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Hot-carrier transport processes in stimulated desorption of alkali halides
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Electron- and photon-stimulated desorption of epitaxial thin films and bulk single crystals of alkali halides
has been investigated. It has been found that the widely accepted model based on self-trapped exiton decay and
thermally activated defect diffusion cannot account for a number of experimental observations. In particular, it
cannot explain the stability of the very thin alkali-halide films against the electron beam, and it fails to interpret
correctly the yield dependence of the halogen atoms emitted with nonthermal energies on the film thickness
and sample temperature. It is shown that for satisfactory interpretation of those data one has to take into
account early stages of crystal excitation, i.e., hot carrier formation and transport processes occurring prior to
self-trapped exciton phase. Consequently, a comprehensive description of the observed desorption features is
presented[S0163-182608)01943-2

[. INTRODUCTION holes that have been discussed in detail by Williahal®
Subsequently, the defects may decay or migrate in the crystal
When a keV electron hits a crystal it loses energy in aby the thermally activated hopping motion.

cascade of excitatiohaving a spatial extent of 1000 A. An extreme instability of alkali halides against ionizing
Although most of the initial excitations are of a core-type, radiation was discovered in the 1950s as a result of wide
subsequent fast~<10 1" s) decay of these excitations and interest in radiation damage of materials. In the late 1960s it
reabsorption of energy of their products causes that after was discovered with the use of Auger electron spectroscopy
time of about 10° s nearly all primary energy is deposited (AES) that the alkali-halide surface subjected to electron
in a form of valence-hole—conduction-electron pairs and thésombardment was deficient in the halogen compofent.
lattice vibrations’ The electrons and the holes created by thelater measurements by Townseetlal® and de Vries and
cascade are hot. They possess kinetic energies due to the factworkers showed that the electron-stimulated desorption
that all states in the bands are equally populated by electrofESD) of alkali halides occurs as a very efficient process
excitation. An average initial energy of the hot electron orleading to preferential emission of the halogen component.
hot hole may be taken as a half of the conduction of valenc&@he excess alkali atoms either accumulate on the surface in a
bandwidth, respectively. In case of alkali halides thisform of metallic islands or, if the sample temperature is high
amounts to 1-2 eV .The evolution of moving charges in the enough, evaporate from the crystal surface. Detailed mea-
polarizable lattice is often described in standard textbdoks.surements of the halogen atom-velocity spectra for rubidium
Nonstatic (e.g., moving charges interact with the and potassium halides indicated two componént€ne is
longitudinal-optical phonon field through the electric field of well described by a thermal, Maxwell-Boltzmann distribu-
the polarization wave. Due to this coupling the kinetic en-tion characterized by the surface macroscopic temperature;
ergy of chargedquasjparticle is gradually transferred to the the second is a hyperthermal component with a maximum
lattice by collisions with phonons. The energy released taaround 0.3-0.4 eV. The intensity of the Maxwellian compo-
(absorbed fromthe alkali-halide lattice during a single op- nent is activated with the target temperat(#erhenius-type
tical phonon creatioffabsorption event is 20—30 meVRef.  dependengewhile the intensity of the hyperthermal part de-
5) (depending on the compoundrypically a quasiparticle creases weakly with increasing temperature. Alkali atoms are
colliding with a phonon changes its energy by a smallemitted with thermal energies under all conditions but their
amount. However, due to comparable band momenta of théme-of-flight spectra could be influenced by delayed emis-
particle and the phonon, its velocity vector may undergo asion from the surface at low temperatufést has been com-
considerable change in direction. As a result the motion ofnonly believed that atomic emission from alkali halides re-
the hot quasiparticle in the alkali-halide lattice is Brownian-sults from evolution of the self-trapped excit6f$® and
like. Furthermore, since we expect that the hot particle meathat the earlier stages of excitation are insignificant for the
free path is much shorter than the size of an excitation voldesorption processes. In the early model proposed by
ume, all electrons and holes should roughly be confinedownsendet al® the nonthermal emission originates from
within the cascade. A dense electron-hole plasma formed thihe decay of the self-trapped excitBTE) near the surface
way (~10' e-h pairs/cn) lasts until thermalization of the initiating the so-called “focused replacement cascade.” The
excitation products {1072 s). After that time electrons thermal component was described by Szymoftsis due to
and holes become slow enough to cause the surroundirtge hopping motion of defect§ andH center pairgthe F
crystal to rearrange significantly and minimize the total sys-center is formed by an electron trapped in a halogen vacancy,
tem energy(self-trapping. There are a few possible lattice the H center is formed by an interstitial halogen ajoipro-
configurations around self-trapped electrons and self-trappediuced by internal decay of STE, carrying energy to the sur-

