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In this pa per we con sider the struc tural pa ram e ter op ti mi za tion of the ac tive re gion of
a GaAs-based quan tum cas cade la ser in or der to max i mize the op ti cal gain of the la ser
at the char ac ter is tic wave lengths, which are best suited for de tec tion of pol lut ant gas -
ses, such as SO2, HNO3, CH4, and NH3, in the am bi ent air by means of di rect ab sorp -
tion. The pro ce dure re lies on ap ply ing elab o rate tools for global op ti mi za tion, such as
the ge netic al go rithm. One of the im por tant goals is to ex tend the ap pli ca bil ity of a sin -
gle ac tive re gion de sign to the de tec tion of sev eral com pounds ab sorb ing at close wave -
lengths, and this is achieved by in tro duc ing a strong ex ter nal mag netic field per pen dic -
u larly to the epitaxial lay ers. The field causes two-di men sional con tin u ous en ergy
subbands to split into the se ries of dis crete Lan dau lev els. Since the ar range ment of
Lan dau lev els de pends strongly on the mag ni tude of the mag netic field, this en ables
one to con trol the pop u la tion in ver sion in the ac tive re gion, and hence the op ti cal gain. 
Fur ther more, strong ef fects of band non-parabolicity re sult in sub tle changes of the
lasing wave length at mag netic fields which max i mize the gain, thus pro vid ing a path
for fine-tun ing of the out put ra di a tion prop er ties and chang ing the tar get com pound
for de tec tion. The nu mer i cal re sults are pre sented for quan tum cas cade la ser struc -
tures de signed to emit at spec i fied wave lengths in the mid-in fra red part of the spec -
trum.
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IN TRO DUC TION

Quan tum cas cade la ser (QCL) is a rel a tively
new type of uni po lar mul ti lay ered semi con duc tor
source, based on elec tronic tran si tions be tween con -
fined states cre ated in the con duc tion band with the
al ter nate growth of well and bar rier ma te ri als, which
can be fab ri cated to op er ate in the mid and far-in fra -
red spec tral range [1, 2]. Its emis sion wave length can
be tuned by the de sign of the band struc ture, and so

far, “tai lor ing” of the ac tive band pro file has al lowed
reach ing la ser wave lengths from 3 µm up to 250 µm.
The ac cu racy in the band de sign re quires ma te rial
growth by mo lec u lar beam ep i taxy, which pro vides
thick ness con trol down to a sin gle atomic layer. This
ex treme pre ci sion in fab ri ca tion, nec es sary to ob tain
the unique de vice char ac ter is tics, to gether with the
large num ber of lay ers and the com plex ity of the
struc ture, makes this la ser the most im pres sive dem -
on stra tion of the ca pa bil i ties of fered by bandgap en -
gi neer ing. The speedy trans fer of QCLs out of the re -
search lab o ra to ries into prac ti cal fab ri ca tion has been 
stim u lated by the va ri ety of per for mances that these
de vices can de liver in the fields as di verse as en vi ron -
men tal mon i tor ing, health, safety, se cu rity, de fense,
med i cal di ag nos tics, elec tronic coun ter mea sures,
and chem i cal sens ing [3-5]. Within this last area
(chem i cal de tec tion and mon i tor ing) a big im prove -
ment is ex pected since the com bi na tion of QCLs and
re cent gas sen sor de vel op ments prom ises to de liver
new lev els of spec tro scopic per for mance in terms of
de tec tion sen si tiv ity and se lec tiv ity.
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In par tic u lar, the terahertz fre quency range,
which oc cu pies the gap be tween the tra di tional
mid-in fra red and mm-wave por tions of the elec tro -
mag netic spec trum is prom is ing for many at trac tive
ways of us age as it con tains the char ac ter is tic ab sorp -
tion fea tures of or ganic crys tals (such as ex plo sives,
not de tect able by com mon means but hav ing very
char ac ter is tic ab sorp tion lines in the THz-range), bi o -
log i cally sig nif i cant chem i cal com pounds (such as
some com po nents of bac te ria), and low-en ergy pro tein 
conformational modes. Sen sors op er at ing at these
wave lengths pos sess many in ter est ing prop er ties, in -
clud ing the abil ity to pen e trate com mon non-me tal lic
con tain ers, pack ag ing and cloth ing ma te ri als. Fur ther -
more, these tech nol o gies are fore seen as a tool for ad -
dress ing se cu rity gaps for pro tec tion against ter ror ism
in in fra struc tures where high through-put screen ing of
in di vid u als or items is re quired. Pre lim i nary mea sure -
ments have shown that rapid iden ti fi ca tion, or fin ger -
print ing, of ex plo sive is achiev able in 10 ms at ex trap -
o lated sen si tiv i ties in the sub-part per bil lion range [6].

