Sensor Electronics and Microsystem Technologies. 4/2005

NMPOEKTYBAHHA | MATEMATWYHE MOAE/NIOBAHHA CEHCOPIB

SENSORS DESIGN AND MATHEMATICAL MODELING

PACS: 34.50Rk, 31.70Hq, 95.55Sh
YK 541.27, 584.96

SENSING A DYNAMICS OF THE LASER FIELD ROTATIONAL
EXCITATION FOR MOLECULES AND POSSIBLE USING IN LASER
PHOTOIONIZATION CLEANING SEMICONDUCTOR SURFACES

1. M. Shpinareva

Odessa National Polytechnical University, P.O.Box 108, Odessa-9, 65009, Ukraine

Abstract

SENSING A DYNAMICS OF THE LASER FIELD ROTATIONAL EXCITATION FOR
MOLECULES AND POSSIBLE USING IN LASER PHOTOIONIZATION CLEANING
SEMICONDUCTOR SURFACES

1. M. Shpinareva

Within the optimal governing theory a problem of sensing rotational excitation, photo ioniza-
tion and dissociation for molecules in a laser field is studied. A new multi-level optimized model
for definition of the optimal form of laser pulse to reach the maximal effectiveness of laser action
in process of selective molecule excitation and ionization is used in calculation the parameters of
the optimal excitation for molecule HBr. The dependence (number of particles) of functional of
the quality on the rotational energy and wave length of laser radiation is calculated.
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Pesrome

JETEKTYBAHHSA JIUHAMIKU POTALIIMHOTO 3BYI)KEHHSI MOJIEKYJI Y TTOJII
JABEPHOI'O BUTTPOMIHIOBAHHSA TA MOXKJ/INBE BUKOPUCTAHHSA Y JIASEPHO-
®OTOIOHIBALIIMHOMY METO/II OYUILIEHHS HABIBITPOBIJHUKOBUX MATEPIAJIIB

1. M. IlIninapesa

PosrisiHyTo 1po0iemMy IeTeKTYyBaHHS JUHAMIKHM POTAIIMHOTO 30YKEHHS, 10H13aIlil Ta T1CO-
miarii MOJICKYJT y TOJIi JIa3€pHOTO BUITPOMIHIOBAHHS y MeXaX TeOopil ONTUMAaIbHOTO KEPyBaHHS.
Hoga OaratopiBHeBa onTHMIi3aliliHa MOACIb BU3HAUECHHS ONITHMAILHOI (POPMH J1a3epHOTO 1M-
MyJIbCY JIUTSL IOCATHEHHSI MaKCUMaJTbHOT e()eKTHBHOCTI JIa3€PHOI [Tii y MPOIIECi CEJICKTUBHOTO 30Y-
JUKCHHSI Ta 10HI3aI1i1 MOJICKYJT BAKOPHUCTAaHA Y PO3PaXyHKY MapaMeTpiB ONTHUMaTIbHOTO 30y KEH-
Hs MoJieKyJ HBr. Po3paxoBaHO 3aj1eKHICTh PYHKITIOHATY SKOCTI ( YMCI0 YaCTHHOK) BiJl BEJIMYH-
HM POTAlIHOI eHeprii Ta JOBKUHU XBHIII JIA3€PHOTO BUIIPOMIHIOBAHHS.

KurouoBi ciioBa: IeTeKTyBaHHS pOTALIMHOTO 30y/DKEHHS, MOJICKYJIH Y JIA3¢PHOMY TTOJIi
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JAETEKTUPOBAHUME IMHAMMKU BPAIIATE/IBHOI'O BO3BY X KAEHWSA MOJIEKYJI
B ITOJIE JIABEPHOI'O U3JIYUEHUSA 1 BO3MOKHOE UCITOJIb30OBAHUE
B JIABEPHO-@OTONOHMU3ALIMOHHOM METOJAE OYNCTKHA
NOJYINTPOBOJHUKOBBIX MATEPHUAJIOB

