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The structural information provided
by x-ray diffraction is optimized when x-
rays scatter from periodic structures—
historically the first periodicities in mate-
ials o be probed with x-rays were those
atthe length scake of atomic distances. A
vast number of materials, both naturally
occurtng and synthesized, have been
studied in thes fashion, but in practically
every case the periodicities have been de-
termined by the nature of the chemical
interactions at the microscopic level.
With the increasing sophistication of h-
thography for micwelectronic drouits,
the perindiaties of materials can now be
determined by the choice of the engineer,
wathin the imits of the available litho-
graphic tools,

Cumrently production-line microelec-
tromic drouit elements can be fabricated
with periodiaties as small as 070 jm;
specialized technologies can produce
even smaller penodic structures. In or-
der for x-rays to interfere coherently with
structures of this size, the coherence
width of the radiation must be large
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enough to span
several repeat dis-
tances of the struc-
tures. The coher-
ence width of the
x-rays at CHESS &
~& fim and hence
sufficient to detect
the penodicibes
achigvable with
microfabrication, providing structural n-
formation about structures that previ-
ously was accessible only to electron mi-
IS PY.

Man-made structures with nano-
mieter dimensions (nanostructures) are
often fabricated m a peniodic fashion be-
cause perindicties produce novel elec-
tromic or mechanical properties. One ex-
citing application of nancstructures & to
produce extremely small, sharp tips that
are used as electon emitters for optical
display purposes, reproduang on a na-
nometer scak the electron guns of a stan-
dard cathode my tube. The tips would
be produced in large, uniform arays and
the current from
each tip could be
ndependently con-
trolled. Extremely
fast, high-resolu-
tion displays could

(Figure 1) SEM imags of e pilared Siicon suface.

be produced in thes fashion.

Synchrotron radiation can be used to
pwbe the regulanty of such arrays and
ako to monitor the processing steps that
ame used to produce them. As part of an
ongoing collaboration between CHESS
staff scientist (Jhun Shen and Professor
JM. Blakely's group in Materials Science
and Engineering, we have studied the ef-
fect of oxidation on periodic arrays of na-
mometer scale pillars of 5 [1-3]. The osa-
dation of =licon is one step in the pro-
cess of producing electron emitter tips.
When a silicon pillar is oxidized at a high
temperature, the oade-slicon interface
moves toward the center of the pillar, as
demse 5iis replced with less dense Si0),.
The widation can be halted at the mo-
ment when most of the S is comsumed,
leaving a narrow cylinder of 5 encased
i oade (see figure 1). The made canbe
easily removed chemically, leaving be-
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hind the sthcon. When properly ex-
ecuted, extremely sharp 5i tips can be
produced m this manner [4].

The oxide is expanded in volume
relative to the 51 and exerts a compres-
sive stress on the Sipillar. However this
ompressive stress of the oade is re-
duced by the tension in the 5i that anses
because Si contracts mare than S0,
when cooled down from the oxidation
temperature. The state of strain of the
pillars before and after the oxide is re-
moved & of interest hecause 1t may mflu-
ence the mechanical and electrical prop-
erties of the &1

For the oxidation experiment, array=
of pillars along the [100] direction with
heights of 500 nm and wavelengths of
300 nm were used (Figure 1). These pil-
lars were fabricated from Si wafers at the
Matiomal Manofabrication Faclity at
Cornell using electron beam lithography
and reactive ion etching. The pillars are
approximately cylindrical in shape, with
awidth at half-maximum of 140 nm. A
50, layer 11 nm thick was grown in dry
0, at 850°C, followed by 10 min post-an-
nealing in N..

Figure 3a shows the neciprocal space
map near the in-plane (400) reflection
from the madized mllars. The presence
of the regular amay of pillars causes
superlattice peals near the 51 Bragg
peak. The separation of these peaks al-
lows an exact determination of the pillar
periodicities. The superlattice reflections
ame marked as {mn) and the {m=n=0)
peak near (Q, O )={40) i= surrounded
by the ligher order superlathice peaks.
The zevo order superlattice reflection is
shifted in the negative Q) direction rela-
tive to the bulk Bragg reflection. Such a

shift indicates that the pillars are stramed
relative to the bulk. From the peak sepa-
ration between the bulk reflection and
the grating reflection at {m=n=0}, a ten-
sile strain of .-_‘Aax_-'a=1.51m‘ 15 obtained.

Figure 2b shows the reciprocal space
map after removing the 5101 with 3% HE.
In contrast with Fig, 2a, this intensity
contour shows no extra structure in a-
ther the () or Q) direction. This indicates
that the strain in the pillars formed by
the oxidation is relaxed elastically. The
scatbering intensity along the surface nor-
mal direction {( ) was also collected
around the (0 0 4) Bragg eflection. A ten-
sile strain of Aa_fa=2.0x10" was obtained;
its elastic relavation by removing the ox-
ide was also observed.

Since the x-ray measurement was
performed at room temperature, the total
strain m the pillars is the sum of at least
two contributions: the thermal expansion
difference of Si and 510, and the intrinsic
stress exerted by the S0, layer. These ex-
penments show that the ‘contribution
from the thermal expansion component
15 larger than that from the compression
of the oxide coating because the pillars
are observed to be in tension. A mimiple
muodel of the exidation of a flat 5i plate
predicts that the thermal exparsion dif-
ference produces a tensile strain of Sx10¢
in a 75 nm-thick flat 5 plate with an 11
nm-thick S0, layer [3]. This plate thick-
ness B appnl;dmahe]}' half of our pllar
width. Dur measured stram is smaller
than predicted value, but 15 of the same
order of magnitude; the difference may
be due to the compressive stress from the
oxide. Further experiments and simula-
tioms are underway to understand the
magnitude of the observed strain.

The time required to produce the
mesh scans in redprocal space such as
those shown in Fig. 215 approsamately
threse hours. It would be desirable to
monitor changes due to processing on a
time scale on the order of seconds. We
ame looking forward to the increased
brightness that will be available at
CHESS in the future that will reduce the
time for data acquisition significantly.
The diffraction from pillar arrays can
ako be studied in a method analogous to
Lawe diffraction, where a palychmmatic
collimated x-ray beam is incident on the
samiple [2|. The scattered beams can be
measured simultanecusly by a detector
with spatial resolution, such as a CCD
detector. With higher brightness and
CCD detectors, real-time monitoring of
pmcessing on Si nanostructures will be
achievable.
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