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Abstract

We study the charge of an insulating target irradiated by a broad electron beam of a few keV with our Monte Carlo simulation model. We
are particularly interested in the dynamics which leads the system towards a stationary state. We examine successively the role of parameters
such as the density of current in the primary beam, the density of traps, their activation energy. According to the situation considered, one
observes that the regulation of the system can sometimes be stopped, either because the traps become saturated, or, in the case of thin targe
by the appearance of a leakage current towards the ground, due to carriers released from the traps.
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1. Introduction 2. General evolution of the system

The aim of this paper is to characterise the behaviour ofan ~ When the primary beam ener§y is sufficiently high, the
insulator bombarded by an electron beam with an energy of initial total secondary emission yiettd is lower than 1. One
a few keV. We are interested more particularly in the evolu- expects that the effective energy of the primary electrons,
tion of the secondary electron emission yield) and of the Eeff, Will decrease during the implantation. More precisely,
surface potential/s(t) as the system charges. The dynamics one predicts that(t) increases progressively with the time
of these processes is controlled by the traps present in theof bombardmentto the limito, = 1 and that the surface po-
sample. We make use for that of a Monte Carlo simulation tentialVs(t) decreases before it reaches a limit value denoted
modef—2 which is well adapted to follow the history of all by V. in what follows. One generally considers that the sys-
the charges in interaction with the sample. We have restrictedtems has stabilised when itis characterise®ft) =V, and
our study to the case of a broad primary electron beam (defo-o(t) = 0.
cused mode) so that the problem can be described by usinga Let us first assume that the parameters characterising the
simplified one-dimensional model. The internal field and the system are such that no “internal constraint” restrains the
surface potential are thus determined self-consistently, within evolution of the system towards a stationary state. For this,
aformalism close to that proposed by Caz4he presence  one selects a very high value for the density of trapping sites
of the insulator-vacuum and of the sample—substrate inter-(N; = 10?°cm—3), as well as for the activation energy of the
faces is accounted for by the image charge mefhod. traps Ea=1eV) so that no detrapping effect can occur. The
electric field necessary to obtain a lowering of the potential
barrier of the order oE, is about 20 MV cnt?. This value,
which anyway exceeds the breakdown voltage, is never at-
* Corresponding author. Tel.: +33 2 51 12 55 36; fax: +33 2 40 14 09 87. tained in our calculations. The bombarded surface is fixed
E-mail addressraphael.renoud@physique.univ-nantes.fr (R. Renoud). Very large, with a primary beam radigé2 = 100p.m.
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Fig. 1. Time evolution of the (a) total secondary yield(b) surface potentia¥s. (c) Evolution ofo as a function of the effective ener@ys.

We first present the evolution of the surface potenial out charge equals EE{,=1480eV in our example). Thus,
(Fig. 1a) and of the total secondary emission yielgFig. 1b) the surface potential at stabilisation\s, = (Ep — Eco)/|€],
as a function of the irradiation time, fdf, =10keV. The that isV,, = —8520V forEp = 10 keV (Fig. Ic).
behaviours obtained by simulation are quite in conformity
with those expected. In order to quantify the time evolution of
Vs and ofo, we have fitted them by two sigmoidal functions: 3. Role of the density of current

t\* Several experiments, performed by Blaise to measure the
Vs(t) = Voo | L—exp|—| — , t . T )
<) * ( p{ (T\/) D o) in-charge secondary emission yiglshow that the current

8 density, jo, of the primary beam plays an important role
} in the charge dynamics. One observes for instance that the
self-regulation regime of the yield that we have described
here-above is replaced by an ageing regime and then by a
On Fig. 1c, we have reported the evolution of the total breakdown one whejy is raised. The yield or the sample
secondary emission yield;,, as a function ofEgg, for the current present sharp variations which accompanied by
valueEp = 10 keV. As a comparison, we have added the yield damage in the material. The current density can be modified
curve obtained by assuming that all the charge effects haveeither by varying the primary intensity or by changing the
been inhibited (“standard” yield curve). One notices that the beam diametew. In the first case, and for usual intensity
in-charge yield follows the standard curve perfectly. This be- values, it is just necessary to adjust the time scale to account
haviour is reproduced at all primary energigs This indi- for the new irradiation rate of the primary electrons onto
cates that the internal field is not sufficiently high to modify the target. In the second case, considered by Blaise, an
in a substantial way the trajectories of the carriers in the sam-electrostatic approach makes it possible to confirm the
ple. We indeed showed recently that, in the case of a veryintuitive idea that the field effects are all the more marked
high internal field, the in-charge yield curedEc) passes  that the diameter of the primary beam is Ibw.
above the standard ofeHere, o is only affected by the sur- We have reported drig. 2a the evolution of the surface po-
face potential effects through the modification of the beam tential during the irradiation for densities of currggof 10*
effective energyEest = Ep +|€]Vs). At the end of the charge, and 16 pAcm~2. The regulation takes place more quickly

t
= 0oo — (000 — 00) EXP [_‘L'

o

Eef reaches the cut-off valug;,, for which the yield with- when the density of current is increased. Of course, a reduc-
0 — . . 0 y ' '
) X o Jjo= 10* pA.cm?
250 F ° - 250+ A
. o Jjo= 10°pA.cm?
500} ] 5001+ .
= S :
ao <750+ 5 1 o TS0F % .
-1000ff © jo= 10*pA.cm? ] 1000} R%%WW
* Jjo= 105pA.cm? E
-1250 L L . -1250 L ! .
1 10 100 1000 10000 0 5000 10000 15000 20000
t (ms) Equivalent time (ms)

