Probing surface grating structures of
300 nm periods with 1T A X-rays

Qun Shen

Periodic nanostructures of sizes
1 to 100 nm on semimnductor aystal
surfaces have attracted great inter-
ests in recent years because of their
unusual electronic band structures
due to quantum confinements, and
their potential applications in elec-
tronic and optoel ectronic devices.
The periodicall y structured grating
surfaces also serve as model rough
surfaces with a predorminant spatial
frequency for studying atomic kinet-
ics invalving surface diffusion and
step arrangements. To date, optical
diffraction using lasers and scanning
electron microscopy have been the
primary methods of characterizing
surface grating structures. Com-
pared to these methods w-ray scatter-
ing is a natural extension of optical
diffraction for probing shorter wawve-
length gratings with higher spatial
resolution.

In collaboration with Professor
J.M. Blakely’s group in the Depart-
ment of Materials Sdence & Engi-
neering here at Comell, we have de-
veloped a program of using hard x-

{Fig. 1) A scanning efacon micrograph of &
20 grating sfruciure on Si {(07) surfBcsa.

ray diffraction to study surface grat-
ing nanostructures and their evolu-

tions when being annealed or etched.

Twuo-dimensional (20) grating stroc-
tures (Fig.1) on 5i (001 ) surfaces are
fabricated at the Mational Nanofabri-
cation Laboratory at Comell by e-
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beam lithographic techniques, and
the x-ray experiments are performed
at the F3 and the B2 stations at
(HESS. Because of the long coher-
ence length available with synchro-
trom radiation and perfect crystal
monachromators, extremely sharp
di ffraction satellite peaks are ob-
served around each bulk Bragg re-
flection. An example of such a dif-
fraction pattern is shown in Fig.2.
These satellite peaks are the result of
interference due to the extra grating
periodicity on top of the existing
aystal lathice. In the language of
aystallography, these grating pillars
mmnstitute “super molecoles” that
form a super lattice on the surface,
The data illustrate that a mesosopic
scale (~3000 A) perindic structure can
be investigated in a straightforward
way by diffraction of 1 A x-rays!

The x-ray diffraction pattern
from crystal surface gratings can be
analyzed in analogy with optical
Fraunhofer diffracton from multiple
slits [see Shen, Umbach, Weselak &
Blakely, Phys. Rev. B 48, 17967
(1993)]. The grating peak positions
are determined by the grating wawve-
length and their intensi ties are mod-
ulated by the diffraction intensity
from a single grating period. By ana-
lyzing these quantities various grat-
ing parameters can be deduced. The
intensity variations along a grating
tod notmal to the substrate surface
prowide information on the height of
the grating pillars and their side wall
slopes and shape. By comparing the
grating reciprocal lattice with the
aystal lattice, the orientation of the
grating lines and their atomic regis-
try can be obtained with respect to
the bulk crystal.

Omne of the uni que abilities of x-
ray diffraction is to measure lathice
strain, defects, and disorder on an
atomic scale, and unevenness in the
size of the grating pillars. These
arystal and grating imperfections are
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impaortant to the understanding of
the phy sics in quantum confinements
and to the growths of semicond uctor
overlayer structures. Figure 3 illus-
trates that these imperfections can
produce interesting and distinct dif-
fraction profiles {filled circles) on the
grating reflections. In this study, the
sample shown in Fig.1 was oxidized
in a controlled fashion to grow S0,
on the pillar surfaces. The oxide was
then removed by a subsequent HF
etch. The treatment produced ex-
tremely sharp needlelike pillars,
which may therefore contain some
wvariation in their sizes, and some in-
trinsic lattice strain and short range
order. Ananalysis of the x-ray dif-
fraction data on the diffuse scattering

part will prowvide valuable
information on these im-
perfections in the grating
pillar structure.

The diffraction data
from the surface grating
structures can also be col-
lected vsing a highly amlh-
mated polychromatic syn-
chrotron beam, just like
taking a Laue diffraction
photograph. An example

{Fig.3, ieft) Companson of difraction profiles from two diferent
grating sutface freatments. The data froma wigin sample are
shown by open cirdes, which are part of FigZ, and those fom
an omdize-and-aiched sampie (nesdis-grating) are shown by
fillad circdas. Note the line shape of the grating difraction peaks,
which contains infbrmation on e imparboions and e possibia
short-range-order in the grating pillar structures.  The dashed
iine ifustrates e expenmental resolution, taken on a parfbet
crystal S walar,

{Fig.4, balow) Lave difraction image using white beam fom 8
20 S {007) grating surface,  The image is arund the (004)
Bragy reffazition and is recorded on a Type 55 Polaroid film with
a 3 min exposurs time.  The film fo sample dstance is 80 cm
and the imags border i the piot comasponds fo roughly 5 mm =
5 mm in real scale,

is shown in Fig4, which is a magni-
fied diffraction spot of the Si ((04)
Bragg reflection recorded on an x-ray
film. With this technique a grating
diffraction pattern of more than 100
peaks can be collected i just 2-200
seconds. We believe that the ime

resolution can be further enhanced
by using a CCD detector, and there-
fore Lave white beam diffractionisa
promising technique for doing real
time-resolved diffraction experi-
ments on perindic surface grating
struchires.



