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Study of Ton Desorptlon Induced by Core-Electron Excntauons o
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Study of ion desorption induced by core-electron excitations of molecules on surface
by using energy-selected electron ion coincidence (EICO) spectroscopy combined with
synchrotron radiation is reviewed. The significance and the historical backgrounds of
desorption induced by electronic transitions are introduced. The photoelectron pho-
toion coincidence (PEPICO) and the Auger-electron photoion coincidence (AEPICO)

_ spectroscopies for the investigations of the ion desorption induced by core-electron exci-

_tations of molecules on surface are described. The PEPICO results for condensed Si

- (CH3) 4 and Si(CH3) 3CH,CH,SIF; provided direct evidences of site-specific ion fragmen-
tation induced by core-electron excitations. AEPICO results for condensed H,O and
NH3, on the other hand, show that the character of the orbitals where holes are created,
as well as the effective hole-hole Coulomb repulsion are important factors in the ion’
desorption induced by Auger processes of covalent molecules. AEPICO study of H;O
chemisorbed on a Si(100) surface demonstrated the validity of the EICO spectroscopy
for the quantitative investigations of photostimulated ion desorption from well-defined
surfaces. Finally, prospects of ion desorption study by using EICO spectroscopy are de-
scribed.
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Figure 1. Schematic diagram of the apparatus for
energy-selected electron ion coincidence spectroscopy
combined with synchrotron radiation. The abbreviations
used are as follows: PA, preamplifier; Disc, discrimina-
tor; T1, drift tube with an extraction grid; T2 and T3, 95-
mm-drift tube; F, focusing system; D, deflector; G,
retarding grids; MCP, microchannel plates; MCS, mul-
tichannel scaler. (Ref. 36).

Figure 2. Photograph of the electron ion coincidence
spectrometer without magnetic shield.
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Figure 3. Principle of electron ion coincidence spec-
troscopy. An electron and an ion are emitted by a reac-
tion from the surface coincidentally at time 1. The elec-
tron is detected by the microchannel plates of the CMA at
time 2. The difference between time 1 and 2 corresponds
to the TOF of the electron (typically, 17 ns). The mul-
tichannel scaler is triggered by the electron signal also at
time 2. The ion is detected by the microchannel plates of
the TOF ion mass spectrometer at time 3. The difference
between time 1 and 3 corresponds to the TOF of the ion
(typically, 400-500 ns for H™). The ion signal is stored as
a function of the ion-electron TOF difference in the mul-
tichannel scaler. Therefore, the ion desorbed at the same
reaction that has emitted the electron gives a coincidence
signal at a specific TOF difference. The ion irrelevant to
the electron, on the other hand, increases the background
level. As the data accumulation time (T,) increases, the
ratio of the coincidence signal to the background level is
improved in proportion to vT,, because the error due to
the background is derived from the statistical
fluctuations.3¥
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Figure 4. Photoelectron spectra of condensed Si(CHj),
at (a) hv=449 and (b) 270eV. (Ref. 42).
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Figure 5. PEPICO spectra of condensed Si(CH;), ob-
tained with (a) C:ls photoelectron at Av=449 eV, and
(b) Si:2p photoelectron at Av=270 eV. (Ref. 42).
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Figure 6. Auger stimulated ion desorption mechanism for H* desorption from condensed Si
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Figure 7. Chemical shift of core level. (a) Neutral atom
X. The small closed circle and the large open circle denote
the orbitals of the core and valence electrons, respec-
tively. (b) A part of valence electrons of atom X is trans-
ferred toward atom Y. The transferred charge is ~—dJe.
(¢) X+ and Y9 approach each other to form a chemi-
cal bond.
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Figure 8. Photoelectron spectrum of Si(CH;);CH,CH,

SiF, taken at photon energy of 270 eV. The spectrum in
the region of Si:2p electron emission in which the horizon-
tal scale is enlarged is shown in the upper right-hand corn-
er. (Ref. 45).
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Figure 9. EICO spectra of Si(CH,);CH,CH,SiF; taken
at photon energy of 270 eV. (a) Si{lMe]:2p electron emis-
sion. (b) Si[F]:2p electron emission. (Ref. 45).
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Figure 10. EICO yield spectra for H* and F* in Si
(CH,);CH,CH,SiF; and the photoelectron spectrum as a
function of electron binding energy in the region of Si:2p
electron emission. (Ref. 45).
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Figure 11. Theupper panel displays O:KVV Auger elec-
tron spectra of condensed H,O measured by the electron-
ion coincidence analyzer (raw-AES) and by a high-resolu-
tion double path CMA (HR-AES). The corresponding
Auger-final-states are shown with dotted lines. The back-
ground of the HR-AES was subtracted. The open circles
with error bars in the lower panel show intensities of the
H* signal in the AEPICO spectra of condensed H,O.
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Figure 12. The upper panel displays N:KVV Auger elec-
tron spectra of condensed NH; measured by the electron-
ion coincidence analyzer (raw-AES) and by a high-resolu-
tion double path CMA (HR-AES). The corresponding
Auger-final-states are shown with dotted lines. The back-
ground of the HR-AES was subtracted. The open and
closed circles with error bars in the lower panel show in-
tensities of the H* and D* signal in the AEPICO spectra
of condensed NH; and NDjs, respectively.
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face.
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Figure 14. Intensities of H* signal in the AEPICO spec-
tra (open circles with error bars) and O:KVV Auger elec-
tron spectra (dots) with results of peak-fitting calculation
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backgrounds were subtracted.
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