Fig. 2. Surface potential evolutiors(t) for two values of the density of currggt(a) real time scale, and (b) after adjustment of the time scales.
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Fig. 3. Evolution ofVs(t) (a) influence of the traps characteristic, (b) for two target thicknesses. (c) Evolution of the (fjefor L =100.m.

tion of the primary beam diameteéris such that the charge places for carrier trapping and the field value at stabilisation is
distribution has a lesser extension at the surface. So, for aalways sensibly the same in each case Hyet 2.5 keV, The
given irradiation time (same injected dose), the surface po- surface potential at the impact zovit) varies according to
tential grows agp increases. If one adjusts the time scales of the behaviour described previouskid. 3a, curve 1). One
time in order to recover identical current densities, one ob- notably obtains a stabilisation valig, = —1020 V.
tains the curves presentedrig. 2. The fact that they differ When the density of traps is reducéd £ 10 cm=3), the
markedly indicates that the explanation is not only an effect charge dynamics is different according to whethgis weak
due to the potential, but that the size of the primary spot is or high. When the traps are deep, the charges will occupy the
also a significant parameter. same site for a long time and the “interaction pear” region can
The experimental results of Blaise can thus be explained become rapidly saturated. The self-regulation of the system
by saying that, if the density of currentis very high, aninjected is then stopped before the stationary state is readfigd3a,
charge will not have enough time to trap before the arrival of curve 2). If on the other harig, is weak, the saturation effects
the next primary electron at the surface of the sample. Underwill be less marked because of the reduction of the residence
these conditions, an accumulation of moving charges occurstime of the carriers in the sites, resulting in a high effec-
locally, eventually conferring a quasi conducting behaviour tive mobility. The charges will be able to migrate towards
(se€ for instance) to the corresponding region of the material regions deeper in the target. Globally, the internal field will
(not accounted for in the present model). vary slowly, just like the surface potentidlig. 3a, curve 3).
The final value reached at stabilisation is it-also reduced and
one has in this casé,, = —765 V.
The effect of the migration of charges by multiple trapping
can be evidenced if one works with a sample characterised by
We are now interested in the influence of the detrapping a small thicknesk. In what follows, one goes fro= 1000
effects on the evolution of the charge within the insulating to 100pum.Fig. 30 shows the evolution of the surface potential
target. We consider successively samples presenting neutrafor L =100um. This latter does not attain its limit value, i.e.
traps with an either low (0.25eV) or high (1eV) activation —765V at 2.5keV, any more but stabilises abruptly-&60
energye,. after a timet=230ms. As well, the yield(t) has now the
Our simulations indicate that, when the density of traps is limit value o, =0.86% 1 (Fig. 3c).
high (Nt = 10?° cm—2), no noticeable differences occur in the The total implanted charge and the centre of gravity of the
behaviour ag, is varied. Indeed, there are always available charge stabilise more rapidly than expectBay(4a). This

4. Trapping and detrapping effects
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Fig. 4. (a) Evolution of the total implanted charQgeand of the centre of charge positidpfor a thin target. (b) Evolution of the maximum depth of the charges
Zyax during the irradiation.
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can only occur by a leaking of charges. Here, the only possi- reached. At last, for a thin sample, a relaxation current to the
bility is that some electrons have crossed the target and haveground can also appear, prematurely stopping the evolution
been collected at the ground of the sample holder. Under theof the yield.

influence of detrapping, the maximum dedfj.« attained
by the charge distribution increases with the irradiation time

(Fig. 4b). Fort> 230 ms, the crossing has been achieved. This References

effect has recently been observed experimentally by B¥aga.

5. Conclusion

In this study we have tried to clarify the role of the various

parameters which influence the dynamics of the regulation of 3.
the charging system in the case of a broad primary beam. The
nature of the traps present in the sample, their volume den-
sity as well as their activation energy are determinant. Apart
from effects simply related to the penetration of the beam, the ™
intensity of the internal field depends also on the size of theg

primary spot. The evolution of the charge is then governed

by a competition between the filling of the traps and their re- 6.

laxation under the internal field influence. According to the

be obtained. The “ordinary” self-regulation of the system cor-

responds to the case where the yield can tend continuouslys.
towards the unit. Saturation effects can also occur and stop

the evolution of the yield before the above limit has been
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