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FEMTOSECOND LASER OPTICS  |  for Ti:Sapphire and related lasers

Bandwidth of the high reflectance and low GDD range

Component	W avelength 	 P - polarization	 S - polarization
	 range	 R>99%, |GDD|<20fs2	 R>99.5%, |GDD|<20fs2

	

Turning mirror 3rd 	 UV	 30 nm	 50 nm
harmonic			 

	

Separator 3rd 	 UV	 30 nm	 50 nm
harmonic			 

	

Dual wavelength 	 UV	 15nm	 26nm
turning mirror	 UV/VIS	 34nm	 72nm	
Turning mirror 4th 	 UV	 5 nm (R>93%)	 15nm (R>97%)
harmonic			 
Turning mirror 5th 	 UV	 4 nm (R>90 %)	 12 nm (R>97%)
harmonic				  

SPECIAL COMPONENTS
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Figure 4:	 Reflectance (a) and GDD - spectra (b) of a separator with high reflectivity in a small wavelength range 
	 in the VIS and high transmission for the third and fourth harmonics of the Ti:Sapphire laser:
	 HRs(45°, 420nm)>99% + Rp(45°, 200 + 270nm)<3%

PROPERTIES OF FEMTOSECOND UV COATINGS
·	 Depending on the wavelength range of the ground wave the coatings described in the data sheets on the 

pages 68–71 can be used for the following centre wavelengths:
			   – Third harmonic: 	 250 – 330nm
			   – Fourth harmonic:	 180 – 250nm
			   – Fifth harmonic: 	 150 – 180nm

·	 Bandwidths of the coatings are given in the table below

·	 Coatings are optimized for broad reflection bands, high reflectivity and low GDD

·	 Different substrate and coating materials depending on the wavelength range; components for 220 nm and 
below consist of fluoridic layer systems on CaF2- substrates

FEMTOSECOND LASER OPTICS  |  for Ti:Sapphire and related lasers

COMPONENTS FOR THE HIGHER HARMONICS OF THE Ti:SAPPHIRE LASER

The fourth and fifth harmonics of the Ti:Sapphire laser provide fs-pulses in the DUV / VUV range. These offer a 
variety of applications in spectroscopy as well as in materials science. Optics for these very special applica-
tions must be optimized for high reflectivity and low dispersion.

TURNING MIRRORS AND SEPARATORS FOR THE FOURTH HARMONIC

COMPONENTS FOR THE FIFTH HARMONIC
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Figure 3:	 Reflectance (measured, a) and GDD - spectra (calculated, b) of a turning mirror for 160nm (AOI = 45°)
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Figure 1:	 Reflectance (measured, a) and GDD - spectra (calculated, b) of a turning mirror for 200nm (AOI = 45°)
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Figure 2:	 Reflectance (a) and GDD - spectra (b) of a separator for the fourth harmonic 
	 from the longer wavelength harmonics and the ground wavelength (AOI = 45°)
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FEMTOSECOND LASER OPTICS

GTI - MIRRORS FOR OTHER FEMTOSECOND LASERS

Special features:

·	 GDD between – 200fs² and –2000fs²

·	 Very high reflectivity

·	 Measured LIDT 0.1 J/cm²

·	 Centre wavelength, bandwidth and GDD according to customer specification.
	 Please note that bandwidth and GDD are closely connected. A high value of negative GDD results in a very 

narrow bandwidth.

·	 Spectral tolerance 1% of centre wavelength
	 GTI - mirrors with a GDD up to –500 fs² are designed for a bandwidth of λ> 20 nm and will meet the specifi-

cation even if the centre wavelength is 1% apart from the design wavelength. At higher GDD -values it is 
favourable to design the laser so that the GTI - mirror can be tilted by ± 10° to adjust the mirror for its best 
performance.

·	 In house design calculation and measurement capabilities (GDD 250 –1700 nm, R-measurement by CRD at 
several wavelengths in the VIS and NIR)
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Figure 3:	 Reflectance (a) and GDD spectra (b) of GTI mirrors for 1130 nm with different GDD values
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Figure 4:	 Reflectance (a) and GDD spectra (b) of GTI mirrors for 1500 nm with different GDD values

FEMTOSECOND LASER OPTICS

GIRES-TOURNOIS-INTERFEROMETER (GTI) MIRRORS 

Gires -Tournois - Interferometer mirrors are used for pulse compression in femtosecond lasers such as Yb:YAG - or 
Yb: KGW- lasers. LAYERTEC offers GTI mirrors also for the Ti:Sapphire wavelength range and for wavelengths 
up to 1600nm. Compared to prism compressors GTI mirrors reduce the intra-cavity losses resulting in higher 
output power of the laser.