In this pa per, we con sider the struc tural pa ram e ter 
op ti mi za tion of the ac tive re gion of GaAs/AlxGa1–xAs
based mid-in fra red quan tum cas cade la ser, with the
goal of max i miz ing its out put prop er ties, in par tic u lar
the op ti cal gain, at char ac ter is tic wave lengths, suit able
for de tec tion of pol lut ant gas ses in the am bi ent air. In
mid-in fra red de vices, the de sired emis sion wave length
im poses the re quired sep a ra tions be tween the ac tive la -
ser en ergy states, while the spac ing be tween the lower
la ser level and the ground state is set by the lon gi tu di nal
op ti cal (LO) phonon en ergy (which fa cil i tates the pop u -
la tion in ver sion by al low ing the fast emp ty ing of the
lower la ser state by means of non-ra di a tive tran si tions).
How ever, the pa ram e ters of in ter est in the cal cu la tion of 
the op ti cal gain, such as the pop u la tion in ver sion and
the tran si tion ma trix el e ment, still de pend, via the wave
func tions, on the po ten tial profile which may be var ied
to op ti mize the per for mance of the struc ture. The re la -
tion ships be tween these pa ram e ters are very com plex,
mak ing the op ti mi za tion pro cess dif fi cult and de mand -
ing. A large spa tial over lap be tween the elec tronic wave 
func tions of the lasing states in creases the di pole ma trix
el e ment which en hances the op ti cal tran si tion, but also
re sults in the re duc tion of the elec tron-lon gi tu di nal op -
ti cal phonon scat ter ing time. Since these two quan ti ties
influence the gain in an op po site man ner, a bal ance has
to be found to en sure the proper op er a tion of the de vice,
and it be comes ap par ent that a care fully se lected op ti -
mi za tion tech nique should be em ployed. One of the best 
tools for the sys tem atic search of free pa ram e ter space is 
the ge netic al go rithm (GA) [7, 8] for global op ti mi za -
tion whose in her ent par al lel ism in gen er at ing and pro -
cess ing the trial so lu tions al lows deal ing with such
com plex op ti mi za tion prob lems.

Upon ob tain ing a gain-max i mized struc ture emit -
ting at de sired wave length, we in tro duce a strong ex ter -
nal mag netic field to tune the la ser out put prop er ties and

to ex tend the ap pli ca bil ity of the given struc ture to the de -
tec tion of ad di tional com pounds, ab sorb ing at
wave lengths close to the ini tial one. The mag netic field is 
ap plied per pen dic u larly to the epitaxial lay ers, thus caus -
ing two-di men sional con tin u ous en ergy subbands to split 
into se ries of dis crete Lan dau lev els (LLs). This af fects
all the rel e vant re lax ation pro cesses in the struc ture and
con se quently the life time of car ri ers in the up per la ser
level. Since the ar range ment of Lan dau lev els de pends
strongly on the mag ni tude of the mag netic field, this en -
ables one to con trol the pop u la tion in ver sion in the ac tive
re gion, and hence the op ti cal gain [9-12]. In ad di tion,
strong ef fects of band non-parabolicity al ter the lasing
wave length at mag netic fields which max i mize the gain,
thus pro vid ing means for ad just ing the out put ra di a tion
prop er ties and chang ing the tar get com pound for de tec -
tion. The com plete pro ce dure was il lus trated by per form -
ing nu mer i cal cal cu la tions for GaAs/AlxGa1–xAs based
quan tum cas cade la ser struc tures de signed to emit at
spec i fied wave lengths in the mid-in fra red part of the
spec trum.

