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The paper presents the results of experimental study of forward and backward electron emission induced by -
particles from the deposited film of magnesium. It was shown that during the deposition of magnesium in residual gas
atmosphere the deposited film contained a large amount of MgO component, which makes it possible to consider the
resulting structure as Mg-MgO. The presence of magnesium oxide on the surface of the target and the collector leads to
the fact that the previously obtained dependence of the ratio of forward and backward electron yields on specific ener-
gy loss of the ion for various metals is not applicable in the case of deposited magnesium. The differences are ex-
plained by the specificity of the emission from magnesium in the presence of a significant amount of MgO. The results
obtained can be used to detect MgO on the surface of a magnesium substrate. It was shown the differences in the exper-
imental data for the bulk magnesium collector and the collector with deposited magnesium layer.

PACS: 79.20.Rf78

INTRODUCTION

Secondary ion-induced electron emission is a fun-
damental effect of ion interaction with matter. The dif-
ferences between so-called forward (the direction of the
projectile movement) and backward (the opposite direc-
tion) electron emissions have been intensively studied
for the last 25 years (see e. g. [1 - 4]). The parameter
characterizing the differences between these types of
emissions is the Mekbach factor R, defining the relation
between forward and backward electron yields [5].
Physical differences are associated with production of
fast emission electrons through direct collisions of
bombarding ions with atoms of a substance: convoy and
d-electrons, those momenta are oriented mainly in the
direction of projectiles (see e. g. [6 , 7]). Most of the
researches devoted to R study were carried out using
ultra-thin films. The cycle of forward-backward investi-
gations was carried out by Rothard’s group with fast
accelerated multiply charged ions and a thin carbon film
[8 - 9]. It should be noted that in these experiments the
projectile energy at the entrance and exit of the foil was
somewhat different (part of the energy was lost by the
projectile in the foil), and therefore specific energy loss-
es of ion were differed too. But as we know, electron
yield is proportional to the mentioned above losses [10],
so there was additional disadvantage of thin foil for-
ward-backward emission experimental study. Therefore,
we performed the cycle of R factor measurements at the
same ion energy earlier [11 - 13]. It was shown that R
factor measured by us for a number of metals and
founded from Rothard’s experiments [8] for carbon foils
depended on the specific energy loss of fast ions in a
substance.

Great interest are attracted to secondary electron
emission application of MgO in efficient emitter devel-
opment (see e. g. [14 - 17]). MgO is used as additional
component to the base material of emitters. Magnesium
is chemically active element, so its oxides are often
formed during a number of technological operations,
such as sputtering, spraying, implantation.

In this work, we studied the effect of magnesium ox-
ide layers, obtained naturally by thermal deposition on
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thin magnesium foil, on forward and backward electron
yields of secondary electron emission induced by a-
particles of the same energy.

1. EXPERIMENTAL SETUP

Emission experiments were performed on the exper-
imental setup, which described in detail in [11]. A
source of a-particles, a thin foil target and a bulk collec-
tor were placed in the vacuum chamber (Fig. 1). The
projectiles were emitted by a radioisotope source with
isotope Pu™ (initial flow intensity 4.64x10° particles
per second). a-particles with energy of 5.15 MeV were
isotropically radiated into the solid angle 2.

The target was an aluminum thin foil of 5.6 um
thickness with Mg deposited layer on one side of the
surface. The foil was selected in such a way that its
thickness was less than the mean free path of the -
particles emitted by this radioisotope in the target mate-
rial. The radioisotope source and the metal holder of the
target were in the electrical contact.

The flux of a-particles, passing through the target,
caused secondary electron emission from its outer sur-
face (forward emission).
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Fig. 1. Scheme of forward-backward
electron emission experiments

Then a-particles hit the collector and induced elec-
tron emission from its surface (backward emission). To
provide collection of all emitted electrons both in the
case of forward emission from the target and backward
emission from the collector, we applied an electric field
in the space between target and collector. We applied a
potential of amplitude from -300 to +300 V to the target
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using a constant-current source of the Keithley-6487
type. We measured the current of a-particles and emis-
sion electrons in the collector electrical circuit. We used
a Keithley-6487 picoammeter with a sensitivity of
107'* A for precise current measurements.

