*QUANTUM-CASCADE LASERS

QCLs enable applications
in IR spectroscopy

PETROS KOTIDIS

The widely tunable quantum-cascade
laser is becoming a valuable light
source in the “fingerprint” region; these
devices can be integrated into small,
rugoed spectrometers for both field and

laboratory use.

Following their first demonsrearion
ar Bell Labs in 1994 by Federico Ca-
passo inow at Harvard Universicy)
and Jerome Faist (now at ETH Zu-
rich), quantum-cascade lasers ((CLs)
reached eommercial marurity and vi-
ability in the early 20005, One of the
prime reasons for such seccess has
been che wide availabilicy and in-
creased reliability of the meral-organic
chemical vapor deposition (MOCY D)
and molecular beam epitaxy [MBE]
machines used for QCL production,
a resulr of heavy devel-
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Light is emitbed as
zlectrons “cascade™
through multiple qguantum wells

Quantum-cascade
lasers are differcit
from rraditional semi-
conductor laser diodes,
which wse p-n junc-
tions for light emis-
sion. Instead, QCLs
have mulriple active
regions, which are composed of a
mulrilavered semiconducror mare-
rial srrucrure, specially designed o
have the appropriare elecrronic bands,
These layers are manufacured with
extreme precision down o nano-
meter thickness, hence the need for
MOCVD-like machines. Injecred
elecrrons “cascade™ theough the lay-
ers of the active regions, emirring
mulriple phorons, enhancing the laser
gain, and providing a wide range of
wavelengrhs (see Fig. 1).
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Today, there are three classes of
(QCLs in the marker: wleeawidely
runable, narrowly tunable, and high
powner bur narrowly runed. To achieve
some of rhese characreristics, QCL
gain media are sometimes integrared
in an exrernal-caviry configuration,
where a wavelength-selecring com-
ponent, such as a ditfracrion graring,
is used o provide the laser runing.
Under such configuration and wich
the proper coatings on the facers of the
gain medium, these [asers can provide
ulerawide runability and have enabled
some very exciring new applications.

Spectroscopy and the

IR fingerprint region

One of the echnologies benefiring
from the use of these lasers is infra-
red (IR) specrrascopy. For mare than
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*QUANTUM-CASCADE LASERS conflnued

a century, IR spectroscopy has been used
to chemically characterize substances by
absosprion or transimission: moe specifi-
cally, the spectrum in the 5-14 pm range,
part of the so-called *fingerprine region,”
provides strong and wnique (fngerprine-
like} chasacteristics for many substances.
While lasers have long provided dra-
matic benefits for [R spectroscopy, prior
to the invention of QULs there were
o commercially available lasees thar
could provide light across the fingerpring
region in the mid-1R. Fourier transform
IR (FTIR) specrrometers have been the
standard equipment used for decades
o obtain the spectral characteristics of
substances, bur new QUL-based spec-
rroscopic instruments have significant
benefits over these devices.
Quantum-cascade lasers are orders of
magnitude brighter than other coherent
sources in the ingerpring region, provid-
ing enowgh brightness for seandoff, non-
conact sensing, and analysis of highly
absorbing or scartering rargers. The our-
pur facets of CLs are small encugh char
the light they emir can be imaged to essen-
rially diffeacrion-limired spors, enabling
the analysis of miniature rargers an long
distances (up o hundreds of merers) and

—Detects surface
cantamination
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the coupling o small-diamerer fibers with
very small oprical coupling loss.

In conreast to a Raman spectroscopic
instrument, there is no need for a high-
power excitation laser in a QUL system;
as a result, for most applications a high
signal-to-noise ratio (SNR) is achieved
with lower-power QCLs. The high
brighrness of QUL sources results in suf-
ficient SN R to eliminare the requirement
for high-sensitivity cevogenic detectors
and thus the auisance of a liquid nitro-
gen supply. The QCL iself is cooled
with a standard thermoelectric cooler
[TEC), allowing for bartery operation.
The resulr is a system wich essentially no
maoving parts, low power consumption,
amd small optics, enabling handheld field
insrruments.

Field and laboratory

Block Engineering recently inteoduced
the Rrst Fully integrated handheld 1R
spectrometer ithe LaserScan analyzers;
see Fig. 2). Based on eve-safe QCLs op-
erating in the 3-14 pm specrral range,
this instrument provides real-rime chae-
acrerization of chemical substances
ar a standoff distance of 6-12 in. Vis-
ible pointers aligned with the invisible

FIGURE Z. Shown are
the LaserScan anakyzer
(&) and LazesScope 1A
specirometer couplked

fo special optics or a

fbar-opbs peobe b and ).
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QCL illeminare the laser spor fapproxi-
mately 2 = 4 mm) on the surface, and
buil-in algorichms enable real-rime de-
tecrion and characrerization of substanc-
es. Both trace and bulk amounts of sub-
stances can be detected ro levels as low
as (L5 piem?® our in the field.

Specrrometers based on QO Ls can also
be wsed in laboratory sertings, in appli-
cations ranging from chemical synrhesis
and drug development 1o heterogensous
caralysis and rribology. Block also intro-
duced a QUL specreomerer for such appli-
cations {the LaserScope IR Spectrometer,
see Fig. 23 this instrament houses elec-
tromnics, laser control, and oprical compo-
nents in o single box. Laser light emerges
from one port and is detecred by a sep-
arare port in the system, allowing the
placement of oprical accessories, sam-
pling equipment, or poinring mirroes in
front of the inscrument. Infrared opri-
cal fibers can be divectly arrached o the
ports o enable probe-based (for example,
arrenuared wtal reflection) measurements
or coupling t an oprical cell for analysis
of gases or liguids.