THE O RET I CAL CON SID ER ATIONS

The ac tive re gion of the QCL struc ture un der con -
sid er ation com prises three cou pled quan tum wells
(QWs) bi ased by an ex ter nal elec tric field K, as dis -
played in fig. 1. In the ab sence of the mag netic field this
sys tem has three en ergy states, i. e., subbands (n = 1, 2,
3), and the la ser tran si tion oc curs be tween subbands n =
= 3 and n = 2. The en ergy dif fer ence be tween E2 and E1

should match the LO-phonon en ergy in or der to en sure
fast de pop u la tion of the lower state of the la ser tran si -
tion via res o nant op ti cal-phonon emis sion.

This ac tive re gion is sur rounded by suit able
emit ter/col lec tor re gions in the form of superlattices,
de signed as Bragg refectors, which in ject elec trons
into the state n = 3 on one side, and al low for rapid ex -
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Fig ure 1. The con duc tion band di a gram of the ac tive
re gion of a QCL



trac tion of car ri ers from the low est subband n = 1, on
the other side (fig. 2). These two mech a nisms are re -
spon si ble for achiev ing pop u la tion in ver sion be tween
subbands E3 and E2.

In the usual op er at ing re gime (with out the ex ter -
nal mag netic field), the elec tronic subbands from fig. 1,
within the par a bolic ap prox i ma tion have free par ti -
cle-like en ergy dis per sion in the di rec tion par al lel to the
QW planes:  E k mn = h2 2 21 / ,*  where m* is the ef fec tive
mass, and k1 is the in-plane wave vec tor. The non-ra di a -
tive life time for the state 3, k

1
ñ is lim ited by elec -

tron-LO-phonon scat ter ing into two lower subbands of
the ac tive re gion, and the op ti cal gain may be de scribed
by the fol low ing ex pres sion
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where n is the re frac tive in dex, e0 is the vac uum di elec -
tric permittivity, c is the speed of light in vac uum, F3,2

stands for the dif fer ence of Fermi-Dirac func tions for
the ini tial and the fi nal state, while P3,2 is the mo men -
tum ma trix el e ment.

When the struc ture is sub jected to a strong mag netic
feld B in the di rec tion of the growth axis, con tin u ous
subbands E kn ( )1  trans form into se ries of in di vid ual (strictly
dis crete) states at en er gies E E ln l n, c» + +( / )1 2 hw ,
where l = 0, 1, 2, ... is the Lan dau in dex and wc = eB m/ * is
the cy clo tron fre quency. The vari a tion of the mag netic field B
in flu ences the con fig u ra tion (en ergy spac ings) of the dis crete
states, and hence the prob a bil i ties for emis sion of LO phonon 
and the op ti cal gain. The val ues of B which give rise to the
res o nant LO phonon emis sion (and in con se quence, the dra -
matic re duc tion of the gain) are found by solv ing the equa -
tion: E E3 0, - =n l, LOhw  (with n = 1, 2), where hwLO  is the
LO phonon en ergy.

