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What do we need solid state midWhat do we need solid state mid--IR IR 
lasers for?lasers for?

• Sensing
– Organic molecular fingerprints

LIDAR– LIDAR
• Medicine & Dentistry
• Material processing• Material processing

• Free space communication• Free space communication

• Defense related applicationsDefense related applications
– Target designation
– IR countermeasures



Three different semiconductor technologies for direct Three different semiconductor technologies for direct 
lasing in Midlasing in Mid--IRIRlasing in Midlasing in Mid--IRIR

c
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a) A diode laser generates light from the recombination of electrons and holes across the 
semiconductor’s bandgap, and the material’s bandgap determines the wavelength of emission. 

b) In a quantum cascade laser,  light is generated from an energy transition in the conduction 
band of a semiconductor superlattice. By changing the thicknesses of the quantum wells and 
barriers in the superlattice, we can change the wavelength of light emitted.
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c) In transition metal doped II-VI semiconductors light is generated from an energy transition of 
Impurity excited optically or electrically.



Motivation for transition metal Motivation for transition metal 
(e.g. Cr(e.g. Cr2+2+, Fe, Fe2+2+) doped II) doped II‐‐VI (e.g. VI (e.g. ZnSeZnSe) semiconductor lase) semiconductor lasers

For femto chemistry molecular time resolved measurements molecular spectroscopy trace gasFor femto‐chemistry, molecular time‐resolved measurements, molecular spectroscopy, trace gas 
analysis, biomedical applications, etc. one should directly reach molecular fingerprint 2‐20 µm region. 

Mid‐IR tunable, cw‐fs sources are required

Requirements:Requirements:
• Sufficient bandwidth
• Low cost, compact, directly diode‐pumped  low threshold
• High brightness, i.e. good spatial coherence (TEM00). 

Solutions:
• OPO (bulk ZGP, PPLN, orientation‐patterned GaAs): 

almost ideal solutions, but rather complex and costly
• QCL: nice solution for λ > 3.4 µm, not as broadbandQCL: nice solution for λ > 3.4 µm, not as broadband
• Semiconductor InGaAsSb/GaSb lasers: narrow tuning, no fs, gap around 2.7‐3 µm
• Crystalline vibronic lasers: ultrabroadband up to 50 % λ, cw‐fs, room‐temperature

A h h i
Ti:S/Cr:LiSAF Cr:Zn/CdSe Fe:ZnSe/ CdZnTeCo:MgF2
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CrCr2+ 2+ and Feand Fe2+2+ in in ZnSZnS, , ZnSeZnSe, , CdSeCdSe
High emission and absorption cross 
section (10-18cm2)
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for Cr
CW >22W
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Bulk Crystal Preparation by a quantitative postBulk Crystal Preparation by a quantitative post--growth growth 
thermal diffusionthermal diffusionthermal diffusionthermal diffusion

Post-growth thermal 
diffusion 

Chemical vapor transport 
polycrystal growth or 
IR window purchase Polycrystal

Dopant

P=10-5 torr
T= 950-1000 C

p Polycrystal

T  950 1000 C 
t=3-10 daysStarting PowderPolycrystal

• Fast diffusion of dopant with 
suppressed sublimation in Zn and Se

Cr:ZnSe
suppressed sublimation in Zn and Se 
sub-latticies. 

• Low scattering loss (1-2 % per cm) in 
thermally diffusion doped crystals;

• Uniformly-doped, reasonably large 
samples up to 7 mm thickness;

• Quantitative  technology enabling 
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pre-assigned concentration of dopant 
with accuracy better than 3%

• Good for High-Power (tunable) Lasers



UAB MidUAB Mid--IR IR Laser Materials and Laser Materials and Lasers are featuredLasers are featured
in in the the Laser Focus World and Photonics Laser Focus World and Photonics Spectra



UAB MidUAB Mid--IR IR Laser Materials and Lasers are featuredLaser Materials and Lasers are featured
inin thethe J.J. International Innovation, September 2012International Innovation, September 2012in in the the J. J. International Innovation, September 2012International Innovation, September 2012



CommercializationCommercialization

“One local startup is Photonics p
Innovations is founded by OS 
researchers  and produces middle-
infrared gain materials and lasers 
out of Innovation Depot. ”

UAB-OS start-up Photonics 
Innovations, Inc. was acquired by 
IPG Photonics Corporation, world 
leader in fiber laser technology.

