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COMPONENTS FOR WEAK Nd:YAG OR Nd:YVO, LASER LINES

Neodymium doped crystals show laser transitions at different wavelengths. Table 1 gives an overview about

<100 0.0
the laser wavelengths of the most common Nd doped materials Nd:YAG and Nd:YVO,. = u ::tg;]?gl’&) Feature Reflectivity
80 A0I = 0° m HR mirror for the weak HR(0°, 1123nm)
70 laser line >99.9%
Nd:YAG Nd:YVO, :g Suppression of the R(0°, 1064nm)
Laser lines Second harmonic Laser lines Second harmonic 0 strongest laser line <50%
946 nm 473 nm 915 nm 457 nm - High transmission for R(O°,0 808nm)
. the pump wavelength  <10%
0o 932nm 1064nm 532nm 10 High transmission for ~ R(0°, 561nm)
1123 nm S61nm 0 the second harmonic of <2%
1319nm 659 nm 1340nm 670nm 450 350650750 850 950 1050 1150 1250 1350 1450 the weak laser line
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Table 1:  Laser lines and corresponding wavelengths of the second harmonic of Nd-YAG and Nd:YVO, Figure 2: Reflectance spectrum of a dichroic mirror with high transmission for the pump wavelength which also suppresses the 1064nm line:

HR(0° 1123nm)>99.9% + R(0°, 561nm)<2% + R(0°, 808nm)<10% + R(0°, 1064nm)<50%

As can be seen, a variety of laser lines in the VIS and NIR can be obtained from these crystals. This pheno-
menon is used to build compact diode pumped solid stated lasers with a variety of wavelengths which are
used for measurement applications as well as for projection systems (RGB lasers).

Reflectivity
HR for s-polarized light HRs(56° 1123nm)
of the weak laser line  >99.9%

Suppression of p-polar-  Rp(56°, 1123nm)
ized light of the weak ~ <50%

laser line

Feature
The strongest laser transition in both materials is the 1064nm line. Efficient laser radiation at the other

wavelengths is only possible by suppressing this line. LAYERTEC offers a variety of laser mirrors for this
application.

Compact laser designs include also the pump diode (808nm) and a unit for the second harmonic generation.
This is the reason, why coatings for Nd:YAG or Nd:YVO, wavelengths apart from 1064nm mostly show sev-

eral spectral regions of high transmission as well as of high reflection. In the following we present some

Suppression of the Rs+p(56°, 1064nm)

examples of such coatings. All coatings are designed according to customer specifications, because the strongest laser line <50%
specifications depend on the laser design. All examples on these pages are for Nd:YAG wavelengths. Coat- Flelh remsmisslon or | Bopl5er, Boemm)
ings for Nd:YVO, can be designed and produced as well. e o
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Figure 1: Reflectance spectrum of a dual wavelength mirror for a weak laser line and its second harmonic with high transmission
for the pump wavelength and the strongest laser line:
HR(0°, 473nm)>99.85% + HR(0°, 946nm)>99.95% + R(0°, 808nm)<2% + R(0°, 1064nm)<5%
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Rs+p(56° 561nm)

the second harmonic of <10%

the weak laser line

Reflectance spectra of a thin film polarizer with high transmission for the pump wavelength and the second harmonic which also suppresses

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

Feature
Broadband HR mirror
for several laser lines

High transmission for
the second harmonics
of these laser lines

HR (0% 1064+ 1123 +1319nm)>99.9% + R(0°, 532-561+659nm)<2%
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Reflectivity

HR(O°, 1064 +1123+
1319nm)>99.9%
R(0°, 532-561 +
659nm)<2%

Reflectance spectrum of a dichroic mirror with high reflectance for the NIR wavelengths and high transmission for the corresponding second
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COMPONENTS FOR Ho:YAG AND Tm:YAG LASERS

