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At a glance
Scanning X-ray diffraction microscopy (SXDM) provides a guantitative

picture of the materials homogeneity in silicon=germanium substrates
and other advanced semiconductor devicearchitectures.

The Eurcpean Syrchrotron

Context

S1oecon, the workharse of tne  semiconduclor
irdustey far kall @ century, Is coring up agains: ils
phys ca.  lir tations. To  concinue  driving  the
ircrezsen speen, miniaiur et oroand functienelily
of meresectrorics, maruiaciurers are gair ng
si. con with olke- mater als in a~der to ennance ils
properties. This "Mare tnan Mecore” approach
damznos sonh slicaied character 7al cr techriques
tnet can probe complex rarasczle  slructures
embedded in sericorduclor devices.

A power’l. ran-desiriciive techrique develaonen at
FSR=  bkearrline IDOT  czal.ez  scanning X-ray
diffract cr microscapy  [SX0OM. allows  irdust-y
researchers to detecl tne slightest imner‘eclians in
tne  coryslal.ne  slructure  of  kelerogeneous
structures and thin films, even deep within a stack
of differer: layers. Cffer ng a1 unprecedaniad sl zin
resclul cr of a few parls per milion and a spal al
resclul cr of 10Crm, the teckicue is ke ng tria.ed

The challenge

Any imoerfeclions in the mcoroscopic slruciure of
meaterials, such as de‘ecls o~ warations in the
arien:zations of tne crys:zl latl ce, can severe.y a™ec
tne growth and thus perfermance of semizonduaciar
devices. This is critical when malcning silicen with
anoher matenizl such as germariurm to creale rew
chip  archilecli-es, since it crestes  grezier
struclura. comp.exily and rew irieractcons thal
.5t be undersiaod.

In conjurclian with FSR= 5147, waler maulaciurer
Sidronic irvesticalen a sample comprising slep-
graded si. con-ge-manium leyers 21 30Cmm silicor
wafers, wnich is a pramising subslrale for seo-
20nm CMOS transislers anc olker  acvanced
archilectures. The am was to measure the laterzal
distr otion of tilt and stra n across the sysiem, as
we.l as ils compas:iian, ano to compare tnese
parzreters wner the waler was trealed w:h and
witnaw: chera ca—mecharical polishing.

by IRT Nanoelec parirers to farge tne rexl
gereralion of m cro- ane rana-eleciranics.

_ 7o) -

The results

The high penetration depth and small spot size of the ESRF X-ray beam allowed the team, in
conjunction with laboratory based AFM and Raman techniques, to establish a partial correlation
between real-space morphology and structural properties of the sample at the micrometre scale. The
results show a strong local correlation between the strain field and composition distribution, indicating
that the adatom surface diffusion during growth is driven by strain field fluctuations induced by the
underlying dislocation network.

The data also revealed that superficial chemical-mechanical polishing of surfaces does not lead to any
significant change of tilt, composition or strain variation compared to that of as-grown samples -- even
for very different surface morphologies (see figure).
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Maps showing the absolute lattice tilt in as-grown [left] and polished [right] 5i, .Ge, , layers,
revealing the well-known crosshatch pattern caused by surface undulation of lattice-mismatched
surfaces. The similarity between the two panels demonstrates that polishing does not affect
lattice orientation, which is important during the growth of semicaonductor structures. [Ref ACS

Appl. Mater interfaces 7 9031].

Conclusion

SXDM provides a model free,
nondestructive and gquantitative method for
rapidly extracting key parameters in
silicon-germanium films - such as strain,
lattice tilt and fluctuations in composition -
without any surface or morphological
limitations. Its exceptional strain sensitivity
and resolution can be applied to any
crystalline object, even polycrystalline thin
films, and Is relevant for ferroelectrics,
MEMS and 3D integration of chips.

The technigue is therefare of great value to
device  engineers  when evaluating
variations in state-of-the-art CMQOS and
other advanced technologies that cannot be
achieved with any other existing method.
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The technique

>=““rm|r“g K-ray dillraction mcrescony [SXOM. is a
unig.de synchrelren X-ray techrigue thal allows rand
and conlindeas mapp ng of latlice stra n and tilt with
sub-r cromelre resclation.

»Samples can be semicono.ucler devices, Famogeraus
rzterials, thin films and beyano, ana can be up to
LOCrimr2in area ane 20mimr ook,

»¥-rays are a.gned a-cund tne ramonzl Bragg
connitiers of tne sample and a 7D deteclor mantars
tne diff-zction sigra. whle tne sample is moved using
an x-y pierc slage.

»Fve-dimers cra. dalasels buill frem milicrs  of
detecler imeges are adlemal caly processed  to
gererale 7D maps of tilt and stran, us ng in-Fouse
software tnat allaws pre.irinzary resulls to be exlracted
during an exnerimrenl.

»The application of s.en fas: scanning methods allers
tne pass bility of pericrmring in apsrands sludies at
Figh temnerz:ures a-in gas o~ lica d environmenls.