Both these instruments use 3 high-repe-
titkon-rare (up w1 MHz) QCL thar has a
peak pulse power up o 200 MW and an
average power up ro 10 mW. All elecreon-
ice, laser comtrol, and optical components
are housed in a single box, as shown in
Fig. 2, which could be easily interfaced
with any deskrop or laptop compurers.
Key specifications include wavelengrh
accuracy berter than 0.5 cm™', wave-
length repeatability berrer than 0.1 e,
power variation bess than 0.05% over 10
ms, beam divergence berrer than 5 mrad,
pointing stabilicy berter than 0.5 mread,
and specreal resolution of 1-2 cm™'.

Noncontact, standoff
applications

Many spectroscopic applica-
ticns in the fingerpring region
can take advantage of scandoff
derection {see Fig. 3). For exam-
ple, in pharmaceurical cleaning
verification, a handheld Laser-
Scan ¢an be used o scan the
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Example of characteristic IR
spectrum for chemical analysis
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FIGURE 3. In QCL-based surface characierization, a bright, widely tunable laser baam

alkvws standofl measuraments wsing an uncoolsd IR detsctar.

walls of producrion vessels ro ensure
thar they have been properly cleaned
berween production barches. In parrs
manufacruring, residual silicone, oil, or

A particulardy well-known need for
AGNCONTAct  Measurement arises in

cfforts o peotecr against explosives

other lubricants or contaminarion can
be detected on surfaces of production
paers o deteemine which may need o be
further cleaned for subsequent process-
es such as painting or coaring, And for
painting and coaring applications, QCL
specrroscopy allows chemical analyvsis of
surface lavers: for example, the charac-
rerization of special osteophilic coatings
that are applied on the surface of ortho-
pedic implants o impeove acceprance of
the implants by human rissee.

Orther noncontace applications include
atemic-force microscopy (AFM), in
which QCLs can be used to provide addi-
tional chemical information. In the area
of heterogeneous caralysis, surface-reac-
tion phenomena are analyzed 1o betrer
pnderstand and impeove che catalysr's
characreristics; here, the surfaces of these
materials are usually ar very high em-
peratures | hence po contact-measurement
opricn} and are highly oprically absorb-
ing, requiring the use of high-brighmness
QCLs. Incribology (the study of friction),
surface phenomena are characterized so
thar the liferime of high-performance
lubricants can be improved.
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*QUANTUM-CASCADE LASERS conflnued

and chemical-warfare agents; detection
of rrace and bulk chemical threars is in
]'Li.!.'.]l |.|q.'|.'|'|:'||.'||.|. as the world EXper iences

increasing terrorism threars.

Open-path and

on-line gas sensing

The high beam guality of QCLs en-
ables long parh lengrhs thar are useful
for the protection of large indoor and
outdoor Facilities such as [Eanmsporna-

rion terminals, chemical plants, refin-

GCL base

eries, and military bases. For example,
a QU L-based system scans the air in-
side an airfmrr r|:|'|.'|'|i.:|l;.=||;_ the eye-sate
beams detecr the release of airborne
chemical threars (see Fig. 4a). A simi-
lar system is wsed for on-line monitor-
i.|.'||.: of gases in '|'!lj|.’:-|:.-\. for PrOCCR] COl-
rrol {see Fig. 4b). In some cases (such as
this anej, oprical windows and reflec-
tors allow for real-time analysis with-
out the need for '-fut'lr:-li.:llg_ the Eas of
providing sampling pipes.
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FIGURE 4. Long-paih QCL-based systams are usad for (@) open-path ranspariation barmns

pratacton, and &) on-ne pro

control of gas fow without the nead for gas sam ping.

Infrared microspectroscopy

A porential breakthrough applicarion
tose QL:[.-haﬂ:d r.]'!ln.'a_'r:l'il'ﬁ.'|||'li-\_' insrru-
ments is in IR microscopy. A diffrac-
tion-limited focused spor {on the order
of 5 pm in size) p||||.|u-\_'l.'|J |'|!| a QCL
leads 1o high-sensitivity chemical anal-
vais of microscopic rargers. Numerouws
applications exist for chis enhanced
form of microspectroscopy, including
analysis of human or animal cells for
cancer detecrion, derection and classi-
fication of bacteria and other biologi-
cal threars, forensics analysis of mi-
ceoscopic samples (for example, hair
samples or blood stains), idearifica-
tion of miniaturized contaminanes on
semiconductor products, and analysis
of miniarure III!.',ilI'Ii\.' CONAMINANTS on
surfaces. <

Petros Kobidis is CED of Block Engniser-
g LLC, Marborcugh, MA; e-mi
kolidisfbiockeng. com; www.bl

395nm, 95mWW 455nm, 80mwW
415nm, S5mW 488nm, 50mW
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Diode Lasers

A UNVERSE OF SPECTROMETER SYSTEMS
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Small laser head with electronics you can fold

over to fit easily into any instrument. All lasers

have diffraction limited output with high stability. MISIT Lt AT PHOTONIES WEST BO0TH #2Lios

Call today to see how we can customize a laser
for your application. Wavelengths range from
375nm to 1653nm.
714-898-6001
sales@microlaser.com

100 Jdanuary 2013 www. laserfocusworld.com Laser Foous 'World




	LFW_0113T_0099
	LFW_0113T_0100
	LFW_0113T_0101
	LFW_0113T_0102