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

MIRRORS
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Figure 1: Reflectance spectra of a cavity mirror (a) and a pump mirror (b) which has a region of high transmittance around 808nm.
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Figure 2: Reflectance spectra of a cavity mirror for 2010nm which supresses the 2100nm line (a) and a turning mirror for 2100nm (b)

HR cavity, pump and turning mirrors with R>99.9% at AOI=0° and at AOI=45° for s-polarization, R>99.8 %
at AOI=45° for p-polarized light

High laser induced damage thresholds
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OUTPUT COUPLERS AND BEAMSPLITTERS

—
2
=
o

100.0

90

80

70

60

50

A0l =0°

1800 1900 2000 2100 2200 2300 2400 2500

49‘

Figure 3: Reflectance spectrum of an output coupler

pu ot with R=82% at 2100nm

Beam splitters and output couplers with precisely adjusted degrees of reflectivity:

Reflectance Tolerance
R>95% +0.5%
R=80 ...95% +1%
R=10% ... 80% +2%

THIN FILM POLARIZERS AND EDGE FILTERS
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Figure 4: Reflectance spectra of a thin film polarizer for 2010nm (Rs>99.8%, Rp<2 %, AOI=55°) (a)

and a steep edge filter for the separation of the 2010nm and 2100nm lines (b)

Thin film polarizers:
Separation of the s- and p-polarized component of the light (s-polarized light is reflected and
p-polarized light is transmitted)

TFPs can be produced for AOI>40°, but polarization is most efficient and appears in a broad

wa

velength range if AOI=55° (Brewster angle) is used
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COMPONENTS FOR Er:YAG LASERS AND THE 3pm REGION

COMPONENTS FOR Er:YAG LASERS OUTPUT COUPLERS AND LENSES

HR cavity and turning mirrors - Output couplers with precisely adjusted degrees of reflectivity (tolerances of +1% at reflectivities between
70% and 90%)
Reflectivity: R>99.9% at AOI=0°, R>99.8% at AOI=45° for random polarized light
AR coatings with residual reflectivities R<0.2 % on the rear side of output couplers as well as on lenses and
High damage thresholds (400J/cm? at 400 ps) windows made of sapphire, undoped YAG, CaF, or Infrasil® (for substrate materials see pages 10-11)

Pump mirrors with high transmittance between 800nm and 1100nm for pumping with a Nd:YAG laser or
a diode laser
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0 Figure 3: Reflectance spectra of output couplers Figure 4: Reflectance spectrum of an AR-coating for 2,94pm
800 1050 1300 1550 1800 2050 2300 2550 2800 3050 3300 with R=70% (a) and R=84% (b) on sapphire
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COMPONENTS FOR OTHER LASERS AROUND 3pm

Figure 1: Reflectance spectrum of a HR cavity mirror with a HT region between 800nm and 1100nm

Dual wavelength turning mirrors, e.g. HRr(45°, 2940 nm)>99.5 % +Rr(45°, 630-655nm)>95% The fundamental effect which is especially used for the medical application of lasers emitting light between
2.6-3.4pm is the strong absorption of water in this wavelength range. Between 2.6pm and 2.8pm the absorp-
Beam splitters and beam combiners, e.g. HRr(45°, 2940 nm) >99%+Rr(45°, 630-655nm)<20% tion of water is still stronger than at 2.94pm (Er:YAG laser) which makes lasers working in this wavelength

range (e.g. the Er:Cr:YSGG laser) promising candidates for future applications.

These components allow to use a He-Ne laser or a diode laser between 635nm—-655nm for the alignment

of the optical system However, the strong absorption of water is also the most serious problem with respect to laser damage. There-
fore, it is essential to keep the layer system free of water. LAYERTEC uses magnetron sputtering for the produc-
tion of coatings for the 3pm region. The high atomic density of sputtered layers which is close to that of bulk
material suppresses the diffusion of water into the layer systems.

