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Motivation

• pump sources

→ non-linear converters to the mid and far infrared

→ generation of supercontinuum

2.9 µm pumping enables 3-9 µm wavelength range 

Applications of 3 µm lasers:



20.07.2017copyright by LISA laser products OHG 4

Motivation

• sufficient absorption in plastic materials

→ cutting, welding, and marking

→ direct processing:

• additives (e.g. carbon) redundant (typically needed with 1 µm 
lasers) 

Applications of 3 µm lasers:

degussa

degussa
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Motivation

• strong absorption in water

→ low penetration depth

→ clean cuts

→ high precision tissue removal (surface tumors)

Applications of 3 µm lasers:
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Spectroscopy and energy level scheme

• direct pumping at 980 nm

• ZBLAN as host

→ high transmission up to 3.5 µm

→ low phonon energy

→ long lifetime of upper laser level 

(6.9 ms)

→ Q-switching: extraction of high-energy pulses

Er3+ energy level scheme:
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Setup and laser experiments

Fibre laser setup:

Er doped fiber

3 µm o. c.

HR 3 µm

HR 976 nm
HT 3 µm

976 nm pump diode

AOM
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Setup and laser experiments

Specifications of fibre:

• double clad fibre (octagonal) 

• Er concentration: 60,000 ppm by mol

• core: 33 µm, NA = 0.12

• cladding: 330 µm, NA = 0.5

• buffer diameter: 460 µm 



20.07.2017copyright by LISA laser products OHG 9

Setup and laser experiments

AOM developed by G&H:
• TeO2

• 1.5 mm aperture, 30 mm path

• operation frequency 41 MHz

• loss modulation > 80 %

• AR coated 2500 to 3000 nm

AOM

AOM
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Setup and laser experiments

AOM
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Setup and laser experiments

Q-switched laser operation:

• RF Power: 10 W

• frep = 1 kHz

• Emax = 560 µJ
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Setup and laser experiments

Q-switched laser operation:

• tpulse = 53 ns

• Ppeak = 10.6 kW

• FE,max = 70 J/cm²

• pulse amplitude fluctuation

< 12 %

• laser wavelength: 2.79 µm
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Setup and laser experiments

gain medium λpump

[nm] 
λlase

[µm]
frep

[kHz]
Eout

[µJ]
Ppeak

[kW]
reference

Er:ZBLAN 975 2.8 100 100 0.9 S. Tokita et al., Opt. Lett. 36 (15), 2011

Er:ZBLAN 976 2.783 37 1.67 0.6·10-3 C. Wei et al., Opt. Lett. 38 (17), 2013

Er:ZBLAN 975 2.789 41.2 24.3 12.15·10-3 G. Zhu et al., IEEE Jour. of Lightw. Techn., 32 (23), 2014

Er:ZBLAN 976 2.79 1 560 10.6 S. Lamrini et al., CLEO-E, paper CJ_7_2, 2015

Q-switched laser operation:
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Potential applications

Er:ZBLAN fibre laser

passive Fluoride fibre
400/500 µm
NA = 0.27 tissue samples

Cutting of soft tissue:
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Potential applications

Cutting of soft tissue:

• hand-guided cutting

• reduced collateral damage

• reduced carbonisation effects

• potential application: stapedotomy 

20 mm
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Summary

Pump level scheme and spectroscopy of Er:ZBLAN:

• direct pumping at 980 nm

• long lifetime of upper laser level (6.9 ms)

Q-switched laser operation at 1 kHz: 

• Emax = 560 µJ

• tpulse = 53 ns

• Ppeak = 10.6 kW

• λlas = 2.79 µm

Future work:

• tissue ablation experiments

• packaging

• long term stability tests
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Thank you for your attention!
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