spectra of fluoride coatings on CaF,:
a) Turning mirror for the fifth harmonic (measured spectra)

b) Separator reflecting the fifth harmonic and transmitting the lower harmonics and the fundamental
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Higher Harmonics of High Power Lasers on the Basis of Yb- and Nd-doped Materials (213 nm, 266 nm)

Special Separators

The fifth harmonic at 213 nm is a critical wavelength for oxide coatings because the absorption edge of aluminum oxide begins in this
wavelength range. However, aluminum oxide is the only high index oxide material which can be used for 213 nm. Compared to fluorides,
oxide coatings are hard and show low scattering losses. Fluorides in contrast exhibit higher LIDT values and extended lifetime for medium

and high power applications.

a — Ru Tu  AOl=45° b — Ru Tu  AOI=45°
100 100
920 920
80 80
70 70
g 60 g 60
50 = 50
= 40 = 40
30 30
20 20
10 10
0 0
200 210 220 230 240 250 260 270 280 290 300 200 210 220 230 240 250 260 270 280 290 300
wavelength [nm] wavelength [nm]
Figure 5: Reflectance spectra of separators for the fourth and fifth harmonics:
HRu (45°, 266 nm) > 98 % + Ru (45°, 213 nm) < 10 % for unpolarized light
a) Oxide coating optimized for low scattering losses
b) Fluoride coating for high laser-induced damage thresholds
Thin Film Polarizers
Sputtering techniques enable LAYERTEC to offer thin film polarizers also for the fourth harmonic of the Nd:YAG laser.
— Rs — Rp A0l = 56°
100
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= 60
S
= 50
40
30
20
10
0
240 250 260 270 280
wavelength [nm]
Figure 6: Reflectance spectrum of a thin film polarizer for 266 nm:
HRs (56°, 266 nm) > 98 % + Rp (56°, 266 nm) <5 %,
Tp (56°, 266 nm) = 95 %
Table 1: Common specifications of separators for the harmonics in the UV
Separator Type Technolo L SEENEI T Reflectance at the Corresponding Longer Nd:YAG Wavelengths
P P W | ter Wavelength p 9 9 . 9
266 nm 355 nm 532 nm 1064 nm
Rs Rp Rs Rp Rs Rp Rs Rp Rs Rp
) IAD >999 % | >99.5 % <5% <2% <10% |<2%
3" harmonic, 355 nm
Sputtered >99.9% |>99.8% <2% <1% <2% <1%
) IAD >99.7 % | >99.4 % <5% <2% <10% |<2% <10% |<2%
4% harmonic, 266 nm
Sputtered >99.8% | >99.5 % <5% <1% <2% <1% <2% <1%
5% harmonic, 213 nm* | Evaporated >97 % >93 % <5% <2% <10% |<2% <10% | <2% <10% | <2%
*  Fluoride coating on CaF,
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Weak Nd:YAG or Nd:YVO, Laser Lines

(915 nm, 946 nm, 1123 nm, 1340 nm)

Neodymium doped crystals exhibit laser transitions at different wavelengths. Table 1 and table 2 give an overview about the laser wave-
lengths of the most common Nd-doped materials Nd:YAG and Nd:YVO,.

Table 1: Laser lines and corresponding wavelengths of the
second harmonic of Nd:YAG

Table 2: Laser lines and corresponding wavelengths of the
second harmonic of Nd:YVO,

Laser Lines Second Harmonic Laser Lines Second Harmonic
946 nm 473 nm 915 nm 457 nm

1064 nm 532 nm 1064 nm 532 nm

1123 nm 561 nm 1342 nm 671 nm

1319 nm 659 nm

1338 nm 669 nm

1415 nm 708 nm

1444 nm 722 nm

A variety of laser lines in the VIS and NIR can be obtained from these crystals. This process is utilized to build compact diode pumped solid
state lasers with a variety of wavelengths which are used for measurement applications as well as for projection systems (RGB lasers).

The strongest laser transition in both materials is the 1064 nm line. Efficient laser radiation at other wavelengths is only possible by sup-
pressing this line. LAYERTEC offers a variety of laser mirrors for this application.

Compact laser designs also include the pump diode (808 nm) and a unit for the second harmonic generation. This is the reason why
coatings for Nd:YAG or Nd:YVO, wavelengths apart from 1064 nm mostly show several spectral regions of high transmittance as well as
high reflectance. All coatings are designed according to customer specifications, because the specifications depend on the laser design. All
examples on these pages are for Nd:YAG wavelengths. Coatings for Nd:YVO, can be designed and produced as well.

AOI = 0° Table 3: Special features of the mirror from figure 1
L 88 ? T Feature Reflectance
30 Supprgssmn of the strongest R (0°, 1064 nm) <5 %
70 laser line
g 60 HR mirror for the weak laser line R (0°, 946 nm) > 99.95 %
~ 50
o© . .
0 High transmittance for the R (0°, 808 nm) < 2 %
30 pump wavelength
20 HR mirror for the second
o 0,
10 ¢ ¢ harmonic of the weak laser line IR (0 A7 il = EED B
0
400 500 600 700 800 900 1000 1100 1200 1300 1400
wavelength [nm]

Figure 1: Reflectance spectrum of a dual wavelength mirror for a weak
laser line and its second harmonic with high transmittance for
the pump wavelength and the strongest laser line:

HR (0°, 473 nm) > 99.85 % + HR (0°, 946 nm) > 99.95 %
+R (0° 808 nm)<2 % +R (0°, 1064 nm) <5 %

—R  --R(99-100%) AOI=0° Table 4: Special features of the mirror from figure 2
100 4 3 Feature Reflectance
90 IT |
80 (i I i HR mirror for the weak laser line HR (0°, 1123 nm) > 99.9 %
I |
70 (i} | 2 .
o K ! Supprgsmon of the strongest R (0°, 1064 nm) < 50 %
5 1 1 laser line
= 50 t I
= | | i i
0 ! ! High transmittance for the R (0°. 808 nm) < 10 %
30 i : | pump wavelength
[}
20 I 1 High transmittance for the second o 0
10 ¢ ¢ : ! harmonic of the weak laser line R (0°, 561 nm) <2 %
0 1 1
450 550 650 750 850 950 1050 1150 1250 1350 1450
wavelength [nm]
Figure 2: Reflectance spectrum of a dichroic mirror with high transmit-

tance for the pump wavelength which also suppresses the
1064 nm line:

HR (0°, 1123 nm) >99.9 % + R (0°, 561 nm) <2 %

+ R (0°, 808 nm)< 10 % + R (0°, 1064 nm) <50 %
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Table 5: Special features of the mirror from figure 3

Feature

Reflectance

Figure 3: Reflectance spectra of a thin film polarizer with high transmit-
tance for the pump wavelength and the second harmonic which
also suppresses the 1064 nm line:

HRs (56°, 1123 nm) > 99.9 % + Rp (56°, 1123 nm) < 50 %
+Rs,p (56°, 561 nm + 808 nm) < 10 %
+ Rs,p (56°, 1064 nm) < 50 %

HR for s-polarized light of the
weak laser line

Suppression of p-polarized light
of the weak laser line

Suppression of the strongest
laser line

High transmittance for the
pump wavelength

High transmittance for the second
harmonic of the weak laser line

HRs (56°, 1123 nm) > 99.9 %

Rp (56°, 1123 nm) < 50 %

Rs,p (56°,1064 nm) < 50 %

Rs,p (56°, 808 nm) < 10 %

Rs,p (56°, 561 nm) < 10 %

—R --R(99-100%)
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Table 6: Special features of the mirror from figure 4

Feature

Reflectance

Broadband HR mirror for
several laser lines

High transmittance for the
second harmonics of these
laser lines

HR (0°, 1064 nm + 1123 nm +
1319 nm) >99.9 %

R (0°, 532 -561 nm + 659 nm) <2 %

1400

Figure 4: Reflectance spectrum of a dichroic mirror with high reflectance
for the NIR wavelengths and high transmittance for the corre-
sponding second harmonic wavelengths:

HR (0°, 1064 nm + 1123 nm + 1319 nm) > 99.9 %
+R(0°, 532 -561 nm+659nm)<2 %
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Ho:YAG and Tm:YAG Lasers (2010 nm, 2100 nm)

Ho:YAG and Tm:YAG lasers emitting at wavelengths of 2010 nm and 2100 nm are widely used for medical applications. LAYERTEC offers
optical coatings for this wavelength range with high laser-induced damage thresholds and long lifetimes.

Cavity Mirrors

a A0l =0° b —R == R(99-100 %) A0l = 0°
100.0 100 n
99.9 90
99.8 80 ' \
99.7 70 1 \
= 996 = 60 f !
= 995 = 50 | \
99.4 40 I |
99.3 30 1 .
99.2 20 : :
99.1 10 i i
99.0 0 | i
1800 1900 2000 2100 2200 2300 2400 700 1000 1300 1600 1900 2200 2500
wavelength [nm] wavelength [nm]
Figure 1: Reflectance spectra of cavity mirrors:
a) HR cavity mirror
b) Pump mirror with high transmittance around 808 nm
« HR cavity and pump mirrors with R >99.9 %
« High laser-induced damage thresholds
Turning Mirrors
a —Rs —Rp  AOI=45° b —Rs —Rp AOI=45°
100.0 100.0
99.9 99.9
99.8 99.8
99.7 99.7
5 99.6 5 99.6
< 995 < 995
99.4 99.4
99.3 99.3
99.2 99.2
99.1 99.1
99.0 99.0
1700 1800 1900 2000 2100 2200 2300 1800 1900 2000 2100 2200 2300 2400
wavelength [nm] wavelength [nm]

Figure 2: Reflectance spectra of turning mirrors for:
a) 2010 nm
b) 2100 nm

The coating materials are chosen to guarantee high laser-induced damage thresholds. To achieve the maximum reflectance for p-polariza-

tion, mirrors should be specified for either 2010 nm or 2100 nm.

« Turning mirrors with R > 99.9 % for s-polarized light and R > 99.8 % for p-polarized light at AOI = 45°

« High laser-induced damage thresholds
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Output Couplers
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Figure 3: Reflectance spectrum of an output coupler with
R=82% %1 % at 2100 nm

Edge Filters

Output couplers with precisely adjusted degrees of reflectance:
* R>95% +0.5 %
*+ R=80...95% %1%
*+ R=10...80% %2 %
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Figure 4: Reflectance spectrum of a cavity mirror for 2010 nm suppressing
the 2100 nm line

Thin Film Polarizers
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Figure 6: Reflectance spectra of a thin film polarizer for 2010 nm with
Rs >99.8 %, Rp <2 %, AOI = 55°

30

Figure 5: Reflectance spectrum of a steep edge filter for the separation of
the 2010 nm and 2100 nm lines

« Separation of the s- and p-polarized component of the light
(s-polarized light is reflected, p-polarized light is transmitted)

« Thin film polarizers designed at Brewster's angle (= 55°)
exhibit a higher Tp/Ts ratio and a considerably broader band-
width than those at AOI = 45°




Windows and Lenses

Lens materials according to customer specifications:

Selection of Optical Components for Common Laser Types
Ho:YAG and Tm:YAG Lasers (2010 nm, 2100 nm)

+ Fused Silica with low OH-content, like Corning 7979®, Infrasil®, Suprasil® 3001/3002/300

« Sapphire and undoped YAG

« Special AR coatings for high index materials such as GGG on request
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Figure 7: Reflectance spectra of typical antireflection coatings:
a) Single wavelength AR coating for 2010 nm
b) Broadband AR coating 2010 — 2100 nm
¢) Dual wavelength AR coating for the pump and laser wave-
length (808 nm + 2010 nm)
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Er:YAG Lasers and the 3 pm Region

Er:YAG lasers are widely used in medical applications, especially in dermatology, due to the high absorption coefficient of water for
2940 nm radiation. This makes surgical applications easier but is also a challenge for the optical coatings which must be completely free of
water. Coatings produced by magnetron sputtering have proved to be ideal for this kind of application.

Cavity Mirrors
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Figure 1: Reflectance spectrum of an HR cavity mirror
HR (0°, 2940 nm) > 99.8 %

Pump Mirrors
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Figure 2: Reflectance spectrum of a HR cavity mirror with an HT region
between 800 nm and 1100 nm

Turning Mirrors
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Figure 3: Reflectance spectrum of a turning mirror for unpolarized light

LIDT Info

400 J/cm?, 2940 nm, 400 ps

+ Reflectance of cavity mirrors and pump mirrors: R > 99.9 % at
AOI =0°

 Pump mirrors with high transmittance between 800 nm and
1100 nm for pumping with a Nd:YAG laser or a diode laser

« Reflectance of turning mirrors: R > 99.8 % at AOI = 45° for
unpolarized light
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Beam Combiners and Alignment Laser Mirrors

a —Ru  AOI=45° b —Ru  AOI=45°
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Figure 4: Reflectance spectra of turning mirrors
a) Dual wavelength turning mirror for 2940 nm and an alignment laser between 630 nm and 655 nm
b) Separator/combiner for 2940 nm and an alignment laser between 630 nm and 655 nm

« Designs for beam splitters and alignment laser mirrors are calculated according to customer specifications

Output Couplers and Lenses

R 70 % 21 % Aol—0 « Output couplers with precisely adjusted degrees of reflectance
— R= 9 0 = =0°
100 R=84%=1% oxr (tolerances of +1 % at reflectance values between 70 % and
90 %)
20 « AR coatings with residual reflectance of R < 0.2 % on the rear
side of output couplers as well as on lenses and windows
= 80 ) .
g « Possible subtrate materials (see page 135):
-4 ™ . . .
70 + Fused Silica with low OH-content, like Corning 7979,
Infrasil®,Suprasil® 3001/3002/300
60 « Sapphire and undoped YAG
50
2800 2850 2900 2950 3000 3050 3100
wavelength [nm]

Figure 5: Reflectance spectra of output couplers with
R=70%+1%and R=84 % 1 %
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Ultrafast Laser Optics
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Introduction to Optics for Ultrafast Lasers

Introduction

Ultrafast lasers are used in numerous applications such as time resolved spectroscopy, precision material processing and non-linear optics.
Driven by these applications, recent developments in this field are directed to lasers generating higher output power and shorter pulses.
Currently, most short pulse physics is done with Ti:Sapphire lasers. Solid-state lasers based on other transition metal or rare earth metal
doped crystals (Nd:YAG, Nd:YVO,, Yb:KGW) are also used for the generation of ultrashort pulses. The reproducible generation of sub-
100 fs-pulses is closely connected to the development of broadband low loss dispersive delay lines consisting of prism or grating pairs or
of dispersive multilayer reflectors.

The spectral bandwidth of a pulse is related to the pulse duration by Fourier analysis. For instance, the bandwidth (FWHM) of a 100 fs
Gaussian pulse at 800 nm is 11 nm. For shorter pulses, the wavelength spectrum becomes significantly broader. A 10 fs pulse has a band-
width of 107 nm.

If such a broad pulse passes through an optical medium, the spec-
pu,se tral components of this pulse propagate with different speeds. Dis-
3 £ persive media, like glass, impose a so-called “positive chirp” on the
k- ] pulse, meaning that the short wavelength (“blue”) components are
g stretching of temporal envelope delayed with respect to the long wavelength (“red”) components

.g' (see schematic drawing in figure 1).

o

° A similar broadening can be observed if a pulse is reflected by a
\ dielectric mirror and the bandwidth of the pulse is larger or equal
to the width of the reflection band of the mirror. Consequently,
Figure 1: Broadening of a pulse by propagation through an optical medi- broadband mirrors consisting of a double stack system cause pulse
um (schematic drawing) broadening because the path lengths of the spectral components

of the pulse are extremely different in these coatings.

In the sub-100 fs-regime it is essential to control the phase properties of each optical element over the extremely wide bandwidth of the
fs-laser. This holds not only for the stretcher and compressor units, but also for the cavity mirrors, output couplers and the beam propaga-
tion system. In addition to the power spectrum, i.e. reflectance or transmittance, the phase relationship among the Fourier components of
the pulse must be preserved in order to avoid broadening or distortion of the pulse.

Mathematical analysis of the phase shift, which is applied to a pulse passing through a medium or being reflected by a mirror (see part
GDD and TOD), shows that the main physical properties which describe this phenomenon are the group delay dispersion (GDD) and the
third order dispersion (TOD). These properties are defined as the second and third derivative of the phase with respect to the frequency.

Especially designed dielectric mirrors offer the possibility to impose
a “negative chirp” on a pulse. Thus, the positive chirp which results
from crystals, windows, etc. can be compensated. The schematic
Q drawing in figure 2 explains this effect in terms of different optical
path lengths of blue, green and red light in a negative dispersion

b-) mirror.

A LAYERTEC offers ultrafast laser optics with different bandwidths.
This catalog shows optics for the wavelengths range of the Ti:Sap-
phire laser in three chapters, each representing a characteristic

Figure 2: Optical path lengths of blue, green and red light in a negative bandwidth of the optics: standard components with a bandwidth

dispersion mirror (schematic drawing) of about 120 nm, broadband components (bandwidth about
300 nm) and octave spanning components.

A

A

Moreover, silver mirrors for fs applications are presented which offer the broadest low-GDD bandwidth available.

Please note that the GDD spectrum of a dielectric negative dispersion mirror is not a flat graph. All types of negative dispersion mirrors
exhibit oscillations in the GDD spectrum. These oscillations are small for standard bandwidths. However, broadband and ultra-broadband
negative dispersion mirrors exhibit strong GDD oscillations. Considerable reduction of these oscillations can be achieved by using mirror
pairs consisting of mirrors with carefully shifted GDD oscillations. Figure 3 shows a schematic drawing of said mirror pair and the corre-
sponding GDD spectra.

Itis also possible to use negative dispersion mirrors with high values of negative GDD for pulse compression. These so-called Gires-Tournois-In-
terferometer (GTI) mirrors (see page 63) are successfully used in Ti:Sapphire lasers, Yb:YAG and Yb:KGW oscillators and Er:Fiber lasers.
Pulse compression in Yb:YAG and Yb:KGW oscillators provides pulses of some hundred femto-seconds pulse length. For each wavelength,
components with different amounts of negative GDD are presented on the following pages. Besides these optics for the spectral range
of the Ti:Sapphire fundamental and for the very promising Yb:YAG and Yb:KGW lasers, LAYERTEC also offers optics for the harmonics of
this radiation down to the VUV wavelength range, optics for ultrafast lasers in the 1500 nm-range and especially designed optics for high
power ultra-short pulse lasers. LAYERTEC has its own capabilities for design calculation and also for GDD-measurements in the wavelength
range from 250 to 1700 nm.
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Figure 3: Schematic drawing of a negative dispersion mirror pair

GDD and TOD

If a pulse is reflected by a dielectric mirror, i.e. a stack of alternating high and low refractive index layers, there will be a phase shift between
the original and the reflected pulse resulting from the time which it takes the different Fourier components of the pulse to pass through the
layer system of the mirror. In general, the phase shift ®(w) near the center frequency w, may be expanded in a Taylor series for frequencies
near wo:

D (W) = D (We) + P (Wo) (W —Wp) + P (Wo) (W — We)?/2 + D" (Wo) (W — WE)*/6 + ...

The derivatives are, respectively, the Group Delay (GD) ®(w,), the Group Delay Dispersion (GDD) ®"(w,) and the Third Order Dispersion
(TOD) ®""(wo). More strictly speaking, this expansion is only useful in an exactly soluble model, for the propagation of a transform limited
Gaussian pulse and for pure phase dispersion. For extremely short pulses and combinations of amplitude and phase dispersion numerical
calculations may be necessary. Nevertheless, this expansion clearly shows the physical meaning of the single terms.

Assuming the phase shift is linear in frequency (i.e. GD = 0, GDD = 0 and TOD = 0 over the pulse bandwidth), the reflected pulse is delayed
in time by the constant group delay and, of course, scaled by the amplitude of reflectance R. The pulse spectrum will remain undistorted.

If GDD # 0, two important effect are observed:

* The reflected pulse is temporally broadened. This broad- + Moreover, the pulse becomes “chirped”, i.e. it changes its
ening effect depends only on the absolute value of the momentary frequency during pulse time. This effect depends
GDD. LAYERTEC offers “low GDD mirrors”, i.e. mirrors with on the sign of the GDD, so that the momentary frequency
|GDD] < 20 fs? over a given wavelength range, which guar- may become higher (up-chirp, GDD > 0) or lower (down-
antee the preservation of the pulse shape when the pulse is chirp, GDD < 0). This allows to compensate positive GDD
reflected by these mirrors. effects of nonlinear optical elements by using negative GDD

mirrors.

The TOD determines also pulse length and pulse shape (distortion of the pulse) and becomes a very important factor at pulse lengths of
20 fs and below.

References

R. Holzwarth, M. Zimmermann, Th. Udem, TW. Hansch, P. Russbiildt, K. Gdbel, R. Poprawe, J.C. Knight, W.J. Wadsworth and P.St.J. Russell:
"White-light frequency comb generation with a diode-pumped Cr:LiSAF laser”; Optics Letters, Vol. 26, No.17 (2001), p. 1376 — 1378

Y.-S. Lim, H.-S. Jeon, Y.-C. Noh, K.-J. Yee, D.S. Kim, J.-H. Lee, J.-S. Chang, J.-D. Park: “Journal of the Korean Physical Society”; Vol. 40, No.5 (2002),
p. 837 — 843

G. Tempea, V. Yakovlev and F. Krausz: “Interference coatings for Ultrafast Optics”; in: N. Kaiser, H.K. Pulker (eds.), “Optical Interference Coatings”;
Springer-Verlag Berlin Heidelberg 2003, p. 393 — 422 and the references therein



Standard Ultrafast Laser Optics
(120 — 150 nm Bandwidth)

Ultrafast Laser Optics
Standard Ultrafast Laser Optics (120 — 150 nm Bandwidth)

* The coatings shown here are calculated for a bandwidth of 120 — 150 nm in the wavelength range between 600 nm and 1000 nm

« Very high reflectance of the mirrors (R > 99.99 %)

- Spectral tolerance 1 %

« In-house design calculation and GDD measurement capabilities

« Center wavelength, GDD and TOD according to customer specifications

« Measured GDD spectra available on request

« All kinds of mirrors (e.g. cavity mirrors, pump mirrors and turning mirrors)

LIDT Info

0.4 J/cm?, 800 nm, 42 fs, 1 kHz, @ 80 pm*
2 J/cm?, 800 nm, 70 fs, 10 Hz, @ 700 pm**
For high power mirrors see page 53.

*  Measurements were performed at Wigner Research Centre for Physics, Budapest
**  Measurements were performed at Helmholtz-Zentrum Dresden-Rossendorf

Cavity Mirrors AOI = 0°

a AOl = 0° b
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Figure 1: Reflectance and GDD spectra of a standard low dispersion ultrafast laser mirror
a) Reflectance vs. wavelength
b) GDD vs. wavelength

All types of mirrors are also available with negative GDD (e.g. -40 fs2). For negative GDD mirrors or high dispersion mirrors see page 39.

Pump Mirrors AOI = 0°

a —R  --R(99-100%)  AOI=0° b
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Figure 2: Reflectance and GDD spectra of a standard low dispersion pump laser mirror
a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Turning Mirrors AOI = 45°

a —Rs —Rp AOI=45°

B | =
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Figure 3: Reflectance and GDD spectra for a standard low dispersion turning mirror (bandwidth Ru (45°) > 99.9 % =~ 160 nm)

a) Reflectance vs. wavelength
b) GDD vs. wavelength

Output Couplers AOI = 0°
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Figure 4: Reflectance and GDD spectra of output couplers with a bandwidth of 120 nm

a) Reflectance spectra of several standard output couplers

b) GDD spectra of the output coupler with R = 98 %; GDD spectra are similar for all levels of reflectance

Beam Splitters for p-polarized light at AOI = 45°

a —Rp=66%  —Rp=50% — Rp=33% AOI=45°
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Figure 5: Reflectance and GDD spectra of beam splitters for p-polarized light

a) Reflectance spectra of several standard beam splitters

b) GDD spectra of the beam splitter with R = 50 %, the GDD spectra are similar for all levels of reflectance
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Beam Splitters for s-polarized light at AOI = 45°

a — Rs=66 % —Rs =50 % Rs=33% AOl=45° b — reflected beam transmitted beam  AOI = 45°
100 50
90 40
80 30
70 20
s 60 2 10
S s g o p/
40 Y -0
30 -20
20 -30
10 -40
0 -50
700 740 780 820 860 900 700 740 780 820 860 900
wavelength [nm] wavelength [nm]

Figure 6: Reflectance and GDD spectra of beam splitters for s-polarized light
a) Reflectance spectra of several standard beam splitters

b) GDD spectra of the beam splitter with R = 50 %, the GDD spectra are similar for all levels of reflectance

« Reflectance and transmittance of output couplers and beam splitters can be adjusted according to customer specifications

- Tolerances for output couplers:
*R=10%...70% £2.5%
* R=70%...90% 1.5 %
* R=90% ... 95 % +£0.75 %
* R=95%...98% +0.5 %
* R>98 % +0.25 %
* R>99 % 0.1 %

Negative Dispersion Mirrors AOI = 0°

Standard AR coatings:
« AOI=0%R<0.2%
*+ AOl=45° RsorRp<0.2 %
« AOl=45°Rs=Rp=05 %
* In case of p-polarization, uncoated rear side possible,
Rp (Fused Silica, 45°) = 0.6 %

a AOI = 0° b AOI = 0°
100.0 200
160
99.8 120
80
= 99.6 ¥ 40

= =
: g o
99.4 Y .40
-80
99.2 -120
-160
99.0 -200
600 700 800 900 1000 600 650 700 750 800 850 900 950 1000
wavelength [nm] wavelength [nm]

Figure 7: Reflectance and GDD spectra of a negative dispersion mirror with a bandwidth of 150 nm

a) Reflectance vs. wavelength
b) GDD vs. wavelength

High Dispersion Mirrors AOI = 0°

LAYERTEC also offers high dispersion mirrors for pulse compression in Ti:Sapphire lasers. These mirrors and mirror pairs show spectral
bandwidths of 100 nm — 300 nm and negative GDD values of some hundred fs?. Compared to prism compressors, high dispersion mirrors

reduce the intra cavity losses enabling higher output power of the laser.

