- 1 METHOD AND APPARATUS FOR X- RAY DI FFRACTI ON
ANALYSIS FIELD OF THE I NVENTION 5 The i nvention
concerns a nethod for transm ssion node X-ray
- diffraction analysis of a sanple by nmeans of an
apparatus conprising an X-Ray“radiation source that
. provides X-ray radiation for irradiating said sanple
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means of an apparatus comprising an X-Ray radiation source
and a detector for detecting X-ray radiation transmitted
through and diffracted by said sample.

25 The invention further concerns an apparatus for transmission
mode X-ray diffraction analysis of a plurality of samples by
means.of an apparatus comprising an X-Ray radiation source
and a detector for detecting X-ray radiation transmitted

_ through and diffracted by a sample.
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BACKGROUND OF THE INVENTION

Combinatorial chemistry refers to techniques to fabricate,

test, and store the resulting data for a material library
.35 :containing tens, hundreds or even thousands different

materials or compounds. Combinatorial investigations require

rapid screening techniques to test and evaluate variations
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library. X-ray diffraction analysis is one of the nost
sui tabl e screening techniques of solid state
properties because abundant information can be
revealed fromthe 5 diffractiop pattern and X-ray
diffraction analysis is fast and non-destructive.
Diffraction pattern analysis plays an inportant role
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sample, a pattern of diffracted radiation is created, which
25 has a spatial intensity distribution that depends on the
wavelength of the incident radiation and the atomic
structure of the material and that can be recorded on a
~suitable detector such as a point detector, a 1D detector or
& 2D detector. Diffraction analysis is the method of choice

30 for studying crystalline materials, crystallization behavior

and llquld gel or SOlld phase, or phase tran51t10ns of
materlals

In certain circumstances, it is desirable to perform a
35 sample analysis using transmission mode X-ray diffraction

analysis due to various reasons, including the need for low




angl e diffraction, and advantages when testing thin
sanples or sanples in liquid environnments. A problem
that is encountered with known powder diffraction 5

~anal ysi s equi pment using a 2D detector is that during

detection of .the diffraction radiation, single
diffraction spots and arcs are often observed i nst ead
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possible to perform X-ray transmi ssion diffraction
aPRAMMARY Q¥ TREpLNVERTIoNOf sanples in a tine effecti ve
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A first aim of the invention is to prov1de a method and an
apparatus of the above mentioned klnd which make possible to
perform X-ray transmission diffraction analysis with
significantly improved particle statistics. Particle
statistics is a term known in the art. With achieving
"improved particle statistlcs" is meant obtaining a powder
diffraction pattern with more rellable diffracted beam

-lnten51t1es, or diffracted bean 1nten51t1es w1th reduced
standard deviation.

A second and addltlonal aim of the lnventlons is to provide

. @ method and an apparatus of the above mentioned kind which

'35

make possible to perform X- -ray transmission diffraction

analy51s of a plurality of samples in a time effective way.




According to a first aspect of the invention the above
mentioned first aimis achieved by neans of a nethod
defined by claiml. Cains 2 to 9 define preferred
enbodi ments of this nethod. _Agcording to a second
‘aspect  of the invention the above nentioned first aim
i s achieved by neans of an apparatus defined by claim
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BRI EF DESCRI PTI ON OF THE DRAW NGS 35 The subj ect
‘igventl on will now be described in ternms of its
p
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f@éffhé&)ﬁv(él A% 22, claims 23 to 30 define preferred
20 embodiments of this method.

According to a fourth aspect of the invention‘the.abOVe
- mentioned second aim is achieved by means of an apparatus
defined by claim 31. Claims 32 to 42 define preferred
25 embodiments of this apparatus.

The main advantage obtained with the method and apparatus
according to the third and fourth aspect of the invention is
‘that they make possible to perform X-ray transmission

30 diffraction analysis of a plurallty of samples with
151gn1flcantly 1mproved particle statlstlcs and in a time
effectlve way..

BRIEF DESCRIPTION OF THE DRAWINGS
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The subject invention will now be described in terms of its
preferred embodiments with reference to the accompanying




under st andi ng of the invention, but are not to be
construed as limting. Fig. 1 shows a schenmatic
perspective view of a sanple container 11 of

mul tipl e-sanple holder 12 shawg by Fig. 10 and of a
strip-shaped X-ray beam 24 which irradiates a sanple
pl aced on a substrate 19. 10 Fig. 2 shows a schematic
cr 853vERes i it seyicalwodinansanpte ser0moaineto 14 d aiﬁén
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F 1) of ~ sanpl e cdntai ner
thgggyéﬁgﬂl *which X-ray beam 24 extends. 15 Fig. 3

shows a schematic top view of sanpl e container 11
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'perpendlculﬁngtolohmupkﬂn% bmrm@Lgha§é£@¥1Q8ﬂ%k%ﬁ 24 which

extends. In;t sanp tainer 11 1s at an
initial posﬁt?%ﬁl%}$ pie Tﬁﬁﬁ PR uAURESrater §9-
25 Fig. 5 shows a schenatlc cross-sectional view of

10 sdtipl.e 2 Conkﬂbﬁ§ra3ﬂﬂﬁﬁ@WHc|Ergéguég@txnfq % ngflg sample
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embodi ment ‘G %h %554 REA% 3% $rerdfrying out a

met hod according to the invention. . 6 Fig. 7 shows
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S ageond enbpdinent OF AR AP J%aﬁew o} sampie container 11.

Fig. ﬁ shows a schematic cross-sectional view of a sample

container 11 taken along a plane which passes
through symmetry axis 15 and which is-
perpendicular to the plane in which X-ray beam 24
extends. In this view sample container 11 is at an
initial positionrwith a tilting angle equal to

CZero.

Fig. & shows a schematic cross-sectional view of sample
container 11 shown in Figures 1 to 4, but in this
view sample container 11 is in a tilted position
with a tilting angle T between the symmetry axis
15 of sample container 11 and the plane in which
X~ray beam 24 extends. '

_Flg;'ﬁ shows a schematlc cross-sectional v1ew of the™
structure of a first embodiment of an apparatus
for carrying out a method according to the
‘1nvent;on




for carrying out a nethod according to the invention.
Fig. 8 shows a schematic cross-sectional view of the
structure of a third enbodi nrent of an apparatus for
~carrying out a nmethod according to the invention. 10
Fig. 9 shows a schematic cross-sectional view of the
structure of a fourth enbodi nent of an apparatus for
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Fig. 10  shows a schématic perspective view of an apparatus
according.to the invention for performing
transmission mode X-ray diffraction analy81s of a
plurality of samples. .
20

Figure 11 shows an X- ~Ray diffraction pattern which’ serves as
‘reference for evaluating the quality of

dlffractlon patterns obtained with different
methods.,

Fig. 12 shows an X-Ray diffraction pattern obtained with a
stationary sample. '

Fig. 13 showsran X-ray diffraction pattern obtained with a.
30 - sample that is rotated 360 degrees during the
detection of the radiation diffracted by a sampleﬁ

Fig. 14 . shows‘an'xnréy diffraction pattern obtalned with.a
sample that is tilted over a certain tilting angle
35 and rotated 360 degrees during the detection of
the radiation diffracted by a samble.



diffraction patterns obtained under the foll ow ng
conditions: the lower diffraction pattern is obtained
with a stationary, sanple, the diffraction 5 pattern
in the center is obtained when4the sanple is rotated
only durlng t he neasurenent, the upper diffraction
pattern is'obtained with a sanple that is rotated and
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REFERENCE NUME?ALS IN DRAWINGS

15
11 sample container / single well / a well of a multiple-
well tray
12 multiple-sample holder / multiple-well tray
13 sample volume / sample layer
20 14 inner surface of the bottom wall 19 of sample container
11 _
15  symmetry axis of sample container 11
16 center of upper opening of sample container 11
| 17 center of planar substrate or substrate element 19
25 /center of the bottom wall 19
18 side wall of sample container 11
19 sample holding substrate / sample holding substrate
element / bottom wall of sample container 11 / foil
o 20 p;imary X-ray heam
30 21  X-ray source
22 detector
23 monochromator. for focusiné meay beam onto a line "
segment '
24 .strip shaped X-ray beam directed onto sample
35 25 chamber
26 diffracted X-ray beam
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beam 24 tilting axis rotation axis detector circle
table for rotating and tilting nmultiple-sanple hol der
12 line segnent X-ray tube shutter Soller slit

curved nmonochromator slit slit sanple hol ding
substrate diffracted beam BéPyrllun1mnndom1anode

Wre

delay line position sensitive detector

circunference of the diffractometer / focusing circle
mounting plate edge of mounting plate edge of : .
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transm ssi on. el enent nechani ca
Br n n gl e
?ggth g%ollow1ng gescrlptlon the term "sample" 1s used to

.transniSS|on el enent

designate a sample comprlslng one or more crystals as well
as a powder sample. A "powder sample" is defined herein as a
powder .sample of a compound of which the diffraction or
crystallization behavior is to be determined. Such a
compound may be a chemical substance, or a mixture of
different substances. A compound may comprise an organic or
organo-metallic moleculaf compound, such as a
pharmaceutically active molecule or catalyst-ligand complex
or a dimer, salt, ester, solvate or functional part thereof.
A powder sample of the present invention may also comprise a
biomolecule, for instance a nucleié acid (such as DNA; RNA
and PNA), a polypeptide, peptides, glycoprotein and other
proteinaceous substances, a‘lipoprotein, protein-nucleic
acid complex, carbohydrate, biomimetic or a functional part,

derivative and/or analogue thereof.

It is to be noted that the powder sample may indeed be in
the form of a powder. The person skilled in the art of
diffraction analysis understands, however, that a "powdef
sample™ also includes a number of crystals which are
contained in a solid material, such as is the case for
metals, polymers, etc. Thus, in the latter case, the powder
sample appears as a solid material in one piece. Moresver,
the person skilled in the art of dlffractlon analysis
understands that ‘powder samples may comprise only a llmlted

number of crystals

EXEMPLE 1: ~ FIRST EMBODIMENT OF A MEFHOD ACCORDING TO“THE
INVENTION

A_first embodiment of a method according to the invention
for transmission mode X-ray diffraction analysis of a single
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the follow ng description the term"sanple" is used to

- designate a sanple conprising one or nore crystals as
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€.9. approximately the shape of a right rectangular prism,
the length of the prism being much than its width and the
width of the prism being much larger than its thickness.

The term "strip-shaped irradiation region" thus means that
the length of the irradiated region is much larger than its
width and that the width of the irradiated region is much
larger than the thickness thereof,

-In the attached drawings, and in partlcular in Flgures l -2,
4 and 5, strip- shaped X-ray beam 24 is schematlcally '
represented as a plane, but in fact only the central part of
"the beam extends along a plane.