= 100 | = Ll W This enables LAYERTEC to offer also coatings for the critical 2.6—2.8pm region. Figure 5 shows as an example
— ol ﬂ a HR mirror centered at 2.8pm with a reflectivity R>99.7 %.
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Figure 2: Reflectance spectra of a dual wavelength turning mirror (a) and
a separator/combiner for 2940nm and a pilot laser between 630nm and 655nm (b) 0
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Absorption

Alexandrite laser
Aluminum

Anti reflection coating
ArF laser

Astronomical applications

Barium fluoride
BK7

Broadband mirrors

Calcium fluoride

Cavity ring down (CRD)
Chromium

Copper

Cr:Forsterite

Crystals

Diode lasers
Dye laser

Edge filters

Electron beam evaporation
Er:-YAG

Etalon

F2 laser
Femtosecond lasers
Fibre laser (Er:doped)
Fibre laser (Yb doped)
Fifth harmonic

Filters

Flatness

Fourth harmonic
Fresnel equations
Fused silica

Fused silica (UV
Fused silica (IR

Gires-Tournois-Interferometer mirror (GTI mirrors)

Gold

Group delay dispersion (GDD)

Harmonics

High power femtosecond mirrors

High power Nd:YAG mirrors
High power Yb:YAG mirrors
Ho:YAG

lon beam sputtering

Laser induced damage
threshold (LIDT)

Lenses

Losses, optical

Low loss optical components

Magnesium fluoride
Magnetron sputtering
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Metallic coatings
Metal-dielectric coatings

Nd:YAG
Nd:YVO,
Negative dispersion mirrors

Negative dispersion mirror pairs

Optical parametric oscillators (OPO)

Picosecond optics

Platinum

Polarization

P-Polarization

Polishing

Power spectral density (PSD)
Pump mirror

Quarterwave stack
Q-switch

Roughness
Ruby laser

Sapphire
Scanning mirrors
Scattering

Second harmonic
SF10

Silver

Special polishing
S-Polarization
Substrate materials
Substrates
Surface quality
Surface roughness

Thermal evaporation

Thin film polarizer

Third harmonic

Third order dispersion (TOD)
Ti:Sapphire laser

Tm:YAG

Tungstanates

Undoped YAG
UV coatings

Vanadates

XeCl laser
XeF laser

YAG, undoped
Yb doped
Yb:KGW
Yb:YAG

Zirconium
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*Bandwidths of selected LAYERTEC mirrors

Broadband mirrors

Special broadband mirror

OPO optics

LAYERTEC Mirrors*

A

Diode lasers p.34

Ar Iines

Yb:Fibre p.36

LiSAF
Ti:Sapphire p.32, 52-65, 72

Ti:Sa-SHG p. 66

Common Lasers

. 2100nm
= 2060nm
-— 2010nm
i 1550nm

| 1320nm

| 1135nm
L — 1100nm
— 1064nm
—— 1030nm

| 946nm
915nm

B 500
-\ 755nm

—— 694nm
__— 633nm
~_—578nm

. 532nm

Er:YAG laser

Ho:YAG laser
Ho:YAG laser
Tm:YAG laser

Er:Fibre laser

Nd:YVO, laser
Nd:YAG laser

Fosterite laser
Yb:Glass laser
Nd:YAG laser
Yb:YAG laser

Nd:YAG laser
Nd:YVO, laser

Ti:Sapphire laser
Alexandrite laser
Ruby laser
HeNe laser
Cu-Vapour laser
Nd:YAG-SHG

Nd:YAG-THG
HeCd laser
XeCl laser

Nd :YAG-FHG
KrF laser

ArF laser
F,laser

p.50

p.48
p.48
p.48

p.73-75

p.46
p.46

p.38
p.36

p.46
p.46

p.52-65
p.30
p.30

p.40

p.42

p.28
p.44
p.28
p.26
p.24




Interference Opti&cs

¥

The colours of soap bubbles result from interference effects.
These effects are also the active principle of optical coatings.
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