- 1 METHOD AND APPARATUS FOR X- RAY DI FFRACTI ON
ANALYSI S FIELD OF THE I NVENTION 5 The i nvention
concerns a nmethod for transn ssion node X-ray
diffraction analysis of a sanple by neans of an
apparatus conprising an X—Ray radi ati on source ‘t hat

_provides X-ray radiation for irradiating said sanple
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Vﬁédéuxiﬁﬁy:élffractlon analysis of a plurallty 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 said sample. | ‘

VThe invention further concerns an apparatus for txaﬁsmission
mode X-ray diffraction analysis of a plurality of samples by
means of an apparatus comprising an X—Réy radiation source
and a detector for detecting X-ray radiation transmitted
through and diffracted by a sample.

BACKGROUND OF THE INVENTION

Ccmbiﬁatorial éhémistxy refers to techniques to fabricate,
test, and store the resulting data for a material library
containing tens, hundreds or even thousarnds different
materials or compounds. Combinatorial inveétigations require
rapid screening techniques to test and evaluate variations



of conposition, structure and property within a
material library. X-ray diffraction analysis is one
of the nbst suitable screening techniques of solid
state praoperties because abungagt i nformati on can be
revealed fromthe 5 diffractioff pattern and X-ray
diffraction analysis is fast and non-destructive.
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the material. When such a beam of radiation strikes a
sample, a pattern of diffracted radiation is created, which
25 has a spatial intensity distribution that depends on the
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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



anal ysi s due to various reasons, including the need
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with significantly improved particle statistics. Particle
statistics 1s a term known in the art. With achieving
“improved particle statistics™ is meant obtaining a powder
diffraction pattern with more reliable diffracted Dbeam
intensities, or diffracted beam intensities with reduced

. standard deviation.

Furthermore, embodiments of the present disclosure aim to
provide a method and an apparatus of the above mentioned kind
which make possible to perform X-ray transmission diffraction

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



- 4 According to a first aspect, there is provided a

nmet hod for transm ssion node X-ray diffraction :

anal ysis of a sanple by neans of an apparatus
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According to a second aspect, there is provided an-
apparatus for transm ssion node X-ray diffraction
anal ysis of a sanple, said;apparatus including an
X-Ray radiation source that provides X-ray radiation
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The main advantage obtained with the method and apparatus
according to the first and second. aspect is that they make it
possible to perform X-ray transmission diffraction analysis of
a sample with significantly improved particle statistics.



4b According to a third aspect, there is provided a
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predetermined value, and (e) detecting with said detector X-
ray radiation transmitted through and diffracted by said
sample during a time interval over which the above mentioned

movements of the pre-selected substrate element are effected.



sanple during a tinme interval over which the above
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a tilting angle that varies between a tilting angle zero
defined by said initial position of said substrate element and
a predetermined value greater than zero, and (e) a detector
for detecting X-ray radiation transmitted through and
diffracted by said sample during a time interval over which
the above mentioned movements of the substrate element are
effected.



t he above nentioned novenents of the substrate
el emrent are effected. - 4d The main advant age
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The amalysislwintagpl whdlainedf wdahpl esewitdthod and apparatus
firga Y e ti gtd
o Fact e iy O EF DLSCRCBTEON, OF THE DRANGES 1t
poss*hgesGBJ@@F OFFertiTRY Vi T FHIF DSt f hretiont erasysis of
a plofrdliscy ppéf %Jr@i{l@:ﬂ‘o@dltmenh$gioMLfhcﬁgfgf/emﬁ@:ﬂc&d&epartlcle
anyiy,ng..- ra e enbodi nents are set
Stat?gggggtgxgigntﬁetl%ndgkgggnéxgg%%ﬂ'the i nvention, but
are not to be construed as limting. 5 Fig. 1 shows
BRIER BEBermbirconeospeati peawrt@sof a sanple container
11 of multiple-sanmple holder 12 shown. by Fig. 10
and of a strip-shaped X-ray beam 24 which irradiates
The gubadgsite proeedion aiddbsiewat belGeskrifiegl Pnshewssa of its
ref86h8ABENBOAT N8R 8ERL LANRL FU f r
P 11 taken along a pl ane wﬁfgﬁ%gggsgg %?%POESO%ggkggﬁg
axis 15 (shown in Fig. 1) of sanple container 11 and
which is the plane in which X-ray beam 24 extends.
15 Fig. 3 shows a schematic top view of sanple
container 11. 'Fig. 4 shows a schematic
cross-sectional view of a sanple container 11 taken
al ong a plane which passes 20 through symmetry axis
15 and which is perpendicular to the plane in which
X-ray beam 24 extends. In this view sanple container
11 is at an initial position with a tilting angle
equal to zero.



