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Photon-stimulated desorption of positive and negative hydrogen ions from hydrogenated diamond film and
Di(100 surfaces and amorphized diamond surface has been studied for incident photon energies in the 280—
340 eV range. From comparison between theykield as a function of photon energy and the near-edge x-ray
absorption fine structure recorded by detecting secondary electrons of selected kinetic energies the processes
leading to photodesorption are assessed. It is shown that desorptioil @fcélrs through two different
processes: an indirect process involving secondary electrons from the bulk and a surface process. The surface
process is characterized by a resonance at 287.5 eV photon energy, which reveals the presence of C-H bonds
on the diamond surface. Stimulated desorption of isl mainly the result of indirect processes that involve
secondary electrons. Hphotodesorption from an amorphized diamond surface can be also induced Isy C (1
ionization. However, no H desorption from the amorphized surface could be detected. We suggest that this
effect is associated with the reduced secondary electron emission yield of the amorphized diamond surface.
Our results demonstrate that ion photodesorption may be used as a sensitive probe for hydrogen on diamond
surfaces[S0163-18289)05603-9

INTRODUCTION ture (NEXAFS) recorded by measuring the partial electron
yield for selected electron-kinetic energies. In this paper, we
Photon-stimulated desorption of ions and neutrals fromemployed this method to study desorption of hydrogen ions,
surfaces is a consequence of primary electronic excitationstimulated by the C(1s) core-level photoexcitation, from
whose relaxation results in nuclear motion, bond scissionboth hydrogenated diamond films deposited by the chemical
and desorption:? Desorption induced by core-level excita- vapor depositiofCVD) method and monocrystal diamond
tions may involve direct or indirect electronic processes. In-and from an amorphized diamond film.
direct desorption processes are initiated by the secondary The study of photon stimulated desorpti@PES of hy-
electron emission, which induces valence excitationsdrogen ions from carbon surfaces is simplified by the fact
whereas direct processes proceed through the relaxation tifat this surface has a relatively simple electronic structure,
core holes** Desorption processes stimulated by core-levelcomposed of one core level and the valence band. In addi-
electronic excitations have been studied extensively in recertion, well-defined and chemically stable surfaces can be eas-
years, in particular for the negatively charged desorbingly prepared. The interaction of hydrogen with diamond sur-
ions>!! Studies of the ion fragments produced by the corefaces is not only important from the fundamental point of
level excitations have vyielded insight into dissociationview, but also for some practical applications such as the
pathways->~16 Many of these studies have shown that two-nucleation and growth of diamond films by CVD. However,
hole, one-electroif2hle states, in which two holes are pro- the determination of adsorbed hydrogen on diamond surfaces
duced in valence band and one electron is excited to an ams a most difficult experimental problem: commonly used
tibonding level, are often responsible for ionic dissociafidn. surface sensitive techniques, such as Auger and x-ray photo-
The mechanism of stimulated desorption promoted byelectron spectroscopy, are not sensitive to hydrogen. From
core-level ionization and the contribution of direct and indi- an analytical perspective, therefore, it is important to deter-
rect processes may be studied in some detail by comparingine whether photodesorption is sensitive to the amount and
the ion yield and the near-edge x-ray absorption fine strucehemical state of hydrogen adsorbed on diamond surfaces.
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The present paper consists of an experimental section ianalyzerfCLAM) for photoelectron spectroscopy and energy
which the sample surface preparation and characterizatioselected NEXAFS. lon detection is carried out using a highly
are recalled followed by a short description of the systensensitivity RIBER quadruple mass spectrometer. The energy
where the NEXAFS and photodesorption experiments werdistribution of the positive ions was measured using a cylin-
carried out. Then, we present and discuss the photodesorgrical mirror analyzer followed by a mass quadrupole filter
tion results. Here the Hand H™ ion yields as a function of for simultaneous mass and kinetic energy analysis. In addi-
photon energy in the 280-340 eV range are compared to th#on, the chamber is equipped with gas activation set up and
NEXAFS of secondary electrons of selected energies. These gas manifold for adsorption experiments. After inserting
measurements are complemented by the low-energy secondiamond film and single crystal into the UHV chamber, the
ary electron emission measurements of well-defined andhamber was heated at 150 °C for 48 h, which resulted in the
amorphized diamond and energy distribution of secondarpase pressure of 7x 10 ! torr.
electrons and H ions. Finally, we discuss the mechanism
and dynamics of photodesorption of hydrogen ions from dia-

: C. Deuteration experiments
mond surfaces and summarize our results.