The current-voltage characteristics measured in this
way allowed to calculate electron yield y from the satu-
ration current, i.e., from the maximum current corre-
sponding to the total collection of emission electrons.
Taking into account that we performed current meas-
urement in the experiment, it is possible to calculate y
by the expression:

Y= 2 (Iefloc)/ Iou
where I, is the corresponding saturation emission cur-
rent, I, is the current of a-particles that passed through
the target and caused the emission; the coefficient 2
characterizes the fact that the charge of the a-particle is
twice the electron charge.

All emission experiments were carried out in a vac-
uum chamber at a residual gas pressure approximately
2x10™ Pa.

We performed 2 series of experiments with different
target-collector combination: 1) target Ne 1 is aluminum
foil substrate (5.6 um) with deposited Mg-layer with
thickness of 0.4 um and bulk Mg-collector Ne 1; 2) the
target Ne2 is aluminum foil substrate (5.6 um) with
deposited Mg-layer with thickness of 1.8 um and bulk
duraluminum collector Ne 2 with the same deposited
Mg-layer (1.8 um). Mg layers on the surfaces of thin
foil targets and collector were produced by thermal vac-
uum deposition of pure Mg (99.99%) in vacuum univer-
sal station «VUP-5M». The residual gas pressure was
approximately 1.7x10 Pa. Thin Mg layers were depos-
ited on the outer surface of aluminum foil and face sur-
face of the bulk duraluminum collector (the side of -
particle incidence).

2. RESULTS AND DISCUSSION

To simulate the passage of a-particles through our
target, we used the SRIM-TRIM software (Fig. 2) [18].
As can be clearly seen from Fig. 2, straggling of -
particles is insignificant in the case of normal incidence.
In the absence of the target, the particles emitted by the
a-source emitted isotropically into the solid angle 2.
The solid angle into which the a-particles moved pass-
ing through the target is determined by the thickness of
the foil. Indeed, at large exit angles with respect to the
normal to the surface, the projectile path in a target foil
becomes comparable to the range.

As a result, if a certain angle is exceeded, the -
particles cannot leave the target. Thus, initially the
monochromatic flow of a-particles, passing through the
target, would be distributed by energy from 0 to E.
The maximum energy would correspond to the particles
with incidence angle of 0°. In our case, E, . was ap-
proximately 4.15 and 3.97 MeV for target Ne 1 and 2,
respectively.

The collector current as a function of voltage applied
between the target and collector is shown on Fig. 3.
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Fig. 3. The experimental current-voltage characteristics
for Mg target and Mg massive collector (case 2)

On the basis of measured current-voltage character-
istics we calculated the electron yields of forward (yr)
and backward (yz) emissions for different cases of tar-
get-collector pairs (Table).

Target-collector combination Case 1 Case 2
Y8 15.8 28.37
Yr 28.3 30.65
R 1.79 1.08

As can be seen from the table, when Mg bulk sample
was used as a collector, the R ratio between the forward
and backward electron yields was approximately 1.79,
which was close to the values obtained earlier by us
[11 - 13] and other authors for different substances [8].
Earlier we also found R ratio dependence on the specific
energy loss of an ion [13]. According to this depend-
ence, the predicted R value for magnesium should be
approximately 1.50...1.55, which is less than the value
measured in this experiment (1.79).

