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Phys i cal prop erty is a re sponse of a ma te rial to an ex ter nal
per tur ba tion, as e.g. con verse piezoelectricity ac counts for
me chan i cal de for ma tion in re sponse to an elec tric field.
Be ing ob serv able and ap pli ca ble in de vices on a mac ro -
scopic level, phys i cal prop er ties are un der pinned by some
deeper struc tural or / and microstructural mo tions. Im por -
tantly, many func tional prop er ties (e.g. gi ant piezo -
electricity, super-elas tic ity and shape-mem ory ef fect) are
at trib uted to the mesoscopic length scale, where ex ter nal
elec tric field or stress move do main walls and change the
vol ume ra tios be tween do mains. Mesoscopic length scale
and multi-do main struc ture plays piv otal role in ferroic
(e.g. ferroelastic and ferro elec tric) crys tals, where do mains 
nat u rally ap pear af ter a phase tran si tion from higher- and
lower-sym me try phases. Sur pris ingly, the tre men dous po -
ten tial of mesoscopically dom i nated prop er ties in de vices
re mains un ex plored as long as si mul ta neous prob ing of
mac ro scopic, mesoscopic and atomic dy nam ics in multi-
 do main crys tals re mains to be a se ri ous chal lenge. 

In this talk we ex plore the ca pa bil i ties of the state-
 of-the-art high-res o lu tion X-ray dif frac tion for com bined
in-situ probes of multi-do main pro cesses in ferroics un der
al ter nat ing and quasi-static elec tric fields. We will fo cus on 

the re cent in sights to the func tional ferro elec tric and
ferroelastic ma te ri als and show how high-res o lu tion re cip -
ro cal space scans / 2D maps / 3D vol umes can be mea sured
si mul ta neously with e.g. mac ro scopic P-E hys ter esis
loops. We will dis cuss the sep a ra tion of in trin sic re sponse
(dis place ment of at oms in a unit cell [1], changes of lat tice
pa ram e ters [2]) and ex trin sic re sponses (field-in duced do -
main-wall mo tion, vol u met ric ex change be tween do mains) 
as well as their pos si ble in ter con nec tion.

We will dem on strate and dis cuss in-situ X-ray dif frac -
tion data (the ex am ple is in the Fig ure 1) from uni ax ial
Sr0.5Ba0.5Nb2O6 ferro elec tric, where only 180° (in ver sion)
do mains are pres ent [2] and from the perovskite-based
PbZr1-xTixO3 and Na0.5Bi0.5TiO3, where tetragonal,
rhombohedral and monoclinic strain do mains are present. 
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Fig ure 1. Re cip ro cal space maps around -8 0 6 Bragg re flec tions of uni ax ial Sr0.5Ba0.5Nb2O6

ferro elec tric, stro bo scop i cally col lected un der al ter nat ing ex ter nal elec tric field (P08 beamline
at PETRA III). X-ray dif frac tion was mea sured si mul ta neously with the po lar iza tion-elec tric
field hys ter esis loop (bot tom mid dle). The maps are com posed of two Bragg peak com po nents
which are dis placed against one an other due to the op po site (pos i tive / neg a tive) pi ezo elec tric
re sponses in 180° / inversion ferroelectric domains. 
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3D top o log i cal in su la tors are a new kind of mat ter with in -
verted bulk band gap and Dirac cone-like sur face states [1]. 
Bi2X3 with X = Se and Te are prime mem bers of this ma te -
rial class and were shown to ex hibit the pre dicted top o log i -
cal prop er ties [2]. For elec tri cal de vices made from these
ma te ri als large area high qual ity thin films are re quired
which, how ever, com monly show the for ma tion of twin de -
fects as can be seen in Fig.1a. Hor i zon tal (c-plane) twin de -
fects were shown to in flu ence the elec tronic prop er ties [3]
whereas lit tle is known about ver ti cal twin de fects. We
have in ves ti gated the hor i zon tal and ver ti cal twin de fect
for ma tion in mo lec u lar beam ep i taxy grown Bi2Se3 and
Bi2Te3 thin films by scan ning X-ray dif frac tion (SXRD) [4] 
and elec tron back scat ter dif frac tion (EBSD). With EBSD
we di rectly ob tain the crys tal ori en ta tion in the vi cin ity of
the sur face as shown in Fig. 1b. Scan ning X-ray dif frac tion
probes the bulk of the thin films and thus com ple ments the
sur face sen si tive elec tron im ag ing tech niques. For SXRD a 
fo cused X-ray beam (~150nm di am e ter) is used and with
the sam ples mounted on piezo-scan ners the XRD in ten sity