0163-1829/98/5@.9)/132048)/$15.00 PRB 58 13204 ©1998 The American Physical Society



PRB 58 HOT-CARRIER TRANSPORT PROCESSESI| . . 13 205

face and either producing halogen adatoms on the surface
(H) or neutralizing surface alkali ion(&). All these concepts
assumed that the initial defect concentration was propor-
tional to the primary deposited energy density.

It is expected, however, that hot quasiparticles, despite
their very short lifetimes, can redistribute the primary exci-
tation energy in the solid and provide an efficient transport of
excitation energy from the bulk to the surface or to the in-
terface. Elangt’ observed a loss of quantum efficiency in
electron-excited intrinsic luminescence from impurity-doped
NacCl, which they attributed to the hot hole diffusion trans-
port of the excitation to impurities. Szymonséi al1° have
measured the nonthermal emission of halogen atoms from
alkali halides and argued that the emission process is pre-
ceded by the hot excitation diffusion. Nevertheless, the role
of the hot excitation transport in radiation-induced processes
in alkali halides is still controversial and not known in detail.
In this paper we present a comprehensive review of our re-
cent experimental data on electron- and photon-induced de-
sorption of thin films and bulk alkali halides. A consistent
description of these data is given in terms of a model taking
into account both possible energy-transport processes: the
transport by hot(nonequilibrium) carriers and by the ther-
mally activated hopping motion of lattice defects.

II. EXPERIMENTAL TECHNIQUE

An UHV system consisting of two chambers was used in
the experiment. The analysis chamber contained an electror
gun, low-energy electron diffractio EED) diffractometer,

a hemispherical energy analyzer, and a quadrupole mas:
spectrometer. The preparation chamber enabled substrate an
sample preparation and it contained an ion gun, a quartz
crystal microbalance, and an effusion cell for molecular-
beam epitaxy. Magnetically coupled transfer allowed the
sample to be moved between the two identical target ma-
nipulators in the two chambers. The base pressures were les
than 3<10 °torr in the analysis chamber pumped by a
combined ion/titanium sublimation pump, and less than 3
% 10" ° torr in the preparation chamber, pumped by a turbo-
molecular unit.A, By semiconductors were used as sub- (®

strates for thin-film epitaxial growth. These semiconductors

have the cubic zinc-blen_de §tructure, and_ th_e variety of dif- FIG. 1. The low-energy electron diffraction image of the sub-
ferent component combinations allows finding a substrat@y ate surface100) InSb prepared for deposition of alkali-halide
that has a good lattice match with the given alkali-halidefjjy, (a), and for 4-ML-thick film of KBr on this substraté).
compound. Moreover, there exists a strong bond between the

halogen ion and thé,;, element of am By substrate that substrate. ML stands here for a monolayer, understood as a
properly arranges the first monolayer of depd%itn the  single layer of atomsthickness; 2.8 A for NaCl, and 3.1 A
present study a gallium arsenide substrate was chosen féwr KBr.) It was found that a deposition of the layer corre-
sodium chloride(mismatch ~0.4% and an indium anti- sponding to 3 ML of KBr caused a complete quenching of
monide substrate for potassium bromigeismatch~1.5%.  substrate Auger peaksppearing at 400-500 ¢\bbserved

