Cornell researchers set record for smallest

hard X-ray beam
Danald Bilderback, Stephen Hoffman®, and Dansel Thiel

Comell staff members Donald
Bilderback, Stephen Hoffman®, and
Daniel Thiel have recently developed
tapered glass capil laries that com-
press x-rays down to a size less than
one-thousandth the diameter of a hu-
man hair - the smallest beam diame-
ter ever achieved for hard (high-en-
ergy) x-rays. X-rays confined on
such a small scale have yielded the
highest resolution image ever ob-
tained with hard x-rays, with an ob-
served spatial resolution’ of 50 na-
nometers.

These beams can be used for the
characterization of materials at an
unprecedented resolution. Glass
aapillanies™ offer significant advan-
tages in x-ray micodi ffracion stud-
ies because they can concentrate
wide-band polychromatic as well as
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{Above) From ieft, Stephan Hofman, Danial Thisl and Donald
Biidarback, with their giass capiliany at Wilson Lab.
{Photo: Pater Morenus Comeal University Photograpiy)

fLeft Figure 1) | ponochromatic x-rays. At this time,
a). Conceptus

viaw of the imag- tapered capillaries are the only wray

ing expanimeant aptical component producing na-
Wide bandwidth | nometer spatial resolution with high
synerotron radi- | ener ey xrays, Qther components
ation from a >

CHESS bending such as phase zone plates’, Bragg-
magnet is first Fresnel lenses®, and Kirkpatrick-Baez
squeszedintoa | mirrors’ are producing focused, near-
small sizs by 8 | 1y monochromatic x-ray beams on a

F:::r;g‘;:g’!’ir}-‘. length scale 10 to 100 tmes larger.
onto a litho- The leaded glass capillary takes
graphically pre- the x-ray beam generated at CHESS

i?:;::::;n?; and compresses it becamse the glass
a 100 nm thick 15 tapered toa fine point. The glass
goid pattern de- | tubes, which can be made toa vari-
posited on 8 200 | ety of diameters, act as a funnel for

nim ¥k silicon e T r
nitride mubkate the beam of x-rays, successively

The absorpticn boumdng x-rays off the smooth in-
of x-rays in the side wall by total reflection as they
thin goid layer pass down the length of the tube.
producas the X

The beam leaving the capillary is
conirast s8en 85 SR :
the spacimen is smallest in size right at the tip and
seannad in the x- | has a divergence of a few milliradi-
W plana, [Draw- ans
ing by Chnis

Staffa) Virtually all of the traditional

methods of studying the nature of a
sample with x-rays such as x-ray dif-




fraction {monochromatic and Laue,
wide- and small-angle scattering,
etc. ), elemental fluores cence map-
ping near and extended edge ab-
sarption spectroscopy, tomography,
radiographic imaging, etc., are usable
with tapered capillaries Recent ex-
periments in imaging and Lave dif-
fraction serve to illustrate how capil-
laries can be applied to the emerging
field of x-ray miooscence.

A record-setting spatial resolu-
tion of 50 nm was observed in anim-
aging experiment on the CHESS B2
bending magnet station (E_ =10keV,
E=5.3CeV, [=80mA ) with a test sam-
ple placed a few microns away from
the tip. The 4 cm long monocapillary
was drawn by Dan Thiel. The sam-
ple consisted of a 100 nm thick gold
stripe pattern prepared on a silicon
mitride wafer 20 nm thide. Figure 1
shows the conceptual outline of the
imaging experiment. A flat total-re-
flection mirror upstream of the capil -
lary {not shown) set an upper energy
cutoff of § keV. The lower end of the
bend magnet spectrum was approsi-
mately 5 keV and was determined by
the length of the air path and the
thickness of the beryllium windows
on the beamline. The contrast in the
image (figure 2) was obtained from
x-rays being absorbed by an extra 4%
as the beam was scanned over the
100 nm thick gold portion of the sam-
ple.
This demonstration experiment
was done under far from optimal
amditions. The beam was intensi-
fied in flux {x-rays /sec/ mm®) by
only a factor of 50 over the incident
beam. We have observed gains as
high as 960 in other pipettes®.

