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Why Mid-IR Lasers? 

Molecules possess strong fundamental 
vibration-rotation lines in the mid-IR 

There is less spectral interference in the 



What are the Challenges for Mid-IR Lasers? 

Electrons & hO!PS cC!mbi!?e ts give photon emissioii 

Light emission wavelength h 0~ 1/E, 

_---- Mid-IR lasers require narrow E, materials 
0 0 

4 Narrow E, materials are hard to grow and hard to process into devices 

+ Visible & near-IR lasers are well established 
>) Large commercial investment drivers (consumer products, optical commun.) 
)) Negligible market thus far for longer wavelength lasers 

>> Non-radiative losses increase rapidly 
>) Inadequate electrical confinement 
)) Poor efficiency in utilizing bias voltage 
>> Free carrier absorption loss 
)> Non-uniform distribution of injected carriers 

Semiconductor lasers develop other problems as h increases 



Interband Cascade (IC) Laser - Promising Approach 
[original concept, R.  Q. Yang, Superlattices and Microstructures, 17, 77 (1995)l 
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>> high efficiency, large output power, "sa. 
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interband transition - 
>> circumvents fast phonon scattering I. .*. * I  ; : q T  

quantum engineering at sub-nanometer scale 
and Sb-based type-I1 QW system 

)> suppresses non-radiative Auger losses 
H allows for wide wavelength tailoring range 
>> excellent carrier confinement because of 

band-gap blocking feature 

Low threshold current, high efficiency, 
high output power mid-IR lasers 



Typical IC Laser Structure and MBE Growth 

> The structure is grown on a GaSb substrate 

> 
tunnel barriers layers can be as thin as 
12 A - four atomic layers 
quantum well layers are on the order 
of 30 A 
changes of &I A can shift the lasing 
wavelength out of a molecular 
resonance 



High temperature operation 

Wavelength (nm) 

pulsed operation of a laser up to 325 K with 
h=3.27 pm, the highest operating temperature 
among mid-IR 111-V interband diode laser to 
date in literature 
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Current JPL Laser Status in terms of Max. T 
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Typical distributed feedback (DFB) IC laser structure 

f- 
J Z +  contact layer 

top cladding S W Q W  
, ,  

bottom cladding SL/MQW 

GaSb buffer layer 

GaSb substrate 

Thin top-cladding InAs/AISb SL 
)) Facilitate the integration of D E ?  grzings 

into the laser without the need of deep 
etching 

n Use SiO, layers for insulation and edge 
metal contacts to minimize the loss 

)> In-plane conductivity is much higher 
than the vertical one, leading to excellent 
lateral current injection 
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