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A new method for two-dimensional hydrogen analysis and its application
to metal surfaces
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Abstract

A new technique for the analysis of the two-dimensional hydrogen distribution on a solid surface using electron-stimulated desorption
(ESD) is described. The hydrogen distribution is observed as a two-dimensional histogram of the yield of desorbed hydrogen ions at

1scanning positions on the sample surface. We show a scanning ESD H image of Cu 600-mesh at a magnification of 2000. The lateral
resolution is estimated to be less than 1 mm from the ESD image obtained at the primary electron energy of 600 eV. As a demonstration of
the scanning ESD, a hydrogen-terminated Si(100) surface was lithographed by a continuous electron beam before imaging. The linewidth
and amount of desorption in the lithographed area depend on the electron dose.  1999 Elsevier Science S.A. All rights reserved.
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1. Introduction surface. It has been reported by Dylla et al. [8,9] that
scanning ESD is useful for analyzing the hydrogen dis-

When a solid surface is irradiated by slow electrons with tribution on surfaces. But their scanning ESD image is
energy below 1 keV, light ions are effectively desorbed as a inferior in lateral resolution using a continuous electron
result of electronic excitations. Electron-stimulated desorp- beam with high primary electron energy (2 keV) because
tion (ESD) is useful to investigate the adsorbed hydrogen of the low detection efficiency of their system. To obtain a
on metal surfaces [1]. A model mechanism of ESD of large detection efficiency to analyze a very small probing
adsorbates on metal surfaces has been proposed by Menzel area, we have used a time-of-flight (TOF)-type mass
and Gomer [2] and Redhead [3]. This model is based on analyzer using a pulsed electron beam. The high detection
the dissociation mechanism of isolated molecules via a efficiency of the TOF-type mass analyzer is due to the
Franck–Condon transition to a repulsive neutral or ion large solid angle for detection [10]. TOF-ESD also has the
excited state. Compared with other surface analytical advantage that it can be combined with several other
methods for hydrogen detection on solid surfaces, such as surface analytical methods in situ, such as low energy
Fourier transform infrared (FT-IR) [4], high-resolution electron diffraction (LEED), Auger electron spectroscopy
electron energy loss spectroscopy (HREELS) [5], or elastic (AES), ESD ion angular distribution (ESDIAD), scanning
recoil detection analysis (ERDA) [6,7], ESD is very electron microscopy (SEM), etc.
sensitive to the presence of hydrogen. Measurements of the In the present paper we describe the characteristics and
ESD provide various information on the interaction be- the applicability of the scanning ESD system newly
tween hydrogen and surfaces, for example the kinetic developed in our laboratory. We discuss the lateral res-
energy of desorbed ions and the threshold electron energy olution of the system from a scanning ESD image obtained
of desorption depend on the bonding energy of the species. from a Cu 600-mesh. We also show the result of lithog-

The yield of desorbed hydrogen ions is generally raphy on a hydrogen-terminated silicon surface by a
proportional to the amount of hydrogen in the probing continuous electron beam.
area. Thus, the hydrogen distribution can be obtained by
scanning of a fine-focused electron beam over the sample

2. Experimental
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Fig. 1. Schematic drawing of the scanning ESD system for two-dimensional hydrogen analysis.

imaging the hydrogen distribution on solid surfaces. The 3. Results and discussion
experimental apparatus is shown schematically in Fig. 1.

1Details of the TOF-ESD and scanning ESD system have Firstly, we show an image of H ions desorbed from a
been reported elsewhere [10,11]. All experiments were Cu 600-mesh as a demonstration of our scanning ESD
carried out in an ultrahigh vacuum (UHV) chamber with a system. A SEM image and a scanning ESD image in

28base pressure of 2.0310 Pa. The UHV chamber is 64364 pixels are shown in Fig. 2a,b, respectively. The
equipped with an off-axis-type electron gun, pencil-type magnification of the image is 2000. Both images were
electron gun, and TOF-type mass analyzer. acquired using the primary electron energy of 600 eV. The

The off-axis electron gun (spot size 100 mm) is used for brighter part represents the higher density of hydrogen on
1LEED, AES, ESDIAD, and ESD spectroscopy. A continu- the sample surface. The ESD H yield from adsorbed

ous beam was used for LEED, AES, and ESDIAD hydrogen on the Cu mesh makes a clear lattice image of
measurements, while a pulsed electron beam was used for the mesh (Fig. 2b). Since the periodicity of the lattice of
TOF-ESD measurements. The pencil-type electron gun the 600-mesh is about 42.3 mm, the lateral resolution of
was originally designed for SEM with a spot size of 10 nm the scanning ESD system is considered to be less than 1
at a primary electron energy of 2 keV. It is possible to pulse mm.
the fine-focused electron beam with the primary electron Next we present the results obtained from a hydrogen-
energy below 800 eV and use it for two-dimensional ESD terminated silicon surface. Fig. 3 shows an image of three
measurements. The incident angle of the electron beam is lithographed lines on the H/Si(100) surface. The Si(100)
458 with respect to the surface normal of the specimen. sample was cleaned ultrasonically in acetone and sub-
The duration of the pulses is 150 ns for the off-axis LEED sequently dipped in buffered HF solution prior to evacua-
gun and 220 ns for the pencil-type SEM gun. The tion to UHV. The sample was heated to outgas and cleaned

27repetition cycle of the pulsed electron beam is about 4 kHz by repeated flashing at 12008C for 30 s below 1310 Pa.
on average. In order to terminate the Si surface by atomic hydrogen,

The TOF-type mass analyzer consists of a three-grid the sample surface was exposed to hydrogen near a hot W
24mesh, microchannel plates (MCPs), and a fluorescent filament at 6.5310 Pa for 17 min at room temperature.

screen. The mass analyzer is positioned to the surface According to the ERDA result [7], the silicon surface was
normal of the specimen, and the effective flight length of covered with about two monolayers of hydrogen. The lines
desorbed ions is 112 mm. Desorbed ions are accelerated to were lithographed by a continuous electron beam with the
the mass analyzer by a positive sample bias. The yield of primary electron energy of 800 eV at various line doses
desorbed ions is accumulated for 10 000 electron pulses (current / scan speed) of (a) 935 nC/cm, (b) 2.80 mC/cm,
and stored in the memory of a personal computer. and (c) 9.35 mC/cm. Lithographed areas are represented as
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1Fig. 2. SEM (a) and scanning ESD image in 64364 pixels of H ions desorbed from Cu 600-mesh (b). The primary electron energy was 600 eV.
Magnification: 2000.

distribution on solid surfaces. A clear image of the
hydrogen distribution on a Cu 600-mesh has been obtained
at a lateral resolution of less than 1 mm at the primary
electron energy of 600 eV. Electron beam lithography was
carried out on a hydrogen-terminated silicon surface at
various electron doses, and the linewidth and hydrogen
desorption on lithographed parts depend on the primary
electron dose.
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