GTI - MIRRORS FOR THE Ti:SAPPHIRE WAVELENGTH RANGE

Figure 1:	 Reflectance (a) and GDD (b) spectra of a pair of GTI - mirrors for 780 – 840 nm 
	 (single mirrors: GDD= –160 ± 20 fs², mirror pair: GDD = –160 ± 10 fs²)

The mirror pair shows a very smooth average GDD spectrum, although the single mirrors exhibit considerable GDD 
oscillations.
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Figure 2:	 GDD spectra of GTI -mirrors for 1030nm with different GDD values (a), of a GTI -mirror with nearly constant TOD (b) and comparison 
	 of measured and calculated GDD spectra of a GTI mirror with GDD –500fs2 (c)

Measured and calculated GDD - curves match very well which proves the reliability of the coating process.

GDD [fs2] reflectivity [%] 
measured by CRD
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GTI - MIRRORS FOR Yb:YAG - and Yb:KGW- LASERS
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Please note the large bandwidth of this mirror. Low dispersion turning mirrors are available with bandwidths 
of about 200 nm for p - polarization and of about 400 nm for s - polarization in this wavelength range.

BROADBAND NEGATIVE DISPERSION MIRROR PAIRS
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Figure 3: 	 Reflectance (a) and GDD (b) spectra of a broadband negative dispersion mirror pair; single mirrors with R > 99.7 % (mirror 1) and 
	 R > 99.85 % (mirror 2)

Especially 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 trans-
mission at the pump wavelength of the respective laser type) are also possible.

BROADBAND NEGATIVE DISPERSION TURNING MIRRORS

Figure 4: 	 Reflectance (a) and GDD (b) spectrum of a broadband negative dispersion turning mirror for p - polarized light
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FEMTOSECOND LASER OPTICS

OPTICS FOR FEMTOSECOND LASERS IN THE 1100 –1600nm 
WAVELENGTH RANGE

Although Ti:Sapphire lasers are at present the most important femtosecond lasers many applications require 
femtosecond pulses at considerably longer wavelengths. Several lasers emitting light between 1100 nm and 
1600 nm have been developed in the recent years, such as the Cr : Forsterite laser (1150 – 1350 nm) or the 
Er : Fibre laser (1550 nm). On these pages we present some examples of coatings – negative dispersion mirrors 
and mirror pairs, cavity and turning mirrors – which are intended to show our capabilities also for femtosecond 
laser optics in this spectral region. 

Special features:
·	 Very high reflectivity of the mirrors (R > 99.8 % … R > 99.95 % depending on the design)
·	 Centre wavelength, bandwidth, GDD and TOD according to customer specification
·	 Spectral tolerance 1% of centre wavelength
·	 LIDT ~ 0.1 J/cm²
·	 In house design calculation capabilities

NEGATIVE DISPERSION LASER AND PUMP MIRRORS

Figure 1: 	 Reflectance (a) and GDD (b) spectrum of a negative dispersion laser mirror 
	 (GDD~ –150 fs² for 1200 – 1370 nm)
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Figure 2: 	 Reflectance (a) and GDD (b) spectrum of a negative dispersion pump mirror: 
	 HR(0°, 1180 –1380nm) > 99.8% + R(0°, 1020 –1070nm) < 5%, GDD (1180 – 1380nm) ~ – 60 fs²
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Substrate Materials LAYERTEC Mirrors* Common Lasers
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2940 nm  Er :YAG  laser	 p. 50

2100 nm  Ho :YAG  laser	 p. 48
2060 nm  Ho :YAG   laser	 p. 48
2010 nm  Tm :YAG   laser	 p.48

1550 nm  Er : Fibre   laser  	 p. 73–75

1340 nm  Nd :YVO4   laser	 p. 46
1320 nm  Nd :YAG   laser	 p.46

1135 nm  Fosterite   laser
1100 nm  Yb : Glass   laser
1064 nm  Nd :YAG   laser	 p.38
1030 nm  Yb :YAG  laser	 p.36

800 nm  Ti:Sapphire  laser  	p. 52 –  65
755 nm  Alexandrite laser	 p. 30	
694 nm  Ruby  laser	 p. 30  	
633 nm  HeNe   laser
578 nm  Cu -Vapour laser
532 nm  Nd :YAG  -  SHG	 p. 40

355 nm  Nd :YAG -THG	 p. 42
325 nm  HeCd laser	
308 nm  XeCI laser	 p. 28
266 nm  Nd :YAG - FHG	 p. 44
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*Bandwidths of selected LAYERTEC mirrors