Fig. 2 shows a schematic cross-sectional view of sample
container 11 of Fig. 1 taken along a plane parallel to the
X-Z-plane and which passes through symmetry axis 15 (shown



sanple is described hereinafter with reference to
Figures 1 to 5. Fig. 1. shows a schematic perspective
view of a sanple 5 container 11, which is e.g. a
single well or one of the melli of -a mul tiple-well
tray 12 shown by Fig. 10, and Fa strip-shaped X-ray
beam 24 which irradi ates a sanple placed -on a
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f0$6¢’re1fcer.ence The region irradiated by X-ray beamis
the vol une over which the X-ray beam extends. If the
X-ray heam has approxi mately the shape of a flat
sttP, 1 F&P"ché SRApBabic tiwp ivieadpat ednple regiterines 11 in

_ StFigp. shaped, that is the irradiated region has e.g.
1papproxi mately the shape of a right rectangular prism

the length of the prismbeing nmuch than its w dth and
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shows a schenatjc CrOS5-Sectional
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15 { shoywn, of sanpl e container 11,
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sﬂ?ﬁﬁﬁ%ﬂﬁqﬁ%} QPd §§ﬁppéane in which X-ray beam 24 extends.

The first embodiment of a method according to the invention
comprises the following steps:

(Al} a sample to be analyzed is placed on planar
substrate 19 which is adapted for receiving and holding a
"sample and which is transparent to X-ray radiation,

30

{Bl1} a strip-shaped X- ray beam 24 lS generated by

- means. of an X- —ray radiation source 21 {not shown in Figures

35

-1 to 5). As shown. by Figures 1, 2, 4 and 5,-the central-pert

of beam 24 extends along a plane,

(Cl) the substrate 19 and thereby the sample placed
thereon are positioned by suitable electro- mechanlcal means




contai ner 11 defines a chanber 25 whi ch extends
between the bottomwall 19 and the upper end of
sanpl e container 11. 5 Chanber 25 is e.g. cylindrica

-.and has a circular cross sect%%n. Fig. 3 shows a
tal

0

schematic top view of sanple coftainer 11 in Fig. 1.
10 Fig. 4 shows a schematic cross-sectional view of
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FEe fgaﬁﬁPEﬁ 3 stiddped akés Receind ng and

hol ding a sampl ejand twhicgh |§ft£@@§9§ﬁﬁﬁﬁ9t8n§ EYrdby of
beam 24 1s

r ; strl ha e
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1seEpnd pRddstethitnLeRnak, Papl of beam 24 extends
along a plane, (d) the substrate 19 and t hereby the

sanpl e placed thereon are positioned by suitable
el ect r ol Bkt aniayalrasdBanson ﬁﬁan$mnﬁﬂuﬁltmmbugh PRSI tion

showar byt &l Goy 4sd1f8:1 whlghet Bat 48 d 9 ath

- atva aM bﬁagg mhengsubstrat e durlng £1me 1nterval
over wWHic e above mentioned movements of the substrate 19
are effected. '

'The above described method further comprises analyzing the
-detected radiation.

The method described above is advantageous, . because by
irradiating a sample slice with the X~ -ray beam more crystals
contribute to diffraction and this improves the particle
statlstlcs as compared to a method wherein the sample is
irradiated with an X- ray beam focused in a point. Moreover,
by 1rrad1at1ng a sample slice with the X- ray beam the

irradiated area is larger than when a point focused beam-ls

_used and this reduces the measurlng time, because a tlme

35

..consuming scanning of the sample with a point focused beam‘

is not requlred
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that initial position a slice 27 (showmn by Fig. 3) of
a volune elenent 13, which contains the sanple, and
thereby a slice of the sanple itself is irradiated. by
beam 24, (D) the follow ng go¥$mnts of substrate 19
with respect to the above nenttoned initial position
thereof are effected: 10 (D .1) a rotation of

subsbesatetd 9 ang trher Qﬁk‘té’ﬁceta{‘%asﬂng!re aroH q?a%et e 9 of
ra

oveP R}t tMYH@r@ngDB PFnthi ch varies between a first
predet erm ned vaI ue and a 15 second predetermned

va X-ray radjation transnmitted through .
gy}gstxfaaf &t e&5 §r§§?aa§1a¥rpﬂ1e9q srgecetied thnspageat, i.e.

t|’h9éaIP~°rRaeﬁeml toovésibhé chadia iapove nmenti oned _ '
m)verrents of the substrate 19 20 are effected. The :
etde cri rp)ecl nmet hod further conprises anal yzing the |
de T St dd Fadrat £ of: 9 25t h @ lmeerobotieere rdidd 18hovesksple
advarftadgesuse . pecatise g lie %@h@hiﬂgr a sanplienshheee g, a

diffraction and thisi roves
as 30 irradiated wth an X-ray beam by irradiating a

sdmpleampleet¢rwéuhﬁﬁﬁyie@r§§ b§a&éﬁgﬁﬂ'a %%ﬁgm§”91é£%5t 13

re@llli s,Lth suym scannin
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tbaammhenlﬁ.iﬁﬂdgsib%%%%@dhggéfhafter also as sample layer
13. The sample preferably occupies a substantial part of or

the entlre volume of volume element 13.

The strip- shaped X-ray beam 24 illuminates a line segment 40
which is oriented in the direction of tilting axis 28. Line
segment 40 preferably c01n01des with tilting axis 28 and
extends between points A and B shown in Figures 1, 2 and 3.

In a preferred embodiment the length of line segment 40 is
adjusted to be equal to or approx1mately equal to the inner
diameter of the sample container. '

As.showh by Figures 1, 2 and 3 line segment 40 lies at the
intersection of X-ray beam 24 with a plane which contains
tilting axis 28. As shown by Fig. 3 the latter plane |
preferably passes through the center of- sample layer i3.

Substrate 19 has an inner surface 14 The sample to be
analyzed is placed on this surface of substrate 19.

As shown by Fig. 1, sample container 11 has a symmetry axis
15 which is perpendicular to substrate 19 and which passes



measuring tinme, because a tine is sanple wth a point
.focused beam 35 13 Substrate 19 is for instance a
wall or a foil nade e.g. of an X-Ray transparent
plastic material, e.g. Kapton(rz (Du  Pont) or
Myl'ar(r) (Du Pont). 5 Substrat®®19 is preferably al so
optically transparent, i.e. transparent to visible
r adhabh tt%lkb%tr{t%tre 139kS egl anar, bott !
191g fggp contalnerOk ?&%ék %% sgnppg eineh ﬁ% center
hHaPrErg °P§n19909f|Frﬂjlrﬁl@alcoefldenml11 18 and
mhich has an upper opening. The sanple to be anal yzed _
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| ayert i o3 agpl e_preferably occupies a
substghtlapgpgr? Q? oFs the entire volunme of vol une
el ement 13. The strlp shaped X-ray beam 24 ill um nates
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1.4. The sanple to be analyzed is placed on this

ﬁrface of substrate 19. 35 As shown by Fig. 1, sanple
c

At di et erredasmposimapt r phaaxiislting of substrate 19 covers
20 a tilting angle T that varies between a tlltlng angle zero

defined by the initial position of substrate 19 and a
predetermined value greater than zero, e.g. 10 degrees.

In a preferred embodiment the rotation and tilting movements
25 of substrate 19 are performed simultaneously and
continuously.

In another preferred embodiment the tilting movement of
| substrate 19 is performed stepwise and a rotation thereof
30 coverlng a predetermined rotation angle is performed for
each tlltlng step. ' B

Substrate 19 is'preferebly a piahar Wail'or.foil.
35 In a prefer:ed embodiment the central axis of beam 24

coincides with the symmetry axis 15 and with rotation axis
29 of sample container 11 when the tilting angle T is zero,



15 which is perpendicular to substrate 19 and which
passes - 14 through the center 17 of substrate 19 and
through the center 16 of the upper opening of sanple
container 11. As shown by Figures | and 4, in a

preferred enbodiment the 5 certral axis of beam 24
coincides with the symmetry axis 15 and with rotation
axis 29 of sanple container 11 when the tilting angl e

T is zero. As shown by Fig. 5 the tilting angle T is
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e 15 PR Yhs J St on R e AROPATTAF Lord
5bé§ﬁ|2@leﬁpeﬁ§§0&nd 15 is perpendicular to rotation
axis 29. As shown in particular by Figures.2, 4 and 5
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the initial position of substrate 19 and a

10predetermned val ue greater than zero, e.g. 10
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pénfegnEHeBtémWUdmme@mdtﬁer@&ﬁﬁﬂiﬂh.bﬁegﬁggth%@QMﬁﬁkﬁ%rs an
15 azpRedeLer ta is perforned for each
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19 &R 3ﬁgF%ﬁW' Fepgees. 15 | n anot her
preferred enbodi nent the central axis of beam 24 and
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Fig. 6 shows a schematic cross-sectional view of the
structure of a first embodiment of an apparatus for carrying

25. out the above described method. The cross—-section shown by
Fig. 6 is taken along a plane parallel to the plane YZ in
Fig. 1 and passing through the center of substrate element
138. The apparatus shown by Fig. 6 comprises an X-ray
radiation source 21 that provides X-ray beam 24 for

30. irradiating a sample placed on a sﬁbstrate 19 and a detector
22 for detecting X- -ray radlatlon 26 transmitted through and
diffracted by the sample. Fig. 6 shows:the‘dlffractlon angle
2 6. ® is the Bragg angle. T .

| 35 The apparatUs represented in Flg 6 is a diffractometer and
comprises an X-ray radiation source 21 whlch is adapted to
provide a strip-shaped X- ray beam 24 the central part of



substrate 19 when the latter is in the above-nentioned

5 initial position. In a preferred enbodi nent the

radi ation source 21 and thereby beam 24 are

stationary and substrate 19 is noved wth respect to
beam 24. 10 In a preferred endddinent the rotation of
substrate 19 covers an angle which is equal to or

cl pect i dlednens. o | Another gpodin TEladdlen 2 o and

rotati on of substra cCovers an

1 ess than 360 degrees. In, another enbodi ment the

rotati on of substrate 19 covers an angle mhlch i s
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detggctor 22 for detecting X-ray radiation 26
transnitted through and diffracted by the sanple.

Fig. 6 shows the diffraction angle 2 e. 0 is the

Br agg aﬁgééfeéﬁuﬁh&h@pmanabManeﬁ&ﬁ&ﬁﬁﬂb%doEntEégsuK%ﬂﬁate

X- d
R e R T B e

25

30

35

X-ray beam 24£ tae&agénnraf iﬁh&tnﬂte-1@6andhtbhr%hyenﬂ$he
alsangla preumed as ﬁjt@\ﬁﬁOhnak:in-g@SNh]iqhz’ls p@BgenéchlQﬁ: to
aQnggﬁggtéche |callé gresented in FI% further
TTEFI SR LTt ré e At Rl CHE Y RoP T SRBHATIHIEY g.
6¥°otekion ppgig.omndg substrate 19 and thereby the

- 20 sanpl e on a tilting of substrate 19 and thereby of the
- sample around a tilting axis 28 which lies in the plane

through which the central part of beam 24 extends and which
is perpendicular to rotation axis 29, the tilting covering a
tilting angle T that variés between a‘tilting angle zero
defined by the initial position of substrate 19 and a
predetermined value greater than zero, e.g. 10 degrees.

The apparatus schematically represented in Fig. 6 further
comprises a detector 22 for detécting X-ray radiation
transmitted through and diffracted by the sample during a

time interval over which the above mentioned movements of

A‘the substrate 18 are effected.