Op ti cal tran si tions in this sys tem are al lowed
only be tween the states with the same value of the Lan -
dau in dex, i. e. (i, l) ® (f, l). The frac tional ab sorp tion

(or, if it co mes out to be neg a tive, the gain) on tran si -
tions cor re spond ing to the lasing en ergy, i. e. (2, l) ®
(3, l) reads [10-12]
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F2,l; 3,l is the dif fer ence of Fermi-Dirac func tions for the 
ini tial and the fi nal state, and  d zif i f= á ñh h  is the
tran si tion ma trix el e ment (with hi and hf de not ing the
z-de pend ent parts of the wavefunctions). Us ing the ex -
pres sion for the elec tron ar eal den sity in the state (n, l),
i. e. N eB F En l n l, FD ,= / ( ) ( )ph  and sum ming over all
LLs, we get the to tal gain on all tran si tions be tween
LLs be long ing to subbands n = 3 and n = 2 of the QCL
ac tive re gion [10-12]
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To de ter mine the pop u la tion in ver sion NS3 – NS2, 
on which the gain de pends, one has to find the elec tron
dis tri bu tion over all the states in the ac tive re gion. This 
is ob tained by solv ing the sys tem of rate equa tions,
which de scribe the change in level pop u la tion as the
dif fer ence be tween the rate at which the car ri ers ar rive
and the rate at which they leave. The ex act form of the
rate equa tions used in this work is pre sented in de tail in 
ref er ences [10, 11].

Nu mer i cal re sults

The need for nu mer i cal and sim u la tion tools in
study ing QCLs stems from the fact that sim ple an a lyt i -
cal ex pres sions clearly can not de scribe the im por tant
de tails of the QCL dy nam ics. In this work we have se -
lected the ge netic al go rithm as a method of choice for
es tab lish ing the con di tions for op ti mal la ser per for -
mance [7]. This al go rithm be longs to the so-called
evo lu tion ary com put ing – one of the es sen tial spheres
of artificial in tel li gence. Clearly, this tech nique is in -
spired by the the ory of evo lu tion, where prob lems are
solved by se lect ing “the most ca pa ble” so lu tion which
is then al lowed to sur vive [7]. GA be gins with a set of
so lu tions called pop u la tion which is used as a ba sis for
gen er at ing an other set of “off springs” with the best
pos si ble char ac ter is tics (defined by the value of the
ob jec tive, i. e. the fitness func tion). This pro cess is re -
peated un til some predefined cri te rion is met (this
could be, e. g. the to tal num ber of pop u la tions gen er -
ated or the im prove ment in the fittest so lu tion). The
per for mance of the al go rithm is influenced mainly by
set tings as so ci ated with the re com bi na tion (or cross -
over) and the mu ta tion prob a bil ity. The cross over rep -
re sents a set of rules for cre at ing new off springs (“chil -
dren”) from par ent data. On the other hand, mu ta tions
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Fig ure 2. A sche matic di a gram of one and a half pe riod of 
QCL, which con sists of an ac tive re gion and suit able in -
jec tor/col lec tor lay ers



in tro duce ran dom changes in the off springs re sult ing
from the cross over and are in tended to pre vent the fall -
ing of all the so lu tions into a lo cal op ti mum. One of the
most im por tant phases in the im ple men ta tion of any
GA al go rithm is the se lec tion of a for mal fitness func -
tion, which should be defined so to en com pass all the
goals of op ti mi za tion. This can pres ent quite a com pli -
cated task, de pend ing on the op ti mi za tion prob lem,
and usu ally a few dif fer ent definitions of fitness need
to be tried out. Here, the ob jec tive is to op ti mize the
op ti cal gain at the se lected wave length, hence the fit -
ness func tion is taken in the fol low ing form
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where the term in the de nom i na tor fa vours achiev ing
spec i fied emis sion wave length and the LO-phonon
res o nance. In this ex am ple, we have cho sen to op ti -
mize the struc ture for emis sion at l » 7.3 mm, which
cor re sponds to a char ac ter is tic line in the spec trum of
sul phur-di ox ide. In ad di tion, Q is a non-zero con stant,
which en sures that F is strongly driven to wards the
res o nance in the course of op ti mi za tion [8], while re -
main ing fi nite at the ex act res o nance, and g is the op ti -
cal gain in the ab sence of the mag netic field, given by
eq. (1).

