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The time dependences of the evaporation and sputtering rate of magnesium under
irradiation by 20 keV argon ions have been determined at the temperatures sufficient for
considerable sublimation of the material from the target surface. It has been shown that
ion beam action can activate the evaporation process continuing even after the irradiation
is over. During continuous ion bombardment after the activation, the linear increase of the
sputtering rate is observed, perhaps connected with the formation of an irradiation
temperature dependent relief on the target surface.

OmpemeneHbl BpeMeHHBIE 3aBUCHMOCTH BBIXOIA PACHBIIEHUS M HCIAPEHUS MArHUs IIPU
o0yueHNM ero moHaMu aproHa ¢ smeprumeii 20 xoB mpu Temmeparypax, LOCTATOYHBIX IJIS
CUJILHOI cyOamManuy mMarepuaJa ¢ moBepxHocTu obpasia. Ilokasamo, 4To BO3geiCTBME MOH-
HOTO IyYKAa MOMKEeT IPHBOAUTL K aKTHBAIMU IIPOIlecCa HMCIAPEHU, KOTOPOe He IIPeKpaIaer-
cd IIocje OKOHUaHus o0uydeHHsA. IIpu IOCTOAHHOM BO3AEMCTBHUM MOHHOIO IIyYKa IIOCJe
aKTUBaIUY HAOJIIOLaeTcsa JUHEeHOe BO3PACTaAHNEe CKOPOCTH yIAaJEeHUs aTOMOB C IIOBEPXHOCTH,
uTO, BOBMOJKHO, CBSIBAHO ¢ (popMumpoBaHMEM Ha Hel pesbeda, 3aBHCHUMOTO OT TE€MIIEPATYPHI
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o0JIyueHus.

1. Introduction

The microrelief formation on the surface
using ion irradiation is a perspective area
in the investigation of ion-surface interac-
tions. Possible mechanisms of the surface
relief have been considered [1-3], but in
most works, the material sputtering is as-
sumed to occur according to cascade mecha-
nism. The development of nanotechnologies-
calls interest to new kinds of surface struc-
tures, thus stimulating the search for and
studying of new mechanisms resulting in
formation thereof. For example, we ob-
served a high rate and efficiency of relief
formation during irradiation of materials
with low sublimation energy at elevated
temperatures [4], that is, at dominating
non-cascade sputtering mechanisms. The
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aim of the present work is to investigate
the sputtering features of Mg exposed to
ion irradiation at elevated temperature,
which, in similarity to [5], may result in
thermal sputtering domination, as well as
the main features of the relief formed on
its surface under such conditions.

2. Experimental

The samples of polycrystalline magne-
sium were used during the experiments due
to its low sublimation energy that, in our
opinion, provides appropriate conditions for
thermal sputtering to bring a considerable
contribution into the overall sputtering
rate. The mechanically polished and fin-
ished samples were placed into vacuum
chamber with residual pressure about
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5-10~7 Torr. The surface was irradiated by
20 keV Ar* ions, the current density was
10-200 u/cm2. The quartz resonator
method was used to measure the sputtering
yield and the evaporation rate. The AT cut
quartz plates with 4000-5000 kHz reso-
nance frequencies were used as sensors. The
frequency shift was recorded using an elec-
tronic frequency counter connected to the
computer, providing the registration rate of
about 50 measurements per minute. Using
the numeric differentiation of the measured
dependences, the time dependences of Af/At
value were found, that value being in pro-
portion to the material deposition rate on
the crystal sensor which is, in turn, propor-
tional to the ejection rate V of the atoms
leaving the target surface, providing that
the relative orientation of the sensor and
material ejection source remains constant
[6]; at low temperatures, when material is
ejected only by sputtering, this value is in
proportion to the sputtering yield Y. The
temperature was controlled by copper-con-
stantan thermocouple and was stabilized by
the regulation program realizing the PID
regulation law.

3. Results and discussion

To determine the temperature at which
thermal sputtering would contribute consid-
erably to surface relief formation, the tem-
perature dependences of the ejection and
sputtering rates were measured.

The normalized dependences V(T) and
Y(T) are shown in Fig. 1. Near the tempera-
tures of about 400-425°C, a considerably
increased amount of material leaving sur-
face is observed. This is true both for sput-
tering as well as for the total ejection rate.
It is to note that the measurement proce-
dure of the Y(T) dependence included peri-
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Fig. 1. Temperature dependences of the mate-
rial ejection rate from the magnesium surface
during ion irradiation: I, total evaporation
and sputtering rate; 2, the sputtering rate
only. T, = 20°C.

odical switching-on/off the flux of incident
ions and the sputtering rates were deter-
mined with subtraction of the evaporated
particle fluxes. The amount of the evapo-
rated material at specified temperature was
determined from the time dependences of
the frequency f(¢) recorded prior to and
after irradiation. So as it results from
Fig. 1, not only evaporation rate, but also
the sputtering yield increases at the tem-
peratures about 400°C, thus indicating a
sufficient contribution from the thermal
sputtering mechanism.