A series of Lave diffraction ex-
periments were also performed to
show that microbeam diffraction
wuld be achieved with these tiny
beams and vanishingly small
amounts of crystalline material. The
wide-bandwidth Lauve method was
chosen over the monochromatic rota-
tion method for its simplicity. The
exposure time is 100 to 1000 times
faster than for the monachromatic ro-
tation method and no osallation of
the aystal is needed during expo-
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sure. Figure 3 shows a lysozyme dif-
fraction image taken with a 5.6 mi-
cron diameter beam, about 1/ 20th
the diameter {and 1/400th the area)
of the 10 micron diameter collima-
tors typically used for small protein
single arystals. Obviowsly smaller di-
ameter beams may be employed, but
the lower bound in size will probably
be determined by the x-ray radiation
resistance of the sample and /or the
unit cell size.

In a separate study, radiation in-
sensitive single crystal films of sili-
con and gold were examined. We
were able to observe Lave diffraction
from a 50 nm thick gold single crys-
tal with a 300 nm diameter beam. In
contrast to the perfect round spot
shapes observed with a perfect 2 mi-
cron thidk silicon wafer with the
same capillary, the gold Laue spots
were radially streaked, consistent
with a mosaic spread of a few de-
grees. The same streakdn g was ob-
served with larger diameter beams
up to 43 microns in size. We con-
clude that the dimensions of the mo-

saic rystal domains were less than
our beam size of 300 nm.

In the future, we hope to fabr-
cate optimally-figured tubes which
should come closer to achieving the
higher gains that are theoretically
predicted. Itisalso possible, in prin-
dple, to make smaller beams, down
to perhaps 2 to 10 nm size, at which
size the skin depth of x-rays pene-
trating into the glass tums out to be
the fundamentally limiting parame-
ter.

The capillary technology de-
scribed here has received an R&D
100 Award from Ré&D Magazine for
one of the year's most significant
products in 1993, The individuals in-
volved in this effort are Donald
Bilderback; Stephen Hoffman, and
Daniel Thiel of Comell University;
Aaron Lewis of Hebrew University,
Jerusalem; and Edward Stern of the
University of Washington, The li-
thography work was performed at
the Mational Manofabrication Facility
at Comell Unaversity . The work was
supported by the National Science



Foundation and the National Inst-
tutes of Health.

Call for Support of Microsdence X-
ray Station at CHESS.

The microscience group at
Cornell is interested in new applica-
tions of microbeams to scence. For
instance, we plan to look at fibers of
a few microns in diameter in the near
future using wide angle x-ray scatter-
ing to determine the structural differ-
ences between the skin and @re of
mmposite fibers. We also plan to
map the strain, microstrochure, and
mmposition of iny poly aystalline
arystals using high spatial resolution
with microdiffraction and microfl uo-
Tescence measurements. Mamny bio-
logical experiments are also in the
wnceptual stage.

We are in the process of raising
funding for specific equipment to
autfit a CHESS beamline for these
lands of investigations. A hmited
amount of work is being supported
from the CHESS and MacCHESS or-
ganizations, but we need to generate
additional support in the Material
Science community. We are seeking
funding to build a specalized beam-
line over a several year period of
time, including a person to help con-
struct and oversee collaborative ex-
periments {miniature monochroma-
tors, translation stages, fluorescence
detectors, tiny 2-00 CCD detectors,
etc.). We need to raise about
F200,000 to $400,000 to adequately
fund these efforts. Additionally, we
would like to attract visiting scien-
tists to come and join us in these ef-
forts for some period of tme. If you
are interested in contributing in time,
effort, or even funding for these ac-
tivities, please contact Don Bilder-
back by phone at $07-255-0916 or via
Internet at dhb2@comell.edu.

{Figura 3) Laue difffaction from a lysozyme aystal taken with 8 5.6 micon diamsier x-ray beam
on Kodak DEF film with a specirum axtanding fom 5 to 25 kel The room temperaturs sampie
was transiated 3 microns every 24 seconds duning the 300 second total exposure iy minimize He
radiaiion damage o the sample. The crysial difffecied to 2.2 4 resolution. The divergencs of the
microbasm was 2.6 mrad as detarmined by the spof size measurad on the x-ray film. This expean-
mant shows e possibility of using taperad capillanes in the study of binlagical materals thatdo
not form the farge {of ordar 100 micron) size neadad for conventonal x-ray oy staliography.
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