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MEPHISTO spectromicroscope reaches 20 nm lateral resolution
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The recently described tests of the synchrotron imaging photoelectron spectromicroscope
MEPHISTO (Microscope é&Emission de PHotdectrons par lllumination Synchrotronique de Type
Onduleuy were complemented by further resolution improvements and tests, which brought the
lateral resolution down to 20 nm. Images and line plot profiles demonstrate such performance.
© 1999 American Institute of PhysidsS0034-67489)04902-3

I. INTRODUCTION The first electron optics component is the sample itself,

We recently reported the first tests of a novel instrumenkept at high negative voltage, down 20 kV, followed by
for synchrotron photoelectron spectromicroscopbhis in-  the objective lens, three interchangeable apertures of differ-
strument is one of the electron-imaging systérasd is €nt diameters, the intermediate lens, and the projective lens.
called MEPHISTO from the French acronym “Microscope a Each of the three electrostatic lenses is composed of three
Emission de PHotdectrons par lllumination Synchrotron- €lements; the first and third are at ground, whereas the cen-
ique de Type Onduleur’(Photoelectron Emission Micro- tral element is kept at high negative voltage of slightly
scope by Synchrotron Undulator llluminatiorSeveral de- smaller magnitude than the sample bias. The photoelectrons
sign improvements concerning the electrostatic lens emitted by the sample surface under illumination are accel-
configuration, the large voltages in the electron optics, an@rated by the voltage difference between the sample and the
the insertion of interchangeable apertures in the back focdirst element of the objective lens.
plane of the objective lens had previously yielded a lateral The objective lens is the critical factor for the spatial
resolution of 50 nm. As to the spectroscopy performancesiesolution of this type of instrument. With a perfect objective
x-ray absorption spectra were taken with an energy resolvingens, the resolution would reach the electron diffraction limit
power up to 200Qestimated limit depending on the beam- (a few A). However, the resolution is determined both by the
line: 10%). The MEPHISTO spectromicroscope has beenobjective lens chromatic and spherical aberrations, and is
successfully tested both in the photoemission and in thelominated by the chromatic aberratiectrons of different
transmission mode's’ The present results were obtained in energies are focused at different positions along the optical
the photoemission mode. axis).*

We now present the latest resolution tests, which dem-  Another element in our electron optics system plays an
onstrate the unprecedented lateral resolution of 20 nm fofmportant role in reducing the chromatic aberration: the ap-
spectromicroscopy. erture in the back focal plane of the objective lens. This

A complete description of MEPHISTO in the photo- gperture stops the off-axis electrons, thereby eliminating the
emission mode can be found in Ref. 1. In short, it is com-glectrons that do not reach the focal plane near the focal
posed of: the photon sourdenonochromatized soft x rays point; this obviously reduces the chromatic aberration. The
from a synchrotron bending magnet souyrdbe electron op-  resylt is a marked improvement of the spatial resolution,
tics, the microchannel plate imaging system, the TV camerayich strongly depends on the aperture diameter.

and the computer system. In the present configuration, three quickly interchange-
able (under ultrahigh vacuujmaperture diameters are avail-
dAlso at Sincrotrone Trieste SCpA, Trieste, Italy. able: 150, 50, and 2@m. In the tests reported here we used
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FIG. 1. Low magnification MEPHISTO image of a galefiaad sulfide
crystal sample acquired with monochromatic 450 eV photon energy. Image
size 768<512 pixels. The imaged area has a horizontal dimension of 190
um. The rectangular box on the lower left side indicates approximately the
acquisition region of Fig. @).

FWHM=80nm{ -

the 20um aperture and we carefully aligned it so that it was 5160

perfectly at the focal point. This can be done with following %140

a simple strategy: if the aperture is not perfectly centered, ‘a 120

varying the voltage on the objective lens produces a lateral 3100 A AL
shift of the image. Minimizing this effect made a perfect g 0 t 2 3 4 5 6 7 8
aperture alignment possible, permitting the improvement in = Position (pm)

lateral resolution reported below. FIG. 2. (3) High cation MEPHISTO mi b ofth .
S . FIG. 2. igh magnification micrograph of the &%n wide
Another major improvement was the screening of undesarea indicated in the box of Fig. 1. The image size is agairKE32 pixels,

ired stray electrons from reaching the microchannel plate deéand was acquired with 450 eV photon illumination. The magnification was
tector. These electrons were produced by field emission frorimcreased by increasing the photoelectron accelerating voltages of the

the copper wires delivering high voltage to the ebctrostati({sample. and the electrosta_tic Iens_(-:b;‘). I_nte_nsity profile measured on the

. image in(a), along the horizontal line indicated there. Note that the small
lenses, and were attracted to _the mlcr_OChannEI p[MéEP) dark feature intersected by the lit@® generates a sharp peak in the intensity
kept at up to+2 kV. Increasing the image magnification profile (b).
requires an increased projective lens voltage, but the MCP

was saturated by stray electrons before reaching the highegl, hrofile of a point object is the resolution. Obviously, if
magnification. We now introduced a tantalum screen begne gpiect is larger than the resolution, as in the case of the

tween all high voltage wires and the microchannel platesya . feature of Fig. @) this criterion leads to an underesti-
eliminating the problem to allow imaging at the highest mag-, ;e of the resolving power. In the present case, we chose

nification. the smallest features we could find in the high magnification
images, and measured the FWHM of their intensity profiles.