As already described with reference to Figures 1—4, in the
embodiment ahown by Fig. 6 strip-shaped X-ray beam 24
illuminates a line segment 40 which is oriented in the

direction of tilting axis 28. Line segment 40 preferably
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that elenent in an initial position in which that

sanple lies in the path of beam 24 and a slice 27

(shown by Fig. 3) 10 of a volume elenent 13, which

contains the sanple, and thereby a slice of the

sanple itself is irradiated by 'beam 24, - effecting

the follow ng novenents of the substrate 15 19 with %
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le T that varies between a tilting angle zero 25
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'degrees. The apparatus schematically represented in

6 further conprises a detector 22 for detecting -
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"Figures 1-4, in the 35 enbodi nent shown by Fig. 6
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The Toaotp o loiens S388, @l dh s b1 s CRG YRR,

t 6% of t@ppt o%ﬂqré’taélsgfnéqﬁ%mwﬁ (e IGRAEPT dp fineeles LTES he
sabphenttoiai ner. Substrate 19 is e.g. as described

above with reference to

. As shown in the embodiment of sample container 11
represented in Fig. 16, the bottom wall of sample container
11, and therefore the substrate on which sample layer 13 is
~deposited, is preferably a foil 19, e.g. a Kapton® foil,
which closes the lower opening of a container 11 of the type
‘shown in Figures 1-5 and which is transparent to X-ray

- radiation. In the embodiment shown in Fig. 16, a mounting
platg 61 is used to fix foil 19 on the lower end of sample -
container.ll.'For this purpose, sample container 11, foil 19
and mountihg plate 61 are'assembled together as shown by
Fig. 16. Mounting plate 61 has e.g. a circular opening which
“is alignedAwithhthe cross section of cliamber 25,Qf sample '
container 11 and thereby allows passage of a beam diffracted
by a sample deposited on foil 19 in chamber 25. As shown by
Fig. 16, the circular opening has edges 62, 63 each of which
forms an angle of e.g. about 45 degrees with the plane where



Figures 1 to 5. 10 Substrate 19 is e.g. the planar
bottomwall 19 of sanple container, e.g. of a sanple
container 11, which has e.g. a cylindrical side wall
18 and whi ch has an upper opening. 15 Fig. 16 shows a
schematic cross-sectional viedfof an enbodi nent’ of a
sanpl e cont ai ner 11 wherein a foil 19 is the bottom
ofy ot a - C i ner . The 0 tiaon_shown
WaféJilg 19 ‘feg egrpj %g%g 8 3 %r%ﬁ gﬁﬁogst Al
pl%ﬂlf@ni%zmepﬁ ‘ngthq el Passragah orh tihise dééirested beam
Sybsdgeat.e 20 el ement 19. As shown in the enbodi nent of '

-sanpl e container 11 represented in Fig. 16, the

bottomwal | of sanple container 11, and therefore the
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radiation. In the enbodi mrent shown in Fig. 16, a
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end of sanple 30 container 11. For this purpose,

sanpl e container 11, foil 19 and nounting plate 61
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, enhancenent of the region through which the

~diffracted beam passes. 5 Wen substrate 19 is in the
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abbvaneidml embddiimentathe posiation, ofheubshtatd BXiovelrs an
bgagl L4, ﬁgtggbgntgéhs3@@(k£§%§sthrough t he center

17 of substrate .

In another embodiment the rotation of substrate 19 covers an

angle which is greater than 360 degrees.

'EXEMPLE 3: SECOND EMBODIMENT OF AN APPARATUS ACCORDING TO
THE INVENTION '

Fig. 7 shows a schematic cross-sectional view of the

- structure of a second embodiment of an apparatus for

carrying oet the above described method. The cross-section
shown by Fig.. 7 is taken along a plane parallel to the plane
YZ in_F%g. 1 and passihg through the center of substrate
element 19. The appa;atus shown by Fig. 7 is a
diffractometer and comprises basically the eomponents of the
apparatus described above with reference to Fig. 6 and in

‘addition comprises means for focusing X-ray beam 24, e.g. a

- Germanium (111) monochromator 23 located in the path of beam
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In a preferred enbodi nent detector 22 is a novable
detector. 10 In another preferred enbodi nent detector
22 is a stationary detector which lies in a portion
of a spherical surface. In a preferred enbodi nent of
‘the above-described apparatus,12 15 the neans for
novi ng sanpl e substrate 19 are adapted for effecting a

rof at of_ substrate 19 cov an angl e whi ch
- eq%alélrtoboertW S°0sé F8y3%‘bu%%eg%ée§% AUERbT et Ig’ Wthh holds

| enblrli Trsimle ke bet ankbyzed. Subshiat emb8d ooaer sicdrctad 22 is
angl - sk viys gbesst b ham 360 1degr egs., %&@ﬂ% N o spherical

enbod&neng t he rotation of substrate 19 covers an
ang e T t? is greater than 360 degrees. 25 EXEMPLE 3:
5 SECOND ENMBCDI MENT OF -AN APPARATUS ACCORDI NG TO THE

| NEalE i S
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e
aﬁ%ﬁﬁ%?&?gfor 30 carrying out the above descri bed
nmet'hod. The cross-section shown by Fig.. 7 is taken
aleng a p a o the plan and
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rig Wi reference
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themati c cross-sectional view of the 10 structure

of a third enbodi nrent of an apparatus for carrying
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Fig. 9 shows a schematic cross—sectional view of the
Structure of a fourth embodiment of an apparatus for

25 carrying out the above described method. The cross-section
shown by Fig. 9 is taken élong a plane parallel to the plane
YZ in Fig. 1 and passing through the center of substrate
element 19. The apparatus shown by Fig. 9 has basically the
structure of the apparatus described above with reference to

30 Fig. 7.

A dlffractometer accordlng to this fourth embodiment
comprises the follow1ng components arranged as shown in Fig.
9
35 an X~Ray tube 41,
' ‘a curved Germanium (111) monocromator 44 mounted on the
circumfe;ence 54 -of the diffractometer,
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Fig. 8 is taken along a plane parallel to the plane YZ
in Fig. .1 and passing through the center of
substrate element 19. The apparatus shown by Fig. 8
conpri ses the conponents 15 of the diffractonmeter -
descri bed above with referenc€te Fig. 7 wth
exception of the detector. In the enbodi nent shown by
Fig. 8, the %etector c Q?rlses at | east one novabl e
det ect 6t PO331 EGORTH ERBODI MENT OF AN
APPARAPU@hACCQRDHNG TO THE INVENTION Fig. 9 shows a

schenagg%qug§ss§§gt4§nal view of the structure of a
nt of an apparatus for 25 carrying out

fourth [
the_ab&@n% §gE?B€d4ﬂethod The cross-section shown

2by Figa gubstrakensaligng acpkane pafgld elarfo the plane
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YZ in %i@efy%lfaﬂ @@3§h¢% ot hrough the center of

substrate enent he "appar at us shown by Flg 9
has basically the structure of the apparatus
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t he rac il on sensitive
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454aa8 38d1iws substld @id7inkaer halchsin asampbe, 2an6f about
Beoyaégﬂ@éﬁmrﬁkﬁﬁ‘%% aNQQHEEQQ@ﬁ%rfo ﬂh%0%5¥e8f 3 st%flonary
Cur beam 2Q provi d ray 4
supp sp%'%%HVbﬁﬁﬁﬁ? ﬁﬂﬁoéﬁ?%ﬁﬁﬂq(ﬂﬂ%ﬂ §310D?59c%@aéﬁ
24onhi ches s2 fddlssed ine 20. athé henqalei Ati r@. 5W bH pheition
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diffrac
c01n01ées with 'a segment of the focu81ng circle 54 and the

‘diffracted beams 48 always enter perpendlcular to the
counter surface in contrast to conventional Guinier or

Seemann-Bohlin techniques.

The apparatus shown by Fig. 9 comprises electro-mechanical
means for positioning and moving sample holding substrate
47. The latter means are as described above for the
embodiment described with reference to Fig. 6.

EXEMPLE 6: SECOND EMBODIMENT OF A METHOD ACCORDING TO THE
INVENTION

A second embodiment of a method according to the 1nvehtion _

for transmission mode X- ray diffraction analy51s is

. described herelnafter with reference to Figures 1 to 5 -and

10. This method serves for transmission mode X-ray
diffraction analysis of a plurality of samples by means of
an apparatus comprising an X-ray radiation source 21 and a



by a sanple placed on substrate 47 are focused on a
circle 54 of radius r = 130 mllineter within a range
20 of about 40 degrees. This is advantageous for the
use of a stationary 15 curved position sensitive
~detector (PSD) 53. Detector 5 ]'Gbnprises a delay line
52. The anode wire 51 of position sensitive detector
53dét S AN B FolChet SEOIRNtx Wh 1L NG i
seghent ofr&ge.&gcusingﬂg?R%ﬁgyg%agggtyﬁgqgﬁyl Fgg?gd
beahe’ 8 Atfayd fineetedihdhdi SarBLet o the 20 count er

surface in contrast to conventi onal QGuinier or

Seormi-FalidnxL echn iesq ThEBRRALAILS SHOWNLY Elflent 40
-‘59,00_‘L!ses el ectro-nmechani'cal’ “neans” for gositionrng
an%l“%—l&gmgaﬁﬁft@ I A hqssgeserabed Ppougr witherpaerence to
nmelinsirarse 1as .descri bed above for the enbodi nment :
described with reference to Fig. 6. EXEMPLE 6: SECOND
EVBODI MENT OF A METHOD ACCORDI NG TO THE | NVENTI ON 30 : |
A S&cold &Ry Aretthatatd crbensBeatEor diimy tof Bheapparatus
ig;?“@hﬁﬁprﬁmﬁgtt@ﬂ%ﬂ%ﬁﬁﬁ@WaﬁB?ﬁiﬁéﬁ@%ﬁﬂEf%k%ﬁbhog%cording
a IS ri bed hereinafter wi reference to
'IQFigu%gg ihﬁgngféﬁd 10. This nmethod serves for
transm ssion node X-ray 35 diffraction analysis of a

{#j plTeakktynaf efpd@nHh th% fMBaRs L REd AL ARAXGALHSthe invention
radi ati on source 21 and a - 21

c Lsin n._X:ray
--dggggfé?egzé? i%?£QQ¥ﬁﬁgn§t%PFay radiation transnitted
through and diffracted by the sanple. Strip shaped
15 X-ray b 2415890l e aye d 1€ 1.5e 40 _—an
o S ppamiey| 9 Luliod W RUUIERY S 4l bacec

tilting axis 28 are aS descr W eren
t 8" EFRTESI e Rlapag. sebstravr elanandsaldcoper spekiinie-
VviEenpbé lamldppdriat Bachf of pesdOfaia@lehest5€c9Nk adapted

cebechauot olq 3,650 e Lol 05! el BUEALIOT .

. The second Ji nent 0 ne accor
i hoRntd Rt i@hpri ses the fol | owing steps:
- 20
(B2) a strip-shaped X-ray beam 24 is generated by
‘means of an X-Ray radiation source 21 (shown in Fig. 10)., As

shown by Figures 1, 2, 4 and 5, the central part of beam 24
. extends ‘along a plane, '
) . 25 -

(C2) a multiple-sample holder 12 is placed in an
apparatus comprising means for moving and positioning
multiple-sample holder 12 so that a pre-selected substrate
, element 19 can be positioned in the path of beam 24. When
30 the pre—selectedﬁsubstrate element 19 is in that initial

position a slice'27'(ShOWn'by Fig. 3) of a volume eiemaht
13, which contains the sample, and theréby a slice of-thé
-sample itself is ir:adiated“by.béam 24, t | ;
35 (D2) a pre-selected substrate element 19 of said
' multiple-sample holder 12 is positioned in an initial

position in which said sample lies in the path of said baam
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15 (A2) a plurality of sanples to be analyzed are

- placed on respective planar substrate elenments 19 of

a multiple holder 12. Each of substrate elenents 19 is.
adapted for receiving and holding a sanpl e and- |s
transparent to X- ray radiati®nh,~20 (B2) a
stri p-shaped X—ray beam 24 is generated by neans of

dlat %ourpe 21 (shown:in Fig. 10).