The substrate was cleaned with repetitive sputtering of lowat a low angle and the change of the LEED pattern from
energy Ar iong(0.8 ke\) and annealing600 and 500 °C for ¢c(8x2) characteristic for the substrate to sharp ) char-
GaAs and InSb, respectivglyThis procedure was used to acteristic of an alkali-halide single crystal occurred below 4
generate the cleac(8X2) reconstructed surface rich in ga- ML, as illustrated in Figs. (8 and ib). Based on these
lium or indium, as indicated by comparing the AES spectrameasurements, together with the previous work by Saiki, Na-
taken at grazing and 45° excitation. This was consistent wittkamura, and Kom&’ it was assumed that the growth mode
previous work on the structure of the reconstruckggBy,  was a two-dimensional layer-by-layer type.

surfacet”'8 The samples of thin epitaxial films were pre-  Alkali-halide epitaxial films were desorbed/ta 2 keV
pared by evaporation of the alkali-halide vapors from theelectron beam focused into a 0.5 mm-diameter spot. A total
effusion cell at a rate of 0.5—1 ML per second onto a cleardesorption signal of halogen atoms was measured as well, as
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velocity distributions by means of time-of-fligit (TOF).  films. The steady-state concentration of hoppitigcenters
Special care was taken to minimize erosion of the thin filmscan be described by the following diffusion equation:
The electron beam was scanned over an area3fi mn?, )

and the electron current was minimized to @.A. A film of dny  ny
given thickness was desorbed until no observable desorption Hodx® r
signal was presenfwhich took place at 20-30 A as de-
scribed further in the text The total number of counts reg-
istered during this desorption allowed to calibrate our detec
tion system in absolute units of the yield. Experimental
conditions were chosen in such a way that the film thicknes
change due to desorption did not exceed 2% during a sing|
experimental run(whenever constant film thickness was

+N(x)=0, 1)

where Dy is the diffusion coefficient,ry is the lifetime
mainly due toF-H recombination, anay is a steady-state
concentration of interstitial4H center$ as a function of
epth(x). The sourceN(x) is a combination of linear func-
éons adopted from Al-Jammal, Pooley, and Town<8athd
ronshteyn and Protsenko
The solution is found as

needed
NH() =A@ M+ Ay M+ 7uN(X),  Ay=\Dymy,
lll. RESULTS, DISCUSSION, 2
AND THEORETICAL CONSIDERATIONS where indexk stands for different regions of depthin
A. Thermal desorption yields and the thin-film stability which the sourceN(x) is linear, andA; , are constants to be
against radiation calculated from additional conditions.

When anH center arrives at the surface it produces a

logen atom weakly bound to the surface, which desorbs in
short time. Thus, the surface acts as a perfect trap for
iffusing H centers. In the case of a thin film, an interstitial

. NONY) S halogen atom cannot transfer to the substrate and the inter-

lon_excitation. Standa_\rd_ models descrlb!ng the proces ace acts as a perfect reflector for diffusion. Accordingly, the

Ieaqlmg to thermal emission start at the final stage of thefollowing conditions should be taken at the film boundaries:

excitation cascade evolution when the thermalized valencgt the surface

hole stops in the crystal bulk. Static charge causes a rear- '

rangement of the surrounding lattice and trapping of the dny(0)

hole. Consequently, the hole is associated with a certain H T=AS,HHH(0), Agn—°,

halogen in the lattice that becomes neutral. Opening an outer

p shell of the lattice halogen by hole localization leadd/to  and at the interface, at depth

center formatiorf. A covalent bond is formed between the

neutralized halogen and a neighboring halogen ion. They dny(d) —_A d A 0

move closer together and a dihalide molecule is formed in- Hoax - Aink(d), - Ain—0,

side the crystal. The stablé, may trap an electron formin . L
y lé may trap g whereAq y andA; y are surface and interface recombination

a self-trapped exciton and finally decay intolnH pair. A : o
: - e e . rates, respectively. The coefficierAs and A, are calcu-
detailed description of the STE dynamics is given in Ref. 12 ated from the boundary conditions and from thecondi-