The most significant differences were observed for
the second case of Mg layer deposited on the collector.
At the same time, the backward electronic yields y; dif-
fered by about 2 times for the bulk Mg collector (Ne 1)
and for Mg layer deposited on the duraluminum collec-
tor (Ne 1). While in the case of forward emission the
electron yields vy, for the targets Ne 1 and 2 (Mg layers
of different thickness), were slightly differed. This
slight difference can be explained by the fact that a-
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particles that have passed through the target and cause
forward emission, have different maximum energy (due
to the difference in thickness of Mg deposited layers)
and, accordingly, different specific energy losses at the
exit from the target. As we mentioned above the elec-
tron yield is proportional to specific energy loss of fast
ion [10]. Since for the deposited layer of greater thick-
ness (case 2), we have larger specific energy loss of a-
particles at the exit from the target, then larger value of
vr for target Ne 2 is well understood.

The table also shows that the R ratio for the second
case is too low 1.08 and is differed from the predicted
value. This slight difference in forward-backward emis-
sions induced by ions of the same energy cannot be ex-
plained if we deal with metallic Mg layers. Apparently, in
our case, the samples were not in a form of Mg metal
film, but the deposited layer were heterogeneous structure
of Mg-MgO, and, most likely, MgO predominated on the
surface. Magnesium oxide compound was formed as a
result of the interaction of evaporated magnesium and
oxygen from the residual atmosphere of the chamber.

It is known that deposited thin MgO films, even if it
doesn’t have an island structure, have a great roughness.
As was shown in the work of Yoon [19], regardless of
the substrate, the MgO film had a high roughness. In our
case the large surface roughness of deposited layers
leads to the fact that a-particles, falling on the local area
of the surface at different angles, have greater path in
the emission layer (the depth of emission layer for elec-
trons is approximately 30 angstroms). Since it is well
known that y has inverse cosine law upon incident angle
for light ions [20], the proportion of true secondary elec-
trons with respect to fast 8- and convoy electrons in-
creases significantly. In the case of normal incidence of
ion on a surface the fraction of true secondary electrons
(with energy less than 50 eV) is approximately 90%
[11]. Large roughness of the surface leads to significant
increase of the fraction of slow electrons in the emitted
continuum and, as a consequence, R ratio is decreased.

MgO is well known as an efficient emitter of sec-
ondary electrons. The presence of a dielectric layer on
the surface of deposited magnesium leads to the fact
that during emission processes the surface is charged,
thereby lowering the potential barrier on the surface of
magnesium, which leads to a significant increase in
electron yield due to emission of slow electrons.

CONCLUSIONS

The forward and backward electron emission in-
duced by isotropic flux of a-particles from Mg deposit-
ed layers was studied. It was shown that using the tech-
nique of thermal deposition during the oxidation of
magnesium in the atmosphere of residual gas the depos-
ited film contains a large amount of MgO component,
which allow considering it as Mg-MgO structure. The
presence of MgO on the surfaces of the target and the
collector leads to the fact that the previously obtained
dependence of the ratio of forward and backward elec-
tron yields on specific energy loss of the ion for various
metals is not applicable in the case of Mg deposited
layers. The differences can be explained by the specific-
ity of the emission from magnesium layer in the pres-
ence of a significant amount of MgO. The results ob-
ISSN 1562-6016. BAHT, 2019. Ned(122)

tained can be used to detect MgO on the surface of a
magnesium substrate.
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BTOPUYHAS DJIEKTPOHHAS ODMUCCHA,
NHAYINUPOBAHHAS a-YACTULHAMMU U3 CJIOEB Mg-MgO

B.II. Kypenxo, C.HU. Kononenko, H.C. Maxomka, O.B. Kanaumapuvan, U.H. Muciopa,
C.C. Aéomun, H.A. Poxmanoe