25ayd a%ﬂanele fife iz EATF aFe Pt S@fld beam

b¥am 24 ext ends along a plane 25 (C2) a
mul tiple- sanpl e hol der. 12 is ‘pl-aced:in an apparatus

: -conpr|S|gg means for noving and positioning
a

i0.
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sulsttrate eékbmpmnt 14 % LEND mgml tbonrd ambxtéwena@etlenea

- beam;24- pggg@lgg Fggrggg Sl %;ect gbstrate el enent 19.

is 1n-that I'an a- 27 (shown by Fig.
3) of a voluﬁ% elbn%rﬁOteﬂ}Onwﬁichh%o@m%n&ﬁithedsanp$Erate_

- atnieher @by afdSthegeldf dMeaheSaARbEel &88hHd IS rotation axis
igg’ adi,ated by beam 24, 35 (D2) a pre- sel ected-

csubstrate el ement 19 of said miltiple-sanmple holder _
12 i s positibhedl @ drilitdingi af | thesprd-oreliewtwhli shbsafate -

o &aﬁﬁﬂeﬁﬂ %Bszfih(ﬂ tRher s} rbﬂfth%aksggg?_@?azao%%ﬂ azdté.qgg.gem axis
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@r§d@§ﬁre%eeelt@¢nﬁ a8l Wi tskopedpprede e tiimeabowdue, - and

mentioned initial position thereof are effected:

(E2.1) ation o he pre-sel ected substrate -
elenent(??l)rg>£ Wﬁéﬁﬂ&ﬁoafttﬂ%5§%ﬁﬁﬂ43Eﬂﬁﬁmﬂﬁ gnd
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The above descrlbed method further comprlses analy21ng the o

:detected radiation.

The p081tlon1ng of the pre- selected substrate element 19
descrlbed above under (D2) is effected by sultable

;translatlon and/or rotatlon movements of multiple- sample o
‘holder 12 that bring that substrate element to the above~
_mentloned initial p031t10n :

. The movements described above under (E2 1) and (E2. 2) are

.30 -

35

effected by correspondlng movements of multlple -sample’

_holder 12 -

VSubstrate element 19 1s for 1nstance a wall or a f01l made

e.g. of an X- —Ray. transparent plastlc materlal, e.g. Kaptom@ |

APu Pont) or Mylar@ (Du Pont)



predeterm ned val ue and a second predeterm ned val ue,
and 15 (F2) X-ray radiation transmtted through and
diffracted by said sanple is detected during ,a tine
interval over which the above nmentioned novenents of
the pre-selected substrate 129 are effected. 20 The -
~above described nethod further conprises"analyzing t he

d L e
or RS e hehban. 1 T RENCAD % Rp iised Hbove
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.1%&P§Hbggga5§ §$g t 19 is for instance a wall or a .

an KRay transparent. plastic .
material _e.g. Kapton(r) 35 (Du Pont) or Mylar(r) (Du
Paie) samp28 Soibisd rataa,yelearreat pﬂ&écs iR &f ebabhy @iéﬁent 13
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Lo PREER S spbhEIBEAE 1 baread b PR T el Logina at the
: elb@r’%éﬁ{ﬂ 9@ Fampley. anttaheepl hhandbomnt owbwakhtefebamplte19.

cm@uameeélezeexgt 01f3 alssaeehgnaté‘(@r}{e@ea%f%ér éi\@é&fbé“%%mple :
si de has. an

I ca whi
uaueR B B T St SR R EReT S dcspy the
o |ﬁnﬁlvelﬂﬁeﬂ@$eﬁeﬂplﬂme Q@em¢ntﬂi3as shown. in Fig. 1is
15-e g. a thin layer |ocated at the bottom of sanple
Vol une

t substrat e el.enen
: gngﬁgaig%%lﬁées ng?gaihe?%ﬂqﬁhWFEraalE%Sa% LAHsItEY axis
| é?e‘ﬁha@ THe Wneu@ahabuto rsts tmetenetessar i19 and which-
- opasipys therowyit ithe  ¢ehbe® of arolsﬂﬁet%e@ﬁeieﬁé’ht Y9%ang

] Zghgghgh the center 16 of the upper openlng of sample o
.20 contalner 11 :

_As shown by Flgures l .4 and 5, in a'preferred embodimeht-A
rotatlon axis- 29 corncrdes w1th the symmetry axis 15 of
- sample contalner 11. .

25 . _
t As shown by Flg 3, the tlltlng .angle T is the angle that-
. rotatlon axis 29 forms with the plane through which the -

.central part of beam 24 extends, ‘

A_'3Q_-As shOWH by Flgures 1 to 5, tlltlng axis 28 lies in the ,i
plane through ‘which the central part of beam 24 extends and
:1s perpendlcular to rotatlon axis. 29 As.shown in partlcular-
.by Flgures 2 1 and.5 tilting axrs 28 passes preferably

: _through the center of sample layer 13

35 7 : S

~ In.a preferred embodlment the tlltlng of substrate element

19 covers a tilting angle T that varies between a tilting



As shown 15 which by Fig. 1, sanple container 11 has
a symmetry axis is perpendicular to substrate el enent
19 and whi ch passes through the through the center

‘container 11 center: 17 16 of the of substrate

el enent: 19 and upper openi ng &f sanpl e As shown by

Flgures 1, 4and 5, in a preferred enbodi nent.
rotagion axi s: %%1 nC|des wi th _the sgnnetr axis 15
of *"eafpf & e st 311 hengirdfddd BySEFten ®F sypstrate 19

ti Rpfng Ewgﬂaxéﬁmlsedheakuqﬂgrddmﬂr thehatés), axigs 29
f opagr&ed h the plane through which the .central part
of beam 24 extends. 30 - As shown by. Figures 1to 5,
tilting axis 28 lies in the plane through which the

Sceht ralpidr il baho 2derex tdrdsoandion Salﬂf-‘rtﬂ@.ftd.hgufn@frements

to i 0 antjcul ar
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th ?REﬂPUQHﬁ%YCenter of sanpl e layer 13. 3.5 In:a

- preferred enbodinent the tilting of substrate elenent
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TSR, P PRSI Pep Bl thEER fodpncne of
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subst rate efemth? ¢Pare performed sinmultaneously and

conti nuously. In another preferred enbodi nent the

tidudshgtafiBYEeMBRLn1©Of19 1Q 59@?&%% el %ﬁrﬁtarl%aif‘ or foil.
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In a preferred embodlment the rotation axis 29 coincides
with the symmetry axis 15 of sample container 11.

In another preferred embodiment the central axis of beam 24
and rotation axis 29 pass through the center 17 of planar
substrate element 19 when the latter is in the above-

mentioned initial position.

In a preferred embodiment the radiation source 21 and
thereby beam 24 are stationary and substrate element 19 is
moved with respect to beam 24.

In a preferred embodiment the rotation of substrate 19
oovers an angle which is equal to or close to 360 degrees.

- In another embodlment the rotation of substrate 19 covers an
- angle Wthh is less than 360 degrees

- In another embodiment the rotation of substrate 19 covers an
angle which is greater than 360 degrees.
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t hereof covering a predeterm ned rotation angle is
performed for each tilting step. Substrate el enent 19
is preferably a planar wall or foil. 15 In a preferred
enmbodi nent the rotation axis;ﬁﬁsgoincides with the
symmetry axis 15 of sanpl e corftainer 11. In another
preferred enbodi nent the central axis of beam 24 20
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p'fﬁﬁ‘nﬁ&ﬂ?&bﬁte el enent 19 when the latter is inthe
above- nentioned initial position. In a preferred
enbodi ment the radiation source 21 and 25 thereby beam -
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| NVENTION Fi g $CReREIE per spect i ve vi ew
of an apparatus 5 according to the invention for.

anal ysi s_aof_ lurality of sanples. This. a ar at us
conpr[s%%qgn .-fgﬁ%?§a¥8t?8ﬁf§% c&hifhtﬁﬁtgg%PB@4dé§
XPERYLBe adn S ifrorshispeddKat angoaans @iplteeandnara lepant @f

2@2hton eetacdd nQ oyl aYphafkald b A6 tLapspliied 1
tErough and diffragtedpby t he sanpl e. Tﬁgg3%%§?%13% 4 and
shébwn by Fig. 10 conprises: an X-ray radiation . source
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g a sample to be analyzed. Each of
said substrate elements 19 is transparent to X-ray
radiation,
electromechanical-means for ,
positioning a pre-selected substrate element of
multiple-sample holder 12 and thereby a sample placed on
that element in an initial position in which the‘sémpie lies
“in the'path of said beam 24 and a slice 27 (shown by'Fig. 3)
of a volume element 13, which contains the sample, aﬁd |
thereby a slice of the sample itself is irradiated by beam.
24, and
effecting the following movements of the pre~
~selected subStrate'element 19 with respect to the above .-

“mentioned initial position thereof:

‘ | - a rotation of the pre—selected.subsfraten
element 19 and thereby of the sample around a rotation axis
29 which is perpendicular_to the pre-selected substrate
element, said rotation covering a predetermihed rotation
angle, and -



5, a nultiple-sanple holder 12 which conprises a

plurality of substrate elenents 19 each of which is
adapted. for receiving and holding a sanple to be
anal yzed. Each of 20 said subs§ ate elements 19 is

transparent to X-ray radiati on
el ect ronechani cal -neans for positioning a pre-sel ect ed

substrate el erent toftinglds IQJH%r %&@PESl@@éétﬁrsu%%t%ﬁ%
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éiije and which is perpendicular to rotation axis 5
®s& av?lm?W?ﬁPQﬁﬁb@ﬁﬁﬁ@ram@¢hdmlqpkmmﬂaesTebhprlse e.g. a

15 vaebés 3befcweafbt&thln|gt kAE @D%ﬁq&%ﬂﬂ%flbnggm Ye S%%afjder 12
te el ement

pEoder SEor nt A dEo3F sl S Hian "EERBETaR B° e g
25igorl Qiet%%hli%élxcmyrxad:saaumamet [sapﬁﬁ}:ttﬁﬂame 71 which
thBON@#pEﬁUiﬂﬂrf&%@éﬁegngyaﬁé“héﬁaﬂw ngE%gge 5a ple,ﬁolder
| mberyalu Qe WA 69 Lhe_aboye frent fofied noventHt
’ guide rail 73
20 oriented in Y- dlrectlon, and motors for moving support frame
71 on table 31 along guide rails 72 and 73 respectively. The
apparatus shown in Fig. 10 further comprises means for
rotating table 31 about. rotation axis 29 which is
perpendicular to the table 31. These means include mbtor and
25 mechanical transmission means which are not shown in detall
in Fig. 10. The apparatus shown in Fig. 10 further comprises
tilting means for tilting table 31 about tilting axis 28.
‘These tilting means comprise a support. frame 81 which
carries table 31 and the associated means for rotatlng table
- 30 . 31 around the rotating axis. As schematically shown in Fig.
10, Support frame 81 is rotatably mounted on sﬁpports 82 ahd
. ~83, and a motor 84 and mechanical transm1831on elements 85
~and 86 allow to rotatate support frame 81 about axis 29 of a
desired angle and thereby to modify the tilting angle of

35 _table 31.
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the substrate elenent 19 are effected. The above
menti oned el ectronmechani cal -neans conprise e.g. a 15
table 31 for rotating and tilting multiple-sanple

hol der 12 for effecting the above-nenti oned novenents.
As shown by Fig. 10, table—337 conprises a novabl e
support franme 71 which |s adapted for receiving and

hg! | e- sanp er ui.de_r
oitobPe fHLAGR Foats B8 oo o S0ab, pepmed on
i ? YlHF@b%¥YomémR%ﬁ$ @@tQr@uitﬁphﬁnﬁamylguppéderf12un?ut on a

7kafplé a@&x@té’ﬂmﬂi anrg aggkﬂgié addrpH162 BRdaf{der 11, the
res ect veI arat us, shown in

ZEALYS el TBRODEL LRI b 10 UENSE, che
aﬁPSQQQ winehe ieontpénpends cular stelilee thbhet34.onkhese
rreagérim UlSo PP L0 @eﬁp%sé@ (¢ a.l“\%ql EBﬁEéﬁéE'}%lﬁier

ngqg are nqgt shown_in

aﬁBﬁF%‘l‘ H S rlFrgd ﬁbec?ftﬁqw@rchéaﬁﬁ@ﬂ-slagan%.m ng

nmpanstfaring | tiatgtiabl end 1t Abouty thkt sagpaxi soRder .