All high dispersion mirrors are designed according to customer specification. Please specify the amount GD which is to be compensated.

a AOI = 0° b AOI = 0°
100.0 n q (\/" 0
99.6 -200
< 992 & -400
= =
= 8
98.8 Y -600
98.4 -800
98.0 -1000
680 730 780 830 880 930 980 1030 1080 730 750 770 790 810 830 850 870
wavelength [nm] wavelength [nm]
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C Measurement
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Figure 8: Reflectance and GDD spectra of a high dispersion mirror with
a bandwidth of 120 nm and a GDD of -450 £100 fs? in the
800 nm range
a) Reflectance vs. wavelength
b) Calculated GDD vs. wavelength
¢) Measured GDD vs. wavelength

Matching measured and calculated GDD spectra prove the reliability of the coating process.

High Dispersion Mirror Pairs AOI = 0°
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Thin Film Polarizers for AOIl = 55°

Figure 9: Reflectance and GDD spectra of a high dispersion mirror
pair with a bandwidth of 200 nm and an average GDD of
-120 =40 fs? per bounce in the 800 nm range
a) Reflectance vs. wavelength
b) Calculated GDD vs. wavelength
¢) Measured GDD vs. wavelength
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Figure 10: Reflectance and GDD spectra of a standard TFP (AOI = 55° to use the Brewster's angle for the transmitted p-polarized light)

a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Thin Film Polarizers for AOIl = 65°

The bandwidth of thin film polarizers can be extended if large angles of incidence are used. As shown in figure 11a polarizer bandwidth
as large as 100 nm can be achieved. However, this is combined with a reduced reflectance for the s-polarized light especially at very large

AOI (e.g. AOI = 80°).
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0.2 AN Figure 11: Reflectance and GDD spectra of a TFP (AOI = 65° to achieve a
0.1 low GDD for Rs and Tp, bandwidth =~ 40 nm)
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lenath b) GDD of the reflected light vs. wavelength
wavelength [nm] ¢) GDD of the transmitted light vs. wavelength

41


http://image.layertec.de/figure 11a

42

Ultrafast Laser Optics
Standard Ultrafast Laser Optics (120 — 150 nm Bandwidth)

Non-polarizing Beam Splitters for AOI = 45°
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Antireflection Coatings

Figure 13: Reflectance and GDD spectra of a non-polarizing beam splitter
a) Reflectance vs. wavelength
b) GDD of the reflected light vs. wavelength
¢) GDD of the transmitted light vs. wavelength
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Figure 14: Reflectance of different antireflection coatings
a) AOI = 0°
b) AOI =45°Rs =Rp =~ 0.5 %
¢) AOI = 45° Rs < 0.2 % (only possible for s- or p-polarized light)

Broadband antireflection coatings for AOI = 0° or a single polarization at AOI > 0° with R < 0.1 % on request.
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Broadband Ultrafast Laser Optics
(200 - 300 nm Bandwidth)

« The coatings shown here are calculated for the wavelength range 700 — 1000 nm. Similar coatings are available for 600 — 900 nm
and 650 — 950 nm.

« Very high reflectance of the mirrors (R >99.8 % ... R > 99.95 % depending on the design)
+ Center wavelength, bandwidth, GD, GDD and TOD according to customer specifications

« Spectral tolerance =1 %

« In-house design calculation and GDD measurement capabilities

+ GDD measurement reports are included in the delivery

LIDT Info
=~ 0.1 J/cm?, 800 nm, 150 fs

Measurements were performed at Laser Zentrum Hannover

Mirror Pairs for AOI = 0°

a — mirror A mirror B A0l =0° b — mirror A mirror B — average A0l = 0°
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Figure 1: Reflectance and GDD spectra of a negative dispersion laser mirror pair

a) Reflectance vs. wavelength
b) GDD vs. wavelength

Mirror pairs show a very smooth average GDD spectrum, although the single broadband mirrors exhibit strong GDD oscillations. Pump
mirror pairs, i.e. mirror pairs with at least one mirror showing high transmittance between 514 — 532 nm, are also available.

Turning Mirrors for s-polarized Light at AOI = 45°
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Figure 2: Reflectance and GDD spectra of a broadband turning mirror for s-polarized light

a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Turning Mirrors for p-polarized Light at AOI = 45°
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Figure 3: Reflectance and GDD spectra of a broadband turning mirror for p-polarized light

a) Reflectance vs. wavelength
b) GDD vs. wavelength

Output Couplers for AOI = 0°
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Ultrafast Laser Optics
Broadband Ultrafast Laser Optics (200 — 300 nm Bandwidth)
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a) Reflectance vs. wavelength
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Ultrafast Laser Optics

Broadband Ultrafast Laser Optics (200 — 300 nm Bandwidth)

Thin Film Polarizers for AOI = 70°
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High Negative Dispersion Mirror Pairs for AOIl = 0°
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Ultrafast Laser Optics

Broadband Ultrafast Laser Optics (200 — 300 nm Bandwidth)

Mirror Pairs with Optimized Third Order Dispersion for AOI = 0°
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broadband low third order dispersion
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The mirror pair shows very smooth GDD and TOD spectra, although the single mirrors exhibit considerable GDD and TOD oscillations.

Special Features

+ GDD of high dispersive mirrors between -50 fs? and -500 fs?

« Very high reflectance

« Center wavelength, bandwidth and GDD according to customer specifications

« Please note that bandwidth and GDD are closely connected. High values of negative GDD result in a very narrow bandwidth

« Spectral tolerance =1 %
« In-house design calculation and measurement capabilities (GDD 250 — 1700 nm, reflectance measurement by CRD 220 — 1800 nm)
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Ultrafast Laser Optics

Octave Spanning Ultrafast Laser Optics (400 — 500 nm Bandwidth)

Octave Spanning Ultrafast Laser Optics
(400 — 500 nm Bandwidth)

* The coatings shown here are calculated for a bandwidth of one octave in the range of the Ti:Sapphire laser (e.g. 550 — 1100 nm).
Similar coatings are possible for other wavelength ranges.

« Center wavelength, bandwidth, GDD and reflectance of output couplers and beam splitters according to customer specifications

« Spectral tolerance =1 %

« In-house design calculation and GDD measurement capabilities

+ GDD measurement reports are included in the delivery

LIDT Info

=~ 0.1 J/cm?, 800 nm, 150 fs

Measurements were performed at Laser Zentrum Hannover

Negative Dispersion Laser Mirror Pairs for AOI = 0°

Mirror pairs designed by LAYERTEC show a very smooth average GDD spectrum even though the single broadband mirrors exhibit strong

GDD oscillations.
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Figure 1: Reflection and GDD spectra of a pair of ultra-broadband negative-dispersion laser mirrors
a) Reflectance vs. wavelength
b) GDD vs. wavelength
Negative Dispersion Pump Mirror Pairs for AOI = 0°
The pump mirror pair consists of two mirrors which both show a region of high transmittance around 500 nm.
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Ultrafast Laser Optics

Octave Spanning Ultrafast Laser Optics (400 — 500 nm Bandwidth)
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Figure 2: Reflectance and GDD spectra of an ultra broadband negative
dispersion pump mirror pair
a) Reflectance vs. wavelength
b) GD vs. wavelength
¢) GDD vs. wavelength

Negative Dispersion Turning Mirror Pairs for p-polarized Light for AOI = 0°
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Figure 3: Reflectance and GDD spectra of an ultra broadband turning mirror pair for p-polarized light
a) Reflectance vs. wavelength
b) GDD vs. wavelength

Output Couplers for AOI = 0°
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Ultrafast Laser Optics
Octave Spanning Ultrafast Laser Optics (400 — 500 nm Bandwidth)

Beam Splitters for p-polarized Light at AOI = 45°
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Ultrafast Laser Optics
Silver Mirrors for Ultrafast Lasers (550 — 1100 nm)

Silver Mirrors for Ultrafast Lasers (550 — 1100 nm)

Silver Mirrors Optimized for Ultrafast Laser Applications
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Figure 1: Reflectance and GDD spectra of a silver mirror optimized for use with ultrafast-lasers in the wavelength range 600 — 1000 nm (AOI = 0°)

a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Figure 2: Reflectance and GDD spectra of a silver mirror optimized for use with ultrafast-lasers in the wavelength range 600 — 1000 nm (AOI = 45°)

a) Reflectance vs. wavelength
b) GDD vs. wavelength

Special Features

« High reflectance in the VIS and NIR
« Very broad reflectance band with GDD = 0 fs?

« Silver mirrors with defined transmittance (e.g. 0.01 %) exhibit
high LIDT (see table) and the same reflectance and GDD
values as shown in figure 1 and figure 2

« Extremely low scattering losses (total scattering TS = 30 ppm
in the VIS and NIR)

Stock of standard components

- Standard and ultrafast protected silver mirrors on substrates
with diameters of 12.7 mm, 25 mm and 50 mm:
* Plane
+ Plano/concave and plano/convex with a variety of radii
between 10 mm and 10,000 mm

Table 1: Technical data of silver mirrors for ultrafast lasers

« Lifetimes of more than 10 years have been demonstrated in
normal atmosphere

- Highly stable optical parameters due to sputtered protective
layers

» Easy to clean (tested according to MIL-M-13508C § 4.4.5)

« Other sizes, shapes, radii and coatings for other wavelength
ranges on request

Coating Reflectance* Wavelength Range LIDT**

fs-optimized protected silver mirrors | R=96.5 ... 98.5 % 600 — 1000 nm 0.38 J/cm?
Enhanced silver mirrors 800 nm R>99 % 700 — 900 nm 0.37 J/cm?
Broadband enhanced silver mirrors | R=98 ... 98.5 % 600 — 1200 nm 0.24 J/cm?
Partially transparent silver mirrors R=96.5...98.5 % 600 — 1000 nm 0.22 J/cm?

* For unpolarized light at AOI = 45°

150 fs, 30000 pulses, repetition rate: 1 kHz, A = 800 nm

**  Measurements were performed at Laser Zentrum Hannover according to I1SO 11254 measurement conditions: pulse duration:
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Ultrafast Laser Optics
Silver Mirrors for Ultrafast Lasers (550 — 1100 nm)

Silver Mirrors with Enhanced Reflectance

The reflectance of silver mirrors can be enhanced by an additional dielectric coating. The bandwidth of the enhanced reflectance must
be exactly specified. Outside this band, the reflectance of the mirror may be lower than that of a standard silver mirror. For the use with
fs-lasers, the additional dielectric coating must be optimized for high reflectance and low GDD. The following figures show examples for
silver mirrors with enhanced reflectance at a specified wavelength (figure 3 and figure 4) and over the wavelength range of the Ti:Sapphire
laser (figure 5). Enhanced silver mirrors can also be designed for a defined transmittance (e.g. T=0.01 %).

a — standard — enhanced 1 enhanced 2 — enhanced 3 AOIl =0° b — enhanced 1 enhanced 2 — enhanced 3 A0l = 0°
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] 98 / | & 38
= a
Y r \ & 30 o
// \\ -60 N
-90
9% ’ -120 \\
I -150
95 -180
650 700 750 800 850 900 950 1000 1050 1100 650 700 750 800 850 900 950 1000 1050 1100
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Figure 3: Reflectance and GDD spectra of silver mirrors with different designs for enhanced reflectance around 850 nm (AOI = 0°)
a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Figure 4: Reflectance and GDD spectra of a silver mirror with enhanced reflectance around 800 nm (AOI = 45°)
a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Figure 5: Reflectance and GDD spectra of a silver mirror with enhanced reflectance in the wavelength range 600 — 1200 nm (AO! = 45°)
a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Ultrafast Laser Optics
High Power Ultrafast Laser Optics (550 — 1100 nm)

High Power Ultrafast Laser Optics (550 — 1100 nm)

Ultrafast lasers are widely used in measurement applications and materials science. They enable the machining of metals as well as of dielec-
tric materials by cold, i.e. non-thermal, processes. The most important feature of these treatment steps is the avoidance of melt. That is why
pieces machined with ultrafast lasers are of high accuracy and do not require mechanical postprocessing. The demands for efficient pro-
duction processes drive the development of high power fs lasers. In most cases, these lasers show pulse lengths between 100 fs and 1 ps.

Moreover, high power ultrafast lasers with power levels in the terawatt and petawatt range become more and more important in basic
research on light material-interaction, particle physics and even for medical applications. The pulse duration of these lasers is considerably
shorter than that of lasers for material processing. Typical pulse durations range from 20 fs to 50 fs.

The laser types mentioned above require optics with high laser-induced damage thresholds (LIDT). High power coatings for ultrafast lasers
were the topic of a number of scientific investigations [1, 2]. Research institutes as well as optics manufacturers have spent much effort on
the improvement of the LIDT of fs laser optics. LAYERTEC has dealt with this issue for more than 20 years.

The main result of these investigations mentioned above was that the LIDT of optical coatings in the fs regime is strongly related to the
band gap of the coating materials as well as the coating designs. Materials with larger band gaps exhibit larger LIDT. However, there is a
trade-off between damage threshold and bandwidth, as large band gaps also translate into a smaller difference of the refractive indices.
Thus, turning mirrors made of these materials only have a bandwidth of about 100 nm for p-polarized light at AOI = 45°. This bandwidth
is sufficient for pulse lengths as low as 25 fs. Please note that all LAYERTEC high power designs are optimized for GDD < 50 fs2.
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Figure 1: Reflectance and GDD spectra of a high power ultrafast laser turning mirror (solid lines) and a broadband ultrafast laser turning mirror (dashed lines)
a) Reflectance vs. wavelength
b) GDD vs. wavelength

In contrast, materials with a large difference of the refractive indices may be used in order to achieve large bandwidths. Designs for stan-
dard low-GDD components exhibit medium LIDT values, whereas broadband designs result in low damage thresholds. This is also the case
when considering mirrors with dispersion control, such as chirped mirror pairs or GTI mirrors. Here, bandwidth and phase requirements
outweigh LIDT. However, depending on the complexity of the overall constraints, some optimization of damage thresholds may be possible.

The investigations have also shown that LAYERTEC's optimized silver mirrors possess significant LIDT values in the fs range. Another ad-
vantage of silver mirrors is their extremely broad zero-GDD reflectance band with reflectance up to 98.5 % at normal incidence. Even silver
mirrors with a defined transmission of 0.01 % exhibit considerable damage thresholds, especially with respect to dielectric ultra broadband
components. For more information on silver mirrors see page 86.
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Ultrafast Laser Optics

High Power Ultrafast Laser Optics (550 — 1100 nm)

Overview about Laser-Induced Damage Thresholds of Ultrafast Laser Optics

Table 1: Overview about LIDT data

Coating Reflectance at 800 nm LIDT Pulse Duration, Repetition Rate
. ' 1.10 J/cm? 3 42 fs, 1 kHz
- *k 0, ’
Single-wavelength AR coating <0.2% 120 Jem? 2 1ps, 1 kHz
Broadband AR coating** <05% 1.20 J/cm? 2 1 ps, 1 kHz
0.33 J/cm? " 50 fs, 1 kHz
o .
Unprotected gold 97.5 % 033 Jem?2 ? 150 fs, 1 kHz
- . 0.38 J/cm2 " 50 fs, 1 kHz
- [0) U
fs-optimized silver 98.5 % 0.38 Jfem?2 2 150 fs, 1 kHz
Enhanced silver 98.5 % 0.24 Jfcm? ? 150 fs, 1 kHz
(600 — 1200 nm) 270 : }
Partially transparent silver o 22
(T=0.01 % @ 800 nm) 98.5 % 0.22 J/cm 150 fs, 1 kHz
. . 0.90 J/cm? ¥ 42 fs, 1 kHz
o .
High power mirror for fs pulses >99.5 % 3.60 Jem?2 @ 70 fs, 10 Hz
Enhanced silver (800 nm) 99.7 % 0.37 J/cm? 2 150 fs, 1 kHz
Negative-dispersion mirrors* >99.9 % 0.10 J/cm? ? 150 fs, 1 kHz
. 0.15 J/cm2 " 6 fs, 4 kHz
= * 0 ’
Broadband low-GDD mirrors >99.9 % 0.10 Jem?2 ? 150 fs, 1 kHz
0.50 J/cm? ¥ 42 fs, 1 kHz
. 2.40 J/cm? 9 70fs, 10 Hz
- o) !
Standard low-GDD mirrors >99.9 % 030 Jem?2 ? 150 fs, 1 kHz
0.55 J/cm? ? 1 ps, 1 kHz
0.35 J/cm? " 50 fs, 1 kHz
High power mirror for ps pulses >99.9 % 0.44 J/cm? ? 150 fs, 1 kHz
0.65 J/cm? 2 1 ps, 1 kHz

1) Measurements were performed at Friedrich Schiller University Jena
2)  Measurements were performed at Laser Zentrum Hannover
3)  Measurements were performed at Wigner Research Centre for Physics, Budapest

4)  Measurements were performed at Helmholtz-Zentrum Dresden-Rossendorf

*  Asignificant number of designs were tested. The LIDT values stated here are typical for the corresponding test conditions.

** Self-focusing effects may destroy the substrate while the AR coating is still intact.

500 pm
4+t
Figure 2: Laser-induced damage to a coated surface, diameter ~ 750 ym




Metallic High Power Mirrors
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Figure 3: Reflectance spectra of unprotected gold and fs-optimized silver
(optimized for high reflectance at 800 nm)

GDD of High Power Ultrafast Laser Mirrors
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Figure 4: Group delay dispersion (GDD) of standard and high power
dielectric mirrors and fs-optimized silver mirrors

Ultrafast Laser Optics
High Power Ultrafast Laser Optics (550 — 1100 nm)
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Ultrafast Laser Optics

Components for the Second Harmonic of the Ti:Sapphire Laser (300 — 600 nm)

Components for the Second Harmonic of the
Ti:Sapphire Laser (300 — 600 nm)

Dual Wavelength Mirrors for AOI = 0°

The second harmonic of the Ti:Sapphire laser provides fs-pulses in the NUV and VIS spectral range. This aspect offers a variety of appli-
cations in spectroscopy and materials science. Optics for these special applications must be optimized for both high reflectance and low
dispersion. Negative dispersion mirrors for pulse compression are of interest as well.

Special Features

- High reflectance (R > 99.9 %)

« Center wavelength and bandwidth according to customer specifications

* Spectral tolerance =1 %
« Prototype production according to customer specifications
« In-house design calculation and measurement capabilities

wavelength [nm]

Dual Wavelength Turning Mirrors for AOI = 45°
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Figure 1: Reflectance and GDD spectra of a fs-optimized dual wavelength
-120 mirror for
400 nm + 800 nm at AOI = 0°
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Components for the Second Harmonic of the Ti:Sapphire Laser (300 — 600 nm)
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-120 \ \}V/ Figure 2: Reflectance and GDD spectra of a fs-optimized dual wavelength
| turning mirror for 400 nm + 800 nm at AOI = 45°
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lenath b) GDD vs. wavelength (second harmonic)
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Separators for the Second Harmonic from the Fundamental for AOI = 45°
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Figure 3: Reflectance and GDD spectra of a separator HRs,p (45°, 400 nm) > 99.9 % + Rs,p (45°, 800 nm) <2 %
a) Reflectance vs. wavelength
b) GDD vs. wavelength

« Reflectance R > 99.9 % for s- and p-polarization in the reflectance band
* Transmittance T > 95 % for s- and p-polarization in the transmittance band
« These components work for p- and s- polarization, but performance can be optimized if the polarization is clearly specified
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Figure 4: Reflectance and GDD spectra of a separator HRp (45°, 800 nm) > 99.9 % + Rp (45°, 400 nm) <2 % + Rs (45°, 400 nm) < 10 %
a) Reflectance vs. wavelength
b) GDD vs. wavelength

« Bandwidth of the 800 nm reflectance band > 200 nm for p-polarization
+ All separators exhibit |GDD| < 20 fs? in the transmittance band
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Components for the Second Harmonic of the Ti:Sapphire Laser (300 — 600 nm)

aser Optics

Negative Dispersion Mirror Pair for the 400 nm Spectral Range at AOI = 0°
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Figure 5: Reflectance and GDD spectra of a negative dispersion mirror pair for 350 — 480 nm with an average GDD varying from -30 fs? at 350 nm to 0 fs? at

480 nm (TOD optimized)
a) Reflectance vs. wavelength
b) GDD vs. wavelength




Components for the Third Harmonic of the

Ti:Sapphire Laser (250 — 400 nm)

Dual Wavelength Turning Mirrors for AOI = 45°

Ultrafast Laser Optics

Components for the Third Harmonic of the Ti:Sapphire Laser (250 — 400 nm)
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Figure 1: Reflectance and GDD spectra of a fs-optimized dual wavelength turning mirror for 270 nm and 405 nm
a) Reflectance vs. wavelength
b) GDD vs. wavelength
Triple Wavelength Turning Mirrors for AOI = 45°
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Figure 2: Reflectance and GDD spectra of a fs-optimized turning mirror for the 266 nm, 400 nm and 800 nm wavelength regions

a) Reflectance vs. wavelength
b) GDD vs. wavelength

Please note that this triple wavelength turning mirror exhibits |GDD| < 50 fs? in all three wavelength regions of interest.

Separators for the Third Harmonic from the Second Harmonic and the Fundamental Wave

for AOI = 45°
a — Rs — Rp A0l =45° b —s-pol. — p-pol.  AOI =45°
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Figure 3: Reflectance and GDD spectra of a standard separator reflecting the third harmonic and transmitting the second harmonic and the fundamental

For the bandwidth of the reflectance and low-GDD ranges, please see table 1 on page 62.

a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Figure 4: Reflectance and GDD spectra of a broadband separator with high reflectance for s-polarized light throughout the wavelength range of the third

harmonic of the Ti:Sapphire laser and high transmittance for p-polarized light in the VIS and NIR:

HRs (45°, 250 — 330 nm) > 95 % + Rp (45°, 440 — 1000 nm) <3 %

a) Reflectance vs. wavelength
b) GDD-Rs vs. wavelength

Negative Dispersion Mirror Pair for AOI = 0°
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Figure 5: Reflectance and GDD spectra of a broadband negative dispersion mirror pair
HR (0°, 275 — 400 nm) > 99 % with an average GDD of = -10 fs? per bounce

a) Reflectance vs. wavelength
b) GDD vs. wavelength




Ultrafast Laser Optics
Components for the Higher Harmonics of the Ti:Sapphire Laser (125 — 250 nm)

Components for the Higher Harmonics of the
Ti:Sapphire Laser (125 — 250 nm)

The fourth, fifth and sixth harmonics of the Ti:Sapphire laser provide fs-pulses in the DUV/VUV range. These harmonics offer a variety of
applications in spectroscopy as well as in materials science. Optics for these very special applications must be optimized for high reflectance
and low dispersion. Mirrors and separators for the wavelength range 125 — 215 nm consist of fluoride layer systems on CaF, substrates
while components for longer wavelengths can be made of oxides. For mirrors, LAYERTEC recommends substrates with a thickness of 3 mm
or 6.35 mm to achieve good flatness values. For special separators, LAYERTEC offers substrates of Fused Silica or calcium fluoride as thin
as 1 mmor 0.5 mm.

Turning Mirrors and Separators for the Fourth Harmonic at AOI = 45°
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Figure 1: Reflectance and GDD spectra of a separator for the fourth

-120 harmonic from the longer wavelength harmonics and the funda-
mental wave (AOI = 45°)
-180 a) Reflectance vs. wavelength (measured)
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b) Reflectance vs. wavelength (calculated)
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¢) GDD vs. wavelength (calculated)

Components for the Fifth Harmonic at AOI = 45°
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Figure 2: Reflectance and GDD spectra of a turning mirror for 160 nm (AOI = 45°)
a) Reflectance vs. wavelength (measured)
b) GDD vs. wavelength (calculated)
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Components for the Higher Harmonics of the Ti:Sapphire Laser (125 — 250 nm)

Components for the Sixth Harmonic at AOI = 45°
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Figure 3: Reflectance and GDD spectra of a turning mirror for 133 nm (AOI = 45°)

a) Reflectance vs. wavelength (measured for unpolarized light)
b) GDD vs. wavelength (calculated)

Bandwidth of the Reflectance and Low-GDD Range of Standard Components

« The coatings described on page 59 can be used to achieve center wavelengths as given in the following table. Different coating

materials are used for different wavelength ranges
« All coatings are optimized for broad reflection bands, high reflectance and low GDD

Table 1: Bandwidth of the reflectance and low-GDD range of standard components

Component

Wavelength Range

P-Polarization (|GDD| < 20 fs?)

S-Polarization (|GDD| < 20 fs?)

Turning mirror or separator 3 harmonic
Dual wavelength turning mirror

Turning mirror or separator 4™ harmonic
Turning mirror or separator 5™ harmonic

Turning mirror or separator 6% harmonic

250 nm =330 nm

250 nm =330 nm
370 nm — 500 nm

180 nm =250 nm
140 nm - 180 nm
125 nm - 140 nm

30 nm (R > 99 %)

15 nm (R > 99 %)
34 nm (R > 99 %)

5nm (R> 93 %)
4 nm (R > 90 %)
8 nm (R > 85 % unpolarized)

50 nm (R > 99 %)

26 nm (R > 99 %)
72 nm (R > 99 %)

15 nm (R > 97 %)
12 nm (R > 97 %)




Ultrafast Laser Optics

Gires-Tournois-Interferometer (GTI) Mirrors (600 — 1600 nm)

Gires-Tournois-Interferometer (GTI) Mirrors
(600 — 1600 nm)

Gires-Tournois-Interferometer (GTI) mirrors are used for pulse compression in short pulse lasers such as Yb:YAG- or Yb:KGW-lasers.
LAYERTEC also offers GTI mirrors for the Ti:Sapphire wavelength range and for other ultrafast lasers in the NIR spectral range. Compared
to prism compressors, GTI mirrors reduce the intra cavity losses resulting in higher output power of the laser.