[TpuBeneHsl pe3ynbTaThl AKCIEPUMEHTOB IO HCCIEIOBAHHIO 3MHCCHH 3JIEKTPOHOB, HWHIYLHMPOBAaHHOW O-
YacTHLIAMH Ha TIPOCTPEJl M Ha OTpaKEHHE W3 HANBUICHHOW IUIEHKHM MarHusi. bbulo moka3aHo, 4To NP HalbUICHUH
MarHus B arTMoc(epe 0CTaTOYHOTO ra3a IUIEHKa COJEPIKUT OOJIBIIOE KOINYECTBO KoMIoHeHTa MgO, 4To no3Bosser
paccMarpuBaTh HOJNYYEHHYIO CTPYKTYpy kak Mg-MgO. Hanuuue okucu MarHusi Ha IOBEpXHOCTH MHUIIEHH U KOJI-
JIEKTOpa IPUBOJIUT K TOMY, YTO MOJIydYeHHAas paHee 3aBUCUMOCTh OTHOILIEHUI 3JEKTPOHHBIX BBIXOJOB Ha MPOCTpEN
U Ha OTpaKEHME OT YAEIbHBIX MOTEPh SHEPTUHU HOHA AJIS PA3IUUHBIX METAJJIOB HE MIPUMEHUMA B CJIydae HalbUICH-
Horo MarHus. [lomydeHHBIE pa3nudans 0OBSCHIIOTCS CTIeU()UKON SMUCCHH U3 MATHUS NP HATTMYUH 3HAYUTEIIEHOTO
konmuectBa MgO. [lomydeHHbIe pe3ynbTaThl MOTYT OBITH IPUMEHEHBI AJsI AeTeKTupoBaHus MgO Ha MOBEPXHOCTH
MarHueBoro cyOcTpara. beim mokasaHsl M 0OBSCHEHBI Pa3INYUs B 3KCIICPUMEHTAIBHBIX JAHHBIX U1 MACCHBHOTO
MarHMeBOr0 KOJUIEKTOpa U KOJUIEKTOPA C HAMBUICHHBIM CIIOEM MarHUsl.

BTOPUHHA EJIEKTPOHHA EMICIA, IHTYKOBAHA o-HYACTHUHKAMM 3 IIAPIB Mg-MgO

B.IIL. Kypenko, C.I. Konounenko, I.C. Maxomka, O.B. Kananmap’an, .M. Muciopa,
C.C. Aéomin, M.A. Poxmanoe

HaBeneno pesynbTaTé €KCHEPUMEHTIB 3 JIOCIHIKEHHS eMIcCil elIeKTPOHIB, IO iHJyKOBaHA O.-4aCTHHKAMH Ha
TIPOCTPINT 1 HA BIOUTTS 3 HAMWJICHHUX TUTIBOK MarHiro. Byno moka3aHo, 1o B pa3i HamMJIEHHS MarHito B atMocdepi
3aJIMIIKOBOTO T'a3y YTBOPEHA IUIIBKAa MICTHTh BEJIMKY KUIbKICTH KoMroHeHTa MgO, 110 103BOJIsIE PO3IIISIaTH OTPH-
MaHy CTPYKTypy sk Mg-MgO. HasBHicTh OKHCY Martito Ha IMOBEpXHI MIIIEHI Ta KOJIEKTOpa IPU3BOAUTH 10 TOTO,
10 OTPHMaHa paHille 3aJeKHICTh BIJTHOCHH €JIEKTPOHHUX BHUXOJIB HA MPOCTPLI 1 Ha BIIOWUTTS BiX MUTOMHX BTpPaT
eHeprii 10Ha JJIs pi3HUX MEeTaliB He MOXe OyTH 3aCTOCOBaHa B pa3i HamwieHOro MarHito. OTpuMaHi BIIMIHHOCTI
TIOSICHIOIOTHCS criel(iKoro emicii 3 MarHito 3a HassBHOCTI 3HaYHOI KijbkocTi MgO. OTprMaHi pe3yabTaTH MOXYTh
OyTtu 3actocoBaHi a4 neTektyBaHHs MgO Ha noBepxHi MartieBoro cyocrpary. byiio nokasaHo i nosicHEHO BifMiH-
HOCTI B €KCIIEPUMEHTAIbHUX JaHHUX JUIl MAaCHBHOT'O MArHi€BOro KOJEKTOpPA i KOJEKTOpa 3 HAIWJICHUM LIapOM Mar-
Hio.
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