25 Fig. 5 shows a schematic cross-sectional view of

sanpl e

container 11 shown in Figures 1 to 4, but in

this view sanple container 11 is in atilted

position

with a tilting angle T _between the symetry

axis 30 15 of sanple container 11 and the plane in
which X-ray beam 24 extends. Fig. 6 shows a
schemat igs crivesses esticanakny ea\d:@fséﬂ"efora:t}{ wet Wk g pf.a
fin8sde 20Ot t_of .an. at us 5 for carrylng out
t s H% ﬁegggn%%nt?%ﬁ1aﬁ§ Neitg Fo7be s trued

a net hod, accordlng

a 3¢

$id%r 0ss- sectlonal view of the structure of

'a second enbodi nent of an-apparatus for carrylng out

invention.. 5 Fig 8 shows

h according to,the
a E;%e?rlgtl c%glr %SS%SSSP@B?{%\'}C \FSRWEEC tiL e Vé?‘f’u‘éi U €apple
third enb&éreanest 1anohppartils-shopleahs Yddg 1@utshown by
met hod aceepdi ng LAQtHE o | AUEHL ?;Qpﬁéo FJE%G& %‘gswhlch

a
a
a schemati c, croaéﬁ ectlonal Vi ew 0
a

fourth enbdaf

C3f 2 U FaPAEG8Y PBr 2 carlpStimg e .

a nethod according to the invention. 15 Fig. 10

10 shaws @ schersykCaPeLsheatiy w_of . an par at u
according to the Fnvention %r%pgr 8Fﬁ1n@§P‘Vlew of a sample
" transni ssi oR°NoRYLRSE rhY QﬁHEPrééPPénaanﬁwslwhﬂﬂh @asses

I plurality othsonphesymit v gutie 13 $bRwen & FiBay1y of

15 7
Fig. 3

Fig. 4
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25

Fig. 5

e

30

Fig. 6
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A
g d'ffraCt'ons&ﬁgigrébH!HfH% ﬁﬁvg%dawhlch is the plane in

which X-ray beam 24 extends.
shows a schematic top view of sample container 11,

shows a schematic cross-sectional view of a sample
container 11 taken along a plane which passeés
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 position w1th a tilting angle equal to

- Zero.

shows a schematic cross-sectional view of sample

contalner 11 shown in Figures 1 to 4, but 1n this
view sample container 11 is in a tilted p031tlon

with a tilting angle T between the Symmetry axis

15 of sample container 11 and the plane in which

‘X-ray beam 24 extends. '

shows a schematlc cross-sectional VLew of the&;'
structure of a first embodiment of an apparatus
for carrying out a method according to the
‘invention.



