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Enhanced desorption from solid deuterium driven
by charging with keVelectrons

Films of solid deuterium at a temperature around 3 K have been irradiated by 1.5 or 2 keV electrons.
The films were deposited on the silver electrode of a quartz crystal microbalance (QCM) suspended below
a pumped liquid helium cryostat [1,2]. The thickness of the films ranged from 10 nm to up to 5 m. The initial
film thickness and the mass loss as result of desorption were monitored by the QCM. The electron beam
current was kept at about or below 100 nA to avoid beam-induced evaporation.
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WopreHcen Ckoy, Bupaxut 3ectpan
YnyyweHHana aecopbunA TBepaoro aenrepus,
obycnoBneHHan 3apAAKON 3JIeKTPOHaAMU

MneHKkn TBepaoro fentepua npu temnepatype okono 3 K obnyyanunce anektpoHamu 1,5 unm 2 k3B.
MneHKn ocaxpanucb Ha cepebpAHbIN 31eKTPOA MMKpoBecoB ¢ KpucTamiom keapua (MKK), cBo6ogHo
No/iBeLleHHbIN HUXe OTKa4YnBaeMoro reJimeBoro Kpuocrara. ToslmMHa NieHoK BapbupoBanack B npeje-
nax ot 10 HM A0 5 MKM. [oBepXHOCTHbIV NOTeHLUMan Bbi3BaH HaKoMaeHWeM 3/1eKTPOHHOr0 3apsAAa B MieH-
Kax 60MbLIOM TONLWMHBI, OTKYAA 371eKTPOHbI Bosiee He cnocobHbI MUTPUPOBATL K NMPOBOAALLEN NOANOXKKE
C AOCTAaTOYHO BbICOKOW CKOPOCTbIO. JIMHeliHOe yBennyeHre NOBEPXHOCTHOMO NMOTeHLUMana MoXeT bbiTb
06bACHEHO TOIBKO NOBeAEeHMNEM KOHAeHcaTopa.

KnioueBble cnoBa: fecopbums, TBepablil AeTEpPUIA, MOBEPXHOCTHbIN NMOTEHLUMA, MIEHKN KPUOKPU-
CTannNoB.

WopreHcen Ckoy, Bupaxut 3ectpan
K3B-3nieKTpoHAapMeH 3apajTanyfa HerisfenreH KaTtTbl AeNTEepUAAIH
}aKcapTbliFaH gecopbumacobl

3K Temnepatypaaa KaTTbl feriTepuinfin KabbiKwack 1,5 HeMece 2 k3B aneKkTpoHaapMeH cayneneHreH.
KabbiKwanap KBapy Kpuctanabl MUKpocanmMakTbl Kymic (KMK) xxmMHaKTanaTblH rennii KpyoctaTTaH TeMeH
iniHreH anekTpoaKa oTbipFbi3bliFaH. KabbiKwaHbIH KanbiHabiFbl 10 HM-aeH 5 MKM-Te eitiH TypneHaipinreH.
beTTik noTeHuMan KabblKWwagaH 3NeKTPOHAAP OTKI3rill TeceMere XKeTKiNiKTi )KofFapbl XblNgaMAbIKNEH eTe
anMaTbliH KanblH KabOblKLWara 3/M1eKTp 3apafblHbIH XXUHaKTanyblHaH TyblHAafaH. beTTik noTeHumangbiH
CbI3bIKTbIK apTybl TEK KOHAEHCATOPAbIH 9peKeTiMeH TYCiHAIpinyi MyMKiH.

TyitiH ce3pep: aecopbums, KaTTbl AeiTepuit, 6eTTIK NOTeHUMaN, KpUOKpUCTanaapAblH KabbiKwanapsl.

Films of solid deuterium at a temperature around
3 K have been irradiated by 1.5 or 2 keV electrons.
The films were deposited on the silver electrode of
a quartz crystal microbalance (QCM) suspended
below a pumped liquid helium cryostat [1,2]. The
thickness of the films ranged from 10 nm to up to 5
um. The initial film thickness and the mass loss as
result of desorption were monitored by the QCM.

ISSN 1563-0315

The electron beam current was kept at about or be-
low 100 nA to avoid beam-induced evaporation.
Secondary electron emission was suppressed
to a value below 0.01-0.03 electrons/electron by a
repeller ring at a bias of — 90 V. However, for films
thicker than 3-4 times the range of the bombarding
electrons, the electron yield suddenly rose to a value
close to 0.40. From this secondary electron yield the
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voltage potential could be determined unambigu-
ously from secondary electron emission curves ob-
tained by short pulse measurements on fresh films.
For the thickest films the charging induced a surface
potential of more than 1.0 kV, i.e. one-half of the
energy of the bombarding electron. For these thick
films the desorption yield increased from the mini-
mum value of 6-10 D2/electron up to 380 D2/elec-
tron at 1.5 keV and 960 D2/electron at 2 ke V.

The surface potential is induced by electron
charge accumulation in the film at large thick-
nesses from where the electrons no longer are able
to migrate to the conductive substrate with a suf-
ficiently high rate. The interesting point is that the
surface potential increases linearly with film thick-
ness and that the increase corresponds to 600 MV/m
for both bombardment by 1. 5 keV electrons and 2
keV electrons. This internal field is very high, even
though one has to consider that solid deuterium is
an extremely bad conductor. The electron-induced
field starts at a thickness of 1.9 um, which should

be compared with an average penetration depth
for 1.5 keV electrons of 350 nm. For 2 keV elec-
trons the field ( as well as the charging) starts at 2.3
um, which reflects the larger penetration depth of
a 2 keV electron. The linear increase of the surface
potential can only be explained by a capacitor be-
havior: the accumulated electrons are located close
to the surface within a limited thickness while the
space between the charges close to the surface and
the metal substrate (the electrode of the QCM) is
essentially free of any charge.

It is not clear how the electrons are trapped.
As discussed by R. L. Brooks and coauthors [3]
the electrons can be trapped in existing vacancies
as «bubbles» or by polarons, which are somewhat
more mobile. The density of these more and less im-
mobile electrons is 1017 electrons/cm3. This den-
sity could actually provide an intrinsic field of the
magnitude that has been measured experimentally,
provided that the accumulated electrons are located
within 0.5 um from the surface.
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