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he pU:JllO eo of thi pro"eel was uO investigate d1 vi, ptOpertie~of Lh ,il:lanl m cascade laser
(QCL)~ a type of !Ia r' , ten at Be.ll La ora 0 .e. ucent echnologi :in me device ph sics
reseafch lab of Dr. Federico Capasso and rno S" cificall [Q determi e the
capabjlity of this device. Th PI and Steven Tn tit f ecb 0100' .I a
Capasso nd B It ,rate' S 0 carry ou 's r -ea cb project.

The QCL is a unj, u I " r saure capable 0 ge e . g I e radiation iJili the middle-infrared
pect:ral region bal erJap the mog irnportan molecular ab, orptio ban .!1m appropriate

m uJadon t niqu it i possible to u fu laser to measure the c n :enfr ti D f III fly
lecnles of jntere 1;0 the remote sensing comnl '[Yo In addition, m.m.i:d-IR emission

W '1Ieleng,rb js well, mood [0 atmo pheric traElsmjs ion :as mid-IDR eperiell Tn lli:lles.s
scattering due 10 dU! foO'. At the 0 s:et of this [project little was Down abom. se eral key

'c performan parnmeter of Lhi famll -oflase e'. A u rt d research
1'1 bled us LO d I:erm.ine vaJueseveral 0 these charncteristics.

The re~ult of there eareD have been presemed in publications il] refereedjoum . The
followinoi acjtati a rie sumrre ou licaio , CopiesofthearticlesareincIudeda
an attacbme t to Lbi eport. Here e list eacn of th publi auons and rovide a. brief urnrnary
of D.heir results.

• 'Higbll.'ler3lge: ,~ve qua:nLLlTirl c3'scade]3 rs with graded s.l.iperlau:ic active II" gions
operated] at hi h du ~d· $' R. artini F. C as~o C. Gmachl A. rcdicu ci E. A.
Whittaker A. L. Hu bins D, D. L.ivco, , . Cbo. )'ourlW.l ofApplied Physics 89., 77 ­
7138 (2001).

be QC laser is f oene' ati g high po e:red beams of infra-r l~ r ra ia ion b [
normally requ' es Xl ill cooling and mu l be opera with 1_ 100 du· cycJe. In thi
P per e conducted a s ri s of m~1.suremeuts[0 dete:rmine the las r po all ut as if! f c'

uty cycle for eel rotaty ica dvices fabric:nOOl at Bell Labs_

'. 'Hi h-freque c nnooullation wi tho lit Ute reI . ·s" .0 osdllation resonance ian qUlanlUm c,ascade.
]asets" R. Paiella.. R.. artiui, F, Capasso, C. Gmacbl, HoY. H all I ... B . l~ geQJl. DJ-...,

iveo, A. _Cho EA. Whittaker. and H.e. Cu, ppLied Physics Letters. 9, 2526-25 g
(2001).

order [0 us J
laser at high freguenc

iti-ve absorptio m lIfe:Ie. rs, it is nect:ss:ary
's paper we c ducted measurements to de e
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frequency modlLlla''O ell -. fr quency for pfOtu pical device·_. In doi g sew re a.bae to
demonstrate that the llDipolar QC laser structw i inh.er nn)' capable of ery rugbfre{juency
modulation due to the Jack of:l. r,ej,axation os.c".] ,arion re Ontmce commonl found in bipolar

-. onduc'(or] fS. This behavior, predicte.d iJ' theory., rnakesth QC I .er an attractive
device for use in optical, mJllWlicationsp lkatiO' ' as w'eJ] as ift remote sen Lng.

~ e pll!rsued demom:tr:uiQTI of Unese. c.apab-]i· ,i Un. ne l et of p~per. 3S JiBe ·ommllnicanons
pabiH couI be'· t 1il 'al' useful in remote sensing applications as 'f: 1. These results are

discussed in the nex .~ papers. publish 10 th journal Electronics Lene '. The main poinl m's
a't tbe QC laser jg'bLe [0 tnin mit bigll dat.a deDJIIsi information throug e a (lsphere lllJder

weather comrtions 1'a would block ti,6l.n miS:;]QD using shorter wavelength lasers.

• .' ree-spac'e optical t:raIl"'mi.s ion of rn ,,~timei '. satellite dam streams using: mid-infrared
quantum cascade-lasers'" Ramer artiRw, Robeno PaieHa, CJaire (i ale 1, Fe . rico Capa:s:so
Edward A. \Vhittatke, H. C. Liu Harold. H't'l'aog Debol'ah L. Si . James. . Baillargeon,
,and Alfre'c Y. Chao E . rron:ics Lene:rs 38, 18 =18-3 (2002).

•' • High-speed 'j[. • il:JaJlsrnissjoil usioD mid-infrared quantum caseade Illi er-s"', ""
Msrtini, R P:'liella" C Gmachl, . Cap,asso EA. jttaker, H. C. Lin, H. . Hwa ,g. D. L.
Sivco,1. . BaiJlar 'on, and A. Y. Cho. Electronics Letters 37, 1 00-1 91 (2001).

