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2 micron laser sources

 Diode pumped solid state (DPSS) Laser

 Fiber Laser

 Difference frequency generation (DFG)

 Optical parametric oscillator (OPO)

 Semiconductor Laser

 Free Electron Laser
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Tm3+ / Ho3+ doped laser hosts
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Energy levels of Tm,Ho codoped YLF

Cross Relaxation (CR)

Energy Transfer Upconversion (ETU)
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2 micron DPSS laser 

Chinese Optics Letters, 3, 463-465 (2005)

Optics & Laser Technology, 39, 782-785 (2007)

388 mW

113 mW

 The crystal temperature = 293 K

 Output coupler = 2 %

 Pth = 250 mW

 The single frequency Pmax

= 113 mW (Pin = 2810 mW)

 The single frequency could be tuned 

from 2063 to 2069 nm by changing 

the angle of  the 1 mm thick etalon
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2 micron fiber laser - Diode pumped fiber laser

OPTICS EXPRESS Vol. 18, 8937 (2010)

790 nm
1900 nm

2100 nm

~

Energy levels of Tm3+ / Ho3+ in silica

Pump = 279 W @ 792 nm

Output = 112 W @ 1988 nm

Slope efficiency = 43.3 %



Page  10

1230 nm
1800 nm

2200 nm

~

Energy levels of Tm3+ / Ho3+ in silica

2 micron fiber laser - All-fiber laser

QUANTUM ELECTRONICS Vol. 35, 586 (2005)

Pump = 20 W RFL @ 1231 nm

Output = 7 W @ 1956 nm

Slope efficiency = 35 %
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Setup of our 2 micron laser
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CHIN. PHYS. LETT. Vol. 26, 024209 (2009)

2 micron laser pumped Mid-IR sources

 Optical parametric oscillator (OPO)

 Difference frequency generation (DFG)

Q-switched 2 μm laser

Mid-IR OPO
15 ns pulse

10 kHz repetition rate
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2 micron laser pumped Mid-IR sources

 Optical parametric oscillator (OPO)

 Difference frequency generation (DFG)

OPTICS LETTERS, Vol. 33, 1699 (2008)

2.6-4 μm

(~3.4 mJ)

2.128 μm

(~30 mJ)

4.6-11.2 μm

(~2 mJ)

(bandwidth ＜2 cm−1)
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Mid-IR Sources

(2~12 micron)

Atomic & Molecular 

Physics

Application of Mid-IR Sources

The strongest vibrational transitions in molecules 

are located in the mid-infrared spectral region, 

between 2 and 12 μm.

Annual Review of Analytical Chemistry, Vol. 3, 175-205 (2010)
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Mid-IR Sources

(2~12 micron)

Chemical 

Monitor & Sensor

Application of Mid-IR Sources

 Lidar

 Gas monitor

 Semiconductor Processing Monitor
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Mid-IR Sources

(2~12 micron)

Breath Analysis

Application of Mid-IR Sources

Sensors, Vol. 9, 8230 (2009) 

Acetaldehyde (CH3CHO) - alcoholism and lung cancer

Ammonia (NH3) - renal failure and asthma

Carbon dioxide (CO2) and 13C-isotope - Helicobacter 

and liver malfunction 

Carbon monoxide (CO) - hypertension and smoking 

cessation monitor 

Methane (CH4) - colonic fermentation and intestinal 

problems 

Nitric oxide (NO) - asthma, hypertension, and rhinitis 

…
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Mid-IR Sources

(2~12 micron)

Biomedical & 

Medical 

Applications

Application of Mid-IR Sources

J. Opt. Technol. Vol. 77 (1), 6, (2010)

The objective of laser ablation is to remove a definite 

part of tissue, leaving the surrounding tissues alive.

 Vessel-carrying tissues cutting : brain surgery 

requires surface coagulation “thermal damage” in 

order to reach hemostasis stopping of blood flow.

 Vessel-free tissues cutting : cosmetology wounds 

heal better when there is no thermal damage.

 Soft-tissue cutting: λ = 6.1 μm : the deepest crater 

and the lowest collateral thermal damage



Page  20

Mid-IR Sources

(2~12 micron)

Military Applications

Application of Mid-IR Sources

 Target acquisition

 Surveillance

 Night vision

 Tracking
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Outlook
y

CURRENT NEWS
Strategies Unlimited says “mid-infrared 
lasers could be boosted with advancements 
in several new laser technologies.”

http://compoundsemiconductor.net/csc/news-details.php?cat=news&id=19732386

Advancements in several new laser

technologies are opening new opportunities in

the part of the spectrum between telecom lasers

and the nascent terahertz range, called the mid-

infrared. This range is currently dominated by

applications in materials processing and

medical procedures, but new military and

sensing applications will add sizeable and

exciting opportunities in the next few

years. The new segments will grow 30% per

year, compounded annually through 2014.

Mid-Infrared Lasers 2010

(Market Review and Forecast)
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Thanks For Your Attention!