Il. RESULTS AND DISCUSSION One of the results is shown in Fig. 3. This figure reports the

same intensity profile of Fig.(B), in the area around the

f | Pb al | ired with h sharp feature. As it can be seen in Fig. 3, with monochro-
of a galena(Pb3 crystal sample, acquired with monochro- matic photons of 450 eV the FWHM of this object is 80 nm.

matic pho_tons of 450_eV. The x-ray bea’.“ was produced byI'he resolution, therefore, is better than 80 nm. This is not the
the Aladdin storage ring at the Wisconsin Synchrotron Ra-

diation Center(SRO, and filtered by the Mark Il “Grass-
hopper” monochromator. The rectangular box in this figure
indicates the approximate position where the high magnifi-
cation image of Fig. 2 was acquired.

Note that in Fig. 2a) appear small dark features that

Figure 1 shows a low magnification MEPHISTO image

arbitrary units)
NN
=N
(=R =)
T

200 -
were not detectable at lower magnification. The line in Fig. 190 i
2(a) indicates the accurate position where the intensity pro- 180 i
file of Fig. 2(b) was measured. Note in Figs(a2 and Zb) N ]
that the vertical edge separating the bright from the dark P60 [ J
region is not very sharp, as expecfei;therefore does not A 150 i
constitute a good resolution test feature. Nevertheless, the §140 L ]
small dark feature intersected by the line of Figg)zhas the 8 52 5.6 5.7

sharp intensity profile of Fig.(®), on which the resolution Position (pm)

can be estimz_ated, according_ to the point-broadening criter|g. 3. same intensity profile of Fig.(2, in the region across the sharp
rion: the full width at half maximun{fFWHM) of the Gauss- peak. The peak profile has a full width at half maximum of 80 nm.
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E‘ ing. Since this has an uncertainty &fl um, at this magni-

‘g 210 fication =15%, the uncertainty on the resulting resolution is
s \ also 15%, i.e., 263 nm.

?200 \N\ . /\a\ T Note that ZDDP is a very hard material, and the groove
S0 NSV \ | edges found on this sample surface are therefore extremely
B R =20 nm sharp, certainly sharper than any lithographically patterned
5180 - . edges. The availability of such sample was also a key factor
B \ in achieving the resolution of Fig. 4.

w170 1 e ] Also note that our choice of unmonochromatized light
3160 T for the 20 nm test was dictated by the low photon flux, not
| 39 3.95 4 405 4.1 4.15 by the photon energy. It has therefore no implications on the
- Position (pm) physics of the experimerte.g., chromatic or spherical aber-

FIG. 4. Sharpest intensity profile, extracted from a batch of over 500 pro-rat'onsl)' On a brlghte_r x-ray sou.rce, such as an undulator
files, acquired with MEPHISTO on a grooved stainless steel surface, witbeamline and/or a third generation synchrotron source the

unmonochromatized illumination. The resolution was measured accordingame results can be obtained with monochromatic |ight.
to the most conservative Rayleigh criteri@istance of the 12% and 88%

intensity points in the interpolation lineand gave results ranging between

22 and 35 nm. The profile in this plot is the best one, and gives 20 nm laterdll. DISCUSSION

resolution. ' .
We reported the extensive resolution tests that we per-
. : farmed after improving both the instrumentation and the
best but the average resolution obtained on a data base Q .
ample choice for such tests. The best test gave 20 nm reso-
several hundred tests performed on the same galena sample. . ;
. X ution, and it was performed according to the most conser-
which gave results ranging between 48 and 100 nm resolu-_.. . R .
) > . . vative Rayleigh criterion: we measured the distance between
tion, with a mode around 80 nm. This can be considered th

. . . . ﬁwe 12% and 88% intensity points in the interpolation line of
real “working resolution” of our instrument.

This “working resolution” is limited by the physical an edge profile.

dimensions of the objects imaged, and by the flux we obtain_. AIthough with nea'r-UV microscopy other authors ob-
; tained a similar resolutiohfo the best of our knowledge, 20
from bending magnet sources.

To more directly measure the resolution limit of the nm is the highest resolution achieved by x-ray spectromi-

- . - Crosco either in the imaging, scannin hotoelectron, or
electron optics, we performed resolution tests on edges in- by, ging, 9. P '
gransmlssmn modes.

stead of point-like objects, and with unmonochromatize
photons, gaining several orders of magnitude more photons
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