The time dependences of the sputtering
rate at temperatures above 430°C differ
considerably from those measured at room
temperatures, but dependences measured
below 400°C are qualitatively similar to the
mentioned ones. In Fig. 2, the time depend-
ences are shown recorded at 200°C (a) and
500°C. At low temperatures, a the sensor
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Fig. 2. Time dependences of the crystal sensor frequency shift (1) and its time derivative (2) during
ion irradiation of magnesium at 200°C (a) and 500°C (b). Solid vertical lines show the time moments
of the ion beam opening; dotted ones, those of the shutting.
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Fig. 3. Time dependence of the sensor fre-
quency shift derivative during repetitive ion
bombardment after activation of the inten-
sive evaporation. Solid vertical lines show the
time moments of the ion beam opening; dot-
ted ones, those of the shutting.

frequency considerable shift appears only
during the irradiation, when the material is
sputtered with the ion beam. It is to note
that during the sample heating in absence
of irradiation, there is no increase in the
ejection rate before it was exposed to irra-
diation. The increase in ejection rate is ob-
served some later after the irradiation
onset, as it is shown in Fig. 2b. That in-
crease does not stop even after the ion beam
is switched off. The evaporation rate in this
case keeps growing for some time, attains
saturation, and keeps constant for a long
time under absence of any excitations.
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Fig. 4. Time dependence of the sensor fre-
quency shift derivative during continuous ir-
radiation after activation. Solid vertical lines
show the time moments of the ion beam open-
ing; dotted ones, those of the shutting.

Under repeated irradiation, the sputter-
ing rate increases additionally and does not
return to the prior value (Fig. 3). Under
continuous irradiation, the sputtering rate
increases monotonously almost linearly
(Fig. 4). Thus, we can say that at elevated
temperatures, ion irradiation activates the
process of evaporation from target surface.
The evaporation in this case occurs only
from the pre-irradiated region. The recess
formed due to bombardment has sharp
edges matching the beam profile.

The mechanism of the observed activa-
tion is not clear. Absence of the evaporation
at elevated temperatures before irradiation
is neither the result of mechanical harden-

Fig. 5. Relief formed on the sample surface at about 500°C (a) and at 430°C (b).
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ing which might occur during the polishing,
nor the result of oxide film presence cover-
ing the material surface. To confirm that
facts, the sample cooled to room tempera-
ture after measuring the time dependence at
430°C was exposed to repeated heating;
there was no evaporation prior to irradia-
tion, and thereafter, the above-described
ejection activation occurred. Perhaps the
oxide film was partly restored during cool-
ing in the residual gas atmosphere. Also it
had been clarified that this activation was
not caused by the macroscopic overheating
by the ion beam. To that end, we varied the
ion beam current keeping the constant beam
power density (by changing its incidence en-
ergy). The average quantity of sputtered
material had not virtually shown any de-
pendence on the ion beam current density
while changing it by a factor of ten.

Perhaps the increase in the evaporation
rate during continuous irradiation results
from the activated area increase caused by
relief formation on the sample surface. In
the region of beam impact, a recess is
formed filled with barnacles of metallic
magnesium. The barnacle size and morphol-
ogy differ depending on the irradiation tem-
perature, Fig. 5.

4. Conclusions

Thus, the activation of the material
evaporation from the target surface is pos-
sible during the ion irradiation of magne-
sium at elevated temperatures. The sputter-
ing process after that activation shows a
number of characteristic features: the
amount of ejected material in such regime
is much larger than during the usual cas-
cade sputtering, the sufficient amount of
material leaves the surface in the absence of
irradiation, and during continuous irradia-
tion, the ejection rate increases linearly
with time.
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Bnaue mo3u OonpoMiHEHHSA TAa TeMIepaTypHu
Ha NMOTIK aTOMIB, [0 BUJAAJAIOTHCA NpH (popMyBaHHI
peasedy Ha nmoBepxHi Mg posmuaenmam Ar*

I.M.Cmapwunos, 1.0.Menvnuuyx

Busnaueno uyacoBi 3aJIeKHOCTI BUXOAY POSHUJIEHHS Ta BUIAPOBYBAaHHA MarHilo npu #oro
ompoMiHeHHi ioHamMu apromy 3 eHeprieo 20 xeB nmpu Temneparypax, ZOCTATHiX IJd iHTeHCHU-
BHOI cyOsimariii martepiany 3 moBepxHi 3paska. IlokasaHo, 110 BIJIMB i0HHOTO ITyYKa MOKe
BUKJMKATH aKTUBAIlil0 IIpollecy BUIIAPDOBYBaHHSA, fAKe He NPUIMHAETHCA Micad 3aKiHUeHHA
onpominenHa. IIpu nocrifinomy BHJAMBI ioHHOro myykKa IIicjad axkTUBAIlil crocrTepiraerbcsa
JiHifine 30iMbIlIeHHSA MIBUIKOCTI BUIAJIEHHS aTOMiB 3 IOBEpPXHi, 110, MOMKJINBO, 3B’fA3aHO 3
dopmMyBaHHAM Ha Hi#l peabedy, 3ajle;KHOTO Bif TeMIIepaTypu ONPOMiHEHHS.
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