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Report:
1. Intention.

Theintention, based on the expectation to have available X-rays of “water-window”
ener gies, was to continue the development of the near-field X-ray microscope by
introducing a fine collimating tube at the X-ray focus of the collimator zone plate under
near -field imaging conditions to achieve spatial resolutions approaching 10nm, and to
make a detailed investigation of the smultaneous measurements of X-ray transmission
and surface topography.

The AFM tip was pierced by a central aperture, which, in principle, allowed both the
measur ements of X-ray transmission and the surface profile to be made ssimultaneosly
at the same specimen location.

2. Experimental.

In practice, for the 3keV photons actually available, it was not possibleto gain
significant X-ray transmission through the aperture and, instead, the focussed X-ray
beam at the specimen was provided by the “condenser” zone plate, which actually
became the objective zone plate of a scanning transmission X-ray microscope. Thus X-



ray and topographic measur ements wer e made simultaneously but at the adjacent,
rather than coincident, locations of the AFM tip and the focus of the objective zone
plate.

X-raysof 3keV energy were anticipated, and as a consequence consider able effort was
expended in seeking to make aperturesin the AFM tipsthat would define a transmitted
probe of this energy with reduced diameter as compar ed with the probe formed by the
condenser zone plateitself. A new method wastried whereby afinetip some 2um long
and about 50nm diameter was grown on the standard AFM tip in carbon
contamination. Thiswasdone in a scanning electron microscope. The contamination
spike was then coated with a layer of sputtered gold, following which thetop of the
spike was cleared away by ion milling to allow the carbon coreto bevisible. The X-ray
absor ption of carbon ismuch lessthan that of an equivalent thickness of gold and the
carbon spike was left in situ with small effect on X-ray transmission through the core.

Two problems appeared in the application of these (long) collimator tubesto give
unacceptably small transmission. Thefirst wasthe uncontrolled bending of the
cantilever making the axial alignment of the tube extremely difficult; the second was
the effect of surface roughness giving incoherent X-ray scattering at the tube walls.
Both problemswill be significantly reduced for the much shorter collimators (~ 0.25um)
appropriateto theinitial concept for photon energies of 300-500 eV.

The experimental work was, therefore, concentrated on the smultaneous, but
physically separated, collection of data on X-ray transmission and specimen height
fluctuations. Although the data were actually collected from AFM tip and zone plate
focus a few um apart on the specimen surface, for the energy of 3 keV, it was shown to
be possible, because of the low X-ray absor ption of the AFM tip, actually by scanning
the zone plate laterally, to make X-ray transmission measur ements through thetip
location and have the two simultaneous images precisely aligned.

The procedur e adopted to standar dise imaging under near-field conditionswasto bring
the specimen by means of an axial piezo movement into contact, asjudged by a voltage
setting, with the AFM tip at each pixel at which position the X-ray signal, for an image
focused on thetip, was also recorded with a dwell time of (for example) 10msec. Before
moving to the next pixel the AFM tip wasreleased from the specimen to return to a
standar d position before being brought up at the adjacent pixel; the total duty cycle of
tip movement, X-ray imaging and tip release is about 30msec.

Excellent topographic images of gold coated polystyrene latex spheres about 1um and
500nm in diameter, someion-milled to produce circular gold discswith a wider range
of topographic features, were produced using fabricated carbon fibre needles, about
100nm in diameter and 3um long, mounted on the original AFM tips. X-ray
transmission images wer e gained by using a ger manium zone plate 230um in diameter
with 85nm outer zone width, focal length for 3keV photons~48mm. Thetransverse
resolutions of the two images wer e about, 5nm (AFM) and 100nm (X-ray transmission).
The (arbitrary) actual displacement of the centres of smutaneoudy-taken images was



about 8um and the images wer e brought to coincidence by off-lineimage processing. It
isof interest that the X-ray transmission isfinite only through the silicon nitride
supporting film on the silicon specimen mount, wher easthe AFM image continuesto
include specimen ar eas where the X-ray transmission is zero.

The question of the axial sensitivity of the tip measurements of surface topography isan
important one. Calibration experimentswere carried out to a displacement of 60um
with good linearity from 10um. For smaller axial displacements due to expected
hysteresis effectsthe linearity needsto be further investigated, as do the parameters
controlling thetip contact and tip release. Assuming linearity for small displacements,
axial distances of order 5nm can be measured using the AFM tip in the present set up,
or,in 3D, discrimination is possible between cubes of material about 5nm on a side.

3. Conclusions.

The scanning transmission X-ray microscope with AFM tip incor porated needs further
development to characterise the tip displacement, but in general isnow aworking
instrument. The X-ray imagein thefirst order zone plate focus will be limited in
resolution only by the physical action of the zone plate, assuming adequate optical
design of scanning stages etc and vibration isolation. Thisresolution will no doubt be
improved by further zone plate development and imaging at higher orders of the zone
platefocus. Theuseof acylindrical collimator to improve spatial resolution of the
transmitted X-ray image for high photon energieswill always be difficult. With further
development both the transver se and the axial resolutions of the AFM tip in the present
application can beimproved, but the current performanceis adequateto add athird
dimension to the two dimensions of the transmission X-ray image which isthe dominant
partner for relevant applications.

The new 3D facility is seen particularly in the context of quantitative X-ray

measur ements from ar eas of non-uniform specimens wher e the specimen thicknessis
required, and with dynamic experiments conducted in the microscope involving e.g.
radiation damage, heating, specimen straining etc. The question of improved X-ray
microscope resolution using a small collimator in analogy to the scanning near -field
optical microscope must be put on hold until lower photon energies are available at the
ESRF.

It isa pleasureto acknowledge the helpful advice and expertise on the beam line-and
much else-provided throughout the work by Dr Jean Susini and Dr Raymond Barr ett.