UABRF has negotiated the terms 
and signed license agreement with 
IPG Photonics Corporation to 
enable the company to utilize mid-
IR platform technologies as well as 
to develop commercial 
applications.



High Power High Power Cr:ZnSeCr:ZnSe/S fiber/S fiber--bulk midbulk mid--IR hybrids IR hybrids 

Target Applications
Pl ti P i

Medical Applications:
Model FFML-Cr-ZnSe/S-2.25-5
Multi-Watt Output Power 
Narrow-line fixed wavelength 
Wavelengths within 2000 - 3000 nm available

Plastic Processing:
Cutting & Welding
Marking & Drilling

Tissue & Bone Cutting
Dental Applications
Skin Rejuvenation
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Cr:ZnSeCr:ZnSe/S Narrow Line Tunable Laser /S Narrow Line Tunable Laser 

Model HPTLM-CrZnS/Se-2400-3000
Multi-Watt (20W) Output Power
Narrow Linewidth Operation <0 1 nmNarrow Linewidth Operation, <0.1 nm 

available

Tunable wavelength range up to 1200 nm 

(with one set of optics)(with one set of optics)

Any central wavelength within 2-3µm

TEM00 Output Beam Quality

ApplicationsApplications
Spectroscopy
OPO Pump Source

Medical Applications

Environmental Monitoring

Industrial Process Control

Material processing 
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Rapidly  Tunable Laser Module Rapidly  Tunable Laser Module 
RTLMRTLM--CrCr--ZnSZnS--SeSe--23502350--10001000

Sample spectroscopic measurements. The acquisition time for each spectrum 
is 1 ms.

MAIN FEATURES
• Up to 1000 spectra per second (i.e. 1kHz wavelength 

tuning rep rate).
• Milli-Watt to Multi-Watt Output Power
• Narrow Linewidth Operation, 0.05-0.5 nm available*
• Tunable wavelength range up to 700 nm

APPLICATIONS
• Rapid Laser Spectroscopy
• Medical Applications
• Environmental Monitoring
• Industrial Process Control
• Material processing• Tunable wavelength range up to 700 nm

• Any central wavelength within 2-3µm
• TEM00 Output Beam Quality

* Single-Frequency rapidly-tunable module is under development

• Material processing 

12



Cr:ZnSeCr:ZnSe/S single/S single--frequency tunable fiberfrequency tunable fiber--bulk bulk 
hybrids hybrids 

Model SFTL-Cr-ZnSe/S-2200-
5000

Target Applications
• High Resolution • Industrial Process Control

Multi-Watt Output Power
Narrow Linewidth, <1 MHz
Large tuning range with a single set of 
optics (any wavelength within 2000 -
3000 nm tuning range is available)

Spectroscopy
• OPO Pump Source
• Medical Applications
• Environmental Monitoring

• Material processing 
• Free Space Communications

3000 nm tuning range is available)
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2 Channel Integrated CW high power tunable and  2 Channel Integrated CW high power tunable and  
gaingain--switched high energy tunable switched high energy tunable Cr:ZnSeCr:ZnSe laserlaser

M i F tMain Features
Tunability 2300-3000 nm
CW Channel Output power 10
GS Channel Output Energy up to 3 mJ
Pulse Duration 5 20 nsPulse Duration 5-20 ns
Repetition Rate 0.1-1 kHz
TEMoo Output Beam Quality

Applications
Laser skin treatment

CW Cr:ZnSe

Laser skin treatment
Laser scalpel
Material processing 

GS Cr:ZnSe
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High Energy Free Running High Energy Free Running Cr:ZnSeCr:ZnSe midmid--IR laser IR laser 
Pump source 9 mmPump Laser Specs 

1. λ=1540 nm.