These tilting neans conprise a support franme 81 which

carries table 31 and the associated neans for rotating

t bt et mke SaPLe HeREethe? retRGifgSaRi-§. Asmatrix array of

Shhbdimta}d}q:lﬂqd sﬂmgv\mecelﬁ@g rés(ge&u@g@rtggﬁpaérgc&ﬂtaﬂn@rs 11
rt,s an and a notor

8'§$an %{%ﬁ%g]z% fgrggﬁﬁs:ll?n&gsﬁtorﬁmel sfénts 85 and 86

allowto rotatate support frame 81 about axis 29 of a

dsﬁbétﬁﬂat@@l%n@ﬂ@ ubewbey 0310 FodekYri Beat ihd+ddyiangl e

of 3 e nethod according to the
inven%Qﬁﬁ %g %Bguﬁgﬁf% W a plurality sanples on

a multiple-sanple holder 12, but on a sanple
Cgﬁﬁéﬂﬂ%ﬂé'éle%e%tngbel§£5§ﬂﬂ%fé%@§abnﬁia&&r ke $* foil.
apparatus required for positioning, rotating and
tilting the 5 single sanple container is nmuch smaller

.t$uh8uﬂ@¢e0ﬁéem965019beﬂeahpv&hanﬂlamaprbsﬁﬁmmxﬁﬂMpﬂe of

Q%ﬁkﬁ%n%ﬁnﬁgﬁng égéans %ah%?gecgétgqﬁkr 11, Wthh has

el ectro- nechani cal OSItlonlngIéa

dhd -t P E¥hgPERéC8hnplde mﬂlderlS 204 Mk ¢ Fsaﬂ?plué’Per
hodedengl? conprises e.g. a matrix array of hol es
adapted for receiving respective sanple containers 11

As already described with reference to Figures 1-4, in the
embodiment shown by Fig. 10 strip-shaped X-ray beam 24
"1lluminates a line segment 40 which is oriented in the
direction -of tilting axis 28. Line segment 40 preferably
coincides with tilting axis 28 and extends between points A
and B shown.in Figures 1, 2 and 3.

In a preferred embodiment the leﬁgth of line segment 40 is
adjusted to be equal to or approx1mately equal to the inner

diameter of the sample contalner

When substrate element 19 is in the above-mentioned initial
position, the central axis of beam 24 and rotation axis 29
pass through the center 17 of substrate element 19. |
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15

havi ng the above described structure. Substrate
element 19 is e.g. as described above with 15
reference to Figures 1 to 5. Substrate elenent 19 is
preferably a planar wall or f0|I Substrate el ement 19
is e.g. the planar bottom wal £® 19 of 20 sanpl e
container, e.g. of a sanple container 11, which has
e.g. a cylindrical side wall 18 and which has an upper
openi ng. - As al ready described with reference to

F.I@ulaegrffarrﬁ% PHRedipEnEnBeEPHEME Fhovin abjoFrlgle dptector.

strip-shaped X-ray beam 24 illum nates a |ine segnent
4 ' in. t recti f t||t|n

g W%hgghég ﬁeéfg%é%% era‘r‘al?nE é%ﬁ?éﬁo es mn?h téﬁﬁlli§ary
aﬂ%ezsoanuhe&l@ ehigzs Bé‘t ﬂeéﬁrbb@m@f R soherBeghowr fare.
Figures 1, 2 and 3. 30 In a preferred enbodi nent the

[ ngth of .l ine,segnment 40 i adjysted to be equal to,
o S BpPER FREFEN SRR PRetParAovaTdanerEregohmatus,
s&hpl megnat Hpnerevidy Whenlsubshstatateledmmant 199 jard mdapted

‘t ke rabeye-PERY | Oned ARkl 8k smﬂfd@’elteﬁgngefﬁ rc%verhlng an

axi s.of beam 24 and _rotation axis ss through t
CERBLF PTG Grisifink GooPEnoHsSa &0 etk epRegs
preferred enbodi nent detector 22 is a novabl e

deheghQfned NeANY Erﬁ‘e%tp\’:ﬁé e\f/\%@éit—he{}’{)%‘% %Bgtggﬁgcéﬂm. '

is a statlonary tector les in a portion o a
SBHE?F%a?“s%RQ%ﬁx¥h1FH as pteserihan @W@oéﬁﬁéﬁ?sof t he
above-descri bed apparatus, the neans for noving

Sfﬂpéﬁo%t%ﬁias eggegfle J”.got.agiiel %b Covelrasf: teefefl%gr{en@gl9

a rotation rate él'enen

. afgrer A s e dlidlcht s ovredtose ttl@nsééod@g@é@s In

20

25.

30

anot her enbodlnent the rotati on of substrate el ement

1 overs ichis less t degrees. .15
Iﬁna% er e C?ég&’ fm?ﬂg ?Qﬁ%ﬂlﬁﬂw ggs??%t%?paratus
efenerr 1PNRG\sEss mgananfde ﬁWnuﬁlmqugmeatk¢amrﬁﬂn 36Q. a
degF s unl n( 161 10r ﬁ%ﬁﬁ&ﬁgorﬁémd'ﬁmoc%tﬁg\ﬁmlh Neid Gatd0 of beam
t?f %ﬁ?%) ween X-ray source 21 and pre-selected substrate

element 19 which holds the sample to be analyzed.

In a preferred embodiment the radiation source 21 and
thereby beam 24 are stationary and pre-selected substrate
element 19 is moved with respect to beam 24.

_-MEASUREMENT RESULTS SHOWING THE IMPROVEMENT OBTAINED WITH

METHOD AND APPARATUS ACCORDING TO THE INVENTION

The improvement obtained with the methods and apparatuses

according to the invention .can be appreciated from the X—

- ray~-diffractograms shown by Flgures 11 to 15. These areé

35

‘diffractograms obtained for one of the same compound under

different measurement conditions. In Figures 11-15 the

vertical axis shows a parameter corresponding to the



)

further conprises nmeans for focusing X-ray beam 24,
e.g. a 20 Germanium (111) nonochromator 23 |ocated in
the path of beam 24 and between X-ray source 21 and
pre-sel ected substrate elenent 19 which holds the
sanple to be analyzed. In a pr?eﬂ‘ erred enbodi nent the
radi ati on source 21 and 25 thereby beam 24 are

st ati anarey, i RECaSEE LS tiate el ement 1

nD %t%respect to ean?oljz}%kgl SURERVENT RESOE §
€ NPREN'NENT OBTAI NED WTH NMETHOD AND

APPARATUS ACCORDI NG TO THE | NVENTI ON 30 The

[ LRn b he nmet hods an par at uses
acr:%%% tfog %Qéﬂ?%/%nél o CARTBECEPY e% :ﬁ‘(?dmleﬁﬁmfmg

5 t eSSl trsa)‘f’lépf Fracidgretns asioanpbya Figr@rtiinotaSthe
Tftes&era:rl@n dihér ast oghads dlkitfﬁhegggfé}ﬁ ARRmOLyt be Saf'? was

rmaund ugge};l %gu Jfferent t condl i on
F| gur.es fll 5% Vet 19 SaP |§ns§’1 a ﬁéF“aFr@PEFlned in a
coraRddgemdi hgbe o The diffgacitnpeass tshmfn bye Fdghteact®do 15
beamd vbabbhéd af dr WHd Snd %EQV Qéﬁh@t p"jle o th8 P%%S‘und
10f q{avqugl gg%l n%éhe i mprove neasuri ng ,
resul h G‘g‘ &8 Bwﬁplf)\ér%lt%’éfeaééor ding to
the invention, the reference diffractogram shown by

Fngguiré Wﬁssh&m aénn%drgérl PF@?PQ%{E%nap%%qglrn L0 govder. as

r1E[lnc:ontal ed in._a
di tfractogrsis WtﬁfﬁgFFbﬁr‘é%alllZﬂ ¢f18iffippetion patterns
obbakhedd fwirtlond fdedenhensei®dsanpl e of the conpound
15 10 having the diffractogramshown by Figure 11. Figure
' 1% sho n X-ray diffraction pattern which serves as
f-%re STV° @PaKuaeynglfheaqfuan pptokrdi ébrabiddmith a

p;taelmgotﬁampned mbhitaaﬂéafvelltrf_teﬂtth@etg{m%acé%%ng oflFig.

S rac 0] at.tern o al ned

stgm}?ﬁ!‘gry gsfg:r)érp(E E % ngoé)Wlch hee™UFh f +o%% dHridmasted
Peeks 1of qatﬁ’éaaﬂpﬁraedorg@rmnccﬁ thege pRakashamechidtesSities

20 dinh fetactred dippakpootisrshialy Qi ang sonme of these peaks

have intensities
Fig. 13 shows an X-ray diffraction pattern obtained with a
sample that is rotated 360 degrees during the detection of
the radiation diffracted by a sample, but that is not
25 tilted. Compared with the diffractogram of Fig. 12, the
diffractogram of Fig. 13 has substantially more diffracted
‘peaks of radiation, but not as many as the reference
diffractogram of Fig. 11, and the intensity relationship of
the peaks in Fig. 13 differ from the intensity relatlonshlp
30_ of the peaks in the reference diffractogram of Fig. 11.