946 nm  Nd :YAG  laser	 p. 46
915 nm  Nd :YVO4   laser	 p. 46

LAYERTEC MIRRORS
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Absorption	 5, 10, 17, 22, 23, 88, 90
Alexandrite laser	 30, 31
Aluminum	 21, 24, 27, 96, 97
Anti reflection coating	 16
ArF laser	 26, 27, 45, 97
Astronomical applications	 22, 94, 95, 96, 97

Barium fluoride	 10, 11, 99
BK7	 10–14
Broadband mirrors	 20, 22, 23, 32, 34, 47, 76–83, 94, 96
Broadband femtosecond mirrors	 56–66

Calcium fluoride	 10–14, 24–29, 44, 45, 71
Cavity ring down (CRD)	 7, 38, 39, 72, 86, 88–91
Chromium	 22, 98
Copper	 21, 99
Cr:Forsterite	 74
Crystals	 14, 41, 78, 92, 93

Diode lasers	 34, 35, 37, 40, 46, 50, 83, 95
Dye laser	 82

Edge filters	 19, 20, 36, 37, 49, 80, 84, 85
Electron beam evaporation	 5
Er:YAG 	 50, 51, 92
Etalon	  14

F2 laser	  24, 25, 97
Femtosecond lasers	 36, 37, 52–75, 94
Fibre laser (Er:doped)	 53, 75
Fibre laser (Yb doped)	 36, 37, 85
Fifth harmonic	 44, 45, 70, 71
Filters	 18, 33, 36, 37, 84, 85
Flatness	 10–14
Fourth harmonic	 44, 45, 70, 71
Fresnel equations	 15
Fused silica	 10–14
Fused silica (UV	 10–14
Fused silica (IR	 10–14

Gires-Tournois-Interferometer mirror (GTI mirrors)	 53, 72, 73
Gold	 21, 65, 99
Group delay dispersion (GDD) 	 52–75, 78, 83

Harmonics	 40–45, 66–71
High power femtosecond mirrors	 64, 65
High power Nd:YAG mirrors	 38, 39
High power Yb:YAG mirrors	 36, 37
Ho:YAG	 48, 49, 92

Ion beam sputtering	 4

Laser induced damage                                                 
threshold (LIDT)	 23, 25, 27, 29, 37–39, 64, 65, 86, 95
Lenses	 8, 12
Losses, optical	 4, 5, 17, 18, 88–91
Low loss optical components	 88–91

Magnesium fluoride	 16
Magnetron sputtering	 4

Metallic coatings 	 21, 94–99
Metal-dielectric coatings	 22, 60, 61, 82, 83, 94–99 

Nd:YAG	 38–47, 92
Nd:YVO4	 38–47, 92
Negative dispersion mirrors	 52–75
Negative dispersion mirror pairs 	  56–59, 62, 63, 75

Optical parametric oscillators (OPO)	 76–81

Picosecond optics 	 36, 37, 64, 65
Platinum	 99
Polarization 	 19, 86, 87
P-Polarization 	 19, 86, 87
Polishing	 13
Power spectral density (PSD)	 13
Pump mirror	 38–41, 46, 47, 54–59

Quarterwave stack	 16
Q-switch	 23, 92

Roughness	 11, 13, 88–91
Ruby laser	 30, 31

Sapphire	 10,11, 51, 76–81
Scanning mirrors 	 82–83, 95
Scattering	 17, 88
Second harmonic	 40, 41, 46, 47, 66, 67
SF10	 10
Silver	 21, 22, 60–65, 83, 94, 95
Special polishing	 13, 14, 88–91
S-Polarization	 19, 86, 87
Substrate materials	 10, 11
Substrates	 8–14
Surface quality	 8–14
Surface roughness	 10, 13, 88–91

Thermal evaporation	 5
Thin film polarizer	 19, 36–51, 86, 87
Third harmonic	 42–43, 68–69
Third order dispersion (TOD)	 52, 53, 62, 63
Ti:Sapphire laser	 32, 33, 52–73, 82–87
Tm:YAG	 48, 49
Tungstanates	 see Yb:KGW

Undoped YAG	 10–12, 14, 48–51, 76–81
UV coatings	 24–29, 42–45, 68–71, 96, 97

Vanadates 	 see Nd:YVO4

XeCl laser	 28, 29
XeF laser	 28, 29

YAG, undoped	 10–12, 14, 48–51, 76–81
Yb doped	 36, 37, 84, 85
Yb:KGW	 36, 37, 92
Yb:YAG	 36, 37,92

Zirconium	 99
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Interference Optics
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The colours of soap bubbles result from interference effects. 
These effects are also the active principle of optical coatings.