reference for evaluating the quality of diffraction
patternsobtained with different nethods. 25 Fig. 12
shows an X-Ray diffraction pattern obtained with a
stationary sanple. Fig. 13 shows an X-ray diffraction
pattern obtained with a 30 sarfiple that is rotated
360 degrees during the detection of the radiation

di Figact ed Q%oﬁssﬁngtﬁemgtgc &éxﬁbg@%tﬁgn%i ¥%%% qf; the

diffracti on _ attern obtai ned
tilted over SATBEFEAPNCE] Ft?%‘@o%@“@m%@a‘ﬁdﬁ Gtrateggbaratus
360 degr ees fdur tagryhegdetecd imtholl hBeof@htidNhe
diffracted by,g sagple. 7 Fig.15 shows for the _
purpose of conparison 3 X-ray di ffraction patterns

obt ai ned under the followng conditions: the |ower

di Ffgadt i onspavt es ns¢1$em£1bicaldm5%é8t§or§élat\h%ﬁro\é the
sanpl e, theg g}:f%{]ﬁ;élo S&attc{srn | the center is

obt ai ned vvhen BB HurdithGPPREatus
measur ement th‘éaﬂmmg Cdﬁi fa astthod patemwtimg o the

€ Sa I'S I'Ot

' obt ai ned Mﬁiﬂer@tﬁﬂ{ml e that is rotated and tilted

1pduring the neasurenent. 10 Fig. 16 shows a schematic

cross-sectional view-of an enbodi nent of a sanple

cdrtdai fer 1ghewrereischerfaiic cfos-ssctimadlottiem val the

of th L
of the sanpdergantal Rer @%%Eﬁgrgﬁiéﬁgﬁgﬁ% %flﬁn agparatus

15

20

25

30

35

DRAWNGS 15 11 sanmpl e cont al
vel | of a nifft i J\ﬁ&Iouttréymﬁh%létqcmr@-lsl&nﬁbethe

hol der / mnlrt‘iqmitemvell tray 13 sanple vol une /
sanple layer 20 14 inner surface of the bottom vvaII

1%, of i”?glrrplse1 contai ner 11

ows a schematlc perspective view of an apparatus
according.to the invention for performing -
transmission mode X-ray dlffractlon analy81s of a
plurality of samples. '

Figure 11 shows an X-Ray diffraction pattern which serves as
reference for evaluating the gquality of |
diffraction patterns obtained with different
methods.

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

Fig. 13 shows an X-ray diffractien pattern obtained with a
sample that is rotated 360 degrees durlng ‘the
detectlon of the radiation diffracted by a sample'

Fig. 14 : shows an X- ray dlffractlon pattern obtalned with.a
- sample that is tilted over a certain tilting angle
and rotated 360 degrees during the detection of
the radiation diffracted by a sample.



e

O

15 symmetry axis of sanple container 11 16 center of
upper openi ng of sanple container 11 17 center of

pl anar substrate or substrate elenment 19 25 /center
of the bottomwall 19 18 side Il of sample
container 11 19 sanpl e hol di ng 'substrate / sanple
hol di ng substrate elenent / bottomwall of sanple

CORt gl DBr 1]sHovfs!3|ﬂotr %gepﬁggﬁéé’en)écﬂ ?gﬁnat%%?bgg 32]X—ray

- ct or o

Focui ng. . rHy B8R Ght B5EP TG SRecqReR BPdCS (g FolLowing
shaped X-rayrdiedmidnsectbe bower mrfrflrectBBnZﬁsa'@tfb’imers

26 diffractegheXiray heam 8 s e%]rbﬁiﬂagfga 5&958 @{qotd% fraction

slice of volune 13 |rrad|at
Saxis 29 roPAGtERRakPsthg %@EF‘(—:E dét gPtaiped ewlsn ttél@I gample

for rotat|ngsam@tatbulnglynmﬂmmkpt&anmbgsﬁ@&ﬁﬁﬂ: 12e upper
40 |ine Seg%ﬁ@%ralglé& m&%ﬂ?ob%%igggt%f&l§aE@mple that

Soller slit 44 curved onat o
slit 47 sanpfe IHEPH?ﬁga%%b’éﬂrfa%de duggndi the avtasheeant .