Fig. 14 shows an X-ray diffraction pattern obtained -
according to. the invention - with a’ sample that is tilted
over a certain tlltlng angle and rotated 360 degrees during

35 the detection of the radiation diffracted by a sample. The

diffracted peaks of radiation of this diffractogram
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20 which are disproportionately strong. Fig. 13 shows
an X-ray diffraction pattern obtained with a sanple
that is rotated 360 degrees during the detection of
the radiation diffracted by a sanple, but that is not
25 tilted. Conpared with the @bffractogramof Fig. 12,
the diffractogramof Fig. 13 has substantially nore
dlffracted eaks, of radiation, but not as nmany as the
r STETFENEENd P FPT &Y dgt HROSE Pﬁgth?tf’eaéfﬁd ofh&EnE nE kR anFe
r elidftfirensbhgpamofof tiey.paaks in Fig. 13 differ fromthe
intensity relationship 30 of the peaks in the
reference diffractogramof Fig. 11. Fig. 14 shows an
Xy drf phaies i ko p‘g*tet SIFPEBE a%é@mpaéé@@ﬁdﬁn@ﬂmt he
5 i nideiftraonion Wit @rsAmptaihbat unded ithkedol O¥RIng

I ting angle and rotated 360 degrees during
3?9‘%1@%1%{‘%0“ on of the radiation diffracted by a .

sanpthe Ier diiffraetben pediksrof ipabiat i bn iof obftpéned with

diaf fsltaﬁi@)giﬂfnsar@:ﬂe R regPpend sdweselivnt ort hese of the
nce, diffractogramof Fig. 11. Fig.

p t he ref

' ?g%ﬁraCt?%Fm?h dﬁbo%g of conparison 3 X-ray-

10 di ffﬁrfwctqlénfrpat@ennsabmm red thadeentdwe diblHigwi A is
C@B@hih@cﬂ‘&aher{ hﬁqé QB di EE@&H %t%%tjebﬁt' Hof'&lt%%

%Otal ed wWith a stationar l'e as
obt

ERPY o O AR TRt ac £ 8 gt Qﬂe Ppﬁeniionl®ft?ﬂ?
didf £ Faetiayrapattfemigi.n18he center of Fig. 15is

bt
ob et e SO o Bk S0 U Bk v

15 of PREPLEI HTtadogPAREER #19. ¢ Higock HET ipokhe neasurement,

dasf factilen opateherion bfFtge difracebyabmneds Wil 1145 a
sanple that is rotated and tilted during the
neasurenent, as for the obtention of the

dP Fheratogr RFederred. emaodisaiGugh Ahpréheereipn have been
edboch iy B:s0hgt E@ebm‘fﬁﬁtt@ﬂnﬁa\éﬁcheéﬁscgﬁg’@{&beﬁi‘ for

fict h d t |
20 “ﬁustt?l‘éﬂetﬁ've'% hhese BhFy, “ERGepelocbe Hnnrtapotiat

¢hgnges and varlatlons may be made wlthout departing from
the.splrlt or scope of the following claims.



changes and variations may be made w t hout departing
from the spirit or scope of the following clains. -

31 Caims 1. A nethod for transmission node X-ray

B diffraction anal ysis of a sanple by means of an

apparatus conprising an 5 X-Ray radiation source- (21)
that provides X-ray radiation. for irradiating said
sampigsand a detector (22) for detecting X-ray ..

- radiation transmitted through and diffracted by said.

sanpl e, said nethod conprising. (a) placing a sanple

| tib be amahyziedt ofbma.trsuisstisalen. 40d¢ 19)rashidi firsiction

24881 90: £ ob " o N0 1an gl 802334 6, SR co 2idding an

stTate .bel ng trans ent. to X-ra I ation, ‘
gén%?&t%‘él%?l%a‘i@mﬁe i 1X- Fea?traﬁ?‘é%@% }%o‘i?rycera QHO“ -
afsfripresdnﬁ@em@(—sr@}d beaple( 248 &hectentsal (Jpartoaf ..

su%s?r ate anzr%ﬁer e 3l %n%ragigﬁﬂga?(go%}d%ﬂ %q}ds%llgfrwted

Sal d.'sa

- pogi s $¢mmcrﬁ dedhegl éomPéSSlIil% .the path of

210

15

‘said- bepem( aifl A s2Ripee: 621 &rﬁa éhscﬁm@l%umtrafe

f@{? qﬁb%@% d be c]%24é88§{7$ ? ]i%)r}g{lzneslaﬁd San-lpl'e"

r espécsulvet tdies am;@ nerpispRedntnie | mr@osnatdlcatlon, .
ther eof ¢ %ér)eraatrl%gaﬁo'yoﬁe%s S@f darp %pfﬁa[yatr%dlja@loﬁngource '

“t her eby of. sai e around a rotation axis (

wh? th sStlb’é?p?é}ﬂfi IxarratYob%‘i“d(%@os’%}i‘%t‘"@n%ldpa)rt of

rwhbth o o | alghray 215pp|aadet erm ned rotation. angle, - :

?ﬂgr égy?éof %‘H (]:tlol?qu%f sﬁﬁhdsﬁg@,?{%@% ear{cil'gc)he%%(y §)ald sample

Gieramy 144%%@3%@1@% In gbirhetpid %41@%9@1@% Bat | the péth

- S@f dsaw;t abd 0m (azm)s dnddk E0LEE-\21H saihid arepikr gggh,

20

25

ntr of said beam (24) extends,
lr%ac% api |C?1} 2% s %er%“ ﬁ%aéau d plane through which

the centdaleffmatingf thai dObéawnanérDOV@@trm?d@fartdjebeuin@trate

pﬁﬂenﬁﬁulﬁsﬁ&tsaﬂod that abbea rﬁé(rh@lc(r?& initial posz.tlon

: thereof

{d.1) a.fotatibn 6f.5aid'subétrate (19) and'

'thereby‘of éaid sample'around a rotation axis (29) which is-

‘-perpendlcular to said substrate, said rotatlon coverlng a .

predetermlned rotation angle, and _
{d.2) ‘a tilting of said substrate (19) and

 thereby of said sample around a tilting axis (28) and over.a

. 30

tilting angle'(Tj defined -as the angle that said rotation

- axis (29) forms with said plane -through which the,Central_

part of said”beém.(24f éXtends( said tilting axis lyihg in

" said plane through which the central part of said beam: (24)
.extends and belng perpendlcular to said rotatlon ax1s (29),”

";;sald tlltlng coverlng a’ tlltlng angle (T} that- varles

35

;between a first predetermlned value and a second .

predetermined value, and k i - .
(e} detectlng w1th Sald detector.(22) X-ray radlatlon

transmltted through and diffracted by said sample durlng a
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.20

25

30

said tilting covering a. tilting angle (T) that varies
; between a first predeterm ned value and a second . 35
predet erm ned val ue, and (e) detecting w th said.

‘detector. (22) X-ray radiation, transmitted through and

diffracted by said sanple during a - 32 time interval -
over which the above nentioned novenents of '
tthewsubseratd €19y Wﬂxhhe&m@ChbdveZmeﬁtnmﬁéﬁxhevements of
Q GOrding -t o, clfé i,n said rotation and

ting rréve(rarent s)m%r s%bgtrate (19) are perfor med
S|nultaneously and contlnuously 3.. A nethod. ‘

-aEC&rdbﬁgoHOa@téwdﬁﬂb’N$Qﬂ@hﬁ.ialdhéféimrﬁhﬂ@%ﬁﬁﬁﬁho@fand -

b 9 f
PSR EREN a5 PR BB st T hY hete s ot

'éﬁ@pétﬁgeopelfdmwédxﬁdnneaehlwlItlng step. 4. A met hod ..

accordlng to any of clainsl . to 3, wherein ,sald
| anar. substrate. 15 20 5.

B et at s et ot reh Sttt Sakbriddtinghe

"meNEmahta&fssaﬁdSﬁnhtﬁnaaml«2&) hadpsnf ariat atticpwiaxi and a
f&%%Lt@éﬁstﬁgf8§§aﬁkkﬁjﬁ§egtFEe&&zerﬁqnéﬁ“é}ﬂgéygﬂ'angle is

substrate IS 1n sai

PESTPEBRA, f%r ?QQRHqﬂiilﬂécéFEPng to any of claims | to

5, mhereln' sai d radi-ati on source (21) is statlonary
any

B o LRSS0, AP Ple i b 56 Bpegpin

ﬁﬁgﬁesmhﬁéhat% (lgjudls ropdanat osebsoraBY- degrees. . .
8. A net hod according to any. of clainms .1 to 6, mhereln

aid rptati.on of substrate overs a angle
B 3 |%ﬁ£??4uﬂ?9&§§lagg%8e§ fr&d 4 eglin
abeocﬁlnhgal ;axipy off selidi rsad’ ’(2)45 amh&raalch rogaitdon axis.
oy at ﬂ)QQs Olfhl%’lﬂﬁlt rt?xteec(efllger‘:@i@f @rhaaﬂﬂlpqa%' Cgub§trate

(19)-when the latter is 1n sald 1nlt1al p051t10n

6. A method according to any .of claims 1 to 5 whereln'“V
said radlatlon source (21) is- statlonary - '

7. A method accordlng to any of .claims 1 to 6, WHeteih'

sald rotatlon of- substrate {19) covers an angle which is’

requal to or close to 360 degrees.

- 8. . A method according to any of claims 1 to 6, wherein

said rotation of eubstrate (19) covers an angle which is . o
less than 360 degrees. | - =

. 9.7 A method‘acedrding tp_eny ofuclaims.l_to.Gt”whérein"

35

said rotation of substrate (19) covers an angle which is - -

.‘greater than 360 degrees.
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"greater than 360 degrees. 10. A nethod according to
any of clains 1 to 9, wherein said X-ray beam (24)
illumnates a |line segnent (40) which substanti al I y
lies in said tilting axis (28x . 11. A met hod -
according to claim 10, wherein the 1ength of - the I|ne

-segnent. (40) is adjusted to be equal to-or.

appr OXAmﬁéﬁﬂlcyd eq;ttaﬂrdl@lgt he kAgebfdébapierl ofo t_Che wherein

I
B N, uglpe;g%fﬁz%%%iﬁi‘ent 19 i

savpkentisal Hy abpzg- anmssamicltud‘tﬁggaﬁxw )-radiation

" source (21 that prow des X-ray radi ati on for-

" irrad d a_d | 7'
* 1}@[2&?&'@3 S5 s amle and 3,08t o6t o A2 far é!th °f_

dtinfef ﬂ_antaes[e@lyexsial s JS:‘ampiI]@,StSdl doabpasauas. tO Or

“sgg%kgfnaeei )e Al dlxt@ytﬁeaqln (e'r%ﬁﬁé‘f&@ é@lﬁhé’\'fﬂaﬁﬁbﬂes

rovide -a strip-shaped X-ray beam (
FﬁétééH?Fal _part of which extends along.a pl ane (b) '
a substrate (19) which is adapted for receiving 20
d ho isel [t Lot -
22 . k?rgﬁ%paaf’éﬁl‘% L%%smgxaﬁ%éa L spsiE At rc ion
poSiLyFbAI A sawngskﬁbst&adtde a@Pagﬁtaﬁdln@h oy %%u’i'zr

' %@@@E@lbﬂ 38uted tial) Fﬂﬁﬂﬂ|p%6vhﬂeﬂhxcha§ar&ﬁléﬁﬂﬂﬂEfor

* 5a%Rei 508 bl hs&}ngp%se? ARt 5, B8 Boteh P Bbaiit %%@e%)”g *

15

wegnsafibat b ectamgrittied ¢hirowvhgandvéhbhtaciotd thie said

-%%R?&éat §a£&9apﬁ!&éﬁattdse%%%trﬂs9_n he above nentioned

I ni

i i 1 d f i d substrate
PIALEIE R AT R S S En e g e e

@masl(:lagal Wi oh- s isapepenpangi bebar (26) sthel eexbtstarlat@rt of

34 | ngI r8§@%ﬁ8€£§§§§I§%l% nepredet ernined rot atl on

20-

.25.

