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Dif frac tion pat terns from ~100 in di vid ual grains of a

solutionized and quenched metastable b-Ti al loy were ob -
tained by high en ergy syn chro tron dif frac tion dur ing
in-situ ten sile de for ma tion ex per i ments. The dif frac tion
pat terns of se lect grains were analyzed per an es tab lished
sin gle-crys tal line pro file anal y sis tech nique to as sess the
dis lo ca tion den sity evo lu tion on in di vid ual slip sys tems.
Fur ther, a new tech nique to es ti mate the geo met ri cally nec -
es sary dis lo ca tion (GND) den sity from rock ing curves is
introduced. The re sults pro vide a pow er ful com ple ment to
pre vi ously pub lished com par i sons be tween mea sured and
crys tal plas tic ity sim u lated in ter nal elas tic strains (and

stresses). In par tic u lar, they re veal there is no pref er ence

for 1/2 <111> Bur gers vec tor dis lo ca tions to re side on a
par tic u lar glide plane, since they have sim i lar den si ties on
{110} and {112} planes. In ad di tion, an ex pla na tion for the 
ob ser va tion of strain soft en ing in some of the grains is hy -
poth e sized as form of “plas tic buck ling”. A se lect num ber
of strain soft en ing grains ex hibit higher lat tice cur va ture
(GND den sity) than other grains, in di cat ing that the grains
have “bro ken up” into smaller do mains which are de form -
ing in dis tinct ways from one an other, and more eas ily than
they would have to gether.

Fig ure 1. Rock ing curve broad en ing vs grain cur va ture
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X-ray dif frac tion to pog ra phy (diffractometry) is a tra di -
tional method of visu al is ing crys tal struc ture per fect ness
on a film with a high spa tial res o lu tion. How ever, an gu lar
misorientation in spec tion re quires mul ti ple ex po sures for
sev eral dif frac tion an gles around the Bragg peak by means
of a man ual film ex change, which is a bit cum ber some.
This lim i ta tion has been over come by uti li sa tion of dig i tal
2D de tec tors which were avail able at syn chro tron im ag ing
beamlines with high flux and par al lel beam, thus the rock -
ing curve im ag ing (RCI) tech nique has been de vel oped.
Re cently, RCI was trans ferred from syn chro tron to lab o ra -
tory set-ups.

Now a days, RCI is an X-ray dif frac tion tech nique
which com bines full-field X-ray dig i tal to pog ra phy and
Bragg- dif frac tion rock ing curve re cord ing. A large (al -
most) par al lel mono chro matic beam ir ra di ates a crys tal line
sam ple with a misorientation dis tri bu tion char ac ter ized by
lo cal tilt an gles. Se ries of dig i tal topographs are mea sured
by a two-di men sional de tec tor at dif fer ent sam ple ori en ta -
tions from which peak char ac ter is tics of mil lions of lo cal
Bragg peaks from each se ries are ex tracted. The field of
view and lat eral res o lu tion is given by the cam era size, its
pixel size and the Bragg an gle, while the an gu lar res o lu tion 
is given by the rock ing curve width be ing typ i cally much
smaller than the misorientation an gles of the stud ied crys -
tal. Si mul ta neous high spa tial res o lu tion pro vided by the
two-di men sional de tec tor and high an gu lar res o lu tion
(0.001°) al lows to quan tify crys tal line struc ture per fect ness 
over large sam ple area which scales with the area of the de -
tec tor. There fore the rock ing curve im ag ing is an im ag ing

method with faster re cord ing com pared to usual lab o ra tory
scan ning area diffractometry which re quests mea sure ment
of the rock ing curve at each sur face point.

Syn chro tron RCI [1,2] prof its from large par al lel beam, 
high flux and small de tec tor pixel size down to one
micrometre. For small misorientations of the crys tal lat tice, 
de tec tor can have any dis tance from the sam ple, while
larger misorientations due to in her ent fo cus ing and
defocusing of the dif fracted (mi cro)beams re quire a ded i -
cated re con struc tion pro ce dure.

Lab o ra tory RCI [3] with a slightly di verg ing beam re -
quires small misorientation an gles and very small sam ple
to de tec tor dis tance, thus a home-made ex ten sion for a
com mer cial diffractometer is nec es sary. Cur rent two-di -
men sional de tec tors avail able at lab o ra tory diffractometers 
have typ i cal spa tial res o lu tion downto 0.1 mm which make
it pos si ble to an a lyze a large sam ple area at once.

On sev eral ex am ples, we will dem on strate the RCI
tech nique for a char ac teri sa tion of sev eral large-area semi -
con duc tor wa fers, such as sil i con, sil i con car bide, gal lium
nitride or over grown sil i con-ger ma nium micro struc tures.
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Map ping in ten sity in re cip ro cal space around cer tain re cip -
ro cal lat tice points is mostly re al ized in two-di men sions
within the (QxQz) plane which is usu ally suf fi cient for any
anal y sis of crys tal lat tice strain, mosaicity, struc tural qual -
ity, in ter nal de fect dis tri bu tion or sur face mor phol ogy and
struc ture, de pend ing on the scat ter ing tech nique used. Nev -
er the less, in cer tain cases map ping of the scat tered in ten -
sity in 3D space, out of the scat ter ing plane e.g. along the
Qy axis, is more and more de manded as well. Scan ning re -
cip ro cal space in 3D how ever re quires a well collimated
X-ray beam in all di rec tions, so that such ex per i ments are
re al ized mainly at syn chro tron sources in or der to have a
suf fi ciently in tense and par al lel beam. Prac ti cally any 2D
pixel de tec tor is also ex tremely suit able for timely ef fec tive 
col lec tion of re cip ro cal space maps (RSMs).