is mapped in real space. Per form ing mea sure ments at the
asym met ric (10-1.20) Bragg peak the XRD in ten sity (Fig.
1c) there fore re veals that de fects sep a rat ing the two twin
do mains are not strictly ver ti cal but that one twin do main
might also over grow an other sec ond one. Based on these
re sults we are able to pres ent a strat egy to re duce the sur -
face den sity of such de fects which has im por tant im pli ca -
tions for the study of top o log i cal sur face states.
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Fig ure 1. Twin for ma tion in Bi2Te3 thin films. a) Scan ning elec tron mi cro graph of a twin bound ary (dashed line) sep a rat ing two
crys tal lo graphi cally twinned ar eas. b) Elec tron back scat ter dif frac tion (EBSD) inplane ori en ta tion map show ing the twin do mains in 
a larger area. c) bulk sen si tive scan ning XRD mea sure ment of the very same area shown in b), how ever, with bulk sen si tiv ity.
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In the re cent past, low-di men sional ma te ri als at tracted
enor mous at ten tion due to the ex traor di nary prop er ties
com pared to their bulk coun ter parts. For in stance, mi -
cro-and nano-me chan i cal tests re vealed an in creas ing yield 
strength with de creas ing struc ture size reach ing the ul ti -
mate limit of the ma te rial for nanowires [1, 2]. To shed ad -
di tional light on the me chan i cal be hav ior of low- 
di men sional ma te ri als, in situ ex per i men tal set ups are be -
ing de signed for mon i tor ing the evo lu tion of the struc tures
dur ing the me chan i cal de for ma tion. So far, in situ me chan i -
cal tests cou pled with X-ray dif frac tion tech niques con cen -
trated on micrometric sam ples [3, 4]. For in situ nano- 
me chan i cal tests, a scan ning force mi cro scope was de vel -
oped which can be in stalled at dif fer ent 3rd gen er a tion syn -
chro tron beamlines [5, 6, 7]. Here, we will pres ent the
cou pling of this new tool with Bragg co her ent X-ray dif -
frac tion im ag ing (BCDI) and µLaue dif frac tion for in situ
nano-in den ta tion on Au nano crystals and in situ three-
 points bend ing tests on self-sus pended Au nanowires, re -
spec tively [7, 8]. These in situ ex per i ments en abled us for
the first time to im age by BCDI a pris matic loop in a Au
crys tal which had been in duced by nano-in den ta tion. A
scan ning elec tron mi cro graph and the re con structed elec -
tron den sity of the in dented Au nanocrystal are pre sented in 

Fig. 1(a). More over, the in situ cou pling with µLaue dif -
frac tion al lowed for mea sur ing the com plete pro file of a
me chan i cally loaded nanowire giv ing ac cess to the elas tic
as well as the plas tic de for ma tion of the nanostructure. Fig -
ure 1(b) dis plays in te grated dif frac tion pat terns of the Au
222 Laue spot re corded along the nanowire at dif fer ent de -
for ma tion stages em ploy ing a newly de vel oped KB scan -
ning method [8]. From these in te grated dif frac tion pat terns, 
the bend ing an gle and the com plete nanowire pro file also
shown in this fig ure were de ter mined. 
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Fig ure 1. a) SEM im age, re con structed shape and elec tron den sity of an in dented Au nanocrystal. b) In te grated dif frac tion pat terns
of the Au 222 Laue spot re corded along the de formed nanowire, bend ing an gle and nanowire pro file in ferred from the dif frac tion
pat terns.
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X-ray dif frac tion on sur face acous tic waves (SAW) was
pre vi ously dem on strated in me rid i o nal dif frac tion ge om e -
try in sev eral works [1, 2]. SAW travel on the crys tal sur -
face, tem po rarily cre at ing grat ing-like struc tures with
am pli tude up to one nanometer and near-si nu soi dal de for -
ma tion pro file. Us ing this ef fect Tucoulou et al. dem on -
strated the fea si bil ity of a high fre quency chop per for
syn chro tron ra di a tion at ESRF [2]. But due to the fact that
the ve loc i ties of the SAW are typ i cally on the or der of 3000 
m/s, the time res o lu tion of the de vice was lim ited by the
value of ~1 µs due to the large travel dis tance of the SAW
pulse through the foot print of the X-ray beam at a small
graz ing in ci dence an gle. In this work we ob served an X-ray 
beam split ting by SAW in sagittal dif frac tion ge om e try. A
sim i lar ex per i ment was al ready done by Roshchupkin et al.
[3]. The (200) Bragg re flec tion on a langasite
(La3Ga5SiO14) sin gle crys tal was used. SAW with fre quen -
cies up to 500 MHz were ex cited in pi ezo elec tric ma te ri als
us ing interdigital trans duc ers de pos ited on the crys tal sur -
face. The ex per i ment was per formed in sagittal dif frac tion
ge om e try (Fig. 1 b) by elec tronic puls ing of the SAW emis -
sion and syn chro ni za tion with the ar rival of the syn chro -