Cr:ZnSe laser

Palomar
Er –glass laser  

L~10 cm; ∅ 15 mm

1. λ 1540 nm.
2. E max =10J
3. D=800 um.
4. NA=0.15
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Cr:ZnSe Laser 
1. λ=2650 nm.

Incident pump energy @ 7 ms, 
J

0 1 2 3 4

Incident pump energy @ 7 ms, 
J

1. λ 2650 nm.
2. E max =1.05 J

3. τ=5-7 ms
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High Energy High Energy FreeFree--Running, Pulsed, Fixed Frequency Running, Pulsed, Fixed Frequency 
Fe:ZnSeFe:ZnSe Laser:  Model PFFLLaser:  Model PFFL--FeFe--ZnSeZnSe

Oscillation Spectrum  
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MAIN FEATURES APPLICATIONS

Wavelength, µm

• Any wavelength within 3.9-5.1µm 
available 

• High Output Energy  >400 mJ
• Pulse Duration 200 µs
• Max. Repetition Rate >30 Hz

• Spectroscopic 
• Sensing  
• Medical
• Defense related applications 
• Seeding, or pumping middle-infrared 

optical parametric oscillators
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CW CW NarrowlineNarrowline MidMid--IRIR
Tunable Tunable Fe:ZnSeFe:ZnSe LaserLaser

MAIN FEATURES
• Any wavelength within 3.7-4.8µm available 
• Output Power >300 mW• Output Power  >300 mW
APPLICATIONS
• Spectroscopic 
• Sensing  
• Medical
• Defense related applications 
• Seeding, or pumping middle-infrared 

optical parametric oscillators 

Laser linewidth Output beam profile

Typical Tuning Curveyp g
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Gain SwitchedGain Switched MidMid--IR Fixed Frequency IR Fixed Frequency or or 
Tunable Tunable Fe:ZnSFe:ZnS/Se Lasers/Se Lasers

Main Features:
• Output wavelength within 3.6-5.0µm 
• Output Energy >0 5 mJ Typical output input characteristics of• Output Energy >0.5 mJ
• Pulse Duration 2-20 ns
• Repetition rate 0.1-1 kHz
• TEM00 Output Beam Quality
• Room Temperature

Typical output-input characteristics of 
Fe:ZnS laser operating at 3950 nm at 1 

kHz rep. rate at RT

• Room Temperature 
Operation

Typical Applications:
M di l A li tiMedical Applications 
Environmental Monitoring
Industrial Process Control 
Materials Processing
S iSensing  
MALDI Mass Spectroscopy
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MiddleMiddle--Infrared Pulsed/CW Material Infrared Pulsed/CW Material 
Processing StationProcessing Station

LASER OPTIONS
• Pulsed: 2.1-2.7 um,  5-20* mJ, variable pulse 

rate (0.1-1kHz)
• CW: 2.0-3.0 um,  5-20* W
• Dual-Wavelength (switchable)
• Continuously tunable option

Weld of transparent 
textured polymer film (0.4 

mm thick)

• Gaussian/Flat-Top beam profile options

MAIN FEATURES APPLICATIONS Weld of transparent PETMAIN FEATURES
• Class I laser safety enclosure
• Precision XYZ positioning stage
• Galvanometer beam steering
• CNC Controller

APPLICATIONS
• Polymer material processing (Welding, 

Cutting, Drilling, Marking, Ablation)
• Medical research applications
• Medical materials processing

Weld of transparent PET 
film (0.1 mm thick)

• Scan lens for small feature processing
• Variable beam spot at target plane option
• Vacuum chuck options
• Visible guide beam
• Coaxial high-resolution camera

Advantages of Mid-IR lasers for 
polymer processing:
• Strong, broad absorption lines in 2-3um 

spectral range
• Variable penetration depth
• No contrast additives required

Weld of transparent 
ETFE film (0.2 mm 

thick)
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No contrast additives required )



Future Future MidMid--IR IR Laser ScalpelLaser Scalpel



Medical application of UAB midMedical application of UAB mid--IR lasers. Skin resurfacingIR lasers. Skin resurfacing

12 W CW Er-
fiber laser

Optical 
isolator

Dichroic 
filter

5-15W @ 2.7-2.9 µmCr:ZnSe
L

ZnSe HR ZnSe OC

Skin resurfacing procedures; the 
photocoagulation of pigmented 
lesions, such as lentigos (age 

spots), solar lentigos (sun spots) 
and dyschromia; melasma; 

treatment of periorbital wrinkles 
and for dermatological conditions 
requiring the coagulation of soft 

tissue.



