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Photoelectron Spectra of Si 2p Core-Level Observed in the ETL-Type XPS System

with a Laser-Plasma X-Ray Source
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At the Electrotechnical Laboratory (ETL), a new photoelectron spectroscopy
system is proposed to realize sub-micron spatial resolution with a laboratory-size

compact system.

Two technological contrivances in the ETL-type system, i.e., filtering of a laser-
plasma x-ray source and the time-of-flight electron energy analysis, can improve
monochromatization and photoelectron collection efficiencies by several orders in
total, enabling fast spectrum acquisition speed.

Prior to the full-scale development of various technologies for the new scheme,
the fundamental idea was required to be experimentally demonstrated.

In the present paper, photoelectron spectra of Si 2p core-level photo-excited and
analyzed in the ETL-type XPS system are reported. It is demonstrated that a single
line at 4.8-nm can be selected using a carbon filter, and that retarding potential gives
high resolution in the photoelectron spectra. Chemical shifts of Si core-level in Si,
SiN, and SiQ, and spin-orbit splitting are clearly observed. Even the reconstructed
surface states could be noticed in the observed spectrum.

Based on the experimentally estimated x-ray photon flux on sample, the
performance of the future sub-micron spatial resolution system is discussed.
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Fig.1 Picture of the experimental vacuum chamber for
the demonstration of the ETL-type x-ray
photoelectron spectroscopy
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Fig.2 Experimental Configuration

In the photoelectron spectroscopy system with a laser-plasma x-ray source devised
at the Electrotechnical Laboratory®, two technological contrivances enable fast
photoelectron spectrum acquisition even in sub-micron spatial resolution. They are;
monochromatization of x-rays using a filter, and the energy analysis of photoelectrons
by the time-of-flight method taking the advantage of the pulsive nature of the source.
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Fig.3 Monchromatization of a laser-plasma x-ray source
using a foil filter
(A) : x-ray spectrum of a Boron-Nitride target plasma
(B) : spectrum through a carbon foil.

We can generate a laser-plasma which emits several
discrete lines when the irradiation conditions are well
designed. (A) shows the x-ray spectrum from a boron nitride
target plasma, and (B) demonstrates monochromatization
of the above spectrum by using a simple filter, in this case,
a ca3r)bon foil which has the sharp absorption edge at 4.3-
nm.
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Fig.4 Chemical shifts of Si 2p core-level observed in
a laser-plasma XPS system.
Chemical shifts of Si 2p core-level in Si, SiN, and
SiO, were clearly resolved® with a filtered laser-plasma
x-ray source shown in Fig.3-B. The retarding potential
to improve the energy resolution in the time-of-flight
electron energy analysis was 135 V.
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Fig.5 Observation of spin-orbit splitting of Si 2p core-level
When the electron kinetic energies were lowered to less
than 5 eV with a 143 V retarding potential, further fine
structures of Si 2p core-level of a Hydrogen-terminated Si
wafer appeared. Spin-orbit splitting of 0.6 eV separation
was clearly resolved. Theoretical shape of the spin-orbit
splitting of the bulk atoms, which gives near perfect fitting
on the high energy side, fails to get reasonable fitting on the
lower kinetic energy side without introducing contributions

by rearranged Si surface states and SiO, bondings.
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Fig. 6 Peak Brilliance of various x-ray sources.
Peak brilliance of a laser-plasma source is extremely
high. However, the emitting duration is as short as a
few nanoseconds or shorter, leading to a duty factor as
low as 10°® or lower, and hence, some special ideas are
required in applying it to photoelectron spectroscopy
in which time-averaged brilliance is important.
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Tablel Performances of various p-XPS systems

. . ener resolution flux on relative dwell time
photon | focusingoptics | ‘g gg oer o sample brightness or
source |/electron analyzer | (eV (eV ?an) (photons/sec) | (time averaged) count rate
ETL laser -plasma] Schwarzschild /TOF <280 | (~0.3) | (~0.5) (10%shot) | (1 at 300 Hz)
micro focus _ 10
ALS undulator K-B BL7.31 | 1/1500 1 3x 10 103
maxivun | SMIONG 1 g s | BL 632
SPELEEM imaging é‘f’ég?_ 0.5 0.025
uper 74,95,110 10_q 11 5.
Elettra| MAXIMUM | undulator |  SchwarzZHSA 1/3000 0.1 (105-10-) (109
BL 3.2L
SR-SPEM zoneplate/HSA | BL 22| 03 | 0.1-0.15 10° 1x 103
MAXIMUM 0.15sfor 0.5 mm &
at Wisconsin undulator |  Schwarz/CMA <280 0.25 0.1 (2% 109 (3x10%) 1000 counts
X1-SPEM undulator | zoneplate/CMA | 400-800 1 0.2 5x108 30 05 sfor 60 cnts
at NSLS
HASYLAB
P g 9
at Hamburg undulator ellipsoidal 80-600 15 35 5x10 1 100 counts/s
MAX | KB &éllipsoidal g 9-10 _ 0.1s, 12min for 5eV
at Lund undul ator ICMA 20-150 0.2 2 10 3-30 0N Spec.
NTT | undulator | Schwarz/CMA | 89 01 03 3x10° 103 130cnsec/Smevzal
KEK '
- " 4 _ 0.7 cpsfor
Hitachi bending | Wolter/CMA | 1150 1 1 10 3x10° | 1.4 x20mm2e 3ev
x-ray tube (phi) bend crystal IHSA| 15keV | 0.5ev | 10pum (0.03) 3??0%’;”;2’;5’?;\/
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