In situ deuteration of the films was carried out with a
filament positioned~5 cm from the diamond surface. The
EXPERIMENT filament temperature was1700 °C, B pressure was I¢
A. Preparation and characterization of surfaces Torr, and the deuteration time was 90 min. This procedure
_ ) i i resulted in the chemisorption of atomic deuterium through
Polycrystalline diamond films 1@m thick were depos- gy change reactions in which thermally activated deuterium

ited on silicon substrates by the hot filament CVD method,D*(g) displaces a chemisorbed hydrogen atontadg and
using a system previously describ€dlhe Raman spectrum 2 ysorhs onto the diamond surf@€@® Under the conditions
measured for these films shows only the characteristic dia-

mond line at 1333 cm’. No additional lines associated with
amorphous carbon or graphite were measured in the Ram
spectrum. Scanning electron microscopy examination of the
films indicated that these were continuous and composed of RESULTS AND DISCUSSION
crystallites of 2—3um in size®®

Auger analysis of the films shows that their surface was
free of oxygen and other impuritie6<0.05 at%. The The NEXAFS spectra of diamond films were obtained by
electron-energy-loss spectrum and th€KCL) line shape of measuring the intensity of secondary electrons of selected
the films were characteristic of diamoft?’ The surface of kinetic energie¢8 and 35 eV, using photon excitation in the
the as deposited films was terminated by atomic hydroger280—-340 eV energy range. The NEXAFS measured with 8
This was determinedx situby temperature programmed de- €V electrons is more bulk sensitive and is similar to the total
sorption(TPD) measurements of the as deposited fifm. electron yield (TEY), which is proportional to the low-

The single-crystal diamon¢l00) surface was hydroge- €nergy secondary electron emission. On the other hand, the
nated by exposure to microwave hydrogen plasma. The hyNEXAFS measured with 35 eV electrons is more surface
drogen flow as 108CCM(SCCM denotes cubic centimeter sensitive?®2’
per minute at STP the hydrogen pressure was 50 torr and The NEXAFS spectra taken from the CVD films are
the diamond sample temperature wa800 °C. After this shown in Figs. 1 and 2 along with the PSD of hydrogen ions
cleaning treatment, the Di{l00) surface was examineedx [we would like to point out here that very similar spectra
situ by Auger, TPD, EELS, and low-energy electron diffrac- were obtained from the hydrogenated Q00 surface as
tion (LEED). The Auger spectrum showed a characteristic Cwell]. The NEXAFS displays a threshold &t289 eV fol-
(KLL) line of diamond and no evidence of oxygen impuri- lowed by a very sharp peak at 289.2 eV and broader peaks at
ties. The EELS spectrum measured by an incident primarfigher photon energies. The energy calibration was derived
electron energy of 100 eV displays only the bulk and surfacdrom the energy position of the dip at 302.4 eV, which is
plasmon characteristic of diamond at 33 and 23 eV loss erassociated with the absolute second band gap of
ergy, respectively. The LEED pattern display$180-2x1  diamond®*~*" In particular, the sharp peak at 289.2 eV is
reconstructed surface. TPD measurements show a single hgssociated with a core exciton. It should be mentioned here
drogen desorption peak at900°C. These measurements that the core exciton at 289.2 eV was resolved only when
suggest that after exposure to the hydrogen plasma a stabdest resolution conditions were applied to the incident pho-
and well-defined, reconstructed and hydrogen terminated Dpn beam.
(100-2X1-H is obtained. In the surface sensitive modgising 35 eV secondary
electrong, a structure centered at 287.5 eV is observed. This
peak has been previously assignedatC (1s)— o* (C-H)
resonancé’ This assignment is supported by NEXAFS mea-

The as-deposited film and single-crystal diamond samplesurements reported by Comedii al?®> who observed a peak
were inserted into an ultrahigh vacuytdHV) chamber con- at 287.5 eV for cyclohexane molecules and associated it to
nected to the SA72 line of SUPERACO at LURE, which isthe C (1s)—o¢* transition[compared to the C (@ — =*
capable of delivering photons in the 150—600 eV range. Detransition at 285.5 eV for graphiteTherefore, the appear-
tails of the UHV chamber have been given previofél®  ance of the 287.5-eV peak in the surface sensitive mode may
The UHV chamber is equipped with a hemispherical electrorbe associated with the presence of C-H species on the dia-

A. NEXAFS measurements of different surfaces

B. The experimental chamber
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The NEXAFS spectrum measured after 2 keV Ar ion
beam irradiation of the diamond film surface shows a thresh-
(a) old at 283 eV and a well-defined peak at 285.5 eV. The peak
at 285.5 eV is associated Wwita C (1s)— #* transition in
the amorphized carbon structure. This result confirms that

CVD diamond film

§> l Bulk Exciton the ion beam irradiated surface contains carbon atoms pre-
% o _ dominantly bonded in ap? hybridization, in agreement with
-8 NEXAFS (Eyn =8 V) (b) our EELS measurements and other published vdrk.