FiberFiber--bulk hybrids bulk hybrids –– new approach for dental lasersnew approach for dental lasers

Threshold of 
ablation
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Cr:ZnSe Output
35 mm
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End Mirror

OC beamTm-Fiber laser 
Head



What is midWhat is mid‐‐IR absorption spectroscopyIR absorption spectroscopy‐‐ “optical nose”?“optical nose”?

Th 2 15 t l i i th t d i d i b t i tThe 2-15 µm spectral region is the most desired region by spectroscopists

Resultant Transmission Spectrum – Mid-Infrared Radiation (2-20 µm)p ( µ )
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MiddleMiddle--infrared Optical Nose infrared Optical Nose 
By rapidly tuning the wavelength of the OPG, the absorption of a gas mixture is measured as a function of the
wavelength.

Main Control Computer with Optical sourceDetection 

The instrument will be capable of identifying a large variety of molecular organic trace-gases in multi-compound
gas-mixtures and to quantify them at ultra-low concentration levels in real time.

Spectrum Recognition and
Molecule Identification 

Software
Wavelength 
Controller

Frequency Locker Pump LaserElectronic
Unit

Photoacoustic or Multipass Cell 
2-10 µm

PD OPG/OPA
Unit

Tunable
Laser

µ

Sample
Preparation
Sample

P tiPreparationPreparation



””Optical Nose” systemOptical Nose” system
Optical detection of the trace ammonia  

and ethane using “Optical Nose” 
detection system

Th t iti itThe system sensitivity was 
equal to 5 ppbv for ethane 

and 0.11 ppbv for ammonia 

* From NSF Website



Future activities Future activities 
(Stand(Stand--off detection of the organic compounds  )off detection of the organic compounds  )

Spectrum of the Molecular Marker

Control Unit
Pump Fiber-Laser

Tunable OPG-OPA Laser System

Control Unit

Q-Switched Laser Unit

Detector

Tunable 
Laser Unit

OPG-OPA Unit
Develop stand off detection of  IED’s  and  

organic compounds for environmental 

Telescope

OPG OPA Unit g p
monitoring  



Future  Future  Electrically pumped MIDElectrically pumped MID--IR LASER based on TM doped IIIR LASER based on TM doped II--VI VI 
semiconductors semiconductors 

e e

ZnSe

n:ZnSe

Tuning curve of  Cr:ZnS laser

h h

Cr2+
ZnSe

p:ZnSe 0 50

We are going to use developed  techniques to fabricate We are going to use developed  techniques to fabricate 
thin films and quantum dots of ZnSe and ZnS doped thin films and quantum dots of ZnSe and ZnS doped 

with Chromium samples for enhancement of the with Chromium samples for enhancement of the 
electrical excitation of the transition metalselectrical excitation of the transition metals

p:ZnSe

0.25

0.50
Tuning curve of  Fe:ZnSe laser

electrical excitation of the transition metals. electrical excitation of the transition metals. 