U. M. lInunapesa

PaccmoTtpena nmpobieMa 1eTeKTUpOBHAUS JUHAMHUKY BpPAIIaTeIbHOTO BO3OYKIECHUS, NOHU-
3alMM U JUCCOIMAMUI MOJIEKYJI B IOJI€ JIA3€PHOr0 U3IIYyeHHUsl B PaMKax TEOPUH ONTUMAIIbHOTO
ynpasieHusi. HoBas MHOTOypOBHEBasi ONITUMHU3AIMOHHAS MOJIETb OIPEISIIEHNsT ONTUMAIBHOM
(hOPMBI JTa3epHOTO UMITYJIbCA VIS TOCTHIKEHHSI MAKCUMATbHON 2(PPEKTUBHOCTH JIA3€PHOTO BO3-
JEHCTBUS B IPOLIECCE CEJIEKTUBHOIO BO30YKACHHS M MOHM3ALIMK MOJIEKYJI UCIIOJIb30BaHA B pac-
YeTe MapamMeTpoB ONTUMAIBHOT'O BpalllaTeIbHOTO BO30Yy K aeHust MoJiekyll HBr. Paccunrana 3a-
BHCUMOCTH (DYHKIIMOHAJIa Ka4ecTBa (YMCIO YACTHUIl) OT BEIMYMHBI BpPAIATEIbHONW SHEPTUU U

JJIVMHBI BOJIHBI JIA3€PHOTO U3JTYyUCHUSI.

KroueBbie ciioBa: ACTCKTUPOBAHHNEC BpAalllaTCIILHOT O B036y)KI[eHI/I$[, MOJICKYIJIBI B ITOJIC JIa3€p-

HOTI'O U3JTYyUCHUS.

Introduction

A significant progress in the development of
laser technique stimulated a great interest to car-
rying out new non-linear optical, laser devices for
solving a wide number of tasks in different appli-
cations (atomic, molecular chemical physics,
quantum electronics, physics of elements, devices,
sensor technologies, etc.). Above cited problems
is of a great importance in studying of dynamics
of the multi-atomic molecules in a strong laser
field. A variety of multi-photon processes have
been observed in molecules, including multi-pho-
ton excitation, ionization, dissociation (c.f.[1-
15]). It is very important to note that using lasers
allows highly selective introducing the energy
quantities into definite freedom degrees of sys-
tem. It can be used as physical basis for creation
and construction of special devices for sensing
physical, chemical properties of the molecular
systems and can find application in solving prob-
lems of the nano-electronics, nano-atomic optics,
quantum computing, molecular sensors technolo-
gies etc.

Search of the optimal conditions of excitation
and ionization for atoms and molecules in laser field
attracts a great interest [1-12]. It is well known that a
method of selective photo ionization and dissocia-
tion of molecules is one of the most effective ap-
proaches to solving problem of the laser separation
of isotopes and cleaning the semiconductor materi-
als from molecular admixtures. In particular, in Los
Alamos laboratory it was at first demonstrated a pos-

sibility of selective one-quantum dissociation of ad-
mixture molecules (PH, and others) by UV radiation
of ArF excimer laser under action on molecules SiH,
(c.f.[2]). Laser cleaning of the mono-silan represents
a great practical interest for technology of obtaining
poor Si in the semiconductor industry. A possibility
of cleaning the substance in a gas phase by means of
the photodissociation of admixtured molecules in IR
laser field has been experimentally demonstrated by
Letokhov et al [2,3] on the example of cleaning
AsCl, from admixtures C,H ,Cl, and CCI,. Perspec-
tive of using the optimal IR-UV photoionization and
photo dissociation schemes attracts a great interest.
Now a great attention is attracted to theoretical and
experimental studying of optimal realizations of
processes of the multi-step and multi photon excita-
tion and ionization, dissociation. Though many of
cited processes are quite satisfactorily described (at
least, at qualitative level) by simplified models. A
majority of tasks for action of laser radiation and
high intensive particles beams on molecular gases
are quite acceptably described by multi- level mod-
els, which result in systems of differential equations
or differential equation in partial derivatives of the
Focker-Plank type [3,7,8,14]. But, a consistent theo-
ry of the optimal realizations of these processes is
absent. In refs. [13-15] within the optimal governing
theory a problem of optimization for electron, vibta-
tional and rotational excitation, photoionization and
dissociation in a laser field has been studied and a
new multi-level optimized model for definition of
the optimal form of laser pulse to reach the maximal
effectiveness of laser action in process of selective
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excitation and ionization of molecules has been pro-
posed. As example, the parameters of the optimal
excitation and ionization for molecules HC/,
CF,Br(I), SiH, etc. have been determined. Here we
present the results of analogous calculation for HBr
molecule, namely, it is calculated a dependence
(number of particles) of functional of the quality on
the rotational energy and wave length of laser radia-
tion. Let us also note that an approach considered
can be used in tasks of choosing the optimal parame-
ters of the selective photoionization method for
cleaning the semiconductor materials from surface
molecule admixtures [14,15].