5

B. Photodesorption of positive and negative hydrogen ions from
CVD diamond films

Difference (©) The PSD of positive hydrogen ions from the CVD dia-

mond film was measured using photons in the 280—340 eV
energy range. The results of these measurements are shown
in Fig. 1(a) along with the NEXAFS spectrum of 8 eV sec-
ondary electrons. The Hdesorption yield displays features
similar to those of the NEXAF%although they seem to be

287.5 eV
C(1s) - 6* (C-H)

Intensity (arb. units)

E =358V

E Funm0eY superimposed on a monotonically increasing backgrpund
E NEXAFS except a sharp structure at 287.5 eV, 2 eV lower than the
' w0 2 20 25 8w threshold of the NEXAFS spectrum.

280 290 300 310 320 330 340
Photon Energy (eV)

As similar features are observed in PSD and NEXAFS,
we subtracted the normalized NEXAFS spectrum from the
normalized H yield. The energy scale and the intensity of

FIG. 1. H' desorption yield from the CVD diamond film as a each spectrum was normalized to the intensity and position
function of incident photon enerdgurvea) compared to the NEX- of the second band gap of diamond at 302;4 ev. Frpm the
AFS spectrum recorded using 8 eV secondary electtonsreb).  Subtracted spectrum we concluded that theytield consists
Curvec is the difference between the*Hyield and the normalized  Of @ signal proportional to the TEY and with a threshold at
NEXAFS spectrum. In the inset the NEXAFS spectrum measured~289 €V, superimposed to a resonance at 287.5 eV and a
by 8 and 35 eV secondary electroffsulk and surface sensitive Signal that varies monotonically with the excitation energy.
modes, respectivelyare shown in the 280—300 eV photon energy It appears from that result that the Hlesorption involves
range. two distinct processes: the first'Hlesorption process is gen-

erated by the bulk excitations, i.e., by the large flow of sec-
mond surface and not to disordered carborspf bonded ondary electrons from the relaxation of @s) core holes
carbon. A comparison between the near-edge structure of ttfeom the bulk carbon atoms. The second process, quite dis-
NEXAFS measured for 8 and 35 eV electrons is shown irtinct from the first one, is characterized by the resonance at
the inset of Fig. 1. 287.5 eV and does not show the features of the TEY. This
may be an indication that the second process is generated by
some surface excitations on the diamond film.
CVD diamond film Figure 2a) shows the negative hydrogen ions desorption
yield measured in the 280—340 eV range from the CVD
diamond film. The H yield is much more intense than the
H* desorption yield. However, an absolute comparison be-
tween the H and H™ ion yield intensities is not possible, as
the relative sensitivity of the mass spectrometer to the posi-
tive and negative hydrogen ions is not known.
(b) Following the same procedure as that used for tfiddt
NEXAFS (E,;, = 8 eV) yield, we determined the difference between the normalized
H™ yield and the NEXAFS spectrufisee Fig. 1b)]. To the
great extent the Hyield is proportional to the TEY, which

‘ Difference (c) means that the Hphotodesorption process is predominantly
: an indirect process. However, an additional five times less
: intensive contribution is also observed. It includes the same

R T S S SR SR resonance at 287.5 eV as thé Wield, followed by a rather
280 290 300 310 320 330 340 monotonous signal and a broad resonance~298 eV,
Photon Energy (eV) which does not appear in the Hield.

