Three-Dimensional Analysis for

Nanoscale Materials Science

Problem

Manomalerials pose I"I.'I:'r-il'll!"'rl."rt'nl-l'IH :hﬂih—-nh{l*ﬁ for characterizalion with their small dimensions,
three-dimensional shapes, demanding internal structures, and novel electronic properties. As
stch, the technology for characterization must meet these growing demands. The morphoelogy
of nanomaterials in 3-0 s critical fo understand before advances can be made in nanodevices,
and for this purpose, we have developed electron lomography in The scanning Iranamission

electron microscope al Sandia/CA,

Methods

Below is a schematic for the STEM. Electrons are focused af the e irmen |.|].'|r|.-|-, and scanned

across the material, The scattered intensity is collected at high angles on the high-angle annular
dark field (HAADF) detector. This scattering is Rutherford-like, with the intensity in the images
approximately proportional to the square of the atomic number of the materiaks being studied,
Electrons that have lost energy while traveling through the specimen can be detected using

electron energy loss spectroscopy (EELS).

For tomography, the specimen is tilted across a range of typically +70° to -70°, with the number
af Em.‘:ﬁrh about 140-150. These ;ll‘ldb"l‘ﬂ are Then reconstructed I.lhI-I'IH various reconstraction
algorithms such as weighted back projection (WBFP) and simultaneous iterative reconstruction

bechnigue (SIRT).
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Fischer Tropsch Catalysis
Cobali-based Fischaer— r.rn]'rm'h -.':.'ﬂi'mq. Are 1'|.'i|||."['|-' used o comverl synthesis Hivs 1o chean
bydrocarhon fuel. Twa Co O catalyst systems with different supports are studied here.
This first sysiem (a<c) forms an
imberbocking structure with rts
support with no free surface
area. The second catalyst (d-1)
is more seleclive and his s
attributed to its unique
narcage morphology (0 that
allows larger surtace area for
reactions to take |r|.|n=. This is
3- I panoscale information that
could not be quantified withoui
the wse of STEM tomopgraphy.
Siandard bulk |:'|'|l~:|1'|ih|r§,-
measuremenis are insensitive

b Uhis inEormmslion.
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Sermniconductor Nanowires

Cabl/ AN corefshell nanowires are impurr.-lrrl for Ii!_lj'ﬂ i':rr}illfng_| |:|i1_14:|1_-1._, thosde lasers, and ['l|!.e|:|1

electron mobility transistors. The surfaces play an important role in these 1-D systems, and
the only way to analyre the surfaces and bulk simultaneously s by using STEM tomography.
While the detects shown in the 2-D
imagge (ad appear (o be bulk defects,
the 3-10 reconstructions reveal that
the: deiects are actually just on the
surface of the nanowires, indicated
|:|'|.I N Arrow in ). 'I'i'“-l_l-'|.'|.-ll reed .|n-|i
blue represent AN, GaN, and the Mi
catalysl nanoparficle respectively,
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Electron tomography (ET) and atom-probe
tomography (APT) are both 3.0 technigques
on the nanoscale. ET provides larger-scale
|m:|r1.||"|1:|54.|'|:;i:'.:| information while AP
provides smaller-scale chemical information
in 3-1x Correlating these two technigues
can yield a level of materials understanding
that has never bessn reached before, Here
we show the first such correlation on the
very same nedlle-shaped specimen of a

Ag precipitate system in an Al matrix, The
pink reconstriction is the ET data, and the
vellow is the APT data. This first correlation
has allowed us o quantify the arfifacts in
hoth techniques, understand the evapora-

Tiam process in APT, determine the |:h|:|li||1'|.||

ignificance

The il‘l‘l.":l.-ll'l of The RE&ELY in this Triman !'1=|I|:n'|.-'-:hir.| = l:l_"!.' foir Che fuilisre sHergy neeils of oar
MNation. In order to make our current energy materials more efficient and to develop new
materials for fulure energy applications, fundamental structure-property relationships musi be
estahlished on the nanoscale. Electron microscopy is one of the most important tools fo meet
this ilrm.!m:l, ared The qu.|n|i1.||i1.-1_- 3-12 fmirgfng anid .l.n.l!'r'r:h. 1|r'w'h||:||;u,:| in this rq'“nwuh;]:l will
play a vital role in moving our Mation's energy needs forward, quickly and competently.
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