4.0 4.2 4.4 4.6 4.8 5.0 5.2
0.00

pp--n junction structures for compact, electrically n junction structures for compact, electrically 
pumped broadly tunable midpumped broadly tunable mid--IR laser sources based IR laser sources based 

on TM ions in IIon TM ions in II--VI MaterialsVI Materials

Wavelength, µm



Development of electrically pumped midDevelopment of electrically pumped mid--IR IR 
lasers for ultralasers for ultra--portable trace gas detection portable trace gas detection 

systemssystemssystemssystems
Fabricate TM doped II-VI structures  - goal electrically pumped, tunable mid-IR light sources

Milestones: 
First demonstration of mid-IR lasing of

Single Cr:ZnSe
electroluminescenceFirst demonstration of mid IR lasing of 

PLD grown Cr:ZnSe/sapphire waveguide 
structures under optical excitation
Demonstration of a strong mid-IR 

electroluminescence in bulk Cr:ZnSe

electroluminescence

single crystals
Ms. Konak 

PhD Defense, 
April 2013

Current effort
optimize TM doped nanocomposite and thin film 

1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
Wavelength, nm 

p p p
structures for “electrically excited mid-IR light sources.
Study transition metal doped bulk, thin film and QD II-VI 
structures for “electrically pumped, tunable mid-IR light 

sources”.

J. E. Williams, V.V. Fedorov, D. V. Martyshkin, R. P. Camata, and S. B. Mirov; “Mid-IR laser oscillation in Cr2+:ZnSe planar 
waveguide,” Optics Express 18, 25999-26006 (2010). 

S.B. Mirov, V.V. Fedorov, D.V. Martyshkin, I.S. Moskalev, M.S. Mirov, and V.P. Gapontsev, “Progress in Mid-IR Cr2+ and Fe2+ 
doped II-VI materials and Lasers (invited)”, Optical Materials Express, 1, 898-910 (2011). 



Future Quartz Enhanced PhotoFuture Quartz Enhanced Photo--Acoustic SpectroscopyAcoustic Spectroscopy
“QEPAS“QEPAS-- Optical Nose”Optical Nose”QEPASQEPAS-- Optical NoseOptical Nose

QEPAS allows to increase QEPAS allows to increase 
iti it f f d fiti it f f d f

ff00 = 32 768Hz = 2= 32 768Hz = 21515 HzHz
sensitivity of few orders of sensitivity of few orders of 

magnitude with respect to PASmagnitude with respect to PAS

00
High stabilityHigh stability
CompactnessCompactness

Sample size ~ 1mmSample size ~ 1mm33

Single Mode Broadband 
Tunable Mid IR

Gas chamber with QTFGas sample Pump

Gas inlet Gas outletHo/Er:YAG
Tunable Mid-IR 

Cr2+:ZnSe laser Source 
Modulated at QTF 

Frequency of 32768Hz
Focusing lens

Power 
meter

pumping 
source for 
Cr2+:ZnSe
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Future Dual Frequency Comb Optical Future Dual Frequency Comb Optical 
NoseNose

Dual mid-IR comb
Sample

Fe:ZnSe Fe:Cd Zn Te

Fe:Cd0.5Zn0.5Te 
Photoluminescence 

DET

Fe:Cd0.5Zn0.5Te 
Random Lasing

In
te

ns
ity

, a
.u

.

FT

Spectrum3000 4000 5000 6000 7000 8000
Wavelength, nm 

Two similar mid-IR femtosecond oscillators have slightly different line spacing. One of the 
beams interrogates a multiple-pass cell, which contains the analyte and than both radiations 
are heterodyned against each other on a single fast photodetector, yielding a down-converted 
radio-frequency comb containing information on the absorption losses experienced by each 
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ad o eque cy co b co a g o a o o e abso p o osses e pe e ced by eac
line of the interrogating fs laser. The electrical signal is digitized and is Fourier transformed 
using a fast Fourier-transform algorithm. 



MidMid--IR Lasers Closing words. IR Lasers Closing words. 
Analogy with Analogy with Ti:sapphireTi:sapphire

The Ti:sapphire laser was The Cr:ZnSe/S laser was pp
the result of about a 
decade of concentration 
on a single idea - tunable 
near-IR solid state lasers. 

also the result of about a 
decade of concentration 
on a single idea - tunable 
mid-IR solid state lasers.

Thank you (not) - MIT 
Patent Office (the old 
one)
Estimate that over $600

Thank you  - UAB RF

Hope to show at least 
the same performanceEstimate that over $600 

million in laser systems 
have resulted, along with 
at least two Nobel prizes

the same performance
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