30

ting of'said substra’t

- and  t ket ebySWIsisEte sl #harBuhd adapted nng%ﬁesce(léfs)“g
‘\MﬁlchholLtiEﬁg §55ampjssamia pﬂearaeattlgmzeughsam Ciimbdme::mthalng
-',r%art of saJc _

dtggf'ray radlatlon,

ransparen
{c) means for p051tlon1ng said substrate (19) and

':thereby said sample in an initial p051t10n ln whlch sald

sample lies in the path of said beam (24) and a sllee (27)"
of sald sample is 1rrad1ated by said beam (24), ' o
(d) means for effectlng the follow1ng movements of - ‘the

' sﬁbstrate (19) with respect to the above mentioned lnltlal B

 position:

(d.1) a rotatlon of sald substrate (19)7and_'

‘thereby of. said sample around a rotatlon axis (29) which is-.

perpendlcular to sald substrate, sald rotatlon coverlng a"'

o predetermlned rotatlon angle, ‘and

135

(d.2) a tlltlng of “said substrate (19) and

.thereby of said’ sample around a tilting axis (28) which lles

in sald plane through which the central part of Sald beam

f(24) extends and which is perpendlcular to -said rotatLon

ax1s {29Y, said tlltlng coverlng a tlltrng ahgle {(T) that




(24) extends and which is perpendicular to said
rotation axis (29), said tilting covering a tilting
angle (T) that 34 - varies between a tilting angle
zero defined by sald initial gpasition of -said

“substrate (19) and.a predeterm ned val ue greatér t han

zero, and . (e) a detector (22) for detecting X-ray

rediiats oBtwbEansNtileihg ok zm didfirest &0 by idaigitial
'ﬁJm.thOQUHEngagd E{lﬂgll;fgtt.(ﬁr}@é y QM Mrcé?jettl%%nﬁtﬂ%ﬂevalue '

oned novenents o e subpstrate (19) are
erfeadead thas. 2aRCappatat us according to clai m-12,

'wherelne$ahdde&8csubs(zz;efdﬂiﬁeﬂebﬁiq@ ahamysub@naauen

]taradxs |t§ﬁ§p%r§g?’ acg?ﬁ%ﬂga&?%cgl 'Qall?ﬂ 'prl%I &urllpg a

r su ottomwa

' .atlsrmwmne:er@@m avmervwiia) ule Fhpemmantisnest SOMEMRE teoot

i b rwher @in)t heevegtbccad. sai d sanpl e contai ner
(11) is apprOXInater equal 'to the width of said

X-ray beam (24)..-20 16... An apparatus.according tb

. drd. of Aol apperalus oacl@o:;dllvmercelqiatlme I@entwhagiredni sadel -

.10

15

© 20

25

30

,Sﬁi&éﬁ%@@ ((24) aund, Sgignaptamma@ls (29) pass,

through. the center of sald planar . substrate

:(19) when the latter is in said initial position. 25

lin. AnAapappatusuacacm@&dmpgctdﬂq&aﬂm(ﬂ3a|mmetzlmosaﬁd'

'-‘Wl%rn%'rn sﬁg's%rg%geﬁgaggigahé%%;aagzmﬁ deleAC! @ Lample -

us -accor 0 any _ alns. 12 to 16,
Wﬁéﬁ@ﬂ@e§a|é1detector (22) is a stationary detector -
which 30 lies in-a portion_ of a spherlcal surface. 19.

appar at us ac ordin any 8,.sai
égjpara s*PHRFR Psc%ﬁ‘%ﬂf(glr | I‘S lﬁocrils}él #%e&%:i}l ha Qldth
ot ataddl isampileecpathinef éhlbl e r@gpm@rﬁé(tﬁih)y @pal to the -
_q%kﬂﬁp%fsaqusgu&ggngéaﬁ21j4pnd said sanple substrate '

apparatus accordlng to any of

"clalns 12 to 19,

16... &n apparatus accordlng to any of claims 12 ‘to 15
whereln ‘the central axis of sald beam {24) and sald rotatlon
axis (29) pass,through,the center (17) of sald planar '
substrate (19)'ﬁheﬁ the latter is in said 1n;t1al p051tion;

'17. .An apparatus according to any of_claiﬁs 12 to 16,

' whereiﬁ'said‘detéctdr {22) is a movable -detector.

: 18.  An apparatus according to any of claimsl2 to l6,

wherein said_detedforr(ZZY_is'a Stationary‘détéctdr which

"lies in a portion of a‘spherical surface.

Av-l9;ﬁ -An apparatus accordlng to any of clalms 12 to 18, .said

35

. apparatus further’ comprlslng flrst focu31ng means located in

the path of said X-ray beam (24) and between ‘said source"

(21) and said sample substrate (19).



wherein said radiation source (21) is stationary. 21
An apparatus according to any of clains. 12 to 20,

‘wherein said rotation covers-.an angle which is equa

to or close to 360 degrees: 3Z2.< An apparatus
according to any of clains 12 to 20, wherein said.
rotation covers an angle which is. less than 360 10
dgr el 2BPA PR BHpEIEUIK ngC Eor aPHgOTt 8labmy b %2 dids

- ldetreiRO0saiwhessl it Sai bduaicat i(0n)CoweEsadionagy e which '

10

15

is greater. than 360 degrees. 15 24 An appar at us
according-to . .any of -clains.19 to 23, . wherein said

. Pdeusi Ay ﬁeﬁﬁsaﬁwﬁnﬁﬁqﬂmdinx-teyaDEanf(Qﬂalmﬂ w ﬂqrﬁg, .
searenh £490 Woigsh: Syhsha %hlﬁnbigswhﬂcﬁaig equal to or-

tiltin 20 25.. An apparatus: according to
EﬁgFﬁ1g§436§h%?%é?F he length of the line segment
(40) is adjusted to be equal to. or ‘approxi mately -

-g3ual AR e daner Alammias 86 Lhe 98Dl einso A%,

for trans I on

a &PPF?a’&t?%hd EASASTS oM SpRar ANBLY BhL S ckedsy than 360

aegnsesf an apparatus: conprising. an X-Ray radiation
source (21) and a detector (22). for detecting X-ray ‘
radi ation transnmi‘tted through and 30 diffracted by .

- 3dird M@%@@W@fd@amtpsang ¢8) chp s i o 20,

Rhokalht¥and . reamlas doveke QHalaM?@Q ,wRilch rﬁssn;eféat\ée than
égﬁ érate el ements (19) of a sanpleholder (12), "(b)

" by means of an X-Ray radiation. source (21)

‘a strip-shaped ' X-ray beam (24) the central part of ;

35 a )
NI S it R
¥ae

NS BRARG BAFHS SEAbE X BkRY beAm (24) ina

line segment (40) which substantlally lies 1n sald tlltlng

. ~axis (28)
20 |

'255 ‘An ‘apparatus according to’ claim 24, whereln the length_

of the line segment (40) is adjusted to be equal to or

'lapprox1mately equal to the 1nner dlameter of the sample

container.

26. Method for transm1551on mode X-ray dlffractlon

,analy31s of a plurallty of samples by means of an apparatus

' -_comprlslng an X-Ray radiation source {21)-.and a detector‘f

30..

35

{22) for detectlng X~ray radlatlon transmltted through and
dlffracted by sald sample, sald method comprising '
fa) pla01ng a plurallty of.. samples to be analyzed on
respectlve substrate elements (19) of a sample holder (12), _
“(b) .generating by means of an XwRay radidtion . source 2
(21):a strip- shaped X-ray beam {24) the central part of

Awhich extends along a plane,

c) plac1ng said sample holder (12) in an apparatus

comprlslng means for mov1ng and p051t10n1ng sald sample



10

© .15

20

.30

35
“* . stepwise and a rotatlon thereof coverlng a predetermlned

hol der so that a pre-sel ected sanple can be positioned
in the path of said beam (24), (d) positioning a
pre-sel ected substrate-el enent (19) of said -sanple
hol der (12)and thereby the sajple on that 5 substrate

“element.in an initial position in which said sanple

lies in the path of said beam (24) and a slice (27)

abgean:dssaﬂﬁée alsllarusa@headtedi Q)én@dledcbﬁgﬁe(ﬁééltll(cdv)ed é_n o
: e g ow'n ﬂuvemsnt S- 0 Sal pre- se ecte
%B ?glc O% ga (9 ?afb) 92 10

rate-ele ‘W't'h respect to the above

; 'msntu ofiéy pthmnmuq irgie-sedecyed sobatiare oflagng (19) .
' @Eesseaegaﬁgléub@id@ﬁ (18| RNt hel8) aEHetQﬁﬁ%M s that =

| e-around, a rotat,ian_. axi s

FEPBRATE Lt eel Suf AC e e DEpdibaE. 1 WG Said
: 'Bemaﬁeohleovemltige@qdﬂectei eiamdneeamot(atliomn@mglsel,lmdﬂ) o
. 4% 64id) sén 1&%%&%&%&&%@ %ghe%sgmw@@; rate

el ement (1 t hereby of .sai'd sanple around a

Tk B E05)S e FrarloH iPB| PRRENSRGE B Faid pre-

: -slei[eneddasméneraf@lﬁemé?ai (98i)dwikat atspacaxis t(lﬁé?)above
Qugh whi ch the central. part '
'lfﬂgﬁsal %&geam dazg) Eex%en ,' said. .20 tilting axis lying.

in said pl anétlir Gugetafien pResebhtprg- slarat et érate_ .
@gmﬁeﬁlwte{w%bm}b@mgaaw BERPLE UL BEuAD a’ ‘sajthtion

ARSI 050 USO8 LA M e,

val derotadien serwdngregerdenenninedl vetaainh 25yle) and:

deteCt|ng Wth2§ab tQQ%QSBOEf(ggid féu%éfggﬁ@d %ﬂbstrate :
ansm t 1% hr ou and raCte sai-d

i fRg Y &felsax}xﬁu ﬁmPﬁ% %l’b?ﬂféi r?erﬁ%l&%é‘é!
m:ené?ﬁ)s afd dvee par e-ideliegt edgiabsTy adef ol edrent t(h]eg)angle 7
é‘tﬁ&t eééf&tﬁ%a&%r? et @@t)hggfagcmgﬁnga{cp ﬁlﬂemt%goagh -
wher ei n sai tion. - o

whheh (e At Rerd) ofr éaldpéﬁfﬂar ) seRrAREhe SESLy

.emtno;]tamuglmg 4% sélmepmedeaenﬁwgmguﬁrtmItaiemc%&trai
tilt I g e t sai d _subst
e emen]%q Ssa%:;j beam er%&r “ﬁé ?nvlggeb%lnrdg PTdta dlsid:rﬁar to.
g el@fft%}“dxﬁé?mgSa (BPedeseir hebtlnq covering a tlltlng
' angle (T) that varies between a first predetermlned value

. and a second predetermined value, and
.25

(e) detectlng ‘with said detector (22) X-ray radlatlonv'
transmltted through and dlffracted by sald sample during a '

“"time interval over which the above mentioned movements of

.thelpre—selected substrate element (19) are effected.