Special Features

« Very high reflectance
« Center wavelength, bandwidth and GDD according to customer specifications
» Please note that bandwidth and GDD are closely connected. A high value of negative GDD results in a very narrow bandwidth

* Spectral tolerance =1 %
« In-house design calculation and measurement capabilities: GDD 250 — 1700 nm, reflectance measurement by CRD 210 — 1800 nm

Table 1: LIDT Info

LIDT Wavelength Pulse Duration Repetition Rate :il:Ieses CLGEEN Beam Diameter | Measurements at
~ 0.1 J/cm? 800 nm 150 fs Laser Zentrum Hannover
~ 225 mJ/cm? 1030 nm 44 fs 1 KHz 100,000-on-1 1/e2 = 750 ym DESY Hamburg 2021
GTI-Mirrors for Yb:YAG and Yb:KGW-Lasers
a — -500 fs?— -1300 fs?* AOIl = 0° b — -2500 fs? -5000 fs? -10000 fs?> AOI = 0°
0 0
400 -2500 \——\/
o —-5000
& -800 =
g 8 -7500
Y-1200 ©
-10000
-1600 -12500
-2000 -15000
1010 1020 1030 1040 1050 1060 1010 1020 1030 1040 1050 1060
wavelength [nm] wavelength [nm]
Figure 1: GDD spectra of GTI-mirrors for 1040 nm with different GDD Values
a) -500 fs?, -1300 fs?
b) -2500 fs2 -5000 fs2 -10,000 fs>
« Typical reflectance values depending on dispersion:
-500 fs?: R = 99.99 %
-1300 fs?: R = 99.98 %
-2500 fs2: R = 99.97 %
-5000 fs?: R = 99.95 %
-10,000 fs?: R = 99.95 %
A0l =0° A0l =0°
1000 1200
800
600 1000
— 400 — 800
% 200 )
g8 0 2 600
Y -200 ©
400 400
-600 200
-800
-1000 0
980 1000 1020 1040 1060 1080 1010 1030 1050 1070 1090
wavelength [nm] wavelength [nm]

Figure 2: GTI mirror with nearly constant TOD

Figure 3: GTI mirror with positive GDD
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Gires-Tournois-Interferometer (GTI) Mirrors (600 — 1600 nm)
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Figure 4: GDD spectrum of a rear side GTI mirror with
GDD (0° - 10°, 1030 nm) = -700 fs?

Optical Losses of GTI-Mirrors

The light enters on the front side of the mirror which is AR-coated.
Then it passes the substrate and hits the rear side which is coated
with the GTI mirror. Rear side GTI mirrors are insensitive against
surface contamination which sometimes distort the GDD spectrum
of common front side GTI mirrors.
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Figure 5: Calculated reflectance spectra of a GTI mirror without absorption
losses (black) and with typical absorption losses (grey)

Figure 6: Measured reflectance spectrum of a GTI mirror (design as calcu-
lated in figure 5)

GTI mirrors of LAYERTEC show high reflectance values (e.g. R > 99.98 % at 1030 nm). The reflectance can be measured exactly by CRD.
The high reflectance proves that the absorption losses in the GTI mirrors are very small. This also results in very small thermal lensing inside

these GTI mirrors if they are used in high power lasers.

Coating Homogenity and Reproducibility of GTI-Mirrors

Figure 8 and figure 9 show that all GTI mirrors which were produced in these batches meet the specifications given in figure 7. Comparing
mirrors from two batches the variation within a batch and between batches are much smaller than what is allowed by the specifications.
The excellent reproducability of complex coating designs is the basis for the use of GTI mirrors in industrial short pulse lasers.
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Figure 7: Calculated GDD spectrum of a GTI mirror: GDD-R (6°, 1020 —
1060 nm) = -1000 £200 fs?

Figure 8: Measured GDD spectra of 6 GTI mirrors which were coated in
the same batch according to the design of figure 7
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Figure 9: Measured GDD spectra of 6 GTI mirrors which were coated in a

second batch according to the design of figure 7

Ultrafast Laser Optics
Gires-Tournois-Interferometer (GTI) Mirrors (600 — 1600 nm)
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Ultrafast Laser Optics
Optics for Ultrafast Lasers in the Wavelength Range of 1000 — 1600 nm

Optics for Ultrafast Lasers in the Wavelength
Range of 1000 — 1600 nm

Although Ti:Sapphire lasers are currently the most important ultrafast lasers, many applications require ultrafast pulses at considerably
longer wavelengths. Several lasers emitting light between 1100 nm and 1600 nm have been developed, such as the Cr:Forsterite laser
(1150 = 1350 nm) or the Er:Fiber laser (1550 nm). Some examples of coatings such as negative dispersion mirrors and mirror pairs for these
wavelength ranges are presented.

Special Features

- Very high reflectance of the mirrors: R >99.8 % ... R > 99.99 % depending on the design

« Center wavelength, bandwidth, GDD and TOD according to customer specifications

« Spectral tolerance =1 %

« In-house design calculation and measurement capabilities (GDD 250 — 1700 nm, reflectance 210 — 1800 nm)

Negative Dispersion Laser and Pump Mirrors for AOI = 0°

a AOI = 0° b AOI = 0°
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wavelength [nm] wavelength [nm]

Figure 1: Reflectance and GDD spectra of a negative dispersion laser mirror (GDD = -60 fs? for 1200 — 1370 nm)
a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Figure 2: Reflectance and GDD spectra of a negative dispersion pump mirror:
HR (0°, 1180 - 1380 nm) > 99.8 % + R (0°, 1020 - 1070 nm) < 5 %,
GDD-R (0°, 1180 — 1380 nm) =~ -150 fs?2
a) Reflectance vs. wavelength
b) GDD vs. wavelength



GTI-Mirrors for AOI = 0°

Optics for Ultrafast Lasers in the Wavelength Range of 1000 — 1600 nm

Ultrafast Laser Optics

a — -200fs? — -350fs? — -500fs> AOIl=0° b — -200 fs? — -350fs? —-500fs> AOI=0°
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Figure 3: Reflectance and GDD spectra of GTI mirrors for 1500 nm with different GDD values
a) Reflectance vs. wavelength
b) GDD vs. wavelength
Broadband Negative Dispersion Mirror Pairs for AOI = 0°
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Figure 4: Reflectance and GDD spectra of a broadband negative dispersion mirror pair; single mirrors with R > 99.7 % (mirror A) and R > 99.85 % (mirror B)

a) Reflectance vs. wavelength
b) GDD vs. wavelength

Specially designed mirror pairs show a very smooth average GDD spectrum, although the single broadband mirrors exhibit strong GDD
oscillations. Pump mirror pairs (i.e. mirror pairs with one mirror showing high transmittance at the pump wavelength of the respective laser

type) are also available.

Broadband Negative Dispersion Turning Mirrors for AOI = 45°
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Figure 5: Reflectance and GDD spectra of a broadband negative dispersion mirrors

a) Reflectance vs. wavelength
b) GDD vs. wavelength

Please note the large bandwidth of this mirror. In contrast, low dispersion turning mirrors are available with bandwidths of about 200 nm
for p-polarization and about 400 nm for s-polarization in this wavelength range.
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Optics for Ultrafast Lasers in the Wavelength Range of 1000 — 1600 nm
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Figure 6: Reflectance and GDD spectra of a beam combiner:

HRs (45°, 1100 — 1700 nm) > 99.5 % + Rp (45°, 450 — 900 nm) < 15% (average Rp < 10 %)

|GDD-Rs (45,1100 — 1700 nm)| < 750 fs2 + |GDD-Tp (45°,450 — 950 nm)| < 300 fs?

a) Reflectance p-pol. vs. wavelength
b) Reflectance s-pol. vs. wavelength
¢) GDD-Tp (45°) vs. wavelength
d) GDD-Rs (45°) vs. wavelength
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Components for Optical Parametric Oscillators (OPO)

Mirrors for OPOs are optimized for separation of the pump laser, signal and idler wavelengths. This application requires a broad reflec-
tance band for the signal wavelength and a wide range of high transmittance for the idler and pump wavelengths. Moreover, most of
the optics show smooth group delay (GD) and group delay dispersion (GDD) spectra. Thus, wide tuning ranges for the signal and the idler
wavelengths can be achieved. This enables the operation of OPOs with fs-pulses. Broadband output couplers are also available. Center
wavelength and tuning range can be adjusted according to customer specifications. All OPO coatings are produced by magnetron sput-
tering. This process guarantees that the optical parameters are environmentally stable, because the coatings are compact, free of water
and adhere strongly to the substrate in spite of the extreme coating thickness of 20 — 30 um. This makes sputtered OPO coatings ideal for
application in harsh environments.
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Figure 1: Reflectance, GD and GDD spectra of a broadband HR mirror for the signal wavelength: HR (0°, 1000 — 1600 nm) >99.9 %
a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Figure 2: Reflectance, GD and GDD spectra of a dual HR mirror for the signal and idler wavelengths:
HR (0°, 1400 - 1800 nm) > 96 % + HR (0°, 2900 — 4900 nm) > 93 %
a) Reflectance vs. wavelength
b) GD and GDD vs. wavelength
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Figure 3: Reflectance, GD and GDD spectra of an OPO pump mirror
a) Reflectance vs. wavelength
b) GD and GDD vs. wavelength

This type of mirror separates the pump and signal wavelengths while suppressing the idler wavelength:
R (0°, 700 — 850 nm) < 10 % + HR (0°, 900 — 1600 nm) > 99.8 % + R (0°, 1800 — 5000 nm) < 60 %.
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Figure 4: Reflectance, GD and GDD spectra of a separator for the signal and idler wavelengths

a) Reflectance vs. wavelength
b) GD and GDD vs. wavelength

« Edge filters separating signal and idler wavelengths can be used as broadband out-coupling mirrors for the idler:
HR (0°, 1100 — 1600 nm) > 99.8 % + R (0°, 1730 — 2900 nm) < 10 %

« These filters can also be provided with a band of high reflectance or high transmittance for the pump wavelengths or for the second

harmonic of the signal wavelengths

+ LAYERTEC recommends undoped YAG or sapphire as substrate material if high transmittance for the idler wavelengths is required

(see also page 135 for transmittance curves)
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Figure 5: Reflectance spectrum of a broadband mirror for the NIR: Figure 6: Reflectance spectrum of a separator for the signal and idler
HR (0°, 2300 — 4000 nm) > 99 % wavelengths:
HR (0°, 2050 — 3500 nm) > 99 % + R (0°, 1600 — 1930 nm) <5 %
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Figure 7: Reflectance and GDD spectra of different broadband output couplers for the signal wavelength range.

a) Reflectance vs. wavelength

b) GDD vs. wavelength (The spectra shown are calculated for the 75 % output coupler, but the spectra for other reflectance values are very similar.)

The reflectance of output couplers and beam splitters can be adjusted according to customer specifications.
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Figure 8: Reflectance and GDD spectra of a broadband beam splitter for p-polarized signal and idler radiation: PRp (45°, 1100 — 2400 nm) = 50 % +5 %

a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Figure 9: Reflectance spectrum of a special output coupler:
PR (0°, 2000 — 3150 nm) =90 % +3 %
+ R (0°, 1400 - 1700 nm) <3 %

Figure 10: Reflectance spectrum of a special output coupler:
PR (0°, 1350 — 2000 nm) = 98 % 0.5 %
+R(0° 10001100 nm) <3 %
+ R (0°, 2200 - 5000 nm) < 20 %

The output couplers for the signal wavelengths figure 9 can suppress the idler and vice versa figure 10. These output couplers may also

have a pump window.
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Figure 11: Reflectance, GD and GDD spectra of a turning mirror HRp (45°, 1450 — 2000 nm) > 99.8 %

a) Reflectance vs. wavelength
b) GD-Rp and GDD-Rp vs. wavelength

Turning mirrors and separators for pump, signal and idler are key components of OPOs. The spectral position of the reflectance and
transmittance bands can be adjusted according to customer specifications. Please note that GD and GDD can only be optimized for s- or
p-polarization while the reflectance is usually very high for both polarizations.
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Figure 12: Reflectance, GD and GDD spectra of a separator for signal and idler

a) Reflectance vs. wavelength
b) GD and GDD vs. wavelength

A broad reflectance band for the signal is combined with a broad transmittance band for the idler:
HRp (45°, 1450 — 2000 nm) > 99.8 % + Rp (45°, 2350 — 4000 nm) < 10 %.
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Figure 13: Reflectance, GD and GDD spectra of a separator for the signal and idler with high transmittance for the pump radiation

a) Reflectance vs. wavelength
b) GD and GDD vs. wavelength

This separator can be used to couple the pump radiation into the resonator:
HRs (45°, 770 — 930 nm) > 99.8 % + Rp (45°, 510 — 550 nm) < 1 % + Rp (45°, 1160 — 1900 nm) < 10 %.

Ultra Broadband Components for AOI = 45°
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Figure 14: Reflectance spectrum of an ultra broadband separator for signal
and idler wavelengths:
HRu (45°, 1000 - 2500 nm) > 98 %
+ Ru (45°, 4400 — 5000 nm) <5 %
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Edge Filters for AOI = 45°
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Figure 15: Reflectance spectrum of an edge filter for the idler and signal

wavelength range with high transmittance for the pump wavelength:

HRs (45°, 2150 — 2700 nm) > 99.9 %
+ Rs (45°, 2000 — 2070 nm) < 10 % + Rs (45°, 1064 nm) < 1 %

Coatings on Nonlinear Optical Crystals AOI = 0°

Figure 16: Reflectance spectrum of a broadband edge filter for the idler

wavelength range with high transmittance for the pump wavelength:

HRs (45°, 3300 — 4200 nm) > 99.9 %
+ Rs (45°, 4500 — 4900 nm) < 6 % + Rs,p (45°, 1064 nm) <5 %
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Figure 17: Reflectance spectrum of an AR coating on lithium niobate:
R (0°, 1064 nm) < 0.5 % + R (0°, 1750 — 2750 nm) <1 %

Figure 18: Reflectance spectrum of an AR coating on lithium niobate:
R (0°, 1910 - 2030 nm) < 0.5 % + R (0°, 3200 — 4200 nm) < 1 %
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Figure 19: Reflectance spectrum of an AR coating on lithium niobate:
R (0°, 1064 nm) < 0.5 %
+R(0° 1420 - 1640 nm) < 0.5 %
+R(0°, 3150 - 3700 nm) <2 %

Figure 20: Reflectance spectrum of a double reflector with two regions of
high transmittance on lithium niobate:
HR (0°, 1010 = 1075 + 2750 — 3450 nm) > 99.8 %
+ R (0°, 700 — 900 + 1200 — 2400 nm) < 10 %
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Broadband and Scanning Mirrors (300 — 2500 nm)

LAYERTEC produces broadband and scanning mirrors according to customer specifications. Full dielectric and metal-dielectric coating
designs are available. In the following, examples designed for broad wavelength regions or extremely large ranges of incidence angles are
presented. Broadband mirrors are widely used to reflect light from lasers that emit in a broad wavelength range like for example Ti:Sapphire
lasers, dye lasers, or a combination of different diode lasers. Special mirrors are also available to cover the whole visible spectrum, the near
ultraviolet and considerable parts of the near infrared spectral regions. LAYERTEC recommends such mirrors as universal turning mirrors for
nearly all types of laser diodes.

Broadband mirrors for the NIR range are especially useful for reflecting idler wavelengths of optical parametric oscillators or for special
fs-applications. In combination with Fused Silica as a substrate material, a large blocking range from 2300 to 6000 nm can be achieved.
Other NIR materials such as sapphire and YAG are possible alternatives. These materials can be used for high power applications to improve
the cooling of the optics by the thermal conductivity of the substrate. This may be necessary if the absorption of water (around 2.8 pm) or
of the coating material itself leads to an increase in temperature.
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LAYERTEC offers scanning mirrors for high power laser applications and for special demands with respect to wavelength and AOI range.
Scanning mirrors are optimized for high reflectance for one wavelength or a certain wavelength region at a wide range of angles of inci-
dence. LAYERTEC's coating technology provides industrial solutions for lightweight scanning mirrors as well as special mirrors with uncom-
mon sizes up to 600 mm for research with cw and pulsed high power lasers.
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Figure 2: Reflectance spectra of a silver based scanning mirror with enhanced wavelength range for laser diodes in the NIR:
HRu (22° - 58°, 800 — 1000 nm) > 99 % + Ru (22° — 58°, 630 — 670 nm) > 50 %
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Figure 3: Reflectance vs. AOI of a wide angle scanning mirror for polarized
Nd:YAG laser radiation: HRs (0° — 90°, 1064 nm) > 99.9 %

These mirrors are ideal as scanning mirrors for s-polarized light or
to facilitate the production of optical gratings.
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Figure 4: Reflectance and GDD spectra of a scanning mirror for ultrafast laser pulses from a Ti:Sapphire laser:
HRu (22° - 58°, 750 — 850 nm) > 99.5 %, |GDD-Ru (22° - 58°, 750 — 850 nm)| < 20 fs?

a) Reflectance vs. wavelength
b) GDD vs. wavelength

The broad low-GDD wavelength range of these mirrors makes it possible to use them in ultrafast laser applications. For more information
or more examples on broadband and scanning mirrors please see page 14 (optics for Ti:Sapphire and diode lasers), page 37 and,

especially for scanning mirrors, page 86 (silver mirrors).
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Filters for Laser Applications (260 — 2500 nm)

Filters for Laser Applications (260 — 2500 nm)

Calibration Filters (300 — 5000 nm)
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Figure 1: Transmission spectra of a sputtered multiline filter (VIS) to cali-

brate CCD-spectrometer (FHWM =~ 1.5 nm at 546 nm)

The number of lines and the spectral range are set according to customer requirements and are supplied with spectral measurement curves.

Spectral Graduated Filters (300 — 4000 nm)

These filters are developed for building spectrometers with inexpensive (smaller) CCD camera chips.

Figure 3: Small gradient filter

Special Features

- Linear variation of the filter wavelength with respect to the

lateral position on the filter
« Blocking range: 200 to 1300 nm with OD2 to OD4

Steep Edge Filters

Figure 2: Transmission spectra of a sputtered multiline filter (VIS) to cali-
brate CCD-spectrometer (FHWM =~ 1 nm at 546 nm)
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Figure 4: Calculated transmission for three different lateral positions of
A0l =0°

« Filter area < sensor area
simple geometrical adjustment by spectral pixel calibration
and/or free positioning
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Figure 5: Transmittance spectra of a steep edge short-wavelength pass filter for use as a combiner for laser diodes at 635 nm and 670 nm
HRu (22.5°, 670 nm) > 99.9 % + Ru (22.5°, 635 nm) < 2 %, rear side AR coated)

a) Section around the edge of the blocking band
b) Spectral overview
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For more information on combiners for diode lasers see page 16. For steep edge filters used as pump mirrors for solid-state lasers based
on Yb-doped materials (e.g. Yb:YAG, Yb:KGW, Yb-doped fibers) see page 18.

Filters of this type are ideal for the blocking of a single laser line while preserving a high and relatively constant transmittance over the
whole visible range.
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Figure 6: Reflectance spectrum of a narrowband reflectance filter for 550 nm

Special Features

« Filters for laser applications require excellent spectral quality and high damage thresholds
« Spectral position of cut-on/cut-off wavelengths or reflectance bands according to customer specification

« Sizes and shapes: Edge filters can be produced on round or rectangular substrates up to diameters of 38.1 mm (1.5 inch).
The production of miniature size filters (e.g. 3 x 3 mm?) is possible. Narrowband reflectance filters are limited to diameters of

25.4 mm (1 inch).
+ Optical parameters are environmentally stable
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Thin Film Polarizers

In order to answer frequently asked questions and to help LAYERTEC's customers to specify thin film polarizers, definitions of the most

important technical terms are given here.
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Figure 1: Explanation of the terms “s-polarized light” and “p-polarized
light” and reflectance of an uncoated glass surface vs. angle of

incidence for s- and p-polarized light
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Light is a transversal wave; the vector of the electric field oscil-
lates perpendicular with respect to the propagation direction of
the light. Natural light (from the sun or from a lamp) is mostly
“unpolarized”. This means that the oscillation planes of the electric
field vectors of the single light waves are randomly distributed, but
always transversal with respect to the direction of propagation. In
contrast, the term “linearly polarized light” signifies that there is
only one plane of oscillation. There are different optics which can
polarize light. An example of this would be crystal polarizers which
split light into an unpolarized “ordinary beam” and a polarized “ex-
traordinary beam” or thin film polarizers.

To explain the meaning of the terms “s-polarization” and “p-polar-
ization”, first a reference plane must be determined (see figure 1).
This plane is spanned by the incident beam and by the surface
normal of the mirror (or polarizer). “S-polarized light” is the part
of the light which oscillates perpendicularly to this reference plane
(“s” comes from the German word “senkrecht” = perpendicular).
“P-polarized light” is the part which oscillates parallel to the ref-
erence plane. Light waves with a plane of oscillation inclined to
these directions can be described as having a p-polarized and an
s-polarized part.

The upper part of figure 1 shows the reflectance of an uncoated
glass surface vs. AOI for s- and p-polarized light. The reflectance
for s-polarized light increases with rising angle of incidence. In
contrast, the reflectance of p-polarized light decreases until reach-
ing R = 0 at the “Brewster’s angle”, then increases for angles of
incidence beyond the Brewster’s angle. In principle, the same is
true for dielectric mirrors. Thin film polarizers separate the s-polar-
ized component of the light from the p-polarized component using
the effect that s-polarized light posseses a higher reflectance and
broader reflection band than p-polarized light.

There always is a wavelength range, where Rs is close to 100 % while Rp is close to zero. Special coating designs are used to make this
wavelength range as broad as possible and to maximize the polarization ratio Tp/Ts. Very high values of Tp (> 99.5 %) can be measured
very precisely using a special Cavity ring-down set-up. The TFP is inserted into a cavity thus introducing additional losses equal to 100 %-Tp.

Utilizing this method, the most beneficial AOI for each TFP can be determined. Thin film polarizers (TFPs) are key components in a wide
variety of applications, e.g. in regenerative amplifiers. LAYERTEC produces thin film polarizers on plane substrates (dimensions according to
customer specifications) for wavelengths between 260 nm and 2500 nm. All TFPs are optimized for high laser-induced damage thresholds.
Although there are no certified measurements available, LAYERTEC has learned from several customers that the LIDT of a TFP is approxi-
mately one third of the LIDT of a highly reflecting mirror for the same wavelength coated using the same technology.
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Figure 2: Reflectance spectra

a) of a standard TFP for 1030 nm at AOI = 55° (Brewster’s angle) for s- and p-polarized light
b) of the same TFP design for AOI = 53°, 55° and 57° for p-polarized light (angle adjustment decreases Rp at 1030 nm from 0.25 % to < 0.1 % thus

giving the option to optimize the polarization ratio)

« TFPs can be produced for AOI > 40°. Please note that thin film polarizers working at the Brewster’s angle exhibit a considerably
broader bandwidth and a higher Tp/Ts ratio than those working at AOI = 45°.

- Typical polarization ratios Tp/Ts standard: > 500 (AOIl = 45° or 55°)
- An extended wavelength range with a limited polarization ratio can be obtained by choosing AOI beyond the Brewster’s angle

« Special designs with a polarization ratio of Tp/Ts up to 10,000 are possible

« High laser-induced damage thresholds (useful for intra cavity applications)

- It is beneficial to design the laser in a way that the polarizers can be tilted by £2° to adjust the polarizer to its best performance
« The standard design can be used for wavelengths between 260 nm and 2500 nm

a —Rs —Rp AOI=70° b —Rs —Rp AOI=80°
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Figure 3: Broadband TFPs for the wavelength range of the Ti:Sapphire laser with different bandwidths and different polarization ratios,

working at AOl = 70° and AOI = 80°
a) Rp and Rs vs. wavelength, TFP designed for AOI = 70°
b) Rp and Rs vs. wavelength, TFP designed for AOI = 80°
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Figure 4: Broadband TFP for the 800 nm region
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This special design provides an extremely broad polarizing wave-
length range (£10 % of the center wavelength) with Tp/Ts =
300/1000.