An essential process in ESD is the thermally activated hop]-. T . ; L ;
ping motion of STE decay products. The activation energie§'on on a solution joining pointthe first derivative continu-

for H centers are particularly low and huge desorption yield®tS: The desorption intensity may be taken proportional to

can be expected in this process. At 400 °C for bulk crystal-the interstitial concentration at the surface. Due to the fact

line NaCl bulk 14 molecules were recorded per single 0_8that the hopping motion of interstitials is activated thermally
keV electror®® A thermally activated hopping motion of the we take, after Ref. 28,
defects efficiently transports excitation energy to the surface. Aoy = \eEa/kKT
At lower sample temperatures an increased probability for H R0 '
the center’s radiative recombination Bf and H competes where T is the macroscopic target temperatukg, is the
with desorption. Nevertheless, in an idealized crystal and aactivation energy for a jump to the neighboring interstitial
very low excitation densityl- andH centers could have ex- site, and\q is the high-temperature limit of diffusion length
tremely long lifetimes and the number of molecules removedf H centers along the coordinate perpendicular to the sur-
from the surface would be close to the number of electronface. Additionally, in thin films we have to consider the in-
hole pairs generated in the crystal. Such a low excitatiorfluence of the interface on the initial energy deposition in the
density case may be a model for our photon-stimulated desrystal. The substrate has a mass density approximately
sorption (PSD  experiment where fluxes of twice the density of the filnfroughly the same holds for the
10" photons/mm? were applied® stopping power for electrof9. Thus, we expect that the
For a ~1 keV electron excitation the yield depends interface increases the amount of energy deposited by ener-
strongly on electron current. It is likely, therefore, that thegetic electrons at its proximity. Assuming that the energy
main role in desorption quenching is played by the steadylistributions of electrons at the interface plane are the same
stateF center density. For simplicity of the model we assumein the forward and the backward directions, we may account
a constant diffusion length of defedtid center$ across the for this effect simply by mirroring the part of the profile of
crystal. Such an assumption is justified since we do not havAl-Jammal, Pooley, and Townsend profile with respect to the
a large variation of primary deposited energy density in ourinterface plane with a certain weiglat This is equivalent

It has been well established that the thermal component (ﬂa
ESD is universal in alkali halide<.At elevated temperatures
the majority of atoms emitted from the surface have thermal
velocities. This is true for electré?as well as phototi and
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FIG. 2. The “thermal” component of Br desorption from KBr FIG. 4. The CI desorption from NaCl films for a set of low
films as a function, the film thickness for few different tempera-thicknesses. No desorption is observable below 10 ML. The solid

tures. Solid lines were evaluated from the thermally activated defedine is derived from continuous diffusion. The dashed line is from
(H-centey diffusion model. the model taking into account the interaction of hot holes with the

interface.
to adding the factorgN(2d—x) to the initial excitation
sourceN(x) (whereg is the inelastic “reflection” coefficient KBr. The diffusion model predicts a linear increase of the
at the interfack In Fig. 2 we can see a comparison of the desorption yield from zero thicknessee Fig. 4, solid ling
measured halogen yieldpoints and the solid curves calcu- In principle, its artificial continuity(no atomic layers taken
lated from our model. The activation energy found from theinto considerationcould account for the absence of desorp-
fit is 0.25:0.02eV in good agreement with previous tion from the initial 2-3 ML but certainly not from the 10
results®® The diffusion length of ouH centers changes from ML film. We shall argue that this thin-film stability is a
30 to 700 A with temperature increasing in the range 20-manifestation of the hot excitation diffusion process and in-

300 °C; these values certainly vary with different electronterface trapping. The electronic structure of kB, semi-
current densities. conductor alkali-halide interface is represented by a diagram

The model fails, however, to explain the behavior of thein Fig. 5. Conduction electrons and valence holes are likely
desorption yield for a very thin films as seen in Figs. 3 and 4to transfer from the alkali-halide film to the semiconductor

The measurements show that there is no observable desofgbstrate, but the opposite should not occur. Thus, we may
tion for films thinner than 10 ML for NaCl and 8 ML for expect that the interface acts as a trap for excitations at a
very initial stage of their evolution. On the other hand, we

80 assume that the surface acts as a reflector for hot holes. Once
again we use the steady-state diffusion equation:
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FIG. 3. The “thermal” component of Br desorption from KBr FIG. 5. The simplistic scheme of the valence—conduction-band
films as a function of the film thickness, thin films case. No desorp-electronic structure at the alkali haliday By, semiconductor junc-
tion below 8 ML is observable. Lines were drawn to guide an eyetion. (NaCl/GaAs.
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d’n, ny 1400
Dh de_T_h_l—N(X)_O' (3) _ 1
2 1200
but with the boundary conditions reversed: a trap at the in- § 1
terface and a reflector at the surface. The lifetipés here o 10005
associated with thermalization and self-trapping of the hole E, h
in the polar lattice of the crystal. We expect the excitations to .
disappear at the interface causing no desorption. In particu-g 8%
lar, when the film thickness is comparable with diffusion i ]
length of the hot hole {Dy7,) nearly all energy primarily A 600
deposited in the film is “pumped out” by the interface. We & b
may improve our model of thermal desorption by taking the é 400
source to ben,(x)/ 7, instead ofN(x). The curve evaluated _g ]
from this improved mode{dashed line in Fig. Areproduces g i
our desorption data with much higher accuracy, including the = 200_:
case of a very thin film. The diffusion length of the hot hole ]
giving the best agreement of the experiment for NaCl and the 0 '

T T T T T T T T T T T T
1000 2000 3000 4000

[w)

model may be assessed as 30 A. We would like to stress tha .
no apparent influence of the hot carrier diffusion could be primary electron energy [eV]
observed for desorption of the thi¢kulk) sample, since the

change of a shape of the defect distribution caused by haot FIG. 6. The depend_ence of the “nonthermal” part of_ESD of Br
diffusion is insignificant in this case. In conclusion, we can'°m KBr crystal on primary electron energy. Dashed line showes

say that our desorption data for very thin films reveal that thédhee gggngzedgsgﬁ:z: de?rirr%ytﬁgnrnsgty;;fbhs?oiu:;%%eél-Ii—:edglict);%tlgal
hot carrier diffusion takes place at early stages of th P y

thermal-desorption process. ‘the solid line.

almost independent of the sample temperature within the

B. Nonthermal desorption vs the film thickness range 25-150 °C. For diffusion of the hot carriers we may
and primary electron energy write again
There were two attempts to explain the phenomenon of
nonthermal desorption. The first, suggested by Szymonski d%ng,  Ney
et al,'®implied that the energy for crystal bond breaking and Dex——=— — +N(x)=0, (4

emission of a halogen atom is supplied to the surface by dx Tex

diffusion of hot electron-hole pairs. If a hole is localized on ) o o ) o
a surface halogen, the Coulombic bond disappears and tighereDey s the diffusion coefficientre, is the lifetime, and
halogen atom could be ejected due to Pauli pressure of tHeex |s_the steady-state concentration of hot quasiparticles as a
surrounding electron cloud. In this case a creation of the hofunction of depthx. - _ o

electron-hole pair may take place inside the crystal and, sub- If the sourceN is linear, the solution for thin films may be
sequently, the pair could be transported to the surface via #und in the form

hot carrier diffusion. The second concept, originally pro-

posed by Townsendt al® and recently modified by Chen, 057
Cai, and Sont} and Puchiret al*® implied that the nonther- ]
mal atoms are ejected as a result of thvg{e) STE con-
figuration decaying t& andH pair in a close vicinity of the
surface. Calculations by Chen, Cai, and Song predicted that
in this latter case the emission is expected from the third
atomic layer of the crystdf The authors, however, did not
consider hot excitation diffusion. But such diffusion, to our
opinion, must be included in order to understand phenomena
such as the dependence shown in Fig. 6. The nonthermal
desorption yield varies with the primary electron energy but