Optimal model of rotational excitation
of molecules

At once let us formulate the basic moments of our
model, following to refs.[14,15]. Numerical proce-
dure is based on the finite differences scheme FDS-2
(see details in [14,20]). The model is based on differ-
ential equation of the Focker-Plank type:

Of 191 = Ly +L,(f.]) (1)

where f'is a density of molecules at a chosen vibra-

(@1/11, ........................
1) ~

tion level with rotational energy x; / is a laser pulse
intensity; L, .L (f,]) are operators, which describe
the RT relaxation and laser radiation action:

Lo () =0 f/0x° +9f/0x,...,L, =
:I(xat)u(t)(f(xzat)_f(xlst))

At initial moment of time there is some initial
distribution f(x,0),and for t>0 system is excited by
resonance laser field with frequency, which is reso-
nant to rotational transition x,—x,. We consider a
frequency of the exciting field as governing parame-
ter. To estimate an effectiveness of action one must
study a quality functional, which characterises a dis-
tribution of molecules on rotational energies to mo-
ment 7;:

()

Y()= [ £ ot h(x)dx 3)

where /(x) is some function, which corresponds to re-
quired form of the final distribution. Further we are
dealing with real form of the laser pulse. As the exper-
iments on studying laser action on substance have
shown, an adequate approximation for description of
laser pulse form has the following form see [2,3]):

.............. O<t<T,
QD /TN [t =1,)/ T, 11T, <E<T, +T, <1, )

where @, and @, are the values of the laser pulse
power, T and T, are some times (the values of these
parameters are taken from experiment). In a princi-
ple, a search for the optimal form of the laser pulse is
separated problem. The optimal governing task for
definition of the optimal laser pulse form to achieve
a maximal laser action effectiveness is written as
follows [15]:

df /0t =09 f/0x” + 0f/ox +
+H(x,)u@)(f (x5,1) = [ (x,1))
J(x,0) = f3(X)seeereennnn 0<x<R, (%)
offox++f1,.0,=0,...0<t<t

With using conjunction task one could write a
necessary condition of optimality: if (x],x,) is an
optimal governing for functional (3) and
f7(x,1),¥"(x,t) are corresponding solutions, then
we have the following condition for any x ,x, from
interval [0,R]:
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Numerical results and conclusions

We have carried out the numerical testing of the
model (1-5) for molecules HBr (T=300 K, R=25;
the values of parameters are taken from refs.[2-
4,7]). In figure 1 a dependence (number of parti-
cles) of the functional is presented:

()= [ £(x.t53%, %) h(x)dx (6)

in the interval of energies xe[13,25] (in units of £7)
upon x, and wavelength of laser radiation, which is
corresponding to rotation transition x,—x,. In ex-
pression (4) h is a function, which corresponds to re-
quired form of the final distribution f(x,z,u), i.e. den-
sity of molecules at chosen vibration level, which
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has a rotational energy x at moment of time ¢;
x€[0,R]). It is found the optimal set of physical pa-
rameters to provide an optimality of process, in par-
ticular, at wave length A=0,16um it has taken place
the optimal regime of excitation process. The ob-
tained data are qualitatively similar to results of ref.
[14,15]for molecule HCI, CF Br. The quantitative
difference is provided by using the real laser pulse
form (3) and molecular constants set. The similar
calculation is now in progress for molecule PH un-
der the UV laser field action on silane surface. It is
obvious that using of optimized models of excita-
tion, ionization and photodissociation of molecules
may improve general technologies of laser cleaning
the semiconductors materials from admixtures and
substances in a gas phase by means of method of
photo dissociation of the admixture molecules in a
laser field.

Kxy, 2™, otH.eq.
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Fig.1. Dependence of the functional /(x, x,) upon x,
and wave length of laser radiation for #,=271, (1),
t,=417,(2), t, =67, (3) for molecule HBr (see text)
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