Selected Special Components

Low Loss Optical Components (340 — 3000 nm)

* R>99.99 % in the VIS and NIR spectral range

* R>99.999 % was demonstrated at several wavelengths between 1000 — 1600 nm

« Mirrors with defined transmittance (e.g. T = 0.002 %)

« For Cavity ring-down time spectroscopy, it is favorable to adjust the transmittance to the value of the scattering and absorption losses
(T=S+A)

« All mirrors for CRD experiments are delivered with rear side AR coating. Wedged substrates on request

« Plane and spherically curved Fused Silica substrates

* Premium polish, RMS roughness: < 0.15 nm (see table 2 on page 133)

« Surface imperfection tolerance: 5/ 1 x 0.010 (ISO 10110) for @ 25 mm

« Coating technigue: magnetron sputtering, ion beam sputtering

- Optical parameters are stable against changes in temperature and humidity

« Attractive prices for small and medium numbers of substrates per coating run

« Very high reflectance values for complex coating designs, e.g. GTI laser mirrors with R > 99.95 % (see page 63)

« Complete cavities available on request, please see page 175

« Vacuum packaging or packaging under nitrogen cover gas in dust free boxes

» Designed for vacuum application

a —R b T

100.0000 1
99.9995
99.9990
99.9985
99.9980
99.9975
99.9970
99.9965
99.9960
99.9955
99.9950

R [%]

T [ppm]
O=NWAMAMUON®OO

1000 1010 1020 1030 1040 1050 1060 1000 1010 1020 1030 1040 1050 1060

wavelength [nm] wavelength [nm]

Figure 1: Example: low loss mirror for 1030 nm
Substrate: Fused Silica plano-concave ROC = 1000 mm polished at LAYERTEC
Coating: PR (0°, 1030 nm) > 99.9985 % + T (0°, 1030 nm) = 5 ppm (magnetron sputtering)
CPI-absorption measurement A (0°, 1030 nm) < 1 ppm; S (0°, 1030 nm)=1-T-R—-A =4 ppm
a) Cavity-Ring-Down measurement 0°
b) Transmission measurement 0°

Important note for an order

The following balance equation applies:
1 = Reflectance R + Transmittance T + Losses L with
L = Absorbance A + Scattered Light S

Please specify the transmittance required for the application. LAYERTEC has dealt with the reduction of optical losses for many years and
knows about the typical values of absorption and scattering in the NUV, VIS and NIR spectral range. Based on this experience LAYERTEC
calculates the achievable reflectance from:

R=1-T-V

e.g.
Customer: T (0°, 633 nm) = 10 ppm (5 ppm)
LAYERTEC: V (0°, 633 nm) < 25 ppm (typically < 20 ppm)
Specification: R (0°, 633 nm) > 99.996 %

Customer: T (0°, 390 nm) = 100 ppm (x20 ppm)
LAYERTEC: V (0°, 390 nm) < 50 ppm
Specification: R (0°, 390 nm) > 99.983 %
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Selected Special Components

Cavity ring-down time measurements and reference data

Table 1: Reflectance and transmittance values of LAYERTEC low loss mirrors; reflectance measured by Cavity ring-down spectroscopy, AOI = 0°

Wavelength Rmax T LossL=1-R-T Measured at
248 nm 99.87 % 0.00024 % 1300 ppm LAYERTEC GmbH
266 nm 99.941 % 0.0031 % 560 ppm LAYERTEC GmbH
355 nm 99.983 % 0.0105 % 65 ppm LAYERTEC GmbH
380 nm 99.988 % 0.007 % 50 ppm LAYERTEC GmbH
550 nm 99.9977 % 0.00039 % 19 ppm LAYERTEC GmbH
633 nm 99.992 % 0.006 % 20 ppm Westsachsische Hochschule Zwickau, Germany
660 nm 99.992 % 0.006 % 20 ppm Heidelberg University, Germany
689 nm 99.9982 % 0.0005 % 13 ppm LAYERTEC GmbH
798 nm 99.995 % 0.003 % 10 ppm LAYERTEC GmbH
840 nm 99.9988 % 0.0002 % 10 ppm LAYERTEC GmbH
1030 nm 99.9980 % 0.0012 % 8 ppm LAYERTEC GmbH
1150 nm 99.9994 % 0.00035 % 2.5 ppm LAYERTEC GmbH
TIGER OPTICS, USA (R measurement)
0 0, ’

1392 nm 99.9985 % 0.0007 % 8 ppm LAYERTEC GmbH (T measurement)
1550 nm 99.999 % 0.0002 % 8 ppm IPHT Jena, Germany
2350 nm 99.995 % 0.002 % 30 ppm University of Grenoble, France
3250 nm 99.928 % 0.012 % 600 ppm University of Grenoble, France
4000 nm 99.9 % — — Bielefeld University, Germany
a AOI = 0° b AOI = 0°

800 100.00

700 99.99

600 99.98 /\/\

99.97 r’ﬂw‘
g 500 =99.96
g 2
& 400 = 99.95
" 300 99.94
99.93
200 b"‘\w \/\« 99.92
100 99.91
0 650 850 1050 1250 1450 1650 99.90 650 850 1050 1250 1450 1650
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Figure 2: Example of a low loss mirror for three wavelength ranges:
PR (0°, 630 —710 nm + 1030 - 1110 nm) =99.98 (£0.015) % + PR (0°, 1550 — 1565 nm) = 99.965 (£0.025) %,
T(0° 630-710+1030— 1110+ 1550 — 1565 nm) = 100 ... 400 ppm;
measured losses: (0°, 660 nm) =~ 140 ppm, L (0°, 1070 nm) = 10 ppm; L (0°, 1555 nm) = 10 ppm

Notes

+ Losses = absorption + scattered light; with absorption << scattered light

- Losses = f (polished surface, wavelength, coating technology, design and defects)

- E.g. scattered light of a plane or curved surface < scattered light of a concave surface combined with a plane chamfer for bonding

The development of low loss optics is highly dynamic. The tabular values are therefore guidelines for specific customer requests.




Selected Special Components

Coatings on Crystal Optics (340 — 3000 nm)

Laser applications using crystal optics have reached a high standard in industry and research. Optical coatings on crystals are an essential
part of modern laser designs. They cover a wide range from single wavelength AR coatings on laser and nonlinear optical crystals up to
complex multilayer coatings providing several high reflectance and high transmittance wavelength ranges and thus, replacing external laser
mirrors. LAYERTEC has a lot of experience in coating laser crystals. LAYERTEC coatings are used in industrial high power Q-switched and cw
lasers of several laser manufacturers. The quality of coatings on crystals depends on the coating technique as well as on the surface quality
of the crystal. All coatings are produced using sputtering techniques which guarantee very low scattering losses and high environmental
stability of the optical parameters.

The rapid progress in crystal growth techniques resulted in a wide variety of new crystals for laser applications, e.g. laser crystals like
tungstanates and vanadates or nonlinear optical crystals like RTP. Each crystal type requires optimized polishing procedures and coating
techniques. The coating design is determined by the optical properties of the crystal. However, the thermal expansion coefficients and the
surface quality after storage and transport influence the coating quality as well. Especially, hygroscopic crystals like LBO or BBO require
special pretreatments to achieve high damage thresholds and long lifetime for the coatings. Thus, coatings on new crystals always require
experimental investigations to find the best coating procedures. Different dimensions and uncommon sizes and shapes are possible using
the special LAYERTEC coating technology. The following table gives an overview about the crystals which have already been coated at
LAYERTEC and the types of layer systems which have been applied successfully.

Table 1: Examples of available coatings on crystals

Crystal Type AR/BBAR Single HR optional with HT Double HR/BBHR optional with HT
a-Si0, (Quartz) X X X
BBO X — —
BiBO X X

CaCO, X

CdMnTe X

CTA X

Nd:GdVO, X X X
Nd:GGG X X

Nd:Cr:GSGG X X

KTA X X

KTP X X X
Yb:KGW, Yb:KYW X X X
LBO X — —
LiNbO5 X

LMA X

Nd:LSB X X X
RTP X

Ruby X X X
Ti:Sapphire X X X
Spinell X X X
Cr:'YAG X X X
Er:YAG X X X
Ho:YAG X X X
Nd:YAG, Yb:YAG X X X
Nd:YALO (YAP) X

YLF X

Nd:YVO, X X X
ZGP X

ZnSe X X

X: established coating process

— not possible due to technical reasons

empty box: not requested yet

Detailed measurement reports are available for each batch. Do not hesitate to contact LAYERTEC for a discussion or a quotation regarding
your special coating project.
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Figure 1: Reflectance spectrum of a dual HR mirror with an HT region for
pumping with a laser diode (on Nd:YAG):
HR (0°, 532 nm + 1064 nm) + HT (0°, 808 nm)

Sputtered coatings on laser rods, discs and slabs with:

Figure 2: Reflectance spectrum of an AR coating for an Yb:KYW crystal:
AR (0°, 1030 nm) < 0.2 % + AR (0° - 30°, 980 nm) < 0.2 %.
Please note the large acceptance angle for the pump radiation

« High laser-induced damage thresholds for critical industrial applications of Q-switched and cw lasers

* Low residual reflectance
- Broadband and multiple wavelength AR coatings

« Complex HR and HR/HT-coatings for compact laser designs, e.g. HR (0°, 532 nm + 1064 nm) > 99.9 % + R (0°, 808 nm) < 5 %,
on Nd:YVO, for diode-pumped and frequency-doubled “green” lasers)

« Coating of crystals with variable or special sizes and shapes
« Coating of the full aperture of small crystals
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Figure 3: Reflectance spectrum of a triple wavelength AR coating on KTP:
AR (0°, 1064 nm + 1575 nm + 3400 nm) < 0.5 %

Figure 4: Reflectance spectrum of an AR-coating:
AR (0°, 750 — 850 nm) < 0.5 % on CdMnTe
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Figure 5: Reflectance spectrum of a triple wavelength AR-coating:
R (0° 343 nm + 515 nm + 1030 nm) < 0.75 % on BBO

Figure 6: Reflectance spectrum of a dichroic mirror on KTP:
R (0°, 532 nm) <1 % + HR (0°, 1064 nm) >99.95 %
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Metallic Mirrors
Front Surface Silver Mirrors (400 — 4000 nm)

Front Surface Silver Mirrors (400 — 4000 nm)

Broadband Silver Mirrors for the VIS and NIR

wavelength [nm]

Optical Properties

* R > 98 % throughout the specified wavelength range (except figure 1b)

* R=94 ... 97 % in the VIS outside the specified wavelength range

* R>97 % in the NIR outside the specified wavelength range

Special Features

« Silver has the highest reflectance of all metals in the VIS and NIR
« Sputtered protective layers yield very stable optical parameters

a AOI = 0° b AOI = 0°
100 100
98 98
96 96
94 94
] 92 3 92
S 9 = 90
88 88
86 86
84 84
82 82
80 80
600 700 800 900 1000 600 800 1000 1200 1400 1600 1800 2000
wavelength [nm] wavelength [nm]
C A0l =0°
100
98
96
94
] 92
S 90
88
86 Figure 1: Reflectance spectra of three standard types of protected silver
84 mirrors:
82 a) Optimized for 600 — 1000 nm with R > 98 %
801000 2800 2600 6400 3200 10000 b) Optimized for 600 — 2000 nm, 600 — 750 nm with R > 96 %,

750 = 2000 nm with R > 98 %
¢) Optimized for 1000 — 10,000 nm with R > 98 %

« Lifetime of more than 10 years in normal atmosphere has been demonstrated although unprotected silver is chemically unstable

« The high atomic density of sputtered coatings guarantees that even very thin protective layers (= 20 nm) provide a good protection

against the atmosphere

« The thickness of the protective layer can be used to optimize the reflectance of the mirrors for different wavelength ranges

(see figure 1)

« Sputtered silver mirrors show extremely low scattering losses. (total scattering TS =~ 30 ppm in the VIS and NIR)

« Silver mirrors with defined transmittance (e.g. T=0.01 %) on request (see 51)

+ Mechanical stability of protected silver mirrors is tested according to MIL-M-13508C § 4.4.5

« Maximum diameter: 600 mm, especially for astronomical applications
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Silver Mirrors for Use in Ultrafast Lasers

Metallic Mirrors
Front Surface Silver Mirrors (400 — 4000 nm)
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Figure 2: Reflectance and GDD spectra of a silver mirror optimized for use with ultrafast lasers in the wavelength range 600 — 1000 nm (AO! = 45°)

a) Reflectance vs. wavelength
b) GDD vs. wavelength

Silver mirrors are ideal in ultrafast laser systems because of their extremely broad low-GDD reflectance band. For more examples see

page 51.

Silver Mirrors with Enhanced Reflectance

The reflectance of silver mirrors can be enhanced for selected wavelengths or wavelength regions by a dielectric protective coating. Figure
3 to figure 5 show examples for silver mirrors with enhanced reflectance. Such mirrors combine very high reflectance at the wavelengths
of interest with a relatively high reflectance throughout the VIS which makes them ideal for use in conjunction with alignment lasers.

Mirrors for Astronomical Applications
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Figure 3: Reflectance spectra of an enhanced silver mirror which shows R = 98 % throughout the visible spectral range:

a) AOl = 0°
b) AOI = 45°, unpolarized light
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Figure 4: Silver mirror with enhanced reflectance at 425 and 850 nm
(R>99.5 %)
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Metallic Mirrors
Front Surface Silver Mirrors (400 — 4000 nm)

Turning Mirrors for 1030 nm

A0l = 45°
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Figure 5: Silver based turning mirror with enhanced reflectance for 45°,
1030 nm and R > 80 % for any alignment laser in the red spec-
tral range

LIDT Info

50 kW/cm?, wavelength: 1030 nm, cw

tested without destruction

Scanning Mirrors

The mirror in figure 5 is a cost-effective alternative for all dielectric
mirrors for high power Yb:YAG or Nd:YAG lasers.
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Figure 6: Reflectance spectra of a dielectrically enhanced silver mirror which can be used as scanning mirror for laser diodes in the NIR:

HRu (22° - 58°, 805 — 940 nm) > 99.3 %
+Ru (22° - 58° 630 - 670 nm) > 50 %

For more information on enhanced silver mirrors see pages 18, 51 and 75.




Front Surface Aluminum

Broadband Mirrors for the UV, VIS and NIR
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Figure 1: Reflectance spectra of unprotected aluminum and of a standard
protected aluminum mirror

Optical Properties

Unprotected aluminum:
« R>80% at 193 nm
« R=92 % at 248 nm
* R>85 % from 200 nm to 950 nm
* R>90 % from 230 nm to 600 nm
* R>90% forA>1pm

Metallic Mirrors
Front Surface Aluminum Mirrors (150 — 900 nm)

Mirrors (150 — 900 nm)

Standard mirror:

« R=82...92 % from 240 nm to 550 nm
« R=85...92 % from 550 nm to 950 nm
* R>92%forA>1pm

Aluminum is the metal with the highest reflectance in the UV spectral range. Besides this, aluminum has a high and relatively constant
reflectance in the VIS and NIR. The minimum in the reflectance curve around 800 nm is due to a phonon resonance and can only be over-
come by a dielectric protective coating. The reflectance in the VIS and UV spectral range can be influenced by the coating technologies.
In case of protected aluminum mirrors, the positions of the minima and maxima of the reflectance depend on the design of the protective
layer system and on the angle of incidence (AOI). Please specify AOI and the wavelengths of interest so that reflectance may be optimized

as much as possible.

Maximum diameter: 600 mm, especially for astronomical applications.

Aluminum Mirrors for Multiple Wavelength and Ultrafast Applications
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Figure 2: Reflectance and GDD spectra of an aluminum mirror optimized for R > 85 % at 266 nm, 400 nm and 800 nm (AOI = 45°)

a) Reflectance vs. wavelength
b) GDD vs. wavelength

Figure 2 shows the reflectance spectra of a mirror optimized for high reflectance at 266 nm, 400 nm and 800 nm at AOI = 45°.
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Metallic Mirrors
Front Surface Aluminum Mirrors (150 — 900 nm)

a — enhanced 1 enhanced 2 AOIl =0°
100
90
g
o©
80
70
200 250 300 350 400 450 500
wavelength [nm]

GDD [fs?]

— enhanced 1 enhanced 2

200 250 300 350 400 450 500
wavelength [nm]

Figure 3: Reflectance and GDD spectra of aluminum mirrors with different designs for enhanced reflectance

for the third harmonic of the Ti:Sapphire laser (AOI = 0°)
a) Reflectance vs. wavelength
b) GDD vs. wavelength

Special Features

- High reflectance in the wavelength range specified

« Extremely low scattering losses of protected aluminum mirrors

(total scattering TS < 100 ppm at 633 nm, TS < 1000 ppm at 248 nm, TS < 5000 ppm at 193 nm)
- Standard mirrors can be cleaned using ethanol or acetone and are resistant to moderate abrasion

(tested according to MIL-M-48497A § 4.5.4.2 and § 4.5.3.3)

« All mirrors are resistant to humidity (tested according to MIL-M-13508C §4.4.7)
- Highly stable optical parameters because of sputtered SiO, protective layer

Protected Aluminum Mirrors for the DUV and VUV
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Figure 4: UV optimized aluminum: reflectance spectra of aluminum mir-
rors optimized for 157 nm and 193 nm (AOI = 0°)

Optical Properties

Special coating design depending on the wavelengths of interest:

 Optimized for 157 nm: R=74 ... 78 % for 157 nm
(R>70 % from 150 to 200 nm)

« Optimized for 193 nm: R=75 ... 80 % for 193 nm

+ Optimized for 248 nm: R > 90 % for 248 nm




Enhanced Aluminum Mirrors for 157 nm

Metallic Mirrors
Front Surface Aluminum Mirrors (150 — 900 nm)
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Figure 5: Reflectance spectra of two types of enhanced aluminum mirrors for 157 nm:

a) R >80 % for AOI = 0° ... 45°
b) R > 94 % at AOI = 0°

« Reflectance at 157 nm can be further improved by dielectric protective coatings (up to R > 94 %)
- Reflectance in the VIS: R=60 ... 80 %. This can be used for an alignment laser
« Especially mirrors with R =85 ... 90 % can be used at a wider range of AOI than all dielectric mirrors of this reflectance

Enhanced Aluminum Mirrors for 193 nm
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Figure 6: Reflectance spectra of an aluminum mirror with enhanced reflec-
tance for 193 nm (AOI = 45°, Ru > 95 %)

« Reflectance at 193 nm can be improved up to Ru > 95 %

« This kind of mirrors can also be used as scanning mirror for
AOI = 45° - 50° with Ru>93 %

« Reflectance in the VIS: R=60 ... 80 %. This can be used for
an alignment laser

« VUV optimized mirrors should be treated with extreme care
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Metallic Mirrors
Special Metallic Coatings (400 — 10,000 nm)

Special Metallic Coatings (400 — 10,000 nm)

Chromium Coatings for Optical Applications

Chromium coatings are used for lithographic processes and other special optical applications. LAYERTEC offers chromium coatings with
extremely low pinhole density on mask blanks and silicon wafers. Typical substrates sizes are 6 inch x 6 inch, but uncommon sizes up to
diameter 600 mm are also possible. LAYERTEC uses specialized sputtering processes for very efficient industrial production. These processes
are optimized for:

* Low pinhole density

« High optical density

« Low mechanical stress

« High electrical conductivity

Besides high volume coating manufacturing, LAYERTEC still maintains its capabilities for flexible production of small volumes such as OEM
components or components for research and development. Do not hesitate to contact LAYERTEC regarding your special request.

Broadband Neutral Density Filters for the NIR

+ Nearly constant transmittance for broad wavelength range
100 from 1 ym to 10 pm

90 « Substrate: BaF,
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« Other transmittance values on request
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Figure 1: Transmittance spectra of broadband neutral density filters with
different transmittance values

Solderable Coatings

Soldering is one of the most important mounting techniques for optics which require excellent thermal contact to a heat sink. LAYERTEC
has developed several coating designs containing gold and other metals which can be used for soldering of the optics. A very special prob-
lem is to solder coatings on components for high power applications. As an example figure 2 show a pump mirror which is coated with a
solder layer system on the top side and with dielectric coatings on the front and rear surfaces. Extreme care must be taken to avoid metallic
contaminations on the optical surfaces. Nevertheless, the solder coating has to cover the whole top surface of the substrate.

Figure 2: Pump mirror which is coated with a solderable layer on the top side
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Gold Mirrors for the NIR Spectral Range
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Figure 3: Reflectance spectrum of an unprotected gold mirror

Optical Properties

Unprotected gold:
* R>97 % from 700 nm to 1 pm
* R>98% forA>1pmto 20 pm

Special Features

Metallic Mirrors
Special Metallic Coatings (400 — 10,000 nm)

Figure 4: Gold mirror on plano-concave substrate

« Extremely low scattering losses (total scattering TS < 100 ppm at 633 nm)

« Gold mirrors are chemically stable and can be used without protective layer

« Unprotected gold is soft and scratches easily

« Protected mirrors can be cleaned (tested according to MIL-M-13508C § 4.4.5)

Partially Transmissive Gold Layers for Optical and Non-optical Applications
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Figure 5: Transmittance of partially transparent gold coatings on sapphire

Literature

Gold coatings with a thickness of 10 nm to 50 nm can be used
as partial reflectors or attenuators in the NIR spectral range. Fig-
ure 5 shows transmittance spectra of gold layers with different
thickness. Moreover, thin gold layers are also useful for non-optical
applications. An example of such an application is the generation
of single electron pulses. Thin metallic layers are irradiated with
femto-second laser pulses. This results in the release of electrons.
These electron pulses are generated with the repetition rate of
the ultrafast laser. The pulse length of these electron pulses can
be compressed to the attosecond range using a microwave cavity
[1, 2]. Magnetron sputtering allows the manufacture of partially
transmissive gold layers in the mentioned thickness range. The op-
tical parameters of these coatings are very stable because gold is
chemically inert. Please note that gold layers are soft and can be
easily damaged mechanically.

[1]1 A. Gliserin, A. Apolonski, F. Krausz, P. Baum: “Compression of single electron pulses with a microwave cavity”; New Journal of Physics 14(2012)

073055 (18 pp)

[2] M. Aidelsburger, F. O. Kirchner, F. Krausz and P. Baum: “Single-electron pulses for ultrafast diffraction”; PNAS Vol.107, No.46, pages 19714-19719

93


http://image.layertec.de/Figure 5
http://image.layertec.de/Figure 5

94

Standard Items from Stock

Standard Items from Stock

Standard Items from Stock............cccciiiiiiniiicccieeeeeeee 95
Specifications of Plane Substrates...........cccccceeeiiiiiiienncnns 926
Specifications of Curved Substrates .............cccceeeeiiieennnne. 98
Excimer Lasers: 193 nm, 248 nm, 308 nm ..................... 100

Turning Mirror 45°, 193 nm
Turning Mirror 45°, 248 nm
Turning Mirror 45°, 308 nm

WINAOW 0°, 193 NM..iiiiiiiiiiiiiie e
WINdow 0°, 248 NM...ooooiiiiiiii e,
WiINdow 0°, 308 NM....cooiiiiiieiieeeeeeeeeeeeeeeee e,
fs-Laser: TiSa, up to 150 nm Bandwidth......................... 102
Laser MIITOr 0% ...voiiiiieiieee e 102
Laser Mirror 0°, high POWET ..........cccviiieiiiiiieieeie e 102
PUMP IMIIFTOr 5% ..o 103
Turning Mirror 22.5° .... ....103
Turning Mirror 45° ........ccccciviinnn. ....103
Turning Mirror 45°, p-pol. ............... ...103
Turning Mirror 45°, high POWET .........ccccoviiiiiiiiiiiiiciee 104
Separator 0°, 750—850/360—-450 NM .......ccoiiiiiiiiiiiiieeen. 104
Separator 45°, 760—850/350-450 nM.......ccooiiiiiriiiiiieennnn. 104
Laser Mirror 0 —45° ...
Chirped MiIrror 5% ...
Chirped Mirror Pair 5°, -40 fs?
Chirped Mirror Pair 5°, -80 fs?
Chirped Mirror Pair 52, =110 fs2 ......ccoiiiiiiiiiiee e 105
Beamsplitter 45°, S-pol. ......coviiiiiiiiiiic 106
Beamsplitter 45°, p=Pol. .....ooiiiiiiiiiie e 106
WINAOW 0% .. 106
fs-Laser: TiSa, 300 nm Bandwidth .............ccccoeveenerennnnn. 107
Laser MITOr 0% ... .o 107
Turning MiIrror 22.5° .. 107
Turning Mirror 45°, p-pol. ..o 108
Turning Mirror 45°, S=pOl. ....ccviiiiiiieie e 108
Turning Mirror 45° ........... ....108
Laser Mirror 0—45°....... ....108
Chirped Mirror Pair 0° .. ....109
Chirped Mirror Pair 5 .......cccoiiiiiiiiieeee e 109
Beamsplitter 45°, p-Pol. .....ooiiiiiiiiiiiee 109
Beamsplitter 45°, S-pol. ......ooiiiiiiiiii i 110
POIAITZEE 75 . i 110
WINAOW 0. 110
ps/fs-Laser: 1030—1040 NM..........ccceereereememmereeeeeeeeeenennne 111
Laser MIITOK 0% ....iuiiiei ettt 111
Pump Mirror 0°, 800=982 NM ......cceviuiiiieeiiiiieee s 111
Pump Mirror 0°, 960 =982 NM .......cooiiuiiiiiiiiiiiiee s 112
Turning Mirror 45°
GTI-Mirror 5°, 1030 NM, =250 2 ... .ot
GTI-Mirror 5°, 1030 NmM, -550 fS2 .. ..o

GTI-Mirror 5°, 1030 nm, -1000 fs?
GTI-Mirror 5°, 1040 nm, -250 1S ... ..ottt
GTI-Mirror 5°, 1040 nm, -550 1S .. ...ttt
GTI-Mirror 5°, 1040 nm, -1000 fs?
Separator 22.5°% ...
Thin Film Polarizer 45°, 1030 nm ....

Thin Film Polarizer 45°, 1042 nm ....