49 Beryl i um wi ndow
10 Fig. 16 shows a schematic cross-sectional view of an
embodimernit of a sample container 11 wherein a foil
19 is the bottom wall of the sample container.

REFERENCE NUMERALS IN DRAWINGS

15
11 - sample container / single well / a well of a multiple-
well tray -
i2 multiple-sample holder / multiplé—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 contaiher 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 _
i9 sample holding substrate / sample holding substrate
element / bottom wall of sample container 11 / f01l
20 . prlmary X-ray beam
'30 21 X-ray source
22 detector .
23 mOnochxomatorifor focusing X—tay'beam onto a line
segment A
24 strip shaped X-ray beam directed onto sample
35 25 chamber 7
26 diffracted X-ray beam



T
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;

51 anode wire 20 52 delay line 53 position sensitive
detector 54 circunference of the diffractoneter /
focusing circle 61 mounting plate 62 edge of .
nmounting plate 0 25 63 edge of nmounting plate 71
support frame 72 guide rail f7§ gui de rail 81 support
frame 30 82 support 83 support 84 notor 85
nmeghani ca .t .S S I Ny nmechani cal . :
(¥ anom 5 on 21 shnt 90 BF AT S3gr B REI {11 Hpadiated by
angl e Pe3ETFA LED DESCRI PTI ON OF PREFERRED
EVBODI MENES iy laeitthe fol | owi ng description the term
"sagpl & s4sed E? desi gnate a sanpl e conpri si ng
one or_ nore crysﬁa s as well as a powder sanple. A
> poderde@epioa” ciscdef i ned herein as a - powder sanpl e
of a conpound of which the diffraction or :

Qo .be detern ned. Such a

crystalljzation behavior is. 't

T Eomgid 180 BEPAYLRE At e ebane Lt b e amBine L den
of diflferent substances. A conpound nmay conprise an
organi ¢ 19he 8gMegano-netal lic nol ecul ar conpound,

1osqu as.a gharngceutically active nol ecul e or
catal yst-FRrgahdPonpl ex or a dinmer, salt, ester,
sA4/at esbnttancti onal part thereof. 15 A powder
safpl e @h11he present invention nay al so conprise a
bi ool ecul e, for 1 nstance a nucleic acid (such as
DA, RNEUTHAE PREgChEemdioyhept i de, pepti des;
gl4pcopr etetn and ot her '

15 d4de slit . :
47 sample holding substrate

48 diffracted beam
49 Beryllium window
51 anode wire o
20 52 delay line
53 position sensitive detector
54 circumference of the diffractometer / focusing circle
61 mounting plate ‘
62 edge of mounting plate

25 63 edge of mounting plate -
71 support frame
72 guide rail
73 guide rail
81 support frame
30 82 support
83 - support

84 motor

"85.. mechanical transmiseidn element .

86 mechanical transmission element
35 0 Bragg angle -

T tilting angle




pr ot ei naceous substances, a |i poprotein,
protein-nucleic acid conplex, carbohydrate,

biom netic or a functional part, 20 derivative and/or
anal ogue thereof. It is to be noted that the powder
sanpl e may indeed be in the & m of a powder. The
person skilled in the art of diffraction analysis
under st ands, however, that a "powder J 25 sanple"

al so includes a nunber of crystals which are
contained in a solid material, such as is the case

f opETAPIED DERHEMTRON 08t SREFEMED HEbBeMERSEr case,

the powder sanple appears as a solid material in one

pi ece. Mreover, the person skilled in the art of
5diiﬂr%ﬁﬂiﬁnihmmamwswsseﬂlpnﬂemsﬂ&nd&rmhabampmderis used to

e e er.of, .

cr St Samfby £Q l\% C%ﬁé{%;rggll\%rgr{ewgﬁﬂéggA&ﬁ%% gs.well
AR ﬂé\E‘P IENVENTPOXESS sempilest Lenbedl mehthesfein as a
a.pmