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Heavy-ion-induced desorption of organic molecules studied
with Langmuir-Blodgett multilayer systems
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Heavy-ion-induced desorption has been studied with samples consisting of Langmuir-Blodgett
films made from Cd salts of fatty acids. The experiments confirm the result of previous works that
heavy ions drill a crater into the sample surface. The explicit dependence of the crater depth on the
electronic energy loss could be determined from the experiments. The craters exhibit the shape of a
symmetric cone as obtained from a desorption model applied to the experimental data.

I. INTRODUCTION II. EXPERIMENTAL

Fast heavy ions with MeV energies are able to desorb
intact organic molecules with high efficiency. This has
been shown more than 15 years ago by Macfarlane and
collaborators. ' Meanwhile heavy ion induced desorption
(HIID) mass spectrometry has become a useful tool for
investigations of organic compounds in many labora-
tories. Parallel to this development, much effort has been
spent to get a consistent picture of the desorption mecha-
nism. It is well established that the electronic part of the
primary-ion energy loss in the sample is responsible for
desorption. In fact it has been shown, that the yield for
secondary ions desorbed from a number of compounds is
proportional to some power n of the electronic stopping
power dE/dx, where n is a number between roughly 1

and 4. ' Nevertheless, it is still not known in a fully mi-
croscopic frame how the electronic energy is transferred
to the desorption degrees of freedom of the molecules.
Most models treat this part of the desorption process
more or less in a pure phenomenological way.

Many different and rather complicated steps can take
place between energy deposition and the emission of the
molecule from the sample. To shed light upon these pro-
cesses, more elaborate experiments are needed in addition
to those which already exist. In this context the use of
dedicated samples becomes rather important.
Langmuir-Blodgett (LB) films can be regarded as such
samples because they represent a well-organized organic
structure with great homogeneity and a thickness which
can be tuned on the nm scale. The present paper reports
on HIID experiments performed with LB films. The aim
of the experiments was to study (i) the crater formation
proposed in Refs. 5 and 6, (ii) the dependence of the
crater depth and the desorption depth (i.e., the maximum
depth in the sample from which secondary ions are emit-
ted) on the primary ion energy loss, (iii) the explicit shape
of the craters, and (iv) the dependence of the secondary
ion yield on the sample thickness. Similar experiments
have been performed already in Refs. 5 —8.

TABLE I. Energy E, velocity v, energy loss dE/dx, and
desorption depth d of the primary ions. t is the crater depth ob-
tained from the simple crater model of Ref. 5. ~ and u are the
crater depth and the crater width (measured at the surface) as
calculated with the modified crater model. 8'os and 8'0~ are
desorption probabilities for cdS and cdA, respectively, used in
the latter model.

Primary ion

E (MeV)
v (cm/ns)
dE/dx (keV/nm)
d (nm)
t (nm)

'

~ (nm)
u (nm)

~OS
~0~

16O

5.4
0.81
1.3

15
15
10
9
0.50
0.80

32S

12.1
0.85
2.4

20
30
20
14
0.70
0.93

63Cu

19.0
0.76
3.5

30
35
30
17
0.87
0.98

127I

45.5
0.83
5.8

&30
50

&30
22
0.99
1.00

Primary ions used for the present investigations were
' 0, S, Cu, and ' I from the Erlangen EN tandem ac-
celerator. Ion intensities did not exceed 300 particles per
second. The sample was irradiated with typically
10 —10 ions during the measurement. Due to the low
beam dose the probability that a second primary ion hits
an already irradiated spot on the sample is extremely
small. Table I gives the energy E of the primary ions, the
velocity U, and the energy loss dE/dx (as calculated with
Bragg's rule from the tables of Ref. 9) in Cd stearate.
The primary ion charge was identical with the equilibri-
um charge because the ions had to pass two foils thick
enough to establish charge equilibrium (see Fig. I).

Secondary ions desorbed from the LB films were
detected by means of a time-of-fiight (TOF) mass spec-
trometer which is shown schematically in Fig. 1. Pri-
mary ions pass the start detector (consisting of foil F2,
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FIG. 1. Experimental set up. PI = primary ion, SI = secon-
dary ion, S = sample. G, G1, G2 are grids; F1, F2 are thin
Formvar foils. CP1, CP2 are channel plate detectors and C
stands for converter plate.

8X10 M. The preparation of mixed assemblies con-
sisting of different Cd salts was performed with great care
in order to avoid any contamination of the layers (e.g.,
contamination of a cdS layer with cdA molecules). Final-
ly it should be noted that only even numbers of layers
could be deposited onto the substrate due to the hydro-
phobic character of the Au substrate.

The notation used below for the LB assemblies studied
is explained for the following examples: 2cdA/ncdS
denotes a film consisting of two layers of Cd arachidate
covered by n layers of Cd stearate (n =2—12, even). The
cdA layers are deposited on the Au substrate (note the
order). 8cdA/2cdS/2cdP denotes a film assembly consist-
ing of eight layers of cdA (on the Au substrate) covered
by two layers of cdS and additional two layers of cdP.

III. RESULTS

grid 62, and channel plate detector CP2) and penetrate a
hole in the converter plate C covered with the thin Form-
var foil F1 before they hit the sample S. The sample is
mounted on a target ladder which contains six additional
samples, each of which can be positioned in front of the
grid G without breaking vacuum. It should be noted that
the primary ions impinge perpendicular to the sample
surface. This is an important improvement compared to
earlier investigations because the experimental data
can be explained much easier.

Desorbed ions are accelerated in the electric field be-
tween S and grid G and hit the foil F1 which is covered
with CsI in order to enhance secondary electron emis-
sion. Secondary electrons produced by the impact of the
secondary ions are accelerated between F1 and grid G1
and are bent into the channel plate detector CP1 by
means of a magnetic field. CP1 yields the stop signal for
the TOF measurement. The start signal is delivered by
the secondary electrons which arise when the primary
ions pass the foil F2. The detection efficiency of the start
detector was determined to be 100%. The detection
efficiency for secondary ions is not known it is estimat-
ed to be roughly 50% for the fatty acid molecules mainly
investigated. Secondary ion yields quoted in this work
are relative yields and are calculated from the ratio of
stop to start signals.

LB films investigated were multilayer assemblies of Cd
salts of fatty acids. The films were prepared at the MPI
fur Polymerforschung, Mainz. A TeAon trough was used
for this purpose, which was positioned in a laminar flow
box. Monolayer films were transferred from the subphase
(milli-Q quality HzO) to the substrate (microscope slides
covered by 100 nm Au) by means of the dipping tech-
nique. The surface pressure m of the subphase was
recorded by means of a Wilhelmy-type sensor. Transfer
pressures nwere 35 mN m . ' for Cd arachidate (cdA) and
Cd stearate (cdS) and m =24.5 mN m ' for Cd palmitate
(cdP), respectively. Transfer ratios were also recorded,
they were close to 1 for all samples investigated. The
subphase pH was adjusted by m.cans of NaOH to a value
of 6.5, the CdClz concentration in the subphase was

Figure 2 shows typical HIID mass spectra of negative
ions desorbed by S and Cu ions from different 2cdA/ncdS
samples. The dominant peak in the spectra belongs to
the deprotonated stearic acid molecule (S-H) . In some
of the spectra (A-H) ions show up. The intensity of the
(A-H) peak decreases for both primary ions with in-
creasing number of cdS layers covering the cdA bilayer.
The (A-H) intensity obtained for the same number of
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FIG. 2. ' S (12.1 MeV) and Cu (19.0 MeV) induced spectra
of 2cdA/ncdS samples. n is the number of cdS layers. (S-H)
and (A-H) denotes the deprotonated stearic acid and arachid-
ic acid molecule, respectively.
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cdS overlayers is larger for Cu ions than for S ions.
The fact that (3-H) ions are observed which stem

from the bilayer on the bottom of the sample means that
a crater is Inilled into the sample by the primary ion as
proposed already in Refs. 5 —8. The conclusion is
stringent if one assumes that the LB film is close to defect
free, that desorption from a protected layer is only possi-
ble if the molecules on top of this layer are removed and
that diffusion of protected molecules to the sample sur-
face is unlikely. These assumptions seem to be reasonable
since a separate analysis of the same samples with the
method of the spontaneous desorption" revealed only a
very small number of defects (see below) and since model
calculations on the basis of these assumptions
reproduce —at least qualitatively —the observed data (see
below).

S and Cu primary ions difFer in the amount of ener-
gy deposited in the samples (the Cu energy loss exceeds
the S energy loss by a factor of 1.5, see Table I). Thus,
the spectra of Fig. 2 indicate in addition that an energy
loss dependent depth sensitivity exists for the Me V
desorption from LB films, i.e., that the crater depth in-
creases with increasing dE/dx. This finding is also sup-
ported by ' 0- and ' I-induced data obtained from the
same samples: the (A -H) peak disappears almost com-
pletely in the ' 0 induced spectrum of the 2cdA/6cdS
sample, it is still visible in the ' I-induced spectrum with
the thickest cdS overlayer investigated (2cdA/12cdS sam-
ple).

The depth sensitivity of the different primary ions in
cdS films can be expressed in terms of the desorption
depth d (depth from which desorption is still possible).
The de sorption depth for the different primary ions
(different dE/dx values) investigated are given in Table I.
d is also shown in Fig. 3 as a function of dE/dx. It
should be noted that an error of the order of 2.5 nm has
to be associated with the values given due to the bilayer
structure of the samples. A function proportional to I—

~ 150-
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(dE/dx)' is also shown in Fig. 3 (solid line) because a
(dE/dx)' dependence of the crater depth is proposed in
Ref. 12.

The existence of a dE/dx dependent desorption depth
can also be deduced from spectra obtained with ' 0
(5.4 MeV) and ' I (45.4 MeV) primary ions from
8cdP/2cdS/2cdA and 8cdA/2cdS/2cdP samples. The
' 0-induced spectra (see Fig. 4, left side) are dominated
by the deprotonated fatty acid molecules desorbed from
the bilayer on top of the sample. This indicates that the
primary ion with small dE/dx is mostly sensitive to the
sample surface. In the ' I-induced spectra (see Fig. 4,
right side) the deprotonated molecular ions from the 8
layers on the sample bottom are desorbed with large in-
tensity.

Actually the (P-H) peak in the ' I-induced spectrum
of the ScdA/2cdS/2cdP sample contains roughly the
same number of counts as the (A-H) peak. This is due
to the fact that the desorption probability for ions from
Cd palmitate is larger (due to smaller binding energies)
than for Cd arachidate. This is also the reason why the
yield ratio for (P-H) to (S-H) ions exceeds the ratio
for ( A -H ) to (S-H ) ions in the ' 0-induced spectra
shown in Fig. 4.

Obviously the measurements performed with the
2cdA/ncdS samples include the dependence of the HIID
yield on the sample thickness. To deduce this depen-
dence the (S-H) counts were normalized to the number
of incident ions. The resulting yields Y are shown in Fig.
5 (triangles). The yields increase with increasing sample
thickness till a maximum is reached; after this maximum
a slight decrease is observed for still larger thicknesses.
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FIG. 3. Depth sensitivity d of the HIID for cdS films as a
function of the energy loss dE/dx of the primary ions. t and v.

are the crater depths obtained from a simple crater model and a
modified crater model, respectively. The solid line is propor-
tional to the square root of dE/dx.
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FIQ. 4. ' 0 (5.4 MeV) and ' I (45.5 MeV) induced spectra of
a 8cdA/2cdS/2cdP sample (upper part of the spectrum) and a
8cdP/2cdS/2cdA sample (lower part).
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FIG. 5. Desorption yields for (S-H) ions (triangles) and
(A-H) ions (circles) obtained for I, Cu, S, and 0 primary ions
as a function of the number n of cdS layers. Dashed lines are
fits with the simple crater model, solid lines are fits with the
modified crater model.

The position of the maxima shifts to larger values of the
sample thickness with increasing dE/dx of the primary
ions. Similar features have been observed in the Kr-
induced data for cdS samples and for I-, S-, 0-, and C-
induced data for cdA samples.

An increase of the (S-H) yield with increasing sample
thickness must be correlated with a decrease of the (2-
H) yield if the assumed crater formation is correct.
Figure 5 shows that this is indeed the case (circles). The
figure also demonstrates once more that the depth sensi-
tivity of the HIED increases with increasing dE/dx of the
primary ion.

IV. MODEL CALCULATIONS

The present investigations support the idea, ' that a
crater is milled into the LB film by the incident primary
ion the depth of which increases with increasing dE/dx.
If one makes the reasonable assumptions that a molecule
from a deeper layer is not desorbed unless the molecules
on top of it are removed and if one further assumes that
the desorption probability 8'decreases below a value of 1

for some distance r measured from the primary ion track
one obtains automatically a conelike shape for the crater.
A cylindrical shape as assumed in Ref. 6 would result in a
step function for the (A -H) yield curve.

If one assumes a priori that the crater formed by the
heavy ion has the shape of a symmetric cone one should
get (S-H) and (A-H) ion yields (abbreviated Fz and
Fz, respectively) for 2cdA/ncdS samples which are pro-
portional to the volumes the ncdS top layers and the cdA
bilayer occupy within the cone. Thus, one obtains the
following expressions for the yield Y& and Yz, respective-
ly,

Yq=O, t(na .

The quantities a, t, and R are the thickness of a LB
monolayer (a was chosen to be 2.5 nm for the cdS and
cdA molecules), the crater depth, and the cone radius, re-
spectively. The measured dependence of the yields Yz
and Yz on the number of cdS top 1ayers can be fitted
with the expressions given in the square brackets of Eqs.
(1) and (2). The fits are shown in Fig. 5 (dashed lines).
They allow to deduce the depths t of the craters milled
into the sample by the different MeV heavy ions. The t
values obtained are given in Table I and are shown as a
function of dE/dx in Fig. 3 (circles). As expected, t in-
creases with dE/dx in a similar way as the desorption
depth d.

Absolute values for the cone radius R cannot be ob-
tained in this model. From a comparison of the yields for
different primary ions one can, however, deduce the ra-
tios of the cone radii for different projectiles. These ra-
tios agree reasonably well (considering the uncertainties
in the t determination) with the ratios of the crater
widths obtained in a more realistic model (see below).

The model predicts a saturation of the (S-H) yield for
samples with a cdS thickness larger than the crater depth

The 0-, and S-induced data for which this criterion
is fulfilled do not exhibit this behavior. Instead, a de-
crease of Y& is observed for large n values. This indicates
that the assumptions underlying this simple model are
still too crude to describe the data also in detail.

Bolbach et al. were the first who applied this simple
model to fission fragment induced data. They got reason-
able agreement between the model prediction and their
data. This is somehow astonishing since one would only
expect a crater with the shape of a symmetric cone if the
primary ions hit the LB-film surface perpendicular
(which was not the case in the experiments of Ref. 5).

We have also applied a more realistic model (called
modified crater model in the following) for a comparison
with our data. The model assumptions are (i) desorption
of a protected molecule occurs only if the molecules on
top of it are also desorbed, (ii) a cylindrical volume with
radius 0.5 nm (fragmentation radius r&) centered around
the primary ion track does not contribute to the yield of
unfragmented fatty acid ions, and (iii) the desorption
probability W~ for ions originating from the ith layer (the
i = 1 layer is the monolayer on top of the sample,
i =1,2, . . . , n) depends on the distance r from the pri-
mary ion track in the following way:

W~(r) = WoexpI —Uo(i)/E(r)] .

Uo(i) is the binding energy in the ith layer, Wo the max-
imum desorption probability for a particular primary ion,
and E(r) the energy available for the desorption of a mol-
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ecule at the distance r. E(r) equals the energy density
e (r) deposited by 5 electrons in a distance r perpendicu-
lar to the primary ion track multiplied by the volume of a
fatty acid molecule; e (r) was estimated according to the
prescription given by Hedin et al. '

We allow Up to vary from layer to layer similar to the
ansatz for a thermodesorption model made in Ref. 14 be-
cause it is known that different binding energies exist for
molecules in different layers of a multilayer LB film. '

One cannot expect that the desorption process is satisfac-
torily described by one particular binding energy. ' This
choice has of course the disadvantage that one is left with
a large number of parameters (particularly if thick films
are involved) even if Uo is kept constant for successive bi-
layers as in the present calculations. To get, nevertheless,
meaningful results one has to show that a number of in-
dependent measurements (e.g. , Ys and Y„as a function
of n measured for difFerent impinging primary ions) can
be reproduced simultaneously by the model calculations.
Besides this, both magnitude and behavior of the Uo(i)
values obtained from the fit should be reasonable.

The contribution to the yields Yz and Y~ from one
layer is assumed to be proportional to the sum of the
weighted areas of annular rings centered around the pri-
mary ion trajectory in a distance r . The energy density
e(r ) is assumed to be constant within each particular
ring. The weighting factor for each ring is the desorption
probability W, (r~ )calculated ac. cording to Eq. (3). The
total yield Yz is obtained if the contributions from all n
cdS layers are summed up:

ity of the fits decreases only slightly if an average value of
0.86 eV is used for the first four bilayers on top of the
cdA layers. It is, however, essential to use the relative
large values of 1.0 and 1.2 eV for the topmost layers in
order to reproduce the observed decrease of I'z for n & 8.
The values for the maximum desorption probabilities
S pg and 8'p z used are given in Table I. They increase
with increasing energy loss dE/dx of the projectiles.

Figure 6 gives an impression of the approximate shape
of the craters milled into the LB films by the different pri-
mary ions. The figure shows cuts through the samples
parallel to the primary ion trajectory. For each bilayer
the outer boundary of the craters is determined by the ar-
bitrary condition that the desorption probability W;(r)
decreases for the first time below the value 0.2. It is obvi-
ous from the figure that both crater depth r and crater
width u (as measured at the sample surface) increase with
increasing dE/dx of the incident ions; r and u values are
given in Table I.

The ~ values are comparable with the values of the
desorption depth d determined directly from the mass
spectra (see Fig. 3). The squared crater radii are roughly
proportional to the (S-H) yields obtained for diff'erent

5 -::::::16p".::::, :,.,', ',
,:, :

%XXKLAXX%%Ãkc d A%$
~ggg&gpss

/~V ~ ~~ / / ~/
A~ A~ A~ A~ R~. RA. AA PAA (AA. RA. /AA. A~ /,'Au~~

I I I I I I I

J n i

Ys o- X X II I Wosexp( —Uo(k)/E(v ))]2vrr dr.
j=li =1 k=1

The yield for (A-H) ions Y~ can be expressed as
J

Yw ~ X Wos(" j)I Wo~exP[ Uo~/E(r, )]2~r dr} .

cdS:::::::

kXXXXXXXXXXXXXXXXXXXXXCd4ih&
'W / / W WV/ V' Yl~/YY ' /~//

RA. /AA ~ RA A. Aw Rr. A/ A~ RA. PAi. / -Y(AA. JAAAu~
I I I I I I I

i
I I I I I I I

/

(5)
15:::::::::::::::::::::CU ::cd S::.::.':::.:'::

The quantities Wo and Uo(k) with additional indices S
and A indicate the above-introduced maximum desorp-
tion probability and binding energy with respect to the
stearic and arachidic acid molecules, respectively.
Wos(n, j) is an abbreviation for the Product occurring in
Eq. (4), r =rf+(j —1/2)D with rf being the fragmenta-
tion radius (see above, rf =0.5 nm) and D the molecular
diameter (D=0.5 nm). The maximum r~ value rJ was
chosen to be considerably larger than the range of 5 elec-
trons in the fatty acid samples (see Ref. 13).

Figure 5 shows the best fit curves (solid lines) to the ex-
perimental data using Eqs. (4) and (5) simultaneously
with the same normalization constant. The binding ener-
gies obtained from these best fits are 0.70 eV for the cdA
bilayer deposited on the Au substrate, 0.90 eV for the cdS
bilayer on top of the cdA bilayer, and 0.87, 0.84, 0.81,
1.0, and 1.2 eV for the following double layers. The qual-
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FIG. 6. Shape of the craters formed by ' 0, S, C~, and iz7I

primary ions in the 2cdA/ncdS samples as obtained from calcU-
lations with the modified crater model. For details see text.



HEAVY-ION-INDUCED DESORPTION OF ORGANIC MOLECULES. . . 565

2.0- cdA
cdS

cdP

36 I/ill/y cdP
P cdS

cdA
i

I,

16p

EXPT CA LC. EX PT. CA LC

0
2.0- 127) 327)

1.0-

FIG. 7. Comparison between experimental yields for (A-
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8cdA/2cdS/2cdP sample (right side) with yields calculated by
means of the modified crater model. Note that all yields are
normalized to the experimental yields of the ions from the bi-
layer on top of the samples.

primary ions from the 2cdA/2cdS sample. This is what
one expects for this sample: an increase of dE/dx in-
creases in this case first of all the surface area from which
desorption can occur.

The modified crater model was also applied to the
spectra obtained from the 8cdA/2cdS/2cdP and
8cdP/2cdS/2cdA samples. Figure 7 shows a comparison
between calculated and measured yields for (P-H), (S-
H), and (A-H) ions. Obviously reasonable agreement
can be obtained with the experimental data.

V. DISCUSSION

The mass spectra obtained from mixed layer LB assem-
blies contain molecular ions which stem from the protect-
ed layers [e.g., (2-H) ions in case of the 2cdA/ncdS
samples]. This clearly shows that HIID is not only sensi-
tive to the surface but also to the bulk of the sample, pro-
vided that one excludes (i) a possible difFusion of mole-
cules from the protected layers to the surface prior to the
primary ion bombardment, (ii) a contamination of the
surface with these molecules as a result of a sloppy sam-
ple preparation, and (iii) a substantial defect structure
(large unprotected areas) of the samples. The analysis of
the samples investigated by means of the spontaneous
desorption mass spectrometry" showed that these possi-
bilities can be safely ruled out. If one further assumes
that the ions in question cannot penetrate the top layers if
these layers should remain intact after the primary ion

impact one is led to the conclusion that a crater is milled
into the LB film by the primary ion which extends all the
way down to the protected layer. Crater formation has
been proposed in Refs. 5 and 6 and is predicted in several
theoretical models. ' ' '

The conclusion that a crater is formed is supported by
the fact that a very simple crater model which assumes a
conical shape for the crater as well as a more realistic
modified crater model is able to reproduce the data quali-
tatively. The models account both for the decrease of Y
for ions from protected layers and the increase of Y for
ions from the top layers with increasing number n of
these layers. Both models yield crater depths which in-
crease with increasing primary ion energy loss and which
agree reasonably with the desorption depth deduced
directly from the mass spectra.

The modified model also allows one to deduce the ap-
proximate shape of the craters formed by the different
projectiles (see Fig. 6). The craters have the shape of a
symmetric cone with an aperture angle which decreases
with increasing dE/dx and a crater width which in-
creases with dE/dx. From the crater volumes obtained
for the different primary ions one can calculate the num-
ber of molecules which are ejected by the impact of one
primary ion. Most of these molecules are neutral. ' ' If
one uses values of 10 to 10 for the yield ratios of
charged to neutral secondary particles (these values agree
with ratios obtained for organic compounds in Ref. 21)
one obtains indeed secondary ion yields which agree
roughly with the measured values.

It is interesting to note that the absolute values of the
binding energies Uo(i) agree with values quoted in the
literature. In Ref. 22 a value of 0.83 eV is found from
thermodesorption experiments for a cdA monolayer on a
hydrophilic substrate. The lower value of 0.7 eV for the
cdA bilayer on the hydrophobic Au substrate obtained
from our best fits seems therefore reasonable. Laxhuber
et aI. ' and also Rabe' find an average Up for a cdA
multilayer system of 0.83 eV with a slight decrease of Up
with increasing number of layers. This compares nicely
with the absolute values of Up and the decreasing tenden-
cy (with increasing film thickness) obtained from the
present fits for LB samples with up to eight layers of cdS.
The fact that Up for the topmost bilayer of the two thick-
est samples investigated had to be chosen significantly
larger than the Up values of the layers underneath is in
contrast to the finding of thermodesorption experi-
ments. ' ' The reason for this discrepancy is not clear.
It might be due to the fact that the modified crater model
is still too crude. It neglects, for instance, the effect re-
ported by Rabe' that a particular layer becomes more
tightly bound the more layers are put on top of it. This
effect could be simulated by an increase of Up for the top
layers of the thickest samples in the present model.

It is to be expected that crater formation occurs quite
generally if organic and inorganic samples are bombarded
with MeV heavy ions. The extension (depth and width)
of the craters in the samp1e depends for a given projectile
on the parameters of the sample (molecular binding ener-
gies, desorption probability, energy transfer from the pro-
jectile to the ions to be desorbed, etc. ) as can be easily
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shown in the framework of the crater models used in this
work.

The desorption yield P for ions from protected layers
decreases with increasing number n of top layers (see Fig.
5). This decrease is more pronounced for primary ions
with small electronic energy loss dE /dx, and thus
demonstrates that a dE/dx dependent depth sensitivity
exists in HIID. The desorption depths for di6'erent pri-
mary ions agree satisfactorily with the crater depths ob-
tained with both models.

Samples with imperfect overlayers which exhibit chan-
nels (free of sample material) which extend down to the
protected bilayer can, of course, obscure the depth deter-
minations. A simple calculation shows, however, that the
ratio between uncovered and covered area must exceed
1% before defects are able to inAuence the d determina-
tion (this was not the case according to a spontaneous
desorption analysis" ). In the calculation it is assumed
that the primary ions (cross section =10 nm ) hit the
sample area (=1 mm ) in a completely statistical way
(each 10 -nm spot on the sample is hit only once by a
primary ion due to the low ion dose). Besides this the fol-
lowing quantities enter into this calculation: the total
number of primary ions impinging on the sample (typical-
ly 10 ), the minimum cross section of a cdS free channel
(2X10 ' nm ), a lower detection limit of 100 counts in
the (A-H) ion peak and a neutral to charged species ra-

tio of 10 .
It should be noted that the yield for ions from the pro-

tected bilayer did not increase during the irradiation pro-
cess. This is expected if the sample is irradiated with a
very low ion dose as in the present case. It supports the
premise that a spot on the sample hit once by a primary
ion is not hit a second time.

VI. CONCLUSION

The present investigations indicate that conical craters
are formed in LB alms consisting of Cd salts of fatty
acids if MeV ions hit these films. For a given sample
both the depth and the width of the crater depends on the
electronic energy loss of the MeV ion. A heavy ion with
a large dE jdx value drills a deeper hole (with an almost
cylindrical shape) into the sample than a light ion with
small dE/dx. This means that HIID possesses a certain
depth sensitivity (from 10 to )30 nm in case of the sam-
ples and projectiles investigated in this work) which can
be adjusted choosing the appropriate projectiles. As a re-
sult of the crater formation one obtains a dependence of
the desorption yield on the sample thickness. The yield
increases with the sample thickness till a maximum is
reached for a thickness which equals approximately the
crater depth.
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