In this work we re al ize a col lec tion of 3D RSMs us ing
stan dard lab o ra tory equip ment with only a par -
tially-collimated beam us ing a typ i cal lin ear fo cus X-ray
tube. We use a Rigaku SmartLab diffractometer equipped
with a 2D HyPix area pixel de tec tor for re cord ing se ries of
sym met ric dif frac tion RSMs on microstructured semi con -
duc tor sam ples. The 2D de tec tor is used in a lin ear mode
for fast col lec tion of typ i cal 2D QxQz RSMs where the sam -
ple is scanned at many dif fer ent az i muths with re spect to
the dif frac tion vec tor as an axis of ro ta tion. The 3D in ten -
sity dis tri bu tion in re cip ro cal space is then re con structed by 
means of a Ra don trans form pro ce dure, typ i cally used for
many de cades in real space com puter to mog ra phy (CT) [1]. 
The de tails of the tech nique used here in re cip ro cal space

and ex per i men tal de tails re al ized can be found in re cently
pre sented work [2], in clud ing the de tails of the sam ples.

The method of ap ply ing the Ra don trans form for the re -
con struc tion of RSMs is pre sented on Ge, GaAs and SiGe
microcrystals epitaxially grown on pat terned Si sub strates
[3]. Se ries of syn chro tron ex per i ments us ing a nanofocused 
beam, where 3D RSMs have al ready been mea sured on
many sam ples, were pre vi ously pre sented in sev eral of our
pub li ca tions [4,5,6], how ever in this study we com pare
sim i lar lab o ra tory mea sure ments with the pre vi ously per -
formed syn chro tron ex per i ments [2]. 

The QxQz RSMs ob tained at var i ous az i muths j are first 
de com posed into sinograms for all Qz po si tions, see an ex -
am ple for fixed Qz in the left panel of fig ure 1. This ex am -
ple is built from RSMs where cer tain (004) lat eral
dif frac tion sat el lites ap pear and their Qx po si tion changes

as the sam ple is ro tated along j.  Af ter ap pli ca tion of the in -
verse Ra don trans for ma tion on this sinogam map, we can
ob tain the spa tial dis tri bu tion of these max ima within the
QxQy plane per pen dic u lar to the axis of ro ta tion which
shows four-fold sym me try, see the right panel of fig ure 1.
Let us note that these sat el lites orig i nate from a superlattice
cov er ing the fac eted SiGe microcrystals. Com par ing the
new lab o ra tory data [2] with pre vi ous syn chro tron mea -
sure ments [6], we get a very good agree ment of the 3D spa -
tial dis tri bu tion of in ten sity.
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bridge Uni ver sity Press, 2009, pp. 35–41.

Fig ure 1. (left) Sinogram built from slices of typ i cal QxQz RSMs for fixed Qz po si tion close to SiGe (004) re corded at a se ries of az i -
muthal ro ta tions of the sam ple con tain ing four-fold sym met ric dif frac tion superlattice sat el lites. (right) Re con struc tion of the QxQy

map in re cip ro cal space us ing the in verse Ra don trans form ap plied on the sinogram in the left panel can be un der stood as a given slice
for fixed Qz through the 3D RSM. The four-fold struc ture of the four max ima is ev i dent.
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Flat hy brid pixel de tec tors pres ent the most com mon in -
stru ments for re cord ing X-ray in ten si ties in scat ter ing ex -
per i ments at pho ton light fa cil i ties as well as in X-ray
lab o ra to ries. This holds in par tic u lar for con ven tional crys -
tal lo graphic ex per i ments. In or der to op ti mize quan tum ef -
fi ciency of the de tec tion pro cess the ra tio of de tec tor sen sor 
thick ness and pixel size is of ten set quite high. A nar row
X-ray beam en ter ing such a de tec tor at an oblique an gle is
ab sorbed in mul ti ple con sec u tive pix els. This is caus ing an
ef fec tive shift of the de tected sig nal known as the “par al -
lax” ef fect [1, 2]. Be side this the ab sorp tion of X-ray beam
in the de tec tor sen sor is more com plete. The lat ter is called
an “oblique in ci dence ef fect” [2]. Ap pro pri ate cor rec tions
are well es tab lished in soft ware for sin gle crys tal dif frac -
tion data pro cess ing [1]. Marlton et al. [2] in tro duced the
par al lax ef fect cor rec tion for pair dis tri bu tion func tion

mea sure ments. The idea is used to im prove ef fec tive cam -
era res o lu tion in syn chro tron and med i cal im ag ing [3]. In
case of dif frac tion ex per i ments with a flat pow der sam ple
in par al lel beam ge om e try an gu lar res o lu tion is dom i nated
by geo met ri cal ef fects. In ad di tion, for sam ples with crys -
tal lite size >1 um grain sta tis tics is of ten not-ideal and
azimuthally in te grated dif frac tion pro files are not well de -
fined. Dif frac tion spots may pres ent blurred sig nal due to
the par al lax and oblique in ci dence ef fects as shown in Fig -
ure 1. Point spread func tion (PSF) over the de tec tor area
was es ti mated by ray-trac ing the de tec tor and the know
PSF is deconvoluted from the mea sured sig nal in the next
step. Re sults of such dif frac tion im age pro cess ing are pre -
sented (Fig ure 1). Dif fer ent meth ods for positionally vari -
ant deblurring with known PSF were used: di rect in ver sion
with reg u lar iza tion, Rich ard son-Lucy deconvolution [4, 5]
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Fig ure 1. Positionally vari ant deblurring of X-ray dif frac tion im ages with known de tec tor PSF.
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and Deep learn ing ap proach [6]. Pros and cons of dif fer ent
meth ods are de scribed, and ap pli ca bil ity of the method is
briefly dis cussed.
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