• • H[gh~spc:e moduW tion nd free-space op " aI audio/video tramani sinn using quantum
cascade I . e. ", R.artini, CJ. Faldg]ia, '. G. Curti C. G. Brethea,F. Capa 0 E.A.
'\ "ttaker, R. PajcUa., A. rediclJce-i A. L f1:!tc· -0 • D. L. 1\1'(:0 d, .-.010,
B1ectrlJnics Letter 191-193 (2001).

Fmally we also carried out a series of mea urement:i to detennine: the mno of amplitude to
fr;equency modula '011. his i a critical parameter for applicst~onof the QC laser foil'

ectroscapic dee '"OD. I Ily to ba e em· t s. j. ,e capabi;Jj e I er should show a
large rauG of frequeo to ampZiru:de modulation. ,: nforhmate]y in the case of the QC Laser
fregu DCy modulatiolJ i ,accompanied by a ubs~mial amount of amplitude modulation which

[Om (ely Hmits its uti]ity or spectros,copic a ~i - os. A ma.nu~crip j in preparatiDn itll
thi result but has been h.eld up due to a delay wid! a PhD dlssert~tillon.

Huma R OOT'ce Devdopment

SA support ha played lID important role il] me development of the dentific: c-areers of
S e..mJ ind~vlduals. n' 0 octoraJ reo c e- - «::eived portia] 81.1 " du,·' ~ the course o~

the projecL, Dr. fauk Curt:i spent approxima~d three years, as a. post~dm;lo· rese3l1cncr mld
visiting fa ·lllllY m maW: D 'p'artmeilt of Physics. FollOW] IJig i sta' ~t' tevens· Dr.. Curti
obtained a. en ITIiI k ra.e .' pDsiiEion at the ph)' ics dep,utment of Seto Hall Uni versity ]

uth Orange, ew ie e wbcen~ be has devdope:d his own -reseal npm~ :am ju surface stieIill·e

and sensitive op" 011 mea remenl-;.

Dr. Raine.t Marlini. also N orkecl a Stevens as ;a post-doctorai sc'ienti· ( upported in part by
1 SA and partiall b. e.nl Technologies. Dr. ani.ni is now in his: own tenure track facul •

pO ition b re at .ev J!JI8•. ' addition to !J.- CQflMlljng c-ollabm,ation with the Prilncipallllvestigatur
of this projecr, he i deve.1 p':ng amJI indepe dem !a.r !IJ program in uhra·fa liser science and
,'ech Qlogy.
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e ,era] graduate tueen rec-e~ved varyill' : I els of s pport during the course of thls project.
s. Jennit:er Falcigfa ~ orked as a re earcb as:sistlmt Olll the high speed modula.tions. experiments

and appeared as a co-author on on,e of tn.e pub j .. 11 • Jennifer completed h~r M~ste 5 degree
at Ste"."ens and has since itaken!a full time :research pos"tion with Kodak Co- 0' ad. n in
Roch ~ter, N1:'-,

:er and wWle be
AM modulation

:1r.. Ke Wang or: ed as a f J1 ime graduate r earch assistanHor one. u
ultimate]y punmed his doctomI rof':$e3TCh in aDO er area. coDtribure-d [0
xpe. .men~s .

. Jian Lin was supported as a fun -m gra l research as3!~tant for nl'O ears of me projec'
His j cunently completing requirements. for i doc oral disserta'ioD rn S ,j". !a e-r
peca copy and. exp i TO roc ive his Ph.D. ,13 , '" ilJ lithe fall of 2005.

r.. ikoJai KiF linov re~i¥ed pa" .al stImrnler suppo,n a. a gradual , h.' i Unt for .lJ'[ r

done on tbe FMlAl, rnoouhrtio[] experiments. 1r. Kiirsinov went Oil to c.omplete his PhD in.
other area of oprl e.mOle s.em:lng:,.

Flnally three underg::J.duales were suppo .~d as ummer ,ese-arch ass[slaJl. . Jaweeria
Ashraf worked on mp r modelillg of sellliSi '',Ie laser :ipectroscopy. Mr. Dan Copozzi and Mr
Carollo Lopez. WQJ ed on de\l'eroping caHbra ion rools or laser spectro: . p meas:urernel1!1S. l
mree .have"cmnplere:d lbeir BS degT,ees at Ste en Institute of Tecbnology"

C{lntrn.umg Research

ollowing compl dOll of lb: NSA suppOT[ed proje,c: research in the area of qilllintum cascade
las r r mot sensing 'lUJd free s.pag;;e optlcal -eomrnum<:atiEin has continued ar tev~n:s including a
. all bora.rive tech cojeet. ","jlh researcbers a Do . 's Pacific orthwest fa :Qnal Labo:rarory.
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