Intensity (arb. units)

FIG. 2. H desorption yield from the CVD diamond film as a
function of incident photon enerdgurvea) compared to the NEX-
AFS spectrum measured using 8 eV secondary electmmseb).
Curvec is the difference between the Hyield and the normalized The PSD of H and H ions from CVD diamond films
NEXAFS spectrum. has been compared in Fig. 3 to that from the hydrogenated D

C. Photodesorption of positive and negative hydrogen ions
from the hydrogenated Di (100
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FIG. 3. H" and H yields as a function of the photon energy for

diamond(100) (curvesa andb) and the CVD diamond filnfcurves FIG. 4. H' desorpthn ylelql as funcyon of incident photon en-
¢ andd). ergy from the amorphized diamond filfiturve a) compared to

NEXAFS spectrum recorded using 8 eV secondary electfounye

b).
(100 single-crystal sample. From this figure the same fea-

tures appear in the PSD of Hand H" from both surfaces, pon network results in a destabilization of cartsp? bond-

but with somewhat different relative intensities. The relativeing in favor Ofsp3 bonding and from a Comparison of the
contribution of the direct process is higher in the case of theecondary electron emission yield measured for the well and
CVD diamond films than in the case of D100 [i.e., the  amorphized diamond surfaces described in the next section.
relative intensity of the peak at 287.5 eV of Hyield is We were not able to measure the Mield from the amor-
higher for the diamond film than for the hydrogenated Diphized diamond surface as it dropped below the sensitivity
(100 surfacd. These small differences may reflect the |evel of our mass spectrometer. This result clearly shows a
higher concentration of hydrogen atoms in the boundary regreat difference in the Hyield from a polycrystalline dia-
gion of the CVD diamond films. However, other effects may mond surface and an amorphous carbon structure. This effect
be responsible for this small difference, for example, the anis most probably due to a reduction of the secondary electron
gular distribution of the desorbed ions from the @00  yield for the amorphized surfadsee below:

surface should peak along bond directions and perhaps the

mass spectrometer samples certain directions more effi- E. Secondary electron emission distribution and yield from
ciently than others. In any case, our results suggest that pho-
todesorption may be used as a probe for detection of hydro- ) ) )
gen on the diamond surface, although it seems to be The reduced yield of the photon-stimulated Hesorption
insensitive to the bonding configuration of hydrogen. for the amorphous surface may be associated with the re-

the well-defined and amorphized diamond surfaces

D. Photodesorption of positive hydrogen ions from amorphized Photon energy: 450 eV
diamond films

In Fig. 4 the H ion yield from the ion beam amorphized
diamond surface is shown along with the NEXAFS mea-
sured from the same surface for 8 eV electrons. From this
figure the NEXAFS of the amorphized surface displays a
well-defined peak at 285.5 eV associated, as described
above, with carbon atoms bonded isg? configuration. In
contrast, the H yield is completely smeared out and does
not show any structure characteristic to the NEXAFS spec-
trum from the same surface.

This large difference between the' photodesorption and
NEXAFS measured for the amorphized diamond surface
suggests that, in this case, the photodesorption process is
mostly dominated by direct surface excitations rather than by FIG. 5. Secondary electron emission spectrum of the diamond
bulk excitations(secondary electropsThis can be under- fiim (curvea) and the amorphized diamond surfa@arve b) ex-
stood considering that hydrogen bonded in a disordered catited by a 450 eV photon beam.

Hydrogenated diamond film

/ Amorphized diamond film

Intensity (arb. units)

L 1 1 n 1 n 1 n
0 10 20 30 40 50
Electron kinetic energy (eV)
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Kinetic energy distribution of H* ions similar distribution was obtained for both photon energies
and it is shown in Fig. 6 for the case that the diamond sur-
face was irradiated by 350 eV photons.
Photon energy: 350 eV As seen from Fig. 6, the kinetic-energy distribution of H
consists of two peaks at 1.7 and 4.0 eV. It may be suggested
that the sources of the two peaks in thé Energy distribu-
tion may be the direct and indirect electronic processes re-
sponsible for the photodesorption. The existence of (bw
eV) and rapid(4.0 eV) desorbing H ions may be ascribed to
. RN one or several of the following effects: First, one could argue
il ST R N that the direct process gives rise to rapid desorbing ions
R whereas the indirect one gives rise to slow ions. Indeed, the
o 1 K2ineti30 enérgy?eV)s direct process inyolved a _(ls) hole formation fqllovyed by
an Auger relaxation. This is expected to result in highly ion-
FIG. 6. Kinetic energy distribution of H photodesorbed ions ized species, which may release a high amount of kinetic
from the diamond film for a photon excitation energy of 350 eV. energy for desorbing ions. On the contrary, the indirect pro-
cess involves only valence electronic excitation, which is