The role of the GA is to si mul ta neously vary all
six free pa ram e ters on which the fit ness func tion (4) de -
pends (the bar ri ers height and the thick nesses of all the
in ner lay ers), while search ing for the op ti mal so lu tion,
and this pro ce dure has re sulted in the struc ture pre -
sented in fig. 1. The ob tained struc tural pa ram e ters for
this QCL ac tive re gion read: 1.1 nm,  3.2 nm,  3.9 nm,
2.3 nm, 3.8 nm (for well and bar rier widths, re spec -
tively, go ing from left to right) and Ub = 0.3175 eV(the
bar rier height), which cor re sponds to alu mi num mole
frac tion of 38%, so the struc ture may be re al ized by
GaAs/Al0.38Ga0.62As. The ma te rial pa ram e ters used in
the cal cu la tion are: m* = 0.665 m0 (m0 is the free elec tron 
mass), n = 3.3, and the con duc tion band dis con ti nu ity
be tween GaAs and AlAs is DEc = 0.8355 eV. The ap -
plied elec tric field in the z-di rec tion is K = 48 kV/cm,
and the min ima of en ergy subbands are at 
E k1 0 00828( ) .1 = = eV, E k2 0 01188( ) .1 = = eV, and
E k3 0 02896( ) .1 = = eV, as pre sented in fig. 1, to gether
with the cor re spond ing wavefunctions. The cal cu lated
op ti cal gain per unit of the in jec tion cur rent in this case
reads g = 0.00127 cm2/kA.

When non-parabolicity is in cluded, the 2-D
subbands E k k mn ( ) / *

1 1= +0 22 2h split, in a strong ex -
ter nal mag netic field, into se ries of dis crete LLs, the
en er gies of which are given by [13]
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The in-plane elec tron ef fec tive mass is here cal cu -
lated as m E m E1 ( ) [ ( ) ]* ' '

n n0 1 1 01 2= + +a b , (this pro -
vides the best agree ment with the ex per i men tal re sults
[12]), where the non-parabolicity pa ram e ters a1

'  and
b1

' are eval u ated ac cord ing to ref. [13]. It is ev i dent that
the re al is tic ef fects of band non-parabolicity in flu ence
the en ergy sep a ra tion be tween the lev els rel e vant for the 
ra di a tive tran si tion, i. e. the lasing wave length be comes
de pend ent on the mag netic field. This al lows for the
shift of the emis sion wave length by vari a tions of the
mag netic field. The idea be hind this anal y sis is to en able 
the de tec tion of mul ti ple com pounds ab sorb ing at sim i -
lar wave lengths by the same QCL ac tive re gion de sign,
by tun ing the la ser lev els with the ex ter nal field.

The LO phonon emis sion rate on the tran si tions
be tween the ini tial state and the fi nal state
E Ei n li i

= , and the fi nal state E Ef n lf f
= , is given by

[14]
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where P q z zi= ò h h* sin ( )z df
d
0 . Here d de notes the

length of the con fin ing re gion in the z-di rec tion, and qz

is the z-pro jec tion of the phonon wavevector 
q q q= ( , )z 1  , while F q l l( , , )1 i f  is the lat eral over lap
in te gral. The con stant ep in eq. (5) is cal cu lated as 
e e ep s

- - -= -1 1 1
4 , where e4 and es are the high-fre -

quency and static permittivity, re spec tively, while 
n k T( ) [exp( / ) ]–h hw wLO LO B= -1 1  is the equi lib rium
pop u la tion of op ti cal phon ons. In ad di tion to LO phon -
ons, we have also in cluded the acous tic phonon emis -
sion in the model, and the cor re spond ing re lax ation
rate is given by [14, 15]
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where aAC L= X 2 / c ,  X is the de for ma tion po ten tial, cL

– the elas tic con stant as so ci ated with acous tic vi bra tions, 
q zmax

 = [(Ei – Ef)/hnL ], q 10= [q zmax

2 - q z
2 1 2] ,/  and nL – the

lon gi tu di nal phonon ve loc ity. Nu mer i cal pa ram e ters
used in the cal cu la tions are: e4 = 10.67, es = 12.51, X = 
=j6.7 eV, cL = 1.2×1011 N/m2, nL =  4.7×103 m/s,  and  T =
=j77 K.