Thin Film Polarizer 56°, 1030 nm
Thin Film Polarizer 56°, 1042 nm
WINAOW 0%

cw/ns-Laser: 1030-1064 NM.......c.cccoeuiimiiciiiiirienceeeeenns 115
Laser Mirror 0°....
Pump Mirror 0° ..o
Turning Mirror 22.5-45°, 1030 =1064 NM .......cccoveevinneennns 116
Turning Mirror 22.5-45°, 515=532 nM ........cccoviiiiniienns
Turning Mirror 45°, 1030 = 1064 NM ....cccoviiiiiieaiiiiiiieeeiine
Turning Mirror 45°, 515 =532 nM .....ooiiiiiiiiiiice
Turning Mirror 45°, 343+515+1030 NM ....oeevviiiiiiiieiieeee
Turning Mirror 45°, 355+532+1064 NM .....ccoooviiiiiieniiicenns
Non-Polarizing Beamsplitter 45°, 1030 nm
Non-Polarizing Beamsplitter 45°, 1064 nm
Non-Polarizing Beamsplitter 45°, 515 nm
Non-Polarizing Beamsplitter 45°, 532 nm
Separator 45°, 515-532/1030—-1064 nm
Separator 45°, 1030/515 NM ..o
Separator 45°, 1064/532 NM ..o
Separator 45°, p-pol. 343/515/1030 nm
Separator 45°, p-pol. 355/532/1064 nm
Separator 45°, s-pol.
343-355/515-532/1030-1064 nm
Thin Film Polarizer 56°, 1030 NM .....c.ooveeeiiiiiieeeeecieee e
Thin Film Polarizer 56°, 1064 NM ........cccooiiieiiieeeeeeeeee.
Thin Film Polarizer 56°, 515 NM .....ooooiiiiiiiiieeeieeeeeeeeeee
Thin Film Polarizer 56°, 532 nm ....
WINAOW 0°...oeeeiiiiieceeee e,

2 pm: Ho:YAG, Tm:YAG
Turning Mirror 45° ...
Output Coupler 70 %
Output Coupler 80 %
Output Coupler 95 %
GTI-Mirror 5°, =500 182 ... ..umeeeieeeeeeeeee e
Short Wave Pass Filter 45° ..o 122
Thin Film Polarizer 55° ........ooiiiiiiiiiie e 122

3 UM ERYAG. ... oot
Laser Mirror 0°, high POWeEr .........cccccveviiiiiiiieiieee
Output Coupler 80 %0 ......vevevirieiieeiieeee e
Output CoUPIEr 85 %0 ..ccvvviiiiiiiiiieicece e
Output Coupler 90 % ......cooviriiiiiiiieee e
Turning Mirror 45°, Red R > 95% ....
Turning Mirror 45°, Red R < 20% ....

Metallic MIrrors.......cc.veeeeeeeeceeeee e e e e e e e eneeas
Unprotected Gold Mirror
Protected Gold Mirror ..........cccecvveeeeeivennennn.
Protected Silver Mirror, 600—1000 nm
Protected Silver Mirror, 800—2000 NM .......cccvveeeeeecnieeennn. 126
Protected Aluminum Mirror, UV-range ..........ccccccereeineennnne 126
Protected Aluminum Mirror, UV-VIS-range ...........ccccccceennee. 126
Low Loss Mirrors: for CRD-Measurements .................... 127
Principal Curves of Reflectance and Transmittance............... 127
Low Loss Mirror Set: for High Finesse Cavities .............. 128
Plane/ Plane Substrate.............ccooiiiiiiiiieccceeeeeeee 128
CC 1000/ Plane Substrate ..........cccccvvveeeeiiiiieeiieeeccciis 128



Standard Items from Stock
Standard Items from Stock

Standard Items from Stock

The LAYERTEC Standard Items are kept in stock for you and will be shipped by return. You can order the components through our webshop

at www.layertec.de or by e-mail.

Please do not hesitate to contact us for a quotation or a discussion regarding your special requirements, especially if they are not men-
tioned in this catalog. We are looking forward to complex tasks. Simply contact us at info@Ilayertec.de.

How to Order
1. Choose type of laser

2. Choose optical element / coating

Turning Mirror 45°, 515-532nm

coating 141329
HR: (45°% 515 -532nm) > 99.9%

| wavelength fnmj
530 550 570 500 610 630 650

3. Choose size and shape of substrate on page 96 ff

LAYERTEC Item Numbers

To order an optical component, you need the item number. Please
note, that the item number is not identical with the coating num-
ber.

Example: 1 coating number 141321 applied on 3 different
substrates

Coating 141321 Coating
HR.p (0-10° 1030 - 1064 nm) = 999%% Q- number

= =4

|' 1
f h

1 nl
Y T Y VAVATA el

iifem® Widnm: 7ok ©2Num LAYERTEC

Ko, bepmibections  Hes # Price ‘ ..... Item
s IR R 141854 BoE

I N (ele ) 141848

3 - Sian0063 1418466 LELTS

How LAYERTEC item numbers are generated

Coating#t S2() ABCDEF

+

@ Substrate# A1...T1

+

Coating# S1 GHUJKL

t 3 ltem# MNOPQR

Main Function Side: S2()

LAYERTEC marks the main function side eiter with an arrow or
a dot (items thinner than 1 mm). On items with edge thickness
above 1 mm, also the coating batch is included. For all fused silica
substrates, laser engraving is used.

%functionw
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Standard Items from Stock
Specifications of Plane Substrates
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Length /

No. Material D Thickness

A1 Fused Silica @127 mm (-0.1 mm) | 0.5 mm (+0.1 mm)
A2 Fused Silica @127 mm (-0.1 mm) | 1.0 mm (+0.1 mm)
A3 | Fused Silica @12.7 mm (-0.1 mm) | 3.05 mm (+0.1 mm)
A3e | Sapphire @12.7 mm (-0.1 mm) | 3.0 mm (+0.1 mm)
A4 Fused Silica @12.7 mm (-0.1 mm) | 6.35 mm (+0.1 mm)
A4b | Fused Silica (IR grade) @12.7 mm (-0.1 mm) | 6.35 mm (0.1 mm)
A5 | Fused Silica @12.7 mm (-0.1 mm) | 9.5 mm (+0.2 mm)
B1 Fused Silica @25.0 mm (-0.1 mm) | 0.5 mm (+0.1 mm)
B2 Fused Silica @25.0 mm (-0.1 mm) | 1.0 mm (+0.1 mm)
B3 Fused Silica @25.0 mm (-0.1 mm) | 3.05 mm (+0.1 mm)
B3b | Fused Silica (IR grade) @25.0 mm (-0.1 mm) | 3.0 mm (+0.1 mm)
B3c | Fused Silica (248 nm grade) | @25.0 mm (-0.1 mm) | 3.05 mm (+0.1 mm)
B3d | Fused Silica (193 nm grade) | @25.0 mm (-0.1 mm) | 3.0 mm (+0.1 mm)
B3e | Sapphire @25.4mm (-0.1 mm) | 3.0 mm (+0.1 mm)
B3f | CaF, (193 nm grade) @25.0 mm (-0.1 mm) | 3.0 mm (+0.1 mm)
B4 | Fused Silica @25.0 mm (-0.1 mm) | 6.35 mm (+0.1 mm)
B4b | Fused Silica (IR grade) @25.0 mm (-0.1 mm) | 6.35 mm (0.1 mm)
B4f | CaF, (UV grade) @25.0mm (-0.1 mm) | 6.35 mm (+0.1 mm)
B4g | Fused Silica @25.0mm (-0.1 mm) | 6.35 mm (+0.1 mm)
B4h | ULE @25.0 mm (-0.1 mm) | 6.35 mm (+0.1 mm)
B5 | Fused Silica @25.0 mm (-0.1 mm) | 9.5 mm (+0.2 mm)
Cc1 Fused Silica @50.0 mm (-0.1 mm) | 3.05 mm (+0.1 mm)
C1f | CaF, (UV grade) @50.0 mm (-0.1 mm) | 5.0 mm (£0.1 mm)
C2 | Fused Silica @50.0 mm (-0.1 mm) | 6.35 mm (+0.1 mm)
C3 | Fused Silica @50.0 mm (-0.1 mm) | 9.5 mm (+0.2 mm)
D1 Fused Silica @76.2mm (-0.1 mm) | 12.5 mm (+0.2 mm)
K1 Fused Silica 25%25 mm? (-0.1 mm) | 3.05 mm (+0.1 mm)
K2 Fused Silica 25%25 mm? (-0.1 mm) | 6.35 mm (£0.1 mm)
K3 | Fused Silica 25x25 mm? (-0.1 mm) | 9.5 mm (+0.2 mm)
N1 | Fused Silica 40x10 mm? (-0.1 mm) | 12.5 mm (+0.2 mm)
O1f | CaF, (UV grade) 50%27 mm? (-0.1 mm) | 3.0 mm (+0.1 mm)
02 | Fused Silica 50x27 mm? (-0.1 mm) | 6.35 mm (+0.1T mm)




Standard Items from Stock

S1 S1 S2 Vi Clear Aperture Qe Uncoated Surface Form Tolerance with A = 546 nm No.
3/137 nm (55 nm) 3/0.5(0.2) M10 reg. A1
3/137 nm (55 nm) 3/0.5(0.2) M10 reg. A2
3/55nm (55 nm) 3/0.2(0.2) M10 A3
plane plane plane <5’ 10 mm 3/247 nm (247 nm) 3/1(1) N2 A3e
3/55 nm (55 nm) 3/0.2(0.2) M10 A4
3 /55 nm (55 nm) 3/0.2(0.2) M10 Adb
3/55nm (55 nm) 3/0.2(0.2) M10 A5
3/137 nm (55 nm) 3/0.5(0.2) M10 reg. B1
3/137 nm (55 nm) 3/0.5(0.2) M10 reg. B2
3/137 nm (55 nm) 3/0.5(0.2) M10 reg. B3
3/137 nm (55 nm) 3/0.5(0.2) M10 reg. B3b
3/137 nm (55 nm) 3/0.5(0.2) M10 reg. B3c
20 mm 3 /137 nm (55 nm) 3/0.5(0.2) M10 reg. B3d
37247 nm (247 nm) 3/71(1) M2 B3e
plane plane plane <5
3/137 nm (55 nm) 3/0.5(0.2) M10 reg. B3f
3 /55 nm (55 nm) 3/0.2(0.2) M10 B4
3/55nm (55 nm) 3/0.2(0.2) M10 B4b
3/55nm (55 nm) 3/0.2(0.2) M10 B4f
see page 128 3/55nm (55 nm) 3/0.2(0.2) M10 B4g
see page 128 3/55nm (55 nm) 3/0.2(0.2) M10 B4h
20 mm 3 /55 nm (55 nm) 3/0.2(0.2) M10 B5
25 mm 3/137 nm (55 nm) 3/0.5(0.2) M10 reg. c1
40 mm 3/137 nm (137 nm) 3/0.5(0.2) Na c1f
plane plane plane <5’
30 mm 3/137 nm (55 nm) 3/0.5(0.2) M10 reg. C2
40 mm 3 /55 nm (55 nm) 3/0.2(0.2) M10 c3
plane plane plane <5 60 mm 3/55nm (55 nm) 3/0.2(0.2) AM10 D1
3/137 nm (55 nm) 3/0.5(0.2) M10 reg. K1
plane plane plane <5 20 mm 3/55nm (55 nm) 3/0.2(0.2) NM10 K2
3/55nm (55 nm) 3/0.2(0.2) M10 K3
plane plane plane <5 32x8 mm? 3/55nm (55 nm) 3/0.2(0.2) M10 N1
3/1100 nm (1100 nm) 3/4(4) 2\ o1f
plane plane plane <5’ 42x23 mm?
3/55 nm (55 nm) 3/0.2(0.2) M10 02
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Standard Items from Stock

Uncoated Surface Form Tolerance with A = 546 nm

Clear
Aperture e

1/

S2

S1

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13

R14

3/-(55nm)

3/-(0.2)

M10 reg.

10 mm

<5’

CC (concave)

plane

S1

S2

S3

sS4

S5

S6

s7

S8

S9

S10

S11

S$12

S13

s14

3/-(55nm)

3/-(0.2)

M10 reg.

20 mm

CC (concave)

plane

T1a

T1b

3/—(55nm)

3/-(0.2)

M10 reg.

see page 128

<5

CC (concave)

plane

L1a
L1b
L1c

L1d

3/—(55nm)

3/-(0.2)

M10 reg.

15 mm

15 mm

20 mm

20 mm

centr. < 4'

CC (concave)

plane

L2a
L2b
L2c

L2d

3/-(55nm)

3/-(0.2)

M10 reg.

30 mm

centr. < 4'

CX (convex)

plane
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Length /

ROC Diameter Thickness Material No.
25 mm (+0.5 %) R1
38 mm (0.5 %) R2
50 mm (0.5 %) R3
75 mm (+0.5 %) R4
100 mm (+0.5 %) R5
125 mm (0.5 %) R6
150 mm (+0.5 %) 6-3651"‘"‘ Fused Silica R7
200 mm (0.5 %) %?fmmmr? o R8
250 mm (+0.5 %) R9
300 mm (+0.5 %) R10
500 mm (+0.5 %) R11
750 mm (+1.0 %) R12
1000 mm (+1.0 %) R13
1000 mm (+1.0 %) ?;%.Tr;m) YAG R14
25 mm (+0.5 %) s1
38 mm (0.5 %) S2
50 mm (0.5 %) s3
75 mm (0.5 %) s4
100 mm (+0.5 %) S5
125 mm (0.5 %) S6
150 mm (0.5 %) ?-351”"” : Fused Silica s7
200 mm (+0.5 %) %%?iommmn; o S8
250 mm (+0.5 %) s9
300 mm (+0.5 %) S10
500 mm (+0.5 %) S11
750 mm (+1.0 %) $12
1000 mm (1.0 %) S13
1000 mm (1.0 %) ?;%'Tr;m) YAG s14
1000 mim (410 %) %%?iommmn; 33)51 r::n) Fused Silica T1a
= ULE T1b
25 mm (+0.5 %) L1a
50 mm (+0.5 %) 325.0 mm 6.35 mm Fused Silica L1b
75 mm (+0.5 %) ¢01mm) |01 mm) Lic
100 mm (0.5 %) L1d
125 mm (+0.5 %) L2a
150 mm (0.5 %) 550.0mm | 6.35 mm used Silca L2b
175 mm (+0.5 %) (0.1mm) | (0.1 mm) L2¢
200 mm (+0.5 %) L2d

Standard Items from Stock
Specifications of Curved Substrates

R13

R14

S1

S13

S14

T1

l L1a

L1d

L2d

N
=
n
-
w
.
w
-
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Standard Items from Stock
Excimer Lasers: 193 nm, 248 nm, 308 nm

Excimer Lasers:

Turning Mirror
45°

Excimer laser

For optics not specified here, please visit www.layertec.de,
contact us at info@layertec.de or call us at +49 (0)36453 744 0.

Turning Mirror 45°, 193 nm

Coating 113257 on CaF, UV-grade
HRu (45°,193 nm) > 95 %
HRs (45°,193 nm) > 97 %
HRp (45°,193 nm) > 93 %

100
98

96 S

94 u

92 |

U p
o

88

86

84

82 _wavelength [nm]

80170 175 180 185 190 195 200 205 210 215 220
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@25.0mm|t6.35mm  B4f 5/4x0.063 107229  454€
@50.0mm|t5.0mm  C1f 5/5x0.063 160821 906 €
50x27mm|[t3.0mm  O1f 5/5x0.063 | 160820 | 768 €

Turning Mirror 45°, 248 nm

Coating 159573

HRu (45°,248 nm) > 99.5 %
HRs (45°,248 nm) > 99.7 %
HRp (45°,248 nm) > 99.0 %

100
99
98
97
96
95

94

93

92

n wave_lgngth [nm]

9320 230 240 250 260 270 280
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # Price
@250mm|[t635mm B4 | 5/2x0.04 160804  282€

@50.0mm|t635mm  C2

|
|

'5/3x0.063 160803 | 772€
50x27mm[t6.35mm | 02 \

'5/2x0.063 160806 585 €

Window 0°

193 nm, 248 nm, 308 nm

Turning Mirror 45°, 193 nm . ......... 100
Turning Mirror 45°, 248 nm . ......... 100
Turning Mirror 45°, 308 nm . ......... 100
Window 0°, 193 nm................ 100
Window 0°,248 nm................ 101
Window 0°,308 nm................ 101

Turning Mirror 45°, 308 nm
Coating 159576
HRu (45°,308 nm) > 99.5 %
HRs (45°,308 nm) > 99.9 %
HRp (45°,308 nm) > 99.5 %

100
99 a
98 g
97 2
96
95
94
93
92
o1 wavelength [nm]
% 285 295

R [%]

275 305 315 325 335 345
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@25.0mm|t635mm B4 5/2x0.04 | 160801 | 282€
@50.0mm|t635mm | C2  5/3x0.063 160802  772€
50x27mm|t6.35mm 02 | 5/2x0.063 | 160807 | 585 €

Window 0°, 193 nm

S$2+S1: Coating 113604 on CaF, 193 nm excimer grade
S$2+S1: Coating 120805 on Fused Silica 193 nm excimer grade
AR (0°,193 nm) < 0.25 %

100.0 e

99.5

99.0

98.5 o

98.0 |z Fused Silica
I

97.5 |=

970 |

96.5

96.0

95.5 wavelength [nm]

90470 175 180 185 190 195 200 205 210 215 220
Substrate Dimensions No. | Imperfections | Item # Price
@25.0mm | t3.0mm B3f | 5/2x0.063 | 160702 423 €
Coating on CaF,
Substrate Dimensions No. | Imperfections | Item # Price
@25.0mm | t3.0mm B3d | 5/2x0.063 | 160701 300 €

Coating on Fused Silica



Standard Items from Stock
Excimer Lasers: 193 nm, 248 nm, 308 nm

Window 0°, 248 nm

S$2+S1: Coating 127980 on Fused Silica 248 nm excimer grade
AR (0°,248 nm) < 0.25 %

100
99
98
97
96
95
94
93
92

N wavelength [nm]
90

200 210 220 230 240 250 260 270 280 290 300

T [%]

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@250mm|[t3.05mm  B3c 5/1x0.04 160700 264 €

Window 0°, 308 nm

$2+51: Coating 120555 on Fused Silica 248 nm excimer grade
AR (0°,308 nm) < 0.25 %

100

wavelength [nm]
250 265 280 295 310 325 340 355 370 385 400

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@250mm|[t3.05mm  B3c |5/1x0.04 160699 = 264 €
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Standard Items from Stock
fs-Laser: TiSa, up to 150 nm Bandwidth

fs-Laser:

Pump

Pump Mirror

Mirror

Chirped
Mirror

Laser

Chirped Mirror

Mirror

Chirped Mirror Pair

For optics not specified here, please visit www.layertec.de,
contact us at info@layertec.de or call us at +49 (0)36453 744 0.

Laser Mirror 0°
Coating 139691
HRs,p (0-10°,725-875 nm) > 99.9 %
| GDD-Rs,p (0-10°,725-875 nm)| < 50 fs2

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1
99.0

R [%]

wavelength [nm]
650 700 750 800 850 900 950

100
80
60
40
20

0

-20

-40

-60

-80

-100
700 720 740 760 780 800 820 840 860 880 900

GDD-R [fs?]

wavelength [nm]

LIDT
6/ 0.4 J/cm?; 800 nm; 40 fs; 1 kHz; @80 pm
6/ 2 J/cm?; 800 nm; 70 fs; 10Hz; @700 um

WRCP Budapest
HZDR Dresden

Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price

@12.7mm|t635mm A4 5/1x0.04 140189 | 100 €
@25.0mm|t635mm B4 5/3x0.04 140136 & 138€
@50.0mm|t9.5mm C3 5/4x0.063 140188 = 468 €

Laser
Mirror

TiSa, up to 150 nm Bandwidth

Laser Mirror 0° . .................. 102
Laser Mirror 0°, high power . ......... 102
Pump Mirror 5°. .. .. ... .. L L 103
Turning Mirror 22.5°. .. ............. 103
Turning Mirror 45° .. .. ........... .. 103
Turning Mirror 45°, p-pol.. ........... 103
Turning Mirror 45°, high power ... .. .. 104
Separator 0°, 750—850/360-450 nm . . 104
Separator 45°, 760—-850/350—-450 nm . 104

Laser Mirror 0—=45° ... ............. 104

Chirped Mirror 5° . ................ 105
Chirped Mirror Pair 5°, -40 fs2 .. ... ... 105
Chirped Mirror Pair 5°,-80 fs2 .. ...... 105
Chirped Mirror Pair 5°, -110 fs2 . ... ... 105
Beamsplitter 45°, s-pol. .. ........... 106
or Beamsplitter 45°, p-pol. .. ........... 106
Window 0°. ... ................... 106

N

Beam- Window
‘ splitter
Turning
Mirror
45° ~

Laser
Mirror
0-45°

Laser Mirror 0°, high power
Coating 140876
HRs,p (0-10°,750-850 nm) > 99.5%
|GDD-Rs,p (0—10°,750-850 nm)| < 60 fs?
100.0

99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1

wavelength [nm]
99.0
650 950

R [%]

100
80
60
40
20

0

-20

-40

-60

-80

-100

GDD-R [fs?]

wavelength [nm]

700 720 740 760 780 800 820 840 860 880 900

LIDT
6/ 1 J/cm?; 800 nm; 40 fs; 1 kHz; @80 pm
6/ 2 J/cm?; 800 nm; 30 fs; 10 Hz; @700 um

WRCP Budapest
HZDR Dresden

Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price

@12.7mm|t635mm A4 5/2x0.025 | 141855 = 84€
@25.0mm|t635mm B4 5/1x0.063 141856 = 114 €
@50.0mm | t9.5mm ‘cs ‘5/3x0.063 ‘141857 ‘ 396 €
25x25mm|t6.35mm | K2 |5/1x0.063 | 141861 144 €



Pump Mirror 5°

S2: Coating 140872
HRs,p (0-10°,725-875 nm) > 99.9 %
Rs,p (0-10°,500-545 nm) < 2 %
| GDD-Rs,p (0—-10°,725- 875 nm)| < 40 fs?
S1: Coating 140875
ARs,p (0-10°,500-545 nm) < 0.2 %

100 @

o
S
R [%]

wavelength [nm]_

450 500 550 600 650 700 750 800 850 900 950

100 @

N
IS
GDD-R [fs?]

wavelength [nm]

700 720 740 760 780 800 820 840 860 880 900

-100

LIDT

6/ 0.4 J/cm?; 800 nm; 40 fs; 1 kHz; @80 pm WRCP Budapest

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price

©12.7]t6.35|CC38 | R2 '5/1x0.04 142340  195€
@12.7|t635|CC50 R3 5/1x0.04 142341 | 176€
@12.7]t635|CC75 R4 5/1x0.04 142342 | 176€
@12.7|t6.35|CC100 R5 5/1x0.04 142343 | 162€
@12.7|t6.35|CC125 R6 5/1x0.04 142345 | 162€

Turning Mirror 22.5°

Coating 139710
HRs,p (22.5°,725-875 nm) > 99.9 %
| GDD-Rs,p (22.5°,725-875 nm)| < 75 fs?

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1

wavelength [nm]
99.0

R [%]

100
80
60
40
20

20

: \
-60 P

40
-80

-100

IS
GDD-R [fs?]

wavelength [nm]
700 720 740 760 780 800 820 840 860 880 900

LIDT
6/ 2 J/cm2; 800 nm; 70 fs; 10Hz; @700 pm
6/ 0.4 J/cm2; 800 nm; 40 fs; 1 kHz; 380 um

HZDR Dresden
WRCP Budapest

Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price

@127mm|[t635mm A4 5/1x0.04 140190 108 €
@250mm|t6.35mm B4 5/3x0.04 140191 | 150 €
@50.0mm|t9.5mm | C3 5/4x0.063 140192 | 498¢€

Standard Items from Stock
fs-Laser: TiSa, up to 150 nm Bandwidth

Turning Mirror 45°

Coating 139693
HRs,p (45°,740-860 nm) > 99.9 %
|GDD-Rs,p (45°,740-860 nm)| < 75 fs?

W wavelength [nm]

950

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1
99.0

R [%]

60
40
20

-20 | 2
40 | A
-60
-80

wavelength [nm]
-100
700 720 740 760

f

GDD-Rsp[fs?]

LIDT

6/ 0.4 J/cm?; 800 nm; 40 fs; 1 kHz; @80 pm WRCP Budapest

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|t635mm A4 | 5/1x004 140193  100€
@25.0mm|[t6.35mm B4 5/3x0.04 140194 | 138€
@50.0mm|t9.5mm  C3 5/4x0.063 140195 = 468 €
@762mm|[t12.5mm D1 5/7x0.063 146559 & 984 €
25x25mm |t6.35mm K2 | 5/3x0.04 141876 = 174 €
Turning Mirror 45°, p-pol.
Coating 139711
HRp (45°,725-875 nm) > 99.8 %
GDD-Rp (45°,725-875 nm) = -40(+30) fs?
100.0
99.9
99.8
99.7
99.6 =
>
99.5 ;‘
99.4
99.3
99.2 P
99.1 wavelength [nm]
99.0 1
675 725 775 825 875 925
100
80
60
40 N
20 (%
o
04
20 |8
-40
-60 &
-80

wavelength [nm]

700 720 740 760 780 800 820 840 860 880 900

-100

LIDT
6/ 0.4 J/cm2; 800 nm; 40 fs; 1 kHz; @15 ym WRCP Budapest
6/ 0.1 J/cm2; 800 nm; 128 fs; 4.3 MHz; @15 pm WRCP Budapest

Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price

@127mm|t635mm A4 |5/1x0.04 140208 @ 138€
@25.0mm|t6.35mm B4 |5/3x0.04 140209 = 246 €
@50.0mm|t9.5mm | C3 | 5/4x0.063 146565 = 732€
@762mm|[t12.5mm D1 5/7x0.063 146566 | 1488 €
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Standard Items from Stock
fs-Laser: TiSa, up to 150 nm Bandwidth

Turning Mirror 45°, high power

Coating 140881

HRs (45°,730-870 nm) > 99.8 %

HRp (45°,760-840 nm) > 99.5 %

| GDD-Rs,p (45°,760-840 nm)| < 80 fs?

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1
99.0

R [%]

P 5]

A
wavelength [nm]
650 700 750 800 850 900 950

150

100

u
o

o
GDD-Rs p[fs?]

¢
<)

S
-100 2

o wavelength [nm]
-15
700 720 740 760 780 800 820 840 860 880 900

LIDT

6/ 0.9 J/cm?; 800 nm; 40 fs; 1 kHz; @80 pm
6/ 1.0 J/cm?; 800 nm; 128 fs; 1 kHz; @15 ym
6/ 3 J/cm?; 800 nm; 30 fs; 10 Hz; @830 um

WRCP Budapest
WRCP Budapest
HZDR Dresden

Separator 45°, 760-850/350-450 nm

S2:Coating 113728
HRu (45°,(760-850 nm) 5 nm) > 99.9 %
Ru (45°,(360-440 nm) £5 nm) <2 %
|GDD-Ru (45°,760-850 nm)| < 40 fs?
| GDD-Tu (45°,360-440 nm)| < 40 fs?