duced secondary electron emission yield from the amorphou@XPected to release less kinetic energy. Second, one could
carbon. To further investigate this possibility, we compare in2rgué that slow and rapid "Hions originate from different
Fig. 5 the secondary electron emission spectra of the well@dsorption sites. Third, one cannot exclude that for a given H
defined and amorphized diamond surface measured as a @dsorption site and given desorption procelss example
sponse to 450 eV photon irradiation. The secondary electrof€ direct procegsboth slow and rapid H ions can be de-
emission distribution was carried out in the 0-=50 electrorsorbed due to electronic relaxation of the initially excited
kinetic energy as most of the secondary electrons are emitteffate towards two separate repulsive curves. From our mea-
in this range. surements it is difficult to distinguish between these effects
As observed from Fig. 5, the low-energy secondary elecand further experimental work is planned to establish the
tron emission yield is severely reduced for the amorphizedature of these two peaks.
surface. The fact that the intensity of low-energy secondary
electrons is much lower in the case of the amorphized sur- G. Photodesorption from deuterated diamond film surfaces

face as compared to the hydrogenated diamond surface may |1 is known that the diamond CVD surface is fully satu-

have several reasons. First, the mean-free path of electrons i by chemisorbed hydrogen, while the bulk hydrogen
reduced in the disordered amorphous region. Second, thg centration is estimated tal at. %% In order to verify
negative electron affinity of the hydrogenated diamond Suryh 4t the measured Hand H- photon-stimulated desorption
face is known to increase the yield of ejected electrons froMefiects a surface process, situ deuteration of the surface

it surface. o _ was performed and the Dand D~ photon-stimulated de-
This reduction in intensity is in full agreement with our g,ro4ion was measured. Following the deuteration process a
conjuncture that H desorption is mainly a consequence of -+ (and D7) signal could be measured when the diamond

indirect processes involving secondary electrons. Furthels  tace was subjected to photon irradiation showing that the
more, as described above, for the amorphized surface the xchange reaction took plaggig. 7). The D' (D") yield, as

photodesorption yield does not show the well-defined pealg fnction of photon energy, was similar to that obtained for
measured in the NEXAFS at 285.5 eV. The channel for phog,+ (H), although with much lower intensity. The similar-

tpdesprption through indirect proce_ss(@g valence excita- ity between the H (H™) and D' (D) yields and photon
tions induced by secondary electrpiiss strongly reduced as energy indicates that the photon-stimulatetl &hd H~ de-

compared 10 the_ case for the_ v_vell-defined surfa_ce, direct prOs'orption yields as a function of photon energy represent a
cesses are dominant, thus giving a stronger weight to surfa rface process

localized processes. Considering now that hydrogen
“opens” double bonds when bonded to carbon in a disor-
dered carbon matrix, photodesorption processes promote
mainly by a direct process should not reflect # signa-
ture (peak at 285.5 e\ which is due to bonding between  The present study reveals two distinct processes for the
carbon atoms only, as ended fou(kdg. 4). H* and H photodesorption: the first one results from the
bulk excitations and the second one from the surface excita-
tions. The first process is considered to be of an indirect
nature whereas the second is a direct one.

In order to gain some more insight in the photodesorption The first process implies the role of secondary electrons
process, we have also recorded the kinetic-energy distribifrom the bulk of diamond, i.eindirect processedor nearly
tion of H* ions. These measurements involve extremely lowall the H™ yield and some of the Hyield. In this case, two
counting rates and, therefore, require long measuring timeghotodesorption mechanisms may be assumed. The first one
and very intense photon beam. The kinetic-energy distribuinvolves valence excitations of the hydrogenated surface in-
tion of photodesorbed Hions from the diamond film was duced by secondary electrons. Considering that the minimum
measured for incident photon energies of 290 and 350 eV. &nergy to desorb an Hion may be estimated by the sum of

Intensity (arb. units)