27. A method . accordlﬁg to claim 26 whereln ‘said rotatlon

“and tlltlng movements of: sald substrate element (19) are

-performed srmultaneously and contlnuously

. 28. A method according to claim 26, wheréin: said 'tilting.

movement of said substrete element'(l?) 1s performed

rotation angle is performed -for each tlltlng step



rotation angle is perfornmed for each tilting step. -
37 29, A nethod according to any of clains 26 to 28,

wherein. said substrate elenent.(19) is a planar-

substrate el enent. 30. A net _according to any of

clains 26. to 29, wherein the central axis of said.

beam (24) and said rotation axis (29) pass.  through

" the center (17) of said ptanar substrate el enent (19)

the latt t t 10, 31 ,
fehod aBEEV it S B eTdi he 2B %0 40, t?/\r?egr'elwﬁ‘ereln;

saiid supstirat¢ oplempte(R1)isi s stanaonamlystrﬁte felement .
"method according.to any of claims 26 to 31, wherein

%®|d rotatlon of subst.rate el enent élg) covers anangl e

whi EhPPERRGAFCISIRT drodBYt 8E38 ARy reesto #. N’ereln'

- reeehodnacedraiing 40 sy dfeamsdid) r ohdt sond ofotation axis

- Yoyt pags ehegeal il %1éggzovg?§ajg%0p%?afgs}bsﬁ te

15

.25

" 30

. 35

' ﬁéﬁﬁ@&taéé%}dW?EPtQﬁ%M%ﬁﬁﬂercPﬁlﬁﬁ Qsl@oﬂesﬁlsmeQﬁhtlon
“said rotation of substrate elenent (19) covers an

19 e ALENA S LS (0,300 Bl P o 20 ﬁ'herel?l‘pf

10

met hod accor 0 an erei

saild- Xﬁﬁs&ttmﬁuﬁQQpne|(§lﬂo@ssedatnoeatyne segnent (40)

whi ch substantlally lies in said tilting axis (28).

B, ARG A 1 S M NS in

equdl rboabxoraprp:ﬁ osuhmam:eltys efaabnt 0(1he dowmers dirareigde |

ikhe [ ccording to .
8BaFﬁ1E§a€%%$%é§92%ﬁﬁ?$%|ngzsgé?gﬁggﬁgﬁg steps (d) and

‘(e) for each one of the plurality of sanples in the .
-8anpl e hottder accoraangsaao fppas atelsaifnty A amsmlssmereln _

QQQS %%Eg%&oﬁjgg st t%gte element (19) cove;s an aagle

'fwhlch is less than 360 degrees

34. A method adcordihg to any of c¢laims 26 to 31, wherein

© said rotatlon of substrate element {19) covers an‘angle

whlch is greater than 360 degrees

35. - A"method according to ahy of claims 26 to‘34,'whefein

:'Said X~ray beam-(24)‘is‘focused in a line segment {(40) which

substantially lies in said tilting axis (28).

36.. A method according to claim 35, wherein the length of

‘the line ‘segment (40)° is adjusted to be equal to or -

approx1mately equal to the 1nner dlameter of . the sample

'contalner

37. A method accordlng to claim 26 further Compr151ng |
repeatlng steps (d)'and (e} for each one of the plurallty of"

- samples in the sample holder.



anal ysis of a plurality of sanples by neans of an
apparatus conprising an X-Ray radiation source
(21).and a detector - (22) for detecting X-ray.

-~ radi ati on transnltted t hroughsgand 5-diffracted by a
sanpl e, said apparatus: conprising (a) an X—Ray '
- radi ation 'source. (21) which is adapted to provide a

-”.§mr|p apﬁpedtmsrﬁgrbEHﬂuﬁﬁéﬁlbhemodatKahapadiffwactlon-

aag,s%t 8@d§ !LQP cgpesag&ﬁtsab appbgshokdgy a(az-bmtgs :
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- s@mpl eo&Odbeeaaahcymdxaﬁmleft,loaatdansmmbsédatle::ough and

‘_ﬁ@ Qe ng_ transparent. 1o X-ray ag %%E? in&c)

ERE e B0 SANRESL T Sea by hbRbEERs |
el errent(aandnt ¥eRapyradistrisine spuaced (3h) t Haici| bﬁeﬂfﬁaﬁt@d to
Proviael A Et@hppgﬁaéé@rk—lfhw\ﬂie%& gaisgl saapkentig€B"pddt of -

. the Flath of .sai d beam télgag%ﬁand a slice (27) of said

- 20

-Z‘tl|tln% coverln% a tilting
- Fét-feBA® )
'BOSNEImEnDiOBGddlﬁiﬂEHIEﬁdSlUﬂOQWEhbréﬁg) and a

SKESPHP ABT e P 'd beam (24), (d). neans for

'5:'effeCtKh@ theampbé Iovldey ndvenentprofing a plurality of
10

%%b@t%%eséhgﬁéﬁ@s SPP@)t red & eJrevmAbn(19) awhbPed for

‘respect.to the 20. above nmentioned initial positio _
,tr}@@ﬁéaf-ng(anﬂ)h%lﬁib%ﬁ Grmrles deqbgy ansdvaetiaqeact of sald

- substtrate eEbﬁﬁﬁﬂi K¥dNg andinsherehy ob. Xardy- sa@ramnon,'
.aroundéggrgé 1S o o$é§%§54E§%hgﬂh'CQFESSBEEB€Q§'§ﬁ%§¥r§éé

said s on coverin

- glenensr andethepelay | dreanRfice plassd 98, t{lat2§lem%n¢ tithgn
' Qhis$akd pbglﬁfbﬁci@%mtsfaﬂt& saabegemeél% eg path of -

tenoreds (R Sl IS A G R e b e E %%nir?rradwwd
bar saofl - baam b2ém (24) extends and which:is S

per pengii g uhdind Ofoﬁaéﬂféc‘%tl%%;‘ Qﬂeaagbﬁl&a% 8ebdients of
varil es

selpet %m@ffferaz'eer@l&aﬁgﬁeé @Wgﬁfldr??ﬁ’%?taﬁo the'

pr edet erm neg, vl ue grealie, BEaQazsrgma@aé@ee@ substrate

. detector (22).for detectin
- PLaRSATt { &) tﬁl@%u@rﬁw fsma!cﬁéapﬂay 3uPENd afpreLation

25. .
--element (19) and thereby of said sample. around a tilting

euﬁsngiza) BBith Mes i g gratali covel Wbl eblahguab@wte element,
&Iro gtngeggggEEnJ a predetermlned rotation angle,. and .

(d.2) a tlltlng of said pre-selected substrate

axis (28) Wthh lies 1n said plane through whlch the central
part of said beam (24) extends and which is perpendlcular to

said rotatlon ax1s'(29), said tilting coverlng a tlltlng

angle (T) that varles between a tlltlng angle Zero - deflned

" by .said lnltlal p031tlon of Sald substrate element (19) and

35

a predetermlned value greater than zero, and
( ) a detector (22) for detectlng X—ray radlatlon
transmxtted through and diffracted by said sample durlng a:

time inteérval over which the above mentloned movements of

the substrate element: (19) are effected.



the substrate elenent (19) are effected. - 39 39. An
apparatus according to claim 38, wherein each of said
substrate elenents- (19) is a planar substrate el enent.
40. An .apparatus according to;qclaim39, wherein each
of said planar substrate elenents (19) is the'bottom

"‘_mall ((19) of a sample container (11), 41. An

appar atais a@;paaracilulgab@oﬁaahqntéo,clwh&w aBnp whersddtdactofof
S%éf'd S%)@std;[aﬁcon q_l ﬂ\%étg%(lg’ 1@% }f@t gh%zﬁﬂgé‘é ePement

SR “pbea

';=apparatus accordlng to. any of clalns 38 to 41, -
Whgr-ei it hggeantthal aaasbisaprﬁg s cetlkaearr\s@Z%haﬁalﬁaé@bh of

10

' h h 1 |
I o S BT o WA Y S AT

isfia. s&mglarndnumlnerp®$ltLon 20 43. An apparatus .

according to any of claims 38 to 42, “wherein sa|d L

~detector-(22) is a novabl e detector:. .44. An

ar
attor diffy AR UST AEFAFHENBE ] Flasn %ewE?ﬁggal &uiaeh
det egd0f: a2ip)ld TortatatroNArYy idetapptrokinhtehy éqe&l t¢1the

A80hian ol sahir begh sppfacer 25 45, An apparatus

according.to-an 8 to-44, said apparatus

“further comprising first focusing means |located in

the. patpth efppaaya@uéi ha¥obeay (kA anyabd bebwaenisaie. 41,
ate el ene nts

| '(ﬁké (§%) &ﬁngﬁﬁ g%bgé% c%%%PﬁﬁaPoqgﬁy 8fc aInBr%ﬁ?F%OH

{45 passhel28iin taapughauhame:rtesaourlaé e?1yaid planar

15

' saasée%ey elﬂe&en%n (@D RLASIAC QY HRY 1501 ANYa 0 initial

clai ns: 38 46, wherein said rotation covers an"
éﬁﬁ%?%ﬂﬂch |s equal to or 35 close to 360 degrees. -

40 48. An apparatus - accordlng wher ein sai d rotatlon -

::QderSAn apparatus according to any of claims 38" to 42

20 - | | - | |
 44.  A&n apparatus atoording to any of claims 38'to‘42

25

35

‘wherein eaid detéctor {22} is a movable detector

wherein sald detector (22) is a statlonary detector Wthh

; lles in ‘a portlon of a spherlcal surface

45, An. apparatus accordlng to any of clalms 38 to 44, sald
zapparatus further comprising flrst focusing means located in
'the_path of said ¥-ray ‘beam (24)_and between sald.souxce '

(21) ‘and oné of said eample substrate elements {(19) .

46'. A apparatus accordlng to any of clalms 38 to 45,
whereln sald radlatlon source - (21) is. statlonary

47, ‘ An apparatus accordlng to any of clalms 38 to 46,

wherein. sald rotatlon covers an angle whlch is equal to or

close to 360 degrees



degrees to any of clains 38 to 46, an angle which is
| ess than 360 49. An apparatus according.to any of
claims 38 to 46] wherein said rotation covers an
angl e which i's greater than ;4360 degrees. 50. An
appar at us according to any of clalns 44 to 49, ° 10
wherein said focusing nmeans focus said X-ray’ bean1(24)
fh-a _hh nepsEgen decﬁiﬁlwhleh shpstantipiny. 38 &irM@

%?egegglc)gég\%e?cg%%étc%?@qve%lt ﬁn gBPof t#éh afcofes!sn% atn 360

e I|ne Segmen

-_F&Gfe?§ adj usted to be equal to or apprOX|nater equal
‘to. the inner di anet er of the sanple contalner

49. . An apparatus accordlng to any of claims 38 to 46

C whereln said rotatlon covers an angle which is: greater than

15

;approx1mately equal to the 1nner dlameter of the sample

-360 degrees.

.

7 50." An apparatus accordlng to any of claims 44 to 49,

10 _whereln said focu51ng means -focus sald X~ ray beam (24) 1n a

line segment (40) wthh substantlally lles 1n said tlltlng

”ax1s {28)

51. An apparatis according to claim 50, Wherein the leﬁgth‘

of the line segment'(40) is: adjusted to be ~equal’ to or

container.