S1: Coating 124879
ARu (45°,350-450 nm) < 0.7 %

100.0

99.8

99.6 P
99.4
99.2
99.0
98.8
98.6
98.4
98.2

98.0
700 720 740 760 780 800 820 840 860

R [%]

R [%]
[

0
9
8
7
6
5
4
3
2
1
0

320 340 360 380 400 420 440 46

Substrate Dimensions

‘ No. ‘ Imperfections ‘ Item #

wavelength [nm

880 900 920

wavelength [nm]

0 480 500

‘ Price

@25.0mm|t3.05mm B3 |5/2x0.04

1104991

| 354€

Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price

@127mm|t635mm A4 | 5/2x0.025 140963 = 84 €
@250mm|t6.35mm B4 5/1x0.063 141238 = 114 €
@500mm|t9.5mm | C3 5/3x0.063 141239 = 396 €
@76.2mm|t125mm D1 5/3x0.1 1146567 | 864 €
25x25mm|[t6.35mm K2 | 5/1x0.063 | 141870 | 144€

Separator 0°, 750-850/360-450 nm

S2:

S1:

100.0
99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2
98.0

700 720

O =N WhUON O OO

w
N
o
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Coating 160927

HR (0°,750-850 nm) > 99.9 %

R (0°,360-440 nm) <5 %

| GDD-R (0°,750-850 nm)| < 40 fs?
Coating 160929

AR (0°,360-440 nm) < 0.5 %

R [%]

wavelength [nm]

880 900 920

)
\/\LMA/‘ wavel/e}gth [n m]

500

R [%]

‘Price
1160934 | 342¢€

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item #
@25.0mm [t3.05mm B3 |5/2x0.04

Laser Mirror 0 -45°

Coating 139943

Ag+ Multilayer

HRs,p (0-45°,725-875 nm) > 98 %

| GDD-Rs,p (45°,725-875 nm)| < 40 fs?

100.0
99.5
99.0
98.5
98.0
97.5
97.0
96.5
96.0
95.5

95.0
650 700 750 800 850 900 950

wavelength [nm]

100
80
60
40

GDD-Rs p[fs?]

20
0
-20
-40 453
-60
80 wavelength [nm]
-100
650 700 750 800 850 900 950

LIDT
6/ 0.9 J/cm?; 800 nm; 40 fs; 1 kHz; @80 pm; AOI 0° WRCP Budapest

Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price

@127mm|[t635mm A4 5/1x0.04 140211 | 100€
@25.0mm|t635mm B4 5/3x0.04 140213 | 132¢€
@50.0mm|t9.5mm C3 5/4x0.063 140214 444 €
25x25mm|t6.35mm K2 | 5/3x0.04 141878 | 168 €



Chirped Mirror 5°

Coating 140884

HRs,p (0—-10° 725-875 nm) > 99.9 %

GDD-Rs,p (0-10° 725 -875 nm) = -40 (+10) fs?
100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2

99.1 wavelength| [nm]
99.0

R [%]

680 730 780 830 880 930

100
80
60
40
20

0

-20

-40

-60

-80 wavelength [nm]

-100

GDD-R [fs?]

680 730 780 830 880 930

LIDT
6/ 0.2 J/cm?; 800 nm; 40 fs; 1 kHz @80 um
6/ 0.25 J/cm?; 800 nm; 128 fs; 1 kHz; @15 pm

WRCP Budapest
WRCP Budapest
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price

@127mm|t635mm A4 5/1x0.04 141243 | 366€
@25.0mm|t635mm B4 5/4x0.04 141245 | 570€

Chirped Mirror Pair 5°, -40 fs?

Coating 140988 + 140990

HRs,p (0-10°,725-875 nm) > 99.8 %

GDD-Rs,p (0-10°,725-875 nm) = -40 (+x20) fs?

to compensate 1 mm Fused Silica per bounce (average)

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1 wavelength [nm]|
99'0500 550 600 650 700 750 800 850 900 950 1000
100
80
60
40
20

R [%]

z
=
a
a
[}

coating
140990

-20

40x10 mm?|t12.5 mm N1 1670 €

-40
-60
80 coating
100 140988 wavelength [nm]
600 650 700 750 800 850 900 950
LIDT
6/ 0.2 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.25 J/cm? 800 nm; 128 fs; 1 kHz; @15 pm WRCP Budapest
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|t635mm A4 5/1x0.04 141882 804 €
@25.0mm|t635mm B4 5/4x0.04 141884 | 1180 €

'5/3x0.04 141886

Standard Items from Stock
fs-Laser: TiSa, up to 150 nm Bandwidth

Chirped Mirror Pair 5°, -80 fs?

Coating 141560+ 141561

HRs,p (0-10°,725-875 nm) > 99.9 %

GDD-Rs,p (0—10°,725-875 nm) = -80 (+40) fs?

to compensate 2.35 mm Fused Silica per bounce (average)

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2

99.1 wavelength [nm]
99.0 -

R[%
19511 64A°>

500 550 600 650 700 750 800 850 900 950 1000
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©
&
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0 == SR
2 ST
o el |3
-50 (e
2 I3
-100 (@ s
S
-150
wavelength [nm]
-200
650 700 750 800 850 900
LIDT

6/ 0.1 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.25 J/cm?; 800 nm; 128 fs; 1 kHz; @15 pm WRCP Budapest

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item #

‘Price
@127mm|t635mm A4 5/1x0.04 141887 | 834€
@25.0mm|t635mm B4 5/4x004 141888 | 1220 €
40x10mm?[t125mm N1 | 5/3x0.04 141891 1730€

Chirped Mirror Pair 5°, -110 fs?

Coating 141570+ 141571

HRs,p (0-10°,725-875 nm) > 99.8 %

GDD-Rs,p (0-10°,725-875 nm) = -110(+50) fs?

to compensate 3 mm Fused Silica per bounce (average)

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
991 wavelength [nm]

99'05 550 600 650 700 750 800 850 900 950 1000
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o
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100

50
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=
-
b
A
a
[

-50 coating

141571

-100
-150
200 coating 141570 wavelength [p_m]
650 700 750 800 850 900
LIDT

6/ 0.1 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.25 J/cm?; 800 nm; 128 fs; 1 kHz; @15 pm WRCP Budapest

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price

@12.7mm|t635mm A4 5/1x004 141920 864 €
@25.0mm|t635mm B4 5/4x0.04 141919 1250 €
40x10mm? [t125mm N1 5/3x0.04 141918 1790 €
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Standard Items from Stock
fs-Laser: TiSa, up to 150 nm Bandwidth

Beamsplitter 45°, s-pol.

$2:Coating 141113
PRs (45°,725-875 nm) = 50(+2) %
|GDD-Rs (725-875 nm)| < 5 fs?
S1:Coating 141114
ARs (45°,725-875 nm) < 0.5 %

0 ®
65

60

55 (S

50 =

45 //\
40

35

wavelength [nm]

30

650 700 750 800 850 900 950

U B W N = O =N WbB_ WUV
GDD-R:/ GDD-T:[fs?]

wavelength [nm]

i 650 700 750 800 850 900 950
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@25.0mm|t0.5mm Bl 5/4x0.04 141512 | 348¢€
@25.0mm|t1.0mm B2 5/3x0.04 141511 | 324€
@250mm|t3.05mm B3 5/3x0.04 141502 | 264€

Beamsplitter 45°, p-pol.

S2: Coating 141122
PRp (45°,725-875 nm) = 50 (£2) %
|GDD-Rp (45°,725-875 nm)| < 20 fs?
S1:Coating 141121
ARp (45°,725-875 nm) < 0.2 %

70 @

65
60
55
50
45
40
35

30
650 700 750 800 850 900 950

30 @

R [%]

wavelength [nm]

20 =

05"
a

08
2

10 &
=}

20 Y

20 wavelength [nm]
650 700 750 800 850 900 950
Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price
@250mm|[t05mm Bl | 5/4x0.04 141513 | 348€
@250mm|t1.0mm B2 | 5/3x0.04 141509  324€
@25.0mm|t3.05mm B3 5/3x0.04 141506 | 264 €

Window 0°

S$2+S1: Coating 140890
ARs,p (0-15°,725-875 nm) < 0.2 %

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1

99.0
650 700 750 800 850 900 950

wavelength [nm]

LIDT
6/ 0.4 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.5 J/cm?; 800 nm; 128 fs; 1 kHz; @15 ym  WRCP Budapest

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@25.0mm|t1.0mm B2 5/3x0.04 141514  216€
@250mm|t3.05mm B3 5/3x0.04 141519 | 156€




Standard Items from Stock
fs-Laser: TiSa, 300 nm Bandwidth

fs-Laser: TiSa, 300 nm Bandwidth

pump .
;‘f’”” Mirror Laser Mirror 0° ... ................. 107
Irror

Turning Mirror 22.5°. ... .......... .. 107
Turning Mirror 45°, p-pol.. . .......... 108
Turning Mirror 45°, s-pol. .. .......... 108
Turning Mirror 45° .. ............. .. 108
Chinped Chirped Loser \ Laser Mirror 0-45°. .. .. ............ 108
Mirror . Chirped Mirror Pair0°. . ............. 109
] Chirped Mirror Pair5°. ... ........... 109
. = - Beamsplitter 45°, p-pol. .. ........... 109
‘ y “  Beamsplitter 45°, s-pol. ............. 110
' Polarizer 75°. . . .. ........ ... ...... 110
_[1 Window 0°. ...................... 110
Laser Window Beam- Turning
Mirror . splitter Mirror
& } | ) / )
|
For optics not specified here, please visit www.layertec.de, contact us at info@layertec.de or call us at +49 (0)36453 744 0.
Laser Mirror 0° Turning Mirror 22.5°
Coating 141318 Coating 141503
HRs,p (0-10°,670-970 nm) > 99.9 % HRs,p(22.5°670-970 nm) > 99.8 %
GDD-Rs,p (0-10°,670-970 nm) = -50 (+75) fs? GDD-Rs,p(22.5°,670-970nm) = -200 ... + 200 fs?
to compensate 1.4 mm Fused Silica per bounce (average) 100.0
100.0 99.8
99.9 996
908 99.4
997 99.2 | 1
990 |&
s B o8 |
99.4 |% 98.6 / ol |s
99.3 984
99.2 98.2 wavelength [nm]
Zz.; wavelength [nm] 98030 680 730 780 830 880 930 980 1030 1080
550 600 650 700 750 800 850 900 950 1000 1050 500
reflected beam, AOI 22.5°
500 400
400 300
e 2
o é -108 :
,102 .é -200 g
200 -300
-300 ~400 wavelength [nm]
~400 wavelength [nm] “%%so o0 730 770 810 850 80 930 970 1010 1050
P00, 635 690 745 800 855 910 965 1020
LIDT
LIDT 6/ 0.1 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.1 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest 6/ 0.25 J/cm? 800 nm; 128 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.25 J/cm?; 800 nm; 128 fs; 1 kHz; @15 pm WRCP Budapest
Substrate Dimensions ‘ No. ‘ Imperfections | Item # Price
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price @12.7mm|t6.35mm (A4 5/1x0.04 141584 150 €
@12.7mm|t6.35mm ‘A4 ‘5/1x0.04 ‘142010 ‘ 348 € @25.0mm|t6.35mm B4 |5/3x0.04 141567 276 €
@25.0mm|t6.35mm B4 |5/4x0.04 142012 552 € @50.0mm | t9.5mm C3 ' 5/4x0.063 141925 792 €
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Standard Items from Stock
fs-Laser: TiSa, 300 nm Bandwidth

Turning Mirror 45°, p-pol.

Coating 141520
HRp (45°,670-970 nm) > 99.8 %
GDD-Rp (45°,670-970 nm) = -200 ... O fs?

100.0
99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2

98.0
660 700 740 780 820 860 900 940 980 1020 1060

R [%]

wavelength [nm]

150
120
90
60
30

-30
-60
-90
-120

-150
660 700 740 780 820 860 900 940 980 1020 1060

o
GDD-R;[fs?]

wavelength [nm]

LIDT
6/ 0.1 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.25 J/cm?; 800 nm; 128 fs; 1 kHz; @15 pm WRCP Budapest

Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price

@127mm|[t635mm A4 5/1x0.04 141585  150€
@25.0mm|t635mm B4 5/3x0.04 141568 | 276€
@50.0mm|t9.5mm | C3 5/4x0.063 | 141926  792€
@76.2mm|[t12.5mm D1 5/7x0.063 146569 1620 €

Turning Mirror 45°, s-pol.

Coating 141507
HRs (45°,670-970 nm) > 99.9 %
GDD-Rs (45°,670-970 nm) = -200 ... + 200 fs?

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1

99.0
630 670 710 750 790 830 870 910 950 990 1030

T R%]

wavelength [nm]

500
400
300
200
100
0
-100
-200
-300
-400

-500
630 670 710 750 790 830 870 910 950 990 1030

GDD-R:[fs?]

wavelength [nm]

LIDT
6/ 0.1 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.25 J/cm?; 800 nm; 128 fs; 1 kHz; @15 pm WRCP Budapest

Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price

@12.7mm|t635mm A4 5/1x0.04 141586 = 144 €
@25.0mm|t635mm B4 5/3x0.04 141578 264 €
@50.0mm|t9.5mm | C3 5/4x0.063 | 141928 | 768€
@76.2mm|t125mm D1 5/7x0.063 146570 1590 €

Turning Mirror 45°

Coating 141522
HRs,p (45°,670-970 nm) > 99.7 %
| GDD-Rs,p (45°,670-970 nm)| < 1500 fs?

100.0

99.9
99.8
99.7
99.6
99.5 8 ’
99.4
99.3
99.2
99.1 wavelength [nm]
99.0 1

550 650 750 850 950 1050 1150

R [%]

2000
1600
1200 p
800
400

reflected beam, AOI 45°

S

-400
-800
-1200
-1600

-2000
650 700 750 800 850 900 950 1000 1050

o
GDD-Rspifs?]

wavelength [nm]

LIDT
6/ 0.1 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.25 J/cm?; 800 nm; 128 fs; 1 kHz; @15 pm WRCP Budapest

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|t635mm A4 5/1x0.04 | 141587  150€
@250mm|[t6.35mm B4 5/3x0.04 141579 | 276€
@500mm|t9.5mm  C3 5/4x0063 141930 = 792€
Laser Mirror 0-45°
Coating 141523
Ag+Multilayer
HRs,p(0-45°,670-970nm) > 97 %
| GDD-Rs,p (0—-45°,670-970 nm)| < 50 fs2
for application outside the resonator
100.0
99.5
99.0 0°
]
97.5 E &Y
97.0
96.5
96.0
z':g wavelength [nm]
600 650 700 750 800 850 900 950 1000
100
80
60
40 &
20 % 5
0l Y 45°p
-20 g
40 ¥ 455
-60
{?g wavelength [nm]
600 650 700 750 800 850 900 950 1000

LIDT
6/ 0.4 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm
6/ 1.5 J/cm?; 800 nm; 30 fs; 10 kHz; @700 pm

WRCP Budapest
HZDR Dresden

Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price

@127mm|[t635mm A4 5/1x0.04 142001  105€
@25.0mm|t635mm B4 5/3x0.04 142002 = 138€
@50.0mm|t9.5mm | C3 5/4x0.063 | 142003 | 462 €
25x25mm|t6.35mm K2 | 5/3x0.04 142005 = 177€



Chirped Mirror Pair 0°

S2:Coating 136768 + 136769
HRs,p (0-10°,670-970 nm) > 99.8%
Rs,p(0-10°,510-535 nm) < 10%
GDD-Rs,p (0—10°,680-960 nm) = -50 (+150) fs?
to compensate 1.2 mm Fused Silica per bounce (average)
S$1: Coating 140875
ARs,p (0-10°500-545nm) < 0.2 %

100 ———— _ )
% N’ coating 136768  coating 136769 V@
80 ,\
70 \y\
60 i
50 &
-4
40
30
20
12 | wavelength [nm]
480 540 600 660 720 780 840 900 960 1020 1080
200 @
160
120
80 |
40 |& coating
0 & 136769 /\
AV~ /\
0§ coating XX ARX N
-80 136768
-120
160 wavelength [nm]
-200 . y
600 650 700 750 800 850 900 950 1000

LIDT
6/ 0.1 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.25 J/cm?; 800 nm; 128 fs; 1 kHz; @15 pm WRCP Budapest

Substrate Dimensions [mm] ‘ No. ‘ Imperfections ‘ Item # Price
@12.7|t6.35|CC38  R2 5/1x0.04 142351 930 €
@12.7|t635|CC50  R3 5/1x0.04 | 142350 890 €

|
|
@12.7|t635|CC75 R4 5/1x0.04 142349 890 €
@12.7|t6.35|CC100 R5 5/1x0.04 | 142348 864 €
@12.7|t6.35|CC125 R6 5/1x0.04 | 142347 864 €

Standard Items from Stock
fs-Laser: TiSa, 300 nm Bandwidth

Chirped Mirror Pair 5°

Coating 137180+ 137181

HRs,p (0-10°,670-970 nm) > 99.8 %

GDD-Rs,p (0-10°,680-960 nm) = -50 (+150) fs?

to compensate 1.4 mm Fused Silica per bounce (average)

100.0

99.9 &
99.8
99.7

99.6
99.5
99.4
99.3
99.2
99.1

99.0 N
600 650 700 750 800 850 900 950 1000 1050 1100

R [%]

S1/EL ulIpod

0

wavelength [nm]

200
160
120

80

40 coating

137181

e P /O /\
coating ~——— >l

80 | 137180 — SN NS

-120
-160

o
GDDR [fs?]

wavelength [nm]
600 650 700 750 800 850 900 950 1000

LIDT
6/ 0.1 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.25 J/cm? 800 nm; 128 fs; 1 kHz; @15 pm WRCP Budapest

Substrate Dimensions

‘No. ‘Imperfections ‘Item# ‘Price
@127mm|[t635mm A4 5/1x0.04 141931  834€
@250mm|t635mm B4 5/4x0.04 141933 1220 €
40x10mm? [t12.5mm N1 | 5/3x0.04 141934 1730€

Beamsplitter 45°, p-pol.

S2: Coating 141555

PRp (45°,670-970 nm) = 50 (+5) %

|GDD-Rp (45°,670-970 nm)| < 10 fs?
S1:Coating 141556

ARp (45°,670-970 nm) < 0.2 %
7 ®
65
60
55
50
45
40
35
30

R [%]

wavelength [nm]
550 600 650 700 750 800 850 900 950 1000 1050

50 ®

40
30
20 (=
10 £
o1&
8
-10 |8
-20
-30
:g wavelength [nm]
600 650 700 750 800 850 900 950 1000
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@250mm|timm B2 5/3x0.04 141975 = 348¢€

@25.0mm|t3.05mm B3 5/3x0.04 141978  288€
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Standard Items from Stock
fs-Laser: TiSa, 300 nm Bandwidth

Beamsplitter 45°, s-pol.

S2: Coating 141558
PRs (45°,670-970 nm) = 50 (+5) %
| GDD-Rs (45°,670-970 nm)| < 5 fs?
S1:Coating 141557
ARs (45°,670-970nm) < 0.7 %

&38X%
j

wavelength [nm]
550 600 650 700 750 800 850 900 950 1000 1050

20 G

o
GDD-R:[fs?]

wavelength [nm]

550 600 650 700 750 800 850 900 950 1000 1050

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@250mm|timm B2 5/3x0.04 141977 | 348¢€
@25.0mm|t3.05mm B3 5/3x0.04 141979  288€

Polarizer 75°

S$2+51: Coating 141529
TFP(75°,670-970 nm) Rs >80 % Rp <1 %
| GDD-Rs (75°,670-970 nm)| < 20fs?
| GDD-Tp (75°,680-960 nm)| < 5 fs?

o Polarizer
Special item for
< s1 clean separation
T of p-pol. light.
100 @@
90
S
80 [} !
70 | \/®\
60 | 5
50 (= g
x| o@/
40 S/
\ Y
30 A 1
% y
10 s P
. N~ [ T T _ — — — - wavelength [nm]’
650 700 750 800 850 900 950 1000
50 +6D
40
0 %
20 |I-"
10 (8
0¥
-0 (&
-20 |&
[=]
30 |8
40 wavelength [nm]
-50
650 700 750 800 850 900 950 1000

‘Price
1142013 | 438¢€
1142014 | 378€

‘ No. ‘ Imperfections ‘ Item #

Substrate Dimensions
@25.0mm|timm B2 5/3x0.04
@25.0mm|t3.05mm B3 5/3x0.04

Window 0°

S2+S1: Coating 141528
ARs,p (0-15°,670-970nm) < 0.25 %

100.0
99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2

98.0
575 625 675 725 775 825 875 925 975 1025 1075

T [%]

wavelength [nm]

LIDT
6/ 0.4 J/cm?; 800 nm; 40 fs; 1 kHz; @15 pm WRCP Budapest
6/ 0.5 J/cm?; 800 nm; 128 fs; 1 kHz; @15 pm  WRCP Budapest

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@25.0mm|timm B2 5/3x0.04 141588 @ 234¢€
@25.0mm|[t3.05mm B3 |5/3x0.04 141590 | 174 €



Standard Items from Stock
ps/fs-Laser: 1030-1040 nm

ps/fs-Laser: 1030-1040 nm

easer / crystal

Turning
Mirror

oc
o . .
45 g

Laser
Mirror

Window

<_.1

Laser Mirror 0°
Coating 139374
HRs,p (0-10°,1030-1042 nm) > 99.99 %
|GDD-Rs,p (0—10°,1030-1042 nm)| < 20 fs?

100.0

99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1

wavelength [nm
99.0 jength [nm

R [%]

900 950 1000 1050 1100 1150 1200
100
80
60
40
0=
[a)
20 @
-40 |
-60
-1738 wavelength [nm]
980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080
LIDT
6/ 3 J/cm?; 1030 nm; 10ps; 1 kHz; @50 um LIDARIS Vilnius
Substrate Dimensions ‘ No. ‘ Imperfections | Item # Price
@12.7mm|t6.35mm |A4 5/1x0.04 141246 126 €
@25.0mm|t6.35mm B4 |5/3x0.04 141248 204 €
@50.0mm | t9.5mm C3 5/4x0.063 141249 660 €
25x25mm |t6.35mm K2 |5/3x0.04 139564 270 €

Laser Mirror 0° . .. ................. 111

Pump Mirror 0°, 800-982 nm ........ 11

paser Pump Mirror 0°, 960-982 nm .. ... ... 112
Turning Mirror 45° .. .......... ... .. 112

GTI-Mirror 5°, 1030 nm, -250fs? ... ... 112

GTI-Mirror 5°, 1030 nm, -550 fs? . ... .. 112

GTI-Mirror 5°, 1030 nm, -1000 fs? . . ... 113

GTI-Mirror 5°, 1040 nm, -250 fs? ... ... 113

GTI-Mirror 5°, 1040 nm, -550 fs? . ... .. 113

GTI- GTI-Mirror 5°, 1040 nm, -1000 fs? . .. .. 113
Himor Separator 22.5° ... ................ 114
Thin Film Polarizer 45°, 1030 nm ... ... 114

Thin Film Polarizer 45°, 1042 nm ... ... 114

Thin Film Polarizer 56°, 1030 nm ... ... 14

Thin Film Polarizer 56°, 1042 nm ... ... 114

Window 0°. . ..................... 114

Pump Mirror 0°, 800-982 nm

§2: Coating 141171
HR (0°,1030 -1040 nm) > 99.9 %
R (0°,800-982 nm) <5 %
GDD-R (0°, 1030-1040 nm) = 300 (+300) fs?
cut on/off R (0°) =T (0°) = 50 % at 995(+10) nm
AO! 0°= 10°: shift cut on/off-wavelength -5 nm
S1: Coating 141174
AR (0°,800-1000 nm) < 0.5 %

90 100.0
99.9
80 998
70 99.7
? 99.6
60 é 99.5
50 e 99.4
99.3
40 99.2
30 99.1
99.0
20 1000 1010 1020 1030 1040 1050 1060
12 wavelength [nm]
750 800 850 900 950 1000 1050 1100 1150
1000 @
800
600
400 |,
200 |2
0o
[a]
-200 @
-400
-600
{igg wavelength [nm]
1000 1010 1020 1030 1040 1050 1060
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@12.7mm|t6.35mm A4 |5/1x0.04 141951 378 €
@25.0mm|t6.35mm | B4 |5/4x0.04 141530 552 €

111




112

Standard Items from Stock
ps/fs-Laser: 1030-1040 nm

Pump Mirror 0°, 960-982 nm

S2: Coating 141181

HR (0°,1030-1040 nm) > 99.9 %

R (0°,960-982 nm) <5 %

|GDD-R (0°,1030-1040 nm)| < 100 fs?

cut on/off R (0°) =T (0°) = 50 % at 994 (+5) nm

AOI 0° = 10°: shift cut/off-wavelength -5 nm
S1:Coating 141184

AR (0°,950-1050 nm) < 0.2 %

4. ®

90 7 1000

80 | 999

| 998

70 | 997

60 |= | 28

&) 295

50 (& -y

40 |ee | 993

| 992

30 | 991

20 | 99.0
0 | 1000 1010 1020 1030 1040 1050
10 wavelength [nm]

950 960 970 980 990 1000 1010 1020 1030 1040 1050

200 @

150

GDD ([fs?]

-100

-150 enath
200 wavelength [nm]

1010 1020 1030 1040 1050 1060

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item #
@12.7mm|t635mm A4 5/1x0.04

@25.0mm|t6.35mm B4 5/4x0.04

‘Price
1141952 | 414€
1141525 | 612€

Turning Mirror 45°

Coating 141317
HRs,p (45°,1030-1040 nm) > 99.9 %
| GDD-Rs,p (45°,1030-1040 nm)| < 20 fs?