d H. Mechanism of photodesorption: evidence for direct
and indirect processes

F. Energy distribution of H ™ photodesorbed ions
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CVD diamond film desorption following the core-level excitation of surface car-
bon atoms bonded to hydrogen atoms(ddg. We suggest
the following mechanism for this process. After the ioniza-
tion of the C (1) level, relaxation of the core hole occurs on
a time scale of 10'°- 1017 s, characteristic to the electronic
processes$Ref. 3 and references thergif his electronic re-
laxation is much faster than any nuclear motion, responsible
H* (a) H (c) for desorption of H that occurs on a time scale of
10~ 1°-10 *?s2 Obviously, the relaxation of the C ). core
hole takes place through a downward electronic transition
involving the local valence band. It may result in a radiative
(emission of x-rayor a nonradiative transition, involving the
emission of a third electrofAuger electroin as a mean to
relax the excess electron energy. For the lBvelements,
such as carbon, a nonradiative or Auger type relaxation pro-
cess is preferred with a probability of nearly 1. Therefore, the
D* (b) D (d) most probable relaxation process of the G)(tore hole is
through an Auger transition leading to the emission of a C
(KLL) Auger electron with~270 eV kinetic energy and for-
mation of two localized valence-band holes. When the ion-
ization occurs in a carbon atom bonded to a hydrogen atom,
the localized two hole states in the Gdd9 bond may cause

€Nt the bond breaking and the emission of Hirough the charge
photon energy(curvesa andb) from the hydrogenated CVD dia-  goharation as the most likely way to relax the large hole-hole

) ) . .
mond film. D" and D" desorption yielddcurvesc andd) from a o ijye interaction. This process may explain desorption of
deuterated diamond surface as a function of incident photon eNergYs+ ions. but cannot account for desorption of negative spe-

the C-H bond energy~4.3 e\), plus the ionization energy Cies, such as H.

of H (13.6 eV}, minus the electron affinity of the hydroge-  The contribution of the resonance at 287.5 eV to the pho-
nated diamond surfade-0.5 to —1 eV), this makes a mini- todesorption of H ions is about five times less intensive
mum energy to desorb H which should be around 18—19 than the contribution from the secondary electron processes.
eV. Clearly a single valence-band excitation is not likely to\WWe speculate that this small resonance-driven contribution
be energetic enough to produce ion desorption. As we proMay be induced by some valence excitations of surface mo-
posed in our paper Ref. 23, the excitation to desorb H lecular species by electron |m_pact or, alternatively, by the
should involve a multielectron valence excitation, for ex-€lectron attachment from the diamond surface to an H atom
ample ionic satellite state excitations. Secondary electron@' POsitive ion whose desorption was stimulated by a direct
with such high kinetic energied9-50 eV do exist as can Process.

be seen from the NEXAFS spectrum with electrons having

Intensity (arb. units)

280 360 3é0 340 280 360 3é0 340
Photon Energy (eV)
FIG. 7. H" and H desorption yields as a function of incident

kinetic energies of 35 e\Fig. 1). However, these secondary SUMMARY
electrons are coming from the top layers of the diamond
sample rather than from the bulk. The photodesorption of Hand H™ ions has been studied

The second mechanism may involve the electron attachn detail from various diamond surfaces. For each surface,
ment to the hydrogen atoms ejected by a direct process at th&0 photodesorption processes were identified. The first one
surface. For the present study we were not able to measuf® an indirect process generated by the electron impact of
the yield of atomic hydrogen as a function of the incidentsecondary electrons from the bulk. In this case, the photode-
photon energy in order to prove that assumption. However, isorption of H™ and H™ ions may originate from the valence
is known from the literature that desorbing H atoms or posi-€xcitation of C-H bonds on the surface induced by the sec-
tive ions may efficiently capture electrons when leaving theondary electron emission. In addition, the photodesorption of
surface, giving rise to H photodesorbed ions. The negative H™ ions may also proceed through an electron attachment
electron affinity of diamond? which results in the photo- process involving photodesorbed H atoms and/dr ibhs.
emission of electrons with very low kinetic energy, will cer- The second photodesorption process is a direct process char-
tainly enhance the probability of electron attachment pro-acterized by a resonance at 287.5 eV, which is 2.0 eV lower
cess. than the threshold of the total electron yield. This process

Turning now to thedirect processin the PSD, we note involves the ionization of the d levels of carbon atoms,
that this process has been observed mainly in thephbto- ~ Which are bonded to hydrogen adatoms at the surface.
desorption yield but also, with the reduced probability, in the
H™ vyield. It is characterized by a resonance at 287.5 eV,
which is 2.0 eV lower than the threshold of the TEY. The
energy position of that resonance is the same as the reso- This research was supported by the grant from the joint
nance in the surface sensitive NEXAFS where it was associrench-Israeli “Arc en Ciel”’program. One of us1.P.) ac-
ated wih a C (Is)—o*(C-H) transition?® Therefore, the knowledges the Australian Department of Industry, Science
resonance at 287.5 eV may be associated to theohbto-  and Technology for financially supporting his visit to LURE.
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