04
037

0.2 ]

nonthermal Br yield [atoms/e]

it does not follow the stopping power of the electrons. Such 0.1
behavior can be, however, explained by assuming that the ]
diffusion of excitation changes the deposited energy density 0.0 ]
distribution prior to the desorption process. 0
A systematic study of thin-film desorption provides fur- thickness [A]

ther arguments for such a hot carrier-diffusion process. The

dependence of nonthermal yield vs film thickness is plotted F|G. 7. The dependence of the “nonthermal” component of
in Fig. 7. The onset of the yield is noticeable already at veryeSD from KBr films in absolute unitéiumber of emitted atoms per
low film thicknesses(<20 A), then it rises smoothly and one primary electronvs the film thickness at room temperature.
saturates at a thickness of about 200 A. This behavior iFhe solid line is evaluated from the hot diffusion model.
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Ney(X) = Blyke"/)‘eH- Bz,ke_X/)‘eH— TeN(X), Nex= /DexTex- C. Dependence of nonthermal desorption on temperature
5 As we have already mentioned, the intensity of the dy-

namic (nonthermal halogen component decreases weakly
with sample temperature. Previously, the present authors
roposed that this behavior was due to a steady state concen-
ration of defects created in the crystal by the electron
beam?® However, further experiments have shown that the
nonthermal component is not significantly dependent on the
dng,(0) current density? and on the concentration of impur_ities in
Dexe—:As olex(0),  Ag e, the lattice®? In this section we demonstrate that this weak
dx ' ’ temperature dependence can be satisfactorily explained by
the interaction of hot excitation carrietexcitons with the
polar lattice and that invoking of other concepts is not re-
quired.
Let us assume that the hot excitation of mean initial en-
ergy E diffuse in the polar crystal. The scattering rates due to

The coefficientsB,, and B,y are calculated from the
boundary and joining points conditions. It is assumed tha
the surface is a trafas we observe desorptigrihus

and the interface is a reflector for diffusing carriéas we do
not observe an “interface” pumping effect;

dng,(d) interaction with the given modég) of the optical-phonon
ex gy~ Aiedledd),  Aje—0, field may be expressed as follotis
1 A 1
=— (Ng+3%3), (6)

whereA ¢ o, andA; ¢ are surface and interface recombination
rates. The desorption has to be proportional to the concen- ] . . )
tration of excitations at the surface. Comparing the curvéVhereqis the wave vector associated with the optical mode,
from the model with experimental points, the diffusion the parameteA may be treated as independent@due to
length of excitation carriers is found to be 1405 A. Simi-  the flat dispersion relation for optical phonons, the sign™
larly, for the primary electron-energy dependeriEéy. 6), stands for emission gnd—“” for ab_sorptlon of a phonon,
we can evaluate the theoretical shape from the same mod@NdNq is the population of the optical mode.

assuming infinite film thickness and allowing the source An energy loss to the modgis equal to

N(x) in Eqg. (5) to change according to the formula of Al-
Jammal, Pooley, and TownseffdA satisfactory fit (see o
solid line, Fig. 6 is obtained at diffusion length 130 A. Thus, dt
the assumption that ejection of nonthermal halogen atoms is

preceded by diffusion of hot excitation carriers allows for the Taking o o as constantflat dispersioj, we can easily
consistent description of the desorption yield behavior vdntegrate the energy los\E) over all phonon modes. The
both the film thickness and the primary electron energy. Ofesult does not depend on phonon populatmmncrystal tem-
course, the question arises, what is the nature of our diffugPeraturg. In such a case the lifetime of the excitation does
ing quasiparticle. It cannot be a hole alone, since as we foundot depend on temperature either. However, the number of
in Sec. Il A, its diffusion length is much shorter, and as scatterings(n) suffered by our excitation is proportional to
shown by the results of our recent PSD measurem@ets the sum of emission and absorption scattering rates over all
Sec. Il D), we do not expect the nonthermal ejection to oc-phonon modes:
cur due to a hole arriving at the surface alone. However, in

the electron-hole plasma created by electron impact in the E
crystal, we may find another candidate—a hot excitdn. ne q
was found that in dense electron-hole plasmas the initial

electric current is rapidly quenched due to the fact that alhe mean free path is inversely proportional to the total scat-
certain fraction of electron-hole pairs is converted intotering rate:

excitons®}) Such an exciton may have any momentum al-

lowed by the band configuration. The hot excitons cannot o — L

dekcayhradiatively un;[i1l they t:jecolme ﬁddhﬁ photonf c|<|':1nnot %(ZNqJF 1

take their momentuin Accordingly, they have to follow a . . . —

random walk scheme, as already described for holes. Th‘gakmg N from the Bose-Einstein relation:
interaction of hot excitons with a longitudinal phonon field, 1
which dominates in polar crystals, is weakebmparing to Ng= ,

charged quasiparticlgslue to mutual screening of the elec- exf o o/kT]—1

tron and the hole. Thus, we expect much greater diffusionit, the optical-phonon energy from Ref. 5 and multiplying

Iengths for excitons than for holes. This |mpI|cat_es t_he hOt\/ﬁ andl we can obtain the diffusion length of hot excitations
exciton as a precursor state for the nonthermal ejection pr

O(')\) Vs temperature:
cess.