100.0

R [%]

99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1 2 2

wavelength [nm]

99.0
900 950 1000 1050 1100 1150 1200
50
40
30
20
10 =
0 E
-10 8
-20
-30 © P
::g wavelength [nm]
1000 1010 1020 1030 1040 1050 1060 1070 1080
Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price
@12.7mm|t635mm A4 5/1x0.04 141569 | 100 €
@25.0mm|t635mm B4 5/3x0.04 141501 | 142€
@50.0mm|t9.5mm C3 5/4x0.063 141572 | 516€
25x25mm|t6.35mm K2 5/3x0.04 141573 | 180€

GTI-Mirror 5°, 1030 nm, -250 fs2

Coating 141126
HRs,p (0-10°,1030 nm) > 99.95 %
GDD-Rp (0-10°, 1030 nm) = -250(+50) fs?

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1
99.0

R [%]

wavelen_gth [nm]
900 950 1000 1050 1100 1150 1200
0
50 10 09
-100
-150
-200
-250
-300
-350
-400
-450
-500

GDD [fs?]

wavelength [nm]
980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|t635mm A4 5/1x0.04 141250 = 372€
@25.0mm|t635mm B4 5/4x004 | 141251 | 576€

GTI-Mirror 5°, 1030 nm, -550 fs2
Coating 141149
HRs,p (0-10°,1030 nm) > 99.95 %
GDD-Rp (0-10°,1030 nm) = -550(+100) fs?

R [%]

wavelength [nm]
900 950 1000 1050 1100 1150 1200

109 0°

GDD [fs?]

wavelength [nm]
980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080

-1000

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|t635mm A4 5/1x0.04 141255 = 390€
@25.0mm|t6.35mm B4 5/4x0.04 141257 | 600€



GTI-Mirror 5°, 1030 nm, -1000 fs?

Coating 141151
HRs,p (0-10°,1030 nm) > 99.95 %
GDD-Rp (0-10°, 1030 nm) = -1000(+200) fs?

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2

991 wavelength [nm]
99.0

900 950 1000 1050 1100 1150 1200

R [%]

0
-200
-400
-600
-800

GDD [fs?]

-1000

-1200
wavelength [nm]

980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080

-1400

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|t635mm A4 5/1x0.04 141260 408 €
@25.0mm|t635mm B4 5/4x0.04 | 141261 | 624€

GTI-Mirror 5°, 1040 nm, -250 fs?

Coating 141148
HRs,p (0-10°,1040 nm) > 99.95 %
GDD-Rp (0-10°, 1040 nm) = -250 (+50) fs?2

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2

99.1
wavelength [nm]
99.0 /\ CLUL
900 950 1000 1050 1100 1150 1200

R [%]

50 10 0°
-100
-150
-200
-250
-300
-350
-400
-450
-500

GDD [fs?]

wavelength [nm]
980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|t635mm A4 5/1x0.04 141263  372€
@250mm|t6.35mm B4 5/4x004 141266 = 576€

-1400

Standard Items from Stock
ps/fs-Laser: 1030-1040 nm

GTI-Mirror 5°, 1040 nm, -550 fs2

Coating 141150
HRs,p (0-10°, 1040 nm) > 99.95 %
GDD-Rp (0-10°, 1040 nm) = -550(+100) fs?

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1
99.0

R [%]

wavelengt_h [nm]

900 950 1000 1050 1100 1150 1200
0
-100
-200
-300
-400
-500
-600
-700
-800
-900
-1000

wavelength [nm]
980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|t635mm A4 5/1x0.04 141269 = 390€
@25.0mm|[t6.35mm B4 5/4x0.04 141270 | 600€

GTI-Mirror 5°, 1040 nm, -1000 fs?

Coating 141152
HRs,p (0-10°, 1040 nm) > 99.95 %
GDD-Rp (0-10°, 1040 nm) = -1000 (+200) fs?

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1
99.0

R [%]

wavelength [nm]
900 950 1000 1050 1100 1150 1200

10° 0°

-800

GDD [fs?]

-1000

-1200

wavelength [nm]
980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|t635mm A4 5/1x0.04 | 141273 = 408€

@25.0mm|t6.35mm B4 5/4x004 141274 = 624€
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-1000

Standard Items from Stock
ps/fs-Laser: 1030-1040 nm

Separator 22.5°

S2: Coating 141303
HRs,p (22.5°,1030-1050 nm) > 99.8 %
Rs,p (22.5°,900-980 nm) <5 %
S1:Coating 141306
ARs,p (22.5°,900-1000 nm) < 0.2 %

100 (+r @
W

90 | 1000
| 999
80 | 998
70 | 997
— | 996
60 R | 995
50 = | 994
40 o | 993
| 99.2

30 {901 S p
20 | 99.0

| 1000 1010 1020 1030 1040 1050 1060

10 wavelength [nm]

0
800 850 900 950 1000 1050 1100 1150 1200 1250 1300

1000 @

800
600
400
200
0
-200
-400
-600
-800

GDD [fs?]

wavelength [nm]
1000 1020 1040 1060 1080 1100 1120 1140 1160 1180 1200

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@12.7mm|t3.05mm A3 5/1x0.04 142321 | 258€
@25.0mm|t3.05mm B3 5/3x0.04 142320 & 582€

Thin Film Polarizer 45°, 1030 nm

S2:Coating 141254
TFP (45°*,1030 nm) Rs > 99.9 % Rp < 2 %
*specifications will be achieved by +2° angle adjustment
S1:Coating 141268
ARp (45°,1020-1050 nm) < 0.1 %

100 @

90

80

70

60 'c\?

50 (&

a0 |

30

20

12 p wavelength [nm]

1000 1010 1020 1030 1040 1050 1060
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@25.0mm |t3.05mm B3 5/3x0.04 141531 407 €

Thin Film Polarizer 45°, 1042 nm

$2:Coating 141259
TFP (45°*,1042 nm) Rs > 99.9 % Rp <2 %
*specifications will be achieved by +2° angle adjustment
S1: Coating 141268
ARp (45°,1020-1050 nm) < 0.1 %

100 @

90

80 S
70
60
50
40
30
20
10

R [%]

o p wavelength [nm]
1010 1020 1030 1040 1050 1060 1070

‘Price
1141532 | 407 ¢€

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item #
@25.0mm|t3.05mm B3 5/3x0.04

Thin Film Polarizer 56°, 1030 nm

S2:Coating 141262
TFP (56°*,1030 nm) Rs > 99.9% Rp <2 %
*specifications will be achieved by +2° angle adjustment
S1:Uncoated; Brewster angle - Rp (56°) ~0 %

100
90
80
70
60
50
40
30
20

18 p wavelength [nm]|

980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080

R [%]

‘No. ‘Imperfections ‘Item# ‘Price
@25.0mm|t3.05mm B3 5/3x0.04 | 141533 = 345€

Substrate Dimensions

Thin Film Polarizer 56°, 1042 nm

S2:Coating 141264
TFP (56°*,1042 nm) Rs > 99.9% Rp <2 %
*specifications will be achieved by +2° angle adjustment
S1:Uncoated; Brewster angle - Rp (56°) ~0 %

100
90
80
70
60
50
40
30
20
10

0

R [%]

P_ wavelength [nm]|
990 1000 1010 1020 1030 1040 1050 1060 1070 1080 1090

‘No. ‘Imperfections ‘Item# ‘Price
@25.0mm|t3.05mm B3 5/3x0.04 | 141534 = 345€

Substrate Dimensions

Window 0°

S$2+S51: Coating 141184
AR (0°,950-1050 nm) < 0.2%

100.0

99.9

99.8

99.7

996 |=
S

995 |

99.4 |F

99.3

99.2

22; wavelength [nm]

"800 850 900 950 1000 1050 1100 1150 120

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|timm A2 5/1x004 141932  124€
@250mm|timm B2 5/3x0.04 | 141935 | 230€



Standard Items from Stock
cw/ns-Laser: 1030-1064 nm

cw/ns-Laser: 1030-1064 nm

Pump Pump

faser i vbivaG i Laser MIrror 0% . ..o 115
Pump Mirror0°. ... ... 115
Turning Mirror 22.5-45°,1030-1064 nm ...... 116
ot Turning Mirror 22.5-45°, 515532 nm ........ 116
;7,3,’2', sz}%j?“ewso““ oc Turning Mirror 45°, 1030—-1064 nm ........... 116
- @ & Window Turning Mirror 45°, 515-532nm ............. 116
/ ! Separator 45° Turning Mirror 45°, 343+515+1030 nm ... ...... 116
- poreem \[\\’ Turning Mirror 45°, 3554532+1064nm . ........ 117
Etalon diode o1 g5t Non-Polarizing Beamsplitter 45°, 1030 nm. . ... .. 117
\ Non-Polarizing Beamsplitter 45°, 1064 nm .. ... .. 117
Turing Miror - VPoL ruming Non-Polarizing Beamsplitter 45°, 515 nm ... ... .. 117
22.5-g5° 40 45° Mirror Non-Polarizing Beamsplitter 45°, 532 nm........ 118
I , 4, Separator 45°, 515-532/1030-1064nm . . .. . .. 118
y ' <4 Separator 45°, 1030/515nm ................ 118
Separator 45°, 1064/532nm ................ 118
Separator 45°, p-pol. 343/515/1030 nm. . ... ... 119
Separator 45°, p-pol. 355/532/1064 nm. . ... ... 119

ey it Tames | Separator 45°, sl
I 45° 343-355/515-532/1030-1064 nm . .......... 119
/ " Thin Film Polarizer 56°, 1030 nm . ............. 120
/ Thin Film Polarizer 56°, 1064 nm . ............. 120
Thin Film Polarizer 56°, 515nm .. ............. 120
" Thin Film Polarizer 56°, 532 nm .. ............. 120
Window 0°. .. ... 120

For optics not specified here, please visit www.layertec.de, contact us at info@layertec.de or call us at +49 (0)36453 744 0.

Laser Mirror 0°

Coating 141321
HRs,p (0-10°,1030-1064 nm) > 99.95 %

wavelength [nm]
500 600 700 800 900 1000 1100 1200

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2

99.1 wavelength [nm]
99.0

940 960 980 1000 1020 1040 1060 1080 1100 1120 1140 1160

R [%]

LIDT

6/ 50 J/cm?; 1064 nm; 7 ns; @270 pm LAYERTEC
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|t635mm A4 5/1x0.04 | 141864 = 105€
@250mm|t6.35mm B4 5/3x0.04 141868 = 143 €
@50.0mm|t9.5mm  C3 5/4x0063 141866 = 522€

Pump Mirror 0°

S2: Coating 141325
HRs,p (0-10°,1030-1064 nm) > 99.95 %
Rs,p (0-10°,808 nm) < 2 %

S$1:Coating 141355
ARs,p (0-10°,808 nm) < 0.2 %

100 @

90
80
70
60
50
40
30
20
10

R [%]

wavelength [nm]
0
700 800 900 1000 1100 1200

100.0 @

99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2

99.1 wavelength [nm]
99.0

940 960 980 1000 1020 1040 1060 1080 1100 1120 1140 1160

R [%]

LIDT
6/ 30 J/cm?; 1064 nm; 7ns; @270 uym LAYERTEC
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|[t635mm A4 5/1x0.04 141877  146€
@250mm|t635mm B4 5/3x0.04 141881 | 222€
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Standard Items from Stock
cw/ns-Laser: 1030-1064 nm

Turning Mirror 22.5-45°, 1030 -1064 nm

Coating 141496

Ag+ multilayer

HRs,p (22.5-45°,1030 -1064 nm) > 99.7 %
for application outside the resonator

no transmission @ VIS/NIR

100.0

99.8 < RO

996 | \S.;") m

99.4 |7

99.2 |- :

99.0 |

98.8

98.6

98.4 :

98.2 : wavelength [nm]

%0400 950 1000 1050 1100 1150 1200
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@250mm|[t635mm B4 | 5/3x0.04 | 141942 | 138€
@50.0mm |t9.5mm C3 |5/4x0.063 141945 504 €
25x25mm|t6.35mm K2 |5/3x0.04 141954 174 €

Turning Mirror 22.5-45°, 515-532 nm

Coating 141497

Ag+multilayer

HRs,p (22.5-45°,515-532 nm) > 99.7 %
for application outside the resonator

no transmission @ VIS/NIR

: wavelength [nm]
450 475 500 525 550 575 600 625 650

‘ No. ‘ Imperfections ‘ Item # ‘Price
B4 |5/3x0.04 141949 138 €
K2 |5/3x0.04 141956 174 €

Substrate Dimensions
@25.0mm | t6.35mm
25x25mm | t6.35mm

Turning Mirror 45°, 1030-1064 nm

Coating 141327
HRs,p (45°,1030 -1064 nm) > 99.95 %

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1
99.0

R [%]

\wavelength [nm]
900 950 1000 1050 1100 1150 1200

LIDT

6/ 50 J/cm?; 1064 nm; 7ns; @270 uym LAYERTEC
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘
@12.7mm|t635mm A4 5/1x0.04 141896
@25.0mm | t6.35mm ‘34 ‘5/3x0.04 ‘141500 ‘

143 €
@50.0mm|[t9.5mm | C3 5/4x0.063 141904 = 522€
25x25mm |t6.35mm K2 |5/3x0.04 141953 = 183 €

Turning Mirror 45°, 515-532 nm

Coating 141329
HRs,p (45°,515-532 nm) > 99.9 %

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2

99.1 wavelength [nm]
99.0

450 470 490 510 530 550 570 590 610 630 650

R [%]

p s

LIDT

6/ 10 J/cm?; 532 nm; 7ns; 10Hz; @270 um LAYERTEC

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@250mm|t635mm B4 5/3x0.04 141946 | 138€
25x25mm|[t635mm K2 |5/3x0.04 141955 = 174 €

Turning Mirror 45°, 343+515+1030 nm

Coating 128809

HRu (45°,343 nm) > 99.4 %
HRu (45°,515 nm) > 99.8 %
HRu (45°,1030 nm) > 99.9 %

100.0
99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2
98.0

R [%]

wavelength [nm]
300 310 320 330 340 350 360 370 380 390 400

100.0
99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2

98.0
475 485 495 505 515 525

R [%]

wavelength [nm]
535 545 555 565 575
u s

5

wavelength [_nm]
970 990 1010 1030 1050 1070 1090 1110 1130 1150

100.0

99.9
99.8
99.7 4
99.6

99.5
99.4
99.3
99.2
99.1

99.0
95

R [%]

O f0n 9 . |

‘Price
. 467¢€

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item #
@250mm|[t635mm B4 5/2x0.04 128931




Turning Mirror 45°, 355+532+1064 nm

Coating 115420

HRu (45°,355 nm) > 99.4 %
HRu (45°,532 nm) > 99.8 %
HRu (45°,1064 nm) > 99.8 %

| ﬁ
320 330 340 350 360 3

495

100.0
99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2

98.0
300

R [%]

wavelength [nm]

310 70 380 390 400

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1
99.0

R [%]
i

_\(vavelen_gth [nm]

485 505 515 525 535 545 555 565 575

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1

99.0
950

R [%]

wavelength [nm]

970 990 1010 1030 1050 1070 1090 1110 1130 1150

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@25.0mm|t635mm B4 5/2x0.04 110837  467€

Non-Polarizing Beamsplitter 45°, 1030 nm

$2:Coating 141335
PRs,p (45° 1030 nm) = 50(x3) %
IRs—Rp| <4 %

S1: Coating 141331
ARs,p (45°,1030-1064 nm) < 0.7 %
|[Rs -Rp | < 0.2 %

100
90
80
70 S
60
50
40
30
20
10

R [%]

wavelength [nm]
990 1000 1010 1020 1030 1040 1050 1060 1070 1080

2.0 @

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.0
900

R [%]

wavelength [nm]

950 1000 1050 1100 1150 1200

‘ No. ‘ Imperfections ‘ Item # ‘Price
1141604 = 270€

Substrate Dimensions
@25.0mm|t3.05mm B3 5/3x0.04

Standard Items from Stock
cw/ns-Laser: 1030-1064 nm

Non-Polarizing Beamsplitter 45°, 1064 nm

S2:Coating 141338
PRs,p (45°,1064 nm) = 50 (+3) %
|IRs—Rp|<4 %

S1:Coating 141331
ARs,p (45°,1030-1064 nm) < 0.7 %
|IRs-Rp|<0.2 %

100
90
80
70 S
60
50
40
30
20
10

R [%]

wavelength [nm]

0
1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 11

10

0.2

wavelength [nm]

0.0
900 950 1000 1050 1100 1150

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price

1200

@25.0mm|t3.05mm B3 5/3x004 | 141607 = 270€

Non-Polarizing Beamsplitter 45°, 515 nm

S2:Coating 141344
PRs,p (45°,515 nm) = 50 (£3) %
|IRs—Rp|<4 %

S1:Coating 141341
ARs,p (45°,515-532 nm) < 0.7 %
|IRs-Rp|< 0.2 %

100
90
80
70
60
50
40
30
20
10

R [%]

wavelength [nm]

0
500 505 510 515 520 525 530 535 540 545

550

2.0 @

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.0
480

R [%]

wavelength [nm]

490 500 510 520 530 540 550 560 570

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price

580

@25.0mm|t3.05mm B3 5/3x0.04 141608 = 270€
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Standard Items from Stock
cw/ns-Laser: 1030-1064 nm

Non-Polarizing Beamsplitter 45°, 532 nm

S2: Coating 141346
PRs,p (45°,532 nm) =
|IRs—Rp|<4 %

S1: Coating 141341
ARs,p (45°,515-532 nm) < 0.7 %
|Rs-Rp|<0.2 %

50 (£3) %

wavelength [nm]
510 515 520 525 530 535 540 545 550 555 560

2.0 @

wavelength [nm]
480 490 500 510 520 530 540 550 560 570 580

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@250mm|[t3.05mm B3 5/3x0.04 141609 = 270€

Separator 45°, 515-532/1030-1064 nm

$2: Coating 141359
HRs,p (45°,515-532 nm) > 99.8 %
Rs (45°,1030-1064 nm) <5 %
Rp (45°,1030-1064 nm) < 2 %
S1:Coating 141377
ARs,p (45°,1030-1064 nm) < 0.7 %

100.0 @

99.9
99.8 p
99.7
99.6
99.5
99.4
99.3
99.2
99.1

99.0
450 460 470 480 490 500

R [%]

wavelength [nm]
510 520 530 540 550 560 570 580 590 600

1 @

9

8

7=

6 |

5 |e s

4

3

2

2) wavelength [nm}:

1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price

141892 | 216 €
1141895 200 €

@25.0mm|t3.05mm B3 | 5/3x0.04
@25.0mm|t635mm B4 5/3x0.04

Separator 45°, 1030/515 nm

S2:Coating 159375
HRs,p (45°,1030 nm) > 99.9 %
Rs,p (45°,515 nm) <3 %
S1:Coating 141341
ARs,p (45°,515 nm) < 0.7%
|Rs -Rp | < 0.2%

100.0 @

99.9 2
99.8
99.7
99.6
995
99.4
99.3
99.2
99.1

99.0
950 970 990

R [%]

wavelength [r]m]

1010 1030 1050 1070 1090 1110 1130 1150

10 @

9

8

7 —

6|8

5 e

4

3

2

(1) wavelength [nm]

565

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price

@250mm|t635mm B4 5/2x0.04 160937 = 390 €

Separator 45°, 1064/532 nm

S2:Coating 159374
HRs,p (45°,1064 nm) > 99.9 %
Rs,p (45°,532 nm) <3 %
S1:Coating 141341
ARs,p (45°,532 nm) < 0.7%
|Rs -Rp| < 0.2%

100.0 @
99.9
99.8 P
99.7 |
99.6 (X
995 |
99.4
993
99.2
991 V\{avelength [nm]
99050 1010 1040 1070 1100 1130 1160 1190 1220 1250
1;) @
8
7=
62
5 |
4
3
AN 5 /
1\/\\/\/\//\>o<><>o<>d<\ gt
o wavelength-fhm]

N
~
Ul

485 495 505 515 525 535 545 555 565 575

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@250mm|t635mm B4 5/2x0.04 160936 390 €




Separator 45°, p-pol. 343/515/1030 nm

S2:Coating 122334
HRp (45°,343 nm) > 99.0 %
Rs (45°,515 nm) <3 %
Rp (45°,1030 nm) < 2%
S1:Coating 122335
ARs (45°,515 nm) < 0.5%
ARp (45°,1030 nm) < 0.5%

100.0 @

99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2
98.0

R [%]

wavelength [nm]
300 310 320 330 340 350 360 370 380 390 400

O =N WAV ON®OO

wavelength [nm]
475 485 495 505 515 525 535 545 555 565 575

&)

O = N W A U1 O)N 0O OO
R [%]

P
wavelength [nm]

000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

‘ No. ‘ Imperfections ‘ Item # ‘Price
1160935 | 370 €

Substrate Dimensions
@25.0mm |[t3.05mm B3 | 5/2x0.04

Separator 45°, p-pol. 355/532/1064 nm

$2:Coating 115203
HRp (45°,355 nm) > 99.5 %
Rs (45°,532 nm) <5 %
Rp (45°,1064 nm) < 5%

S1: Coating 128506
ARs (45°,535 nm) < 0.5%
ARp (45°,1064 nm) < 0.5%

100.0 @

99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2
98.0

R [%]

wavelength [nm]
300 310 320 330 340 350 360 370 380 390 400

®

1

wavelength [nm]
475 485 495 505 515 525 535 545 555 565 575

O =N WAUION®OO

Standard Items from Stock
cw/ns-Laser: 1030-1064 nm

@

R [%]

S

p
wavelength [nm]]

0
9
8
7
6
5
4
3
2
1
0
1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

‘ No. ‘ Imperfections ‘ Item # ‘Price
1109816 | 370 €

Substrate Dimensions
@25.0mm |t3.05mm B3 5/2x0.04

Separator 45°, s-pol.
343-355/515-532/1030-1064 nm

S2:Coating 115258
HRs (45°,343-358 nm) > 99.9 %
Rp (45°,515-532 nm) <1 %
Rs (45°,1030-1064 nm) < 1%
S1: Coating 116338
ARp (45°,515-535 nm) < 0.3%
ARs (45°,1030-1064 nm) < 0.2%

100.0 @

99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2
98.0

R [%]

wavelength [nm]
300 310 320 330 340 350 360 370 380 390 400

5.0
4.5
4.0
35
3.0
2.5
2.0
1.5
1.0
0.5
0.0

wavelength [nm]
475 485 495 505 515 525 535 545 555 565 575

5.0 @

4.5
4.0
35
3.0
25
2.0
1.5
1.0
0.5

00 wavelength [nm]
1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@250mm|t635mm B4 5/2x0.04 116540 = 442€

119




120

Standard Items from Stock
cw/ns-Laser: 1030-1064 nm

Thin Film Polarizer 56°, 1030 nm

S2:Coating 141352
TFP (56°*,1030 nm) Rs > 99.9 % Rp <2 %
*specifications will be achieved by +2° angle adjustment
S1:Uncoated; Brewster angle - Rp (56°) ~0 %

100
90
80
70
60
50
40
30
20

10 p wavelength [nm]
980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080

R [%]

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@250mm|[t3.05mm B3 5/3x0.04 141535  345€

Thin Film Polarizer 56°, 1064 nm

S2:Coating 141353
TFP (56°*,1064 nm) Rs > 99.9 % Rp <2 %
*specifications will be achieved by + 2° angle adjustment
S1:Uncoated; Brewster angle - Rp (56°) ~0 %

100
90
80
70 g
60
50
40
30
20
10

R [%]

P_ wavelength [nm]
o ||
1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 1110

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@25.0mm|t3.05mm B3 5/3x004 141536 = 345€

Thin Film Polarizer 56°, 515 nm

S$2:Coating 141350
TFP (56°*,515 nm) Rs > 99.9 % Rp <2 %
*specifications will be achieved by + 2° angle adjustment
S1:Uncoated; Brewster angle - Rp (56°) ~0 %

100

90

80 S
70
60
50
40
30

20

R [%]

P_ wavelength [nm]|
490 495 500 505 510 515 520 525 530 535 540

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@25.0mm|t3.05mm B3 5/3x0.04 | 141537 = 345€

Thin Film Polarizer 56°, 532 nm

S$2: Coating 141351
TFP (56° *,532 nm) Rs > 99.9 % Rp <2 %
*specifications will be achieved by +2° angle adjustment
S1:Uncoated; Brewster angle < Rp (56°) ~0 %

100

R [%]

10 P wavelength [nm]]
510 515 520 525 530 535 540 545 550 555 560

‘Price
1141539 | 345¢

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item #
@25.0mm|t3.05mm B3 5/3x0.04

Window 0°

S2+S1: Coating 141348
AR (0°,515-532 nm) < 0.5 %
AR (0°,1030-1064 nm) < 0.3 %

100.0 @+®

99.8
99.6
99.4
99.2
99.0
98.8
98.6
98.4
98.2
98.0

T [%]

wavelength [nm]
460 480 500 520 540 560

580
100.0 @*@

99.5
99.0
98.5
98.0
97.5
97.0
96.5
96.0

95.5 wavelength [nm]
95.0

980 1010 1040 1070 1100 1130

T [%]

‘Price
1141890 | 126 €
1141885 156 €

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item #
@12.7mm|[t1mm A2 5/1x0.04
@25.0mm|[t3.05mm B3 5/3x0.04




2 pm: Ho:YAG, Tm:YAG

Standard Items from Stock
2 pm: Ho:YAG, Tm:YAG

;‘;,’:'f, — ] i’;‘:f :Z’Z:f Turning Mirror 45° ... .............. 121

s Mirror Output Coupler70 % .............. 121
laser crystal 45 Short Rave Output Coupler 80 % . ............. 121
& {.‘. [ * - Passqglter Output Coupler95% . ............. 122
GTI-Mirror 5°, -500fs? .. ............ 122

| TEP 557 Short Wave Pass Filter 45° .. ... ...... 122

Thin Film Polarizer 55° ... ........... 122

Output
Coupler

GTI-
Mirror $°

Turning Mirror 45°

Coating 160406 on Fused Silica IR grade
HRs (45°,2090 nm) > 99.9 %

100.0

99.9

99.8 3

99.7 P

99.6 |5
I

99.5 [&

99.4 |&

99.3

99.2

22'; wavelength [nm]

1800 1900 2000 2100 2200 2300 2400

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@12.7mm|t6.35mm |A4b |5/2x0.025 | 103180 168 €
@25.0mm|t6.35mm |B4b |5/2x0.04 160659 360 €

Output Coupler 70 %

S2: Coating 113886 on Fused Silica IR grade
PR (0°,2010 - 2100 nm) = 70(x2) %
S$1:Coating 116213
AR (0°,2010 - 2100 nm) < 0.25 %

100 @

wavelength [nm]
1800 1900 2000 2100 2200 2300

1.0 @

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

R [%]

00 wavelength [nm]
1800 1900 2000 2100 2200 2300

‘Price
147€

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item #
@127mm|[t635mm | A4b 5/2x0.025 102671

Output Coupler 80 %

$2: Coating 160390 on fused Silica IR grade
PR (0°,2010 - 2100 nm) = 80(x2) %
S$1:Coating 116213
AR (0°,2010 - 2100 nm) < 0.25 %

100
90
80
70
60
50
40
30
20
10

R >
®

0 wavelength [nm]
1800 1900 2000 2100 2200 2300

1.0 @

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

R [%]

0.0 wavelength [nm]
1800 1900 2000 2100 2200 2300

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@12.7mm|t635mm | A4b 5/2x0.025 100415 147 €
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122

Standard Items from Stock
2 pm: Ho:YAG, Tm:YAG

Output Coupler 95 %

S2:Coating 160391 on Fused Silica IR grade
PR (0°,2010-2100 nm) = 95(x1) %
S$1:Coating 116213
AR (0°,2010-2100 nm) < 0.25 %

100 (::>

99
98
97
96
95
94
93
92
91

R [%]

% wavelength [nm]
1800 1900 2000 2100 2200 2300

1.0 (::)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

R [%]

00 wavelength [nm]
1800 1900 2000 2100 2200 2300

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@127mm|[t635mm A4b 5/2x0.025 107781 147 €

GTI-Mirror 5°, -500 fs?