tron x-ray pulses. The achieved time res o lu tion was in the
or der of 50 ns, and it was smeared by the time that the SAW 
need to cross the beam foot print. In Fig. 2 it is shown the
Bragg re flec tion with out and with SAW. Once the SAW
are ex cited the 0-th or der is sup pressed and only the
m=+/-1 sat el lites are vis i ble. The ob served ef fect can be
used for fast mod u la tion of X-ray beams with the time res o -
lu tion better of 50 ns, which is faster than most me chan i cal
chop pers. The re sults of the mea sure ment were com pared
with the o ret i cal cal cu la tions us ing GSolver, a rig or ous dif -
frac tion grat ing anal y sis pro gram. 
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Fig ure 2. Bragg peak re corded with a CCD b) ge om e try cam -
era.When SAW are switched on the 0-th or der is sup pressed and
the sat el lite peaks ap pear

Fig ure 1. SAW ex per i ment in me rid i o nal a) and sagittal b) ge -
om e try.
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De vel op ing the means to ob serve a sam ple’s full vol u met -
ric struc tural evo lu tion dur ing dy namic pro cesses with
high tem po ral and spa tial res o lu tion has been a key pro ject
of the tomographic mi cros copy beamline TOMCAT [1] at
the Swiss Light Source. We have achieved the ac qui si tion
of tomographical scans with 3 mi crons voxel size at 20 Hz
[2], and were able to push the time-res o lu tion into the kHz
re gime for quasi-pe ri odic mo tions [3].

A ma jor tech ni cal in no va tion en hances the ca pa bil i ties
of our high-speed cam era sys tem. Com mer cially avail able
CMOS de tec tors able to col lect im ages at multi-kHz rates
are de signed for burst op er a tion. Im ages are first buf fered
in on-board mem ory, and the sub se quent read out pro cess
to ex ter nal stor age is slow, thus pre clud ing a sus tained data
ac qui si tion. The avail able amount of in ter nal mem ory lim -
its the to tal num ber of frames that can be re corded, and is in 
many cases much too small to cap ture the en tire du ra tion of 
dy namic pro cesses at a suf fi cient tem po ral res o lu tion and
field of view. To over come this lim i ta tion, we have de vel -
oped the “Gigabit Fast Read-out System for Tomography”, 
coined GigaFRoST. The data col lected by a pco.Dimax fast 
im ag ing sen sor are read out by cus tom-de signed read out
elec tron ics and di rectly streamed to the pro cess ing serv ers
via eight par al lel 10 Gbit fi ber-op tic links, reach ing a trans -
fer rate of 7.7 GB/s, which is suf fi cient to han dle the max i -
mum data rate pro duced by the chip. On the server side,
in de pend ent pro cesses can ac cess the data si mul ta neously
to pro duce real-time pre views and write data to per ma nent
disk stor age. In par al lel, we plan to per form on-the-fly data
re con struc tion and anal y sis to se lect only the use ful data

for stor age or to pro vide on-line feed back to the ex per i -
ment. GigaFRoST also of fers very flex i ble trig ger
schemes, pro vid ing an adapt able and ver sa tile in ter face for
com plex in situ, in operando, and in vivo experiments. 

We will pres ent an over view of the sys tem ar chi tec ture
and its im ple men ta tion at TOMCAT, as well as ex am ples
of ex per i ments that will greatly profit from the GigaFRoST 
ca pa bil i ties, rang ing from the ob ser va tion of crack prop a -
ga tion in met als [2], and self-heal ing in ce ram ics [4], to in
vivo mea sure ments of lung tis sue dur ing breath ing in mice
[5] and the musculoskeletal mo tion of a fly tho rax in flight
[3]. The sus tained high-speed ac qui si tion has al ready en -
abled the de tailed ob ser va tion of sintering dy nam ics in vol -
ca nic materials in real-time for up to 30 minutes.
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