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Why Mid-IR Lasers?
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€ Molecules possess strong fundamental
vibration-rotation lines in the mid-IR

» Hvdrocarbon signatures af 34 g

€ Mid-IR improves sensitivity by orders of
magnitude over near-1R spectroscopy
» H2ZCO at ~3.53 um, detection imit
<1 ppb

@ There is less spectral interference in the
mid-IR
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€ Electrons & holes combine to give photon emission

¢ Light emission wavelength A o 1/E,
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Mid-IR lasers require narrow E; materials

¢ Narrow Ey 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

4 Semiconductor lasers develop other problems as 2 increases
» Non-radiative losses increase rapidly

> Inadequate electrical confinement

» Poor efficiency in utilizing bias voltage

» Free carrier absorption loss

» Non-uniform distribution of injected carriers
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: Interband Cascade (IC) Laser — Promising Approach
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originai concept, R. Q. Yang, Superlattices and Microstructures, 17, 77 (1995

j |
s hv i1 InAs/AlIn)Sh
' P o
ﬂﬂﬂﬂﬂﬂ | | munltilayers e
l hV ””‘,_,'.” E !I } /‘[%l}
| Shy l 7
) ‘. l : hv: '
Cascading :
Al i hy ] S
A L [ @ _
3 L hv Y raSh
ALSH

InAs/Al(In)Sh

interband
multilayers

transifion

% ::‘

v <

- 1
——
—
-

7;:““““2;'

7

& cascade process — .
» high efficiency, large output power, “..
uniform injection over every stage '

¢ interband transition — .
» circumvents fast phonon scattering

¢ quantum engineering at sub-nanometer scale
and Sb-based type-I1 QW system
» suppresses non-radiative Auger losses
» 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 Iasers



Typical IC Laser Structure and MBE Growth
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Four Cascade Stages

tunnel barriers layers can be as thin as
12 A — four atomic layers

* quantum well layers are on the order
of 30 A
AU Lt e et b changes of £1 A can shift the lasing
> icquining sophisheated grovih iechnolog
such s piodecalwo-beany epitany (EMBEwith wavelength out of a molecular
PICCISe CONTIOlS resonance

> The structure is grown on a GaSb substrate
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High temperature operation
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pulsed operation of a laser up to 325 K with
A=3.27 um, the highest operating temperature
among mid-IR III-V interband diode laser to
date in literature



Valtage (V)

Voltage (V)
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Maximum temperature (K)
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Current JPL Laser Status in terms of Max. T

Photon energy (eV)

(compared to open literature as of 9/2003)
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Typical distributed feedback (DFB) IC laser structure

< - Thin top-cladding InAs/AlSb SL

» Facilitate the integration of DFB gratings
into the laser without the need of deep
etching

&) » Use S10, layers for insulation and edge
metal contacts to minimize the loss

n* contact layer

« top cladding SL/MQW

» In-plane conductivity is much higher

bottom cladding SL/MQW than the vertical one, leading to excellent
. lateral current injection

" b bifie layer

GaSb substrate

© samples were typreathy processed e brod
At s

e et s ceere cloanved o torr cavities o 1o

et oD both tacets Tett tiseonted

w s baars were alboved with mdam, epilay e

s anto s coppet Biest sinh
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* Single-mode DEB lasers were observed at

temperatures up 1o 175 K ew mode

« wavelength can be tuned with current at a rate
of ~0.05 nm/mA

®ooutput power >FmW, crnouagh for gas sensing
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* DEB mode is determined by arating period A

©olemperature tnmg coetficient ~0.2 vk

e Dboth DFB and FB modes exist al cortin

temperatures and currents

* wo degencrate DIFB modes
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Voltage (V)
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Issues under investigation

< Relam el narrow ting rangee of DEFBIC Tasers
Hhoh index sabstrae reduced photon deakaoe, wihneh imits elleetive

collection of cutput power and comphicates mode selectivity

¢ The work was supported in part by

o NASA Advanced Foavirommental Monttoring and Control Prowiiing

~ NASA Tnabliny Conceptand Techuolopes Progiam

< HPE Biermal Researeh and Techiology Devetopen Proerim

Rui Q. Yang