In conclusion, we can state that the energy-transport pro- 1
cess preceding surface ejection of the nonthermal halogen Nt ——— (9)
atoms is well described by the hot diffusion of free excitons. V2Ng+1

Temabs

=—Q0z @)

dE 1 1 _Ah(,!)LO
= L q

Tabs Tem

1 1
_+_

oc% (2Ng+1). (8)

Tabs Tem
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300 — (see also Ref. 23We argue that this is due to the very low

: excitation density created by the photon flux of%(s cnf)

- in such an experiment. Absorption of a single photon pro-
duces an isolated electron-hole pair, which, during its life-
time, decays without interaction with other excitations. At
photon energies corresponding to fundamental exciton ab-
sorption the resulting primary excitons are static due to the
fact that photon momentum is negligible in comparison to
B typical band momenta. In such a case the exciton is trapped
B immediately at the point of its creation and no excitation
100 — transport to the surface could take place. Moreover, even if
n the excitons are created directly at the surface they would not
N contribute to desorption, since only singlet excitons are cre-
- ated directly with light. However, dynamic ejection pro-
-] cesses could be initiated by triplet excitons as shown by
0 AL B L RN SR R A A R A Tanimura and Trof? Thus, the absence of the nonthermal
part of desorption in PSD observed in our previous experi-
ment is consistent with the concept of nonthermal desorption
driven by diffusion of hot(nonequilibrium excitons.

200 —

nonthermal yield [ arb. units ]

200 300 400 500 600
temperature [ K ]

FIG. 8. The “nonthermal” component of ESD of KBr as a
function of the sample temperature. Circles denote the data taken IV. CONCLUSIONS
for 500 A-thick film. Squares are for the data recorded for bulk
crystal. Solid line is evaluated on the basis of the exciton-phonon Electron- and photon-stimulated desorption studies of ep-
interaction model. itaxial thin films and bulk single crystals of NaCl, KBr, Ki,

and Rbl have shown that hot carrier formation and transport

This simple model enables us to calculate the instantaneou¥0cesses occurring prior to self-trapped exciton formation
parameters of diffusion for excitation having certain kineticare of crucial importance for understanding and comprehen-
energy(E). In fact, the energy of the excitation changes dur-sive description of the observed phenomena. In particular,
ing time as far as we have to do with different initial kinetic the following conclusions could be draw(i) Thermal de-
energies. Fortunately, for one-phonon processes, all averagorption component is properly described by thermally acti-
ing, which is needed in order to take into account differentvated defect diffusion(2) for thin alkali halide films with
possible initial excitation energies and excitation slowing, isthicknesses less than 8—10 ML, interaction of hot holes with
done over the proportionality factor and the shape of théhe interface quenches thermal desorption proce¢3gthe
temperature dependence must survive intact as if®g.  €jection of nonthermal halogen atoms is preceded by the

The efficiency of the nonthermal desorption preceded byBrownian motion of hot excitationgmost likely free exci-
the diffusion of hot excitation carriers should be roughly tons in the ionic crystal(4) the dependence of the nonther-
proportional to the diffusion length of the carrier. In Fig. 8 mal component on the temperature may be interpreted in
the relative temperature dependences of the diffusion lengtierms of a hot exciton-phonon interactidf) the initial high
as estimated from Eq9), and of the nonthermal yield are €Xxcitation densityelectron-hole plasmds a necessary con-
presented. It can be seen that the theoretical curve can I§étion for nonthermal desorptiofsuch conditions cannot be
fitted quite satisfactorily to the experimental data. achieved by available UV photon sourges
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