The to tal re lax ation rate for tran si tions from the
ground LL of the third subband (into which the ma jor -
ity of car ri ers are in jected) into the two sets of LLs of
the two lower subbands is shown in fig. 3, for the mag -
netic fields in the range of 20 T to 60 T. Such high val -
ues of the mag netic field are nec es sary to pro vide suf -
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fi cient changes in the lasing en ergy, so that the de vice
may be uti lized ef fec tively for the de tec tion of sev eral
com pounds ab sorb ing at sim i lar wavelenghts. The os -
cil la tions of the re lax ation rate with B are very pro -
nounced, and prom i nent peaks are found at the val ues
of the mag netic field which sat isfy the res o nance con -
di tions for LO phonon emis sion. Con versely, when the 
ar range ment of LLs is such that there is no level sit u -
ated at » hwLO  be low the state (3, 0), this type of scat -
ter ing is in hib ited, and there fore the life time of the up -
per la ser state is in creased. The in flu ence of
acous tic-phonon emis sion is char ac ter ized with rel a -
tively small re lax ation rates, and be comes sig nif i cant
only at the val ues of the mag netic field where LO
phonon scat ter ing is in hib ited (e. g., around 27.5 T and
34.5 T).

As sum ing a con stant cur rent in jec tion, the mod -
u la tion of life times of all the states in the sys tem re sults 

in ei ther a sup pres sion or an en hance ment of pop u la -
tion in ver sion be tween states (3, 0) and (2, 0), as
shown in fig. 4 and there fore also in the mod u la tion of
the op ti cal gain, fig. 5.

The high est peak of the gain is ob tained at B =
=j34.5 T, in which case the elec tron re lax ation from
state (3, 0) is sup pressed be cause there is no lower state 
with the en ergy around E3 0, -hwLO . Quite a dif fer ent
sit u a tion oc curs at a field of B = 30 T, where the con fig -
u ra tion of rel e vant elec tronic states leads to the max i -
mally en hanced re lax ation rate from the (3,0) state.

The lasing en ergy ob tained in case of the max i -
mal op ti cal gain (at 34.5 T) cor re sponds to a char ac ter -
is tic ab sorp tion line in the spec trum of HNO3, (l =
=j7.52 mm, i. e. the wavenumber k = 1330 cm–1). The
next peak of the gain is reached at the mag netic field
value of  B = 46 T and the en ergy be tween the la ser lev -
els in this case reads E3,0 – E2,0 = 163.8 meV, which co -
in cides with the line at k = 1320 cm–1in the spec trum of 
meth ane (CH4).  Fi nally,  a  smaller lo cal max i mum at
B = 55 T gives the emis sion wave lengths of l = 7.66
mm which are suit able for ab sorp tion at k = 1306 cm–1

line in the spec trum of NO2.
As the fi nal point, we should note that through -

out the above con sid er ations we have as sumed that the
en ergy re lax ation in the in jec tor/col lec tor is not sen si -
tive to the mag netic field. This is likely to be a rea son -
able ap prox i ma tion since these re gions con sist of a
mul ti tude of the ex tended states with small en ergy sep -
a ra tion [9].