Coating 159365

HR (0-5°,2010 -2100 nm) > 99.9 %

GDD-R (0-5°,2010 - 2100 nm) = -500 (+x150) fs?
without GDD measurement

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1

R [%]

00 wavelength [nm]
1800 1850 1900 1950 2000 2050 2100 2150 2200 2250 2300

0
-100
-200
-300
-400
-500
-600
-700
-800

-900 wavelength [nm]
-1000

1900 1950 2000 2050 2100 2150 2200

GDD [fs?]

‘ Imperfections ‘ Item # ‘Price
'5/3x0.04 160660 | 720€

Substrate Dimensions ‘ No.
@25.0mm|t6.35mm B4

Short Wave Pass Filter 45°

S2:Coating 115311 on Fused Silica IR grade

HRs,p (45°%,2090 nm) > 99.8 %

Rs,p (45°*%, 1908 nm) < 3 %

*specifications will be achieved by + 3° angle adjustment
S1:Coating 123893

ARs,p(45°,1908 nm) < 0.6 %

’ mw
0 wavelength [nm]
1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600

®
p

100
90
80
70
60
50
40
30
20
10

AiBARRRRIN

?/ R [%]

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1

00 wavelength [nm]
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100 2120 2140

20 (::)

18
16
14
12
10

8

R [%]

R [%]

wavelength [nm]
1980 2000 2020 2040 2060 2080 2100 2120 2140

—-Oo N A O

900 1920 1940 1960

Substrate Dimensions ‘No. ‘Imperfections ‘Item# ‘Price
@12.7mm|t635mm  A4b | 5/2x0.025 110072 @ 420€
@25.0mm|t635mm | B4b | 5/3x0.04 112699  870€

Thin Film Polarizer 55°

Coating 113900 on Fused Silica IR grade
TFP (55°*,2090 nm) Rs >99.9 % Rp <1 %
*specifications will be achieved by + 3° angle adjustment

100 +)
£ ]
80
70
60
50
40
30
20
10

| 1000
| 999
| 998
| 997 S
| 996
| 995 s
| 994
| 993
| 99.2
| 991
| 990
2050

R [%]

2070 2090 2110 2130  2150|

0 wavelength [nm]]
2000 2020 2040 2060 2080 2100 2120 2140 2160 2180 2200

Substrate Dimensions
@25.0mm | t3.0mm

‘Price
1102787 | 557 €

‘ No. ‘ Imperfections ‘ Item #
'B3b | 5/2x0.04




Standard Items from Stock

3 pm: Er:YAG
Laser Output
Mirror Coupler
=/ Turning Mirror 45°
ErYAG . Mirror 4S° + Red «
— .+ Red \ ’-
A\
b - Tuming
pilot laser TMVWI'V'Q \ Mirror 45°
Minar 45 + Red Laser Mirror 0°, high power . ......... 123
Red Output Coupler80% .............. 123
Output Coupler85 % .............. 123
Output Coupler90 % . ............. 124
Turning Mirror 45°, Red R>95% . ... .. 124
Turning Mirror 45°, Red R<20% .. .. .. 124

For optics not specified here, please visit www.layertec.de, contact us at info@layertec.de or call us at +49 (0)36453 744 0.

Laser Mirror 0°, high power

Coating 160428 on Sapphire
HR (0°,2940 nm) > 99.8 %

100.0
99.9
99.8
99.7
99.6
99.5
99.4
99.3
99.2
99.1

R [%]

>
®

wavelength [nm]

99.0
2700 2750 2800 2850 2900 2950 3000 3050 3100 3150 3200

‘Price
177 €
320 €

‘ Imperfections ‘ Item #
5/2x0.04 100417
5/2x0.063 100418

‘ No.
A3e
B3e

Substrate Dimensions
@12.7mm | t3.0mm
@25.4mm | t3.0mm

Output Coupler 80 %

S2: Coating 160426 on Sapphire
PR (0°,2940 nm) = 80(+2) %
S1: Coating 120759
AR (0°,2940 nm) < 0.25 %

wavelength [nm]
2700 2750 2800 2850 2900 2950 3000 3050 3100 3150 3200

1.0 @

0.9
0.8
0.7
0.6
0.5
0.4
0.3

0.2
0.1 ——
’ wavelength [nm]

0.0
2800 2850 2900 2950 3000 3050 3100

R [%]

Substrate Dimensions
@12.7mm | t3.0mm

‘ Imperfections ‘ Item # ‘Price
1109753 | 177¢€

No.
A3e | 5/2x0.04

Output Coupler 85 %

S2: Coating 160425 on Sapphire
PR (0°,2940 nm) = 85(%2) %
S1: Coating 120759
AR (0°,2940 nm) < 0.25 %

2700 2750

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

.0
2800

Substrate Dimensions

2800

2850

2850 2900 2950

( R [%]

2900 2950

‘ No.

3000

‘ Imperfections ‘ Item #

wavelength [nm]
3100 3150 3200

)

3050

wavelength [nm]

3000 3050 3100

‘Price

@12.7mm|t3.0mm

A3e 5/2x0.04

1109581 | 177¢€
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Standard Items from Stock
3 ym: Er:YAG

Output Coupler 90 %

S2:Coating 135719 on Sapphire
PR (0°,2940 nm) = 90(x1) %
S1:Coating 120759
AR (0°,2940 nm) < 0.25 %

100 @

98
96
94
92
90
88
86
84
82

R [%]

20 wavelength [nm]
2700 2750 2800 2850 2900 2950 3000 3050 3100 3150 3200

1.0 @

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1 wavelength [nm]

.0
2800 2850 2900 2950 3000 3050 3100

( R [%]

‘ Imperfections ‘ Item # ‘Price
1100419 | 177 €

Substrate Dimensions ‘ No.
@127mm|[t3.0mm  A3e | 5/2x0.04

Turning Mirror 45°, Red R > 95%

Coating 113862
HRu (45°,2940 nm) > 99.5 %
Ru (45°,635-655 nm) > 95 %

100
99 s
98
97
9%
95
94
93
92
91

R [%]

%0 wavglength [nm]
2500 2600 2700 2800 2900 3000 3100 3200 3300 3400

100
99 f 5
98 Y

R [%]

92
91

wavelength [nm]
600 610 620 630 640 650 660 670 680

‘ Imperfections ‘ Item # ‘Price
'5/2x0.063 160977 | 287 €

Substrate Dimensions ‘ No.
@25.4mm|[t3.05mm B3

Turning Mirror 45°, Red R < 20%

Coating 115132 on Sapphire
HRu (45°,2940 nm) > 99 %
Ru (45°,635-655 nm) < 20 %

100
99 \
98

97

9%

95

94

93

92

91

R [%]

% wavelength [nm]
2600 2700 2800 2900 3000 3100 3200 3300

NR (%]

O =N WA U N WOWO
<

waveleng?h [nm].
600 610 620 630 640 650 660 670 680

Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@254mm|t3.0mm  B3e 5/2x0.063 109093  320€




Standard Items from Stock
Metallic Mirrors

Metallic Mirrors

Unprotected Gold Mirror ... ................. 125
Protected Gold Mirror .. .................... 125
Protected Silver Mirror, 600-1000 nm .. ........ 125
Protected Silver Mirror, 800-2000 nm .. ........ 126
Protected Aluminum Mirror, UV-range .......... 126
Protected Aluminum Mirror, UV-VIS-range . ... ... 126
Unprotected Gold Mirror Protected Silver Mirror, 600-1000 nm
Coating 140770 Coating 140780
Au unprotected Ag + protection layer, fs-opt. 600—1000 nm
HR (0°,800-20000 nm) > 98 % HR (0°,600-1000 nm) > 97 %
HRs (45°,800-20000 nm) > 98 % HRs (45°,600—-1000 nm) > 96 %
HRp (45°,800-20000 nm) > 97 % HRp (45°,600-1000 nm) > 96 %
100 | GDD-Rs,p (0—-45°,600-1000 nm)| < 10 fs?
99 100
98 99
97 98 | Ap2——
% |5 97 ﬂ"
s - 9% 45°p
94 S 95
93 § 94 %
% 2| =g 5
ZE) wavelength [nm] g 2 e é
600 800 1000 1200 1400 1600 1800 2000 2200 9 wavelength [nm] g
90SOO 600 700 800 900 1000 1100
LIDT o
6/ 0.5 J/cm?; 795 nm; 42 fs; 1 kHz; @80 pm WRCP Budapest 8
6
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price 3 \
@12.7mm|t635mm A4 5/2x0.025 142064 = 78€ 0 ;\ 45p—
@25.0mm|t6.35mm B4 5/2x0.04 142065 = 114 € 2 e 0°
@50.0mm|t9.5mm | C3 5/6x0.04 142066 @ 414€ 28 e
25x25mm|t6.35mm K2 | 5/2x0.04 142067 | 138€ 8
10 wavelength [nm]
500 600 700 800 900 1000 1100
Protected Gold Mirror LiDT
Coating 140777 6/ 5 J/cm?; 1064 nm; 7ns; 10Hz; @480 pm LAYERTEC
Au +protection layer 6/ 0.7 J/cm?; 795 nm; 42 fs; 1 kHz; @80 ym  WRCP Budapest
HR (0°,800-4000 nm) > 95 %
HRs (45°,800-4000 nm) > 95 %
HRp (45°,800-4000 nm) > 94 % Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
. @127mm|t635mm A4 5/2x0.025 142089 @ 75€
oS @250mm|[t6.35mm B4 5/2x0.04 142088 | 100 €
%8 @50.0mm|[t9.5mm C3 | 5/6x0.04 142086 @ 336 €
97 25x25mm|t6.35mm K2 | 5/2x0.04 142083 | 130€
9% (=
95 =
94 = §
93 §
92 2
91 N
% wavelength [nm] S
600 800 1000 1200 1400 1600 1800 2000 2200
LIDT
6/ 0.2 J/cm?; 795 nm; 42 fs; 1 kHz; @80 pm WRCP Budapest
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Price
@12.7mm|t635mm A4 5/2x0.025 142074  84€
@25.0mm|t635mm B4 5/2x0.04 142075 = 118€
@50.0mm|t9.5mm C3 5/6x0.04 142076 @ 432€
25x25mm|[t6.35mm K2 5/2x0.04 142077 | 148¢€
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Standard Items from Stock
Metallic Mirrors

Protected Silver Mirror, 800-2000 nm Protected Aluminum Mirror, UV-range
Coating 140831 Coating 142407
Ag + protection layer, fs-opt. 800-2000 nm Al enhanced, 260-360 nm opt.
HR (0°,800-2000 nm) > 97 % HRs,p (0-45°,260-360 nm) = 90 %
HRs (45°,800-2000 nm) > 98 % | GDD-Rs,p (0-45°,260-360 nm)| < 1 fs?
HRp (45°,800-2000 nm) > 97 % 100
| GDD-Rs,p (0—45°,800—-2000 nm)| < 5 fs? 98 =
96
100 10°
» g; 45°
98 |45 %0 &
o7 ) 88 7 é
/
% %0 86 §
95 N S
04 = S 84 §
93 2 ;E, 82 wavelength [nm] s
[ 5 80
92 2 240 260 280 300 320 340 360 380 400
:(1) wavelength [nm] § 1.0
600 800 1000 1200 1400 1600 1800 2000 2200 0.8
1.0 0.6
o8 ot
o0 00 |3
02 NE___ g5 o2l ‘%ﬁ
0.0 |5 45 0419 Vs
02 : 0.6 @
0.4 (A 08 wavelength [nm]
a -1.0
0.6 v 240 260 280 300 320 340 360 380 400
:?i wavelength [nm] i i . i
: 600 300 1000 1200 1400 1600 1800 2000 2200 Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # ‘Prlce
@127mm|t635mm A4 5/2x0.025 142415 = 88€
LIDT @250mm|t6.35mm B4 5/2x0.04 142416 = 126€
6/ 5 J/cm?; 1064 nm; 7ns; 10Hz; @480 um LAYERTEC @500mm|t95mm €3 5/6x0.04 142417 | 465¢€
6/ 0.7 J/cm?; 795 nm; 42 fs; 1 kHz; @80 ym  WRCP Budapest 25x25mm|[16.35mm K2 5/2x0.04 142418 | 170¢€
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # Price Protected Aluminum Mirror’ UV-VIS-range

@12.7mm|t635mm A4 5/2x0.025 142093

|

‘ Coating 140842
@250mm|t635mm B4 5/2x0.04 | 142094 = 108 €

|

|

Al +protection layer

Bl HRs,p (0-45°,266+400 +800 nm) > 80 %

143 € | GDD-Rs,p (0-45°,266 +400+800 nm)| < 10 fs?

for polarization-sensitive and low-power ultrafast applications

@50.0mm|t9.5mm | C3 5/6x0.04 142096
25x25mm|t6.35mm K2 | 5/2x0.04 | 142099

100
95

45°
90
85 10°
80 45°

75
70
65
60
55
50

R [%]

Measurement

wavelength [nm]
280 360 440 520 600 680 760 840 920 1000

N
(=3
o

Q0° 45°

455

wavelength [nm]

SO AN ONNO®O
GDD-R [fs?]

200 300 400 500 600 700 800 900 1000
Substrate Dimensions ‘ No. ‘ Imperfections ‘ Item # Price
@12.7mm|t635mm A4 5/2x0.025 142069 54.€
@25.0mm|t6.35mm B4 5/2x0.04 142071 90 €

|
|
@50.0mm|[t9.5mm | C3 | 5/6x0.04 142091 = 330¢€
25x25mm|t6.35mm K2 | 5/2x0.04 142092
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Standard Items from Stock
Low Loss Mirrors: for CRD-Measurements

Low Loss Mirrors: for CRD-Measurements

scientific toy vacuum chamber _ photodetector

©

N L Sa—

Attenuar.‘o,, |
_ ldg
60
-50
-40
-30
-20
-10
6
-3
-1
0

100 | 794 300
1000 000

For optics not specified here, please visit www.layertec.de, contact us at info@layertec.de or call us at +49 (0)36453 744 0.

Principal Curves of Reflectance and Transmittance

Rewe i >i
|3>‘ g 1
__________ 'EH n:
R (i Amad : :g - ok
1 1 1= S Ll |
1 1 c 1) [~ +
2 U S K=l 1> Y]
S 13 ] ] 1> t‘l
= ':II (] E |b N
g 1. - 2! B ooeclzed . RS RS YRS NSRS AN
o 2 S y E T U Ao | |
o Il|> ;. | 1 1
1S ] 1 1
TS N 1 T
N Ny Tam 1 1
g nl 1, U
v AL | "' wavelength > AL | “'wavelength
Figure1: Principal curve of reflectivity of a low loss mirror and Figure 2: Principal curve of transmission of a low loss mirror and
definition of central wavelength (CWL) and bandwidth (AA) definition of central wavelength (CWL) and bandwidth (AA)
Rewe T R T Substrate Dimensions . .
CWL [%] lppm] AA [%] |[ppml [mm] No. Imperfections Item # Price
©12.7116.351CC1000 R13 @.8 5/2x0.016 140970 234 €
350 (7)nm >99.97 30 35nm 9993 30 oo i6351CC1000 S13 @20 5/2x0.04 | @el0 5/2x0.016 140949 474 €
©12.7116351CC1000 R13 @.8 5/2x0.016 140969 234 €
20(1 . 2 98 1
>20(x10)nm  >99.99 | 20 60nm  99.98 100 oo ie 351 CC1000 S13 | @20 5/2x0.04 1 el 5/2x0.016 140964 474 €
©12.7116.351CC1000 R13 @.8 5/2x0.016 140968 234 €
640(15)nm | >99.99 20 80nm 9998 100 oo )46 351 CC1000 S13 ©.20 5/2%0.041 Bel0 5/ 2x0.016 140965 474 €
@12.7116.351CC1000 R13 @.8 5/2x0.016 140067 234 €
76015 nm | >99.995 1 15 110nm 9999 100 oo )16 3511000 S13 ©.20 5/2x0.041 Bel 5/2x0.016 | 140966 474 €
@12.7116.351CC1000 R13 @.8 5/2x0.016 140992 234 ¢€
960(x20)nm  >99.995 20 110nm  99.99 100 | poc )16 351 cC1000 S13 @20 5/2x0.04 1 Bel0 5/2x0.016 140974 474 €
©12.7116.351CC1000 R13 @.8 5/2x0.016 140973 234 €
1045(20)nm  >99.995 20 120nm 9999 100 | o0 )46 351cC1000 S13 0,20 5/2x0.04 | @el0 5/2x0.016 | 140971 474 €
@12.7116.351CC1000 R13 @.8 5/2x0.016 140991 234 €
1260(x20)nm >99.995 15 190nm | 99.99 100 o0 6351 CC1000 S13 @.20 5/2x0.04 | @el0 5/2x0.016 140975 474 €
©12.7116351CC1000 R13 @.8 5/2x0.016 140989 234 €
1392 (+2 . 15 2 99 1
392(x20)nm  >99.995 15 200nm  99.99 100 | ooy i6 351 CC1000 S13 @20 5/2x0.04 1 Bel0 5/2x0.016 140976 474 €
©12.7116.351CC1000 R13 @.8 5/2x0.016 140987 234 €
1550 (22 . 1 99 1
°50(x20)nm  >99.99 50 | 130nm  99.99 100 pop ) ie 351 CC1000 13 3,20 5/2%0.04 1610 5/2x0.016 | 140977 474 €
@12.7116.351CC1000 R13 @.8 5/2x0.016 140986 234 €
1670 (+20 99.99 25 180 99.99 100
20 m > nm @25.0116.351CC1000 S13 | .20 5/2x0.041 @10 5/2x0.016 140980 474 €
@12.7116.351CC1000 R13 @.8 5/2x0.016 140984 234 €
1980 (+20 9999 25 180 99.99 100
(+20)nm | > nm ©25.0116.351CC1000 S13 .20 5/2x0.04 1 P10 5/2x0.016 140981 474 €
©12.7116.351CC1000 R13 @.8 5/2x0.016 140983 234 €
2300 (+30 9999 25 220 99.99 100
@30 nm > nm ©25.0116.351CC1000 S13 ©.20 5/2x0.041 P10 5/2x0.016 | 140982 474 €

Low Loss Mirrors are shipped with individual CRD measurement reports (reflectance and transmittance). CRD measurement
reports can also be requested individually for all Low Loss Mirrors in stock.
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Standard Items from Stock
Low Loss Mirror Set: for High Finesse Cavities

Low Loss Mirror Set: for High Finesse Cavities

Please contact us regarding your coating specifications.

Low Loss Mirror Low Loss Mirror
plane / plane Spacer CC/plane
T i T e R e e i
}' A -
. ____ =
— ) /
Material sample |
Ir A - “‘
- EEEEEEEE e ”l
w
o AT PSP P R SR VRS SR f"equency
Comp;/a;at/ow Cowtp;/a;at/ow
Plane/ Plane Substrate CC 1000/ Plane Substrate
Customized Coating on ULE or Fused Silica Customized Coating on ULE or Fused Silica
Dimensions: @ 25.0 mm, t 6.35 mm Dimensions: @ 25.0 mm, t 6.35 mm, CC 1000 mm
(No. B4 g/h) (No. T1 a/b)
S2:plane, A/10, $2: CC 1000 mm, A/10,
HR-coating @ 7 mm (with &, 5 mm) HR-coating @ 9 mm (with &, 6 mm)
edge area: polished for optical contacting to spacers edge area: polished for optical contacting to spacers
S1:plane, A/10, S1:plane, A/10,
AR-coating @ 5 mm (with &, 4 mm) AR-coating @ 5 mm (with @, 4 mm)
edge area: polished for optical contacting edge area: polished for optical contacting
to compensation ring to compensation ring
st S1
£
£
E $
& . §
£ __S c _ S
; @] HE: @11z

1 ]o
ULE or pl/pl <
<

Fused Silica Fused Silica
Principal sketch Principal sketch

Eg Bundle
@ 1 coating batch up to 8 substrates (free choice) m t r [ Spectral CRD measurement of reflectance &
Typical yield and cleanliness: see tables page 35 transmittance in vacuum with ppm accuracy

é Customized coatings for HR- and AR side /=7  Measurementreport and clean-room
9 |§'J packaging (single item packaging)

A/10

@ Laser engraving Bundle price 5000-7000¢€

Please contact us regarding your coating specifications (wavelength, finesse range, required transmittance). Depending on
wavelengths and coating complexity, the achievable reflectance may differ. Therefore, it is validated before shipping by in-house CRD
measurements. More Information on low-loss coatings can be found at page 81 under Low Loss Optical Components. Upon request,
we also produce complete cavities. Please refer to Optical Assemblies at page 175 for more details.



Standard Items from Stock
Low Loss Mirror Set: for High Finesse Cavities

Example Coating 1

Low Loss Mirror for 1 Wavelength
HR (0°,1542 nm) > 99.998 %
T (0°,1542 nm) ~5-7 ppm

100.000 @ 20 @
99.999 18
99.998 £ 16 1S
S S
99.997 3 14 3
99.996 |rg N 12 = N
O\G < £ <
99.995 |= = 10 & =
= IS = IS
99.994 QEJ 8 [ g
99.993 B ]
99.992 g 4 3
99.991 3 2 ~
99990 wavelength [nm] N o wavelength [nm] N
71450 1470 1490 1510 1530 1550 1570 1590 1610 1630 1650 1450 1470 1490 1510 1530 1550 1570 1590 1610 1630 1650
Substrate Dimensions ‘ No. ‘ Batch ‘Price Pieces ‘ Imperfections
©25.0]6.35 Bag/h 5800 € 4 '5/1x0.006
@25.0(t6.35|CC1000  Tla/b \ 2 15/1x0.01
*1 batch up to 8 pieces 2 ‘ 5/1x0.025

Defect distribution within 1 batch (up to 8 pieces)

Example Coating 2

Low Loss Mirror for 3 Wavelengths

HR (0°,647 nm) > 99.996 % | HR (0°,871+920 nm) > 99.99 %

T (0°,647 nm) ~5-10ppm | T (0°,871 nm) ~5-15ppm | T (0°,920 nm) ~20-30 ppm
100 @
90
80
70
60
50
40
30
20
10

; R [%]

Calculation (theory)

0 wavelength [nm]
550 600 650 700 750 800 850 900 950 1000 1050

100.000 @ 100

3

99.999 90 g
>
99.998 £ 80 -
99.997 3 70 =
99.996 N 60 = S
Iy \& <
99.995 | £ 50 (& o
99.994 (& IS 20 & S
IS IS
99.993 S 30 S
99.992 2 20 32
99.991 g 10 g
99'990 wavelength [nm] = 0 wavelength [nm] =
77620 630 640 650 660 670 680 690 700 620 630 640 650 660 670 680 690 700
100.000 ) 100 ©)
99.999 90
99.998 £ 80 £
99.997 3 70 3
) O
99.996 |_ N 60 g N
99.995 |& < 50 | & 3
= e =
99.994 | S 40 [ g
£ £
99.993 s 30 S
99.992 2 20 3
99.991 g 10 S
99.990 wavelength [nm]| = 0 wavelength [nm] =
“7830 840 850 80 870 880 890 900 910 920 930 830 840 850 860 870 880 890 900 910 920 930
Substrate Dimensions ‘ No. ‘ Batch ‘Price Pieces ‘ Imperfections
@25.0|16.35 ‘B4g/h - 6500 € 4 15/ 1x0.006
©25.0(16.35|CC1000  Tla/b 2 '5/1x0.01
*1 batch up to 8 pieces 2 ‘ 5/1x0.025

Defect distribution within 1 batch (up to 8 pieces)
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Precision Optics

Precision Optics

How to Specify Substrates .....