CON CLU SIONS

Tun able ac cess to the broad range of wave -
lengths, ex cel lent power and wave length sta bil ity,
com pact di men sions, con ve nient mod u la tion mech a -
nisms, high con tin u ous-wave out put power, and
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Fig ure 3. The to tal elec tron re lax ation rate due to the
emis sion of op ti cal and acous tic phon ons as a func tion of
the mag netic field, for tran si tions from the state (3, 0)
into LLs be long ing to the two lower subbands

Fig ure 4. The ra tio of the to tal elec tron ar eal den si ties, in
all LLs of the third and sec ond subband as a func tion of
the mag netic field

Fig ure 5. The op ti cal gain (per unit of the in jec tion cur rent)
as a func tion of the ap plied mag netic field at T = 300 K



steady prog ress to wards high tem per a ture op er a tion
im ply many stra te gic po ten tial ap pli ca tions of QCLs,
such as in or ganic and bi o log i cal ma te rial spec tros -
copy, im ag ing, free-space com mu ni ca tions, and med i -
cal di ag nos tics. We have pre sented a method for sys -
tem atic op ti mi za tion of a quan tum cas cade la ser ac tive 
re gion, based on the use of ge netic al go rithm. The
method aims at ob tain ing a gain-max i mized struc ture,
de signed to emit ra di a tion at spec i fied wave lengths
suit able for the de tec tion of pol lut ant com pounds in
the at mo sphere. The ex ter nal mag netic field is used to
tune the out put prop er ties and to ex tend the ap pli ca bil -
ity of the QCL to the de tec tion of ad di tional com -
pounds, ab sorb ing at wave lengths close to the ini tial
one. The nu mer i cal re sults are pre sented for the struc -
ture de signed for the emis sion at l » 7.3 mm, cor re -
spond ing to a char ac ter is tic line in the spec trum of sul -
phur-di ox ide. How ever, the pro ce dure can eas ily be
mod i fied for other char ac ter is tic wave lengths (pol lut -
ant gas ses) of in ter est, sim ply by chang ing the ob jec -
tive func tion for op ti mi za tion.
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Jelena RADOVANOVI], Vitomir MILANOVI]

KVANTNI  KASKADNI  LASER:  PRIMENE  U  HEMIJSKOJ
DETEKCIJI  I  MONITORINGU  @IVOTNE  SREDINE

U ovom radu razmatrana je optimizacija strukturnih parametara aktivne oblasti kvantnog 
kaskadnog lasera baziranog na GaAs, u ciqu maksimizirawa opti~kog poja~awa na karakteristi~nim 
talasnim du`inama koje su najpogodnije za detekciju {tetnih gasova prisutnih u ambijentu, kao {to
su SO2, HNO3, i NH3, putem direktne apsorpcije. Postupak se zasniva na primeni slo`enih alata za
globalnu optimizaciju, kao {to je genetski algoritam. Jedan od va`nih ciqeva je pro{irewe opsega
primenqivosti pojedina~ne aktivne oblasti na detekciju vi{e jediwewa koja apsorbuju na bliskim
talasnim du`inama, i to se posti`e uvo|ewem jakog magnetnog poqa u pravcu normalnom na
epitaksijalne slojeve. Ovo poqe dovodi do cepawa kontinualnih dvodimenzionalnih energetskih
podzona na serije diskretnih Landauovih nivoa. Po{to raspored Landauovih nivoa zna~ajno zavisi
od ja~ine magnetnog poqa, to omogu}ava kontrolisawe stepena inverzne naseqenosti nivoa u
aktivnoj oblasti, a samim tim i opti~kog poja~awa. [tavi{e, izra`eni efekti zonske
neparaboli~nosti rezultuju blagim promenama talasne du`ine emitovanog zra~ewa pri
vrednostima magnetnog poqa kada je poja~awe maksimalno i na taj na~in omogu}avaju fino
pode{avawe osobina izlaznog zra~ewa i promenu ciqnog jediwewa za detekciju. Numeri~ki
rezultati su prikazani za kvantni kaskadni la ser dizajniran za emitovawe na specifi~nim
talasnim du`inama u sredwoj infracrvenoj oblasti spektra.

Kqu~ne re~i: kvantni kaskadni la ser, elektron-fonon interakcije, elektronska struktura, 
jjjjjjjjjjjjjjjjjjjjjjjglobalna optimizacija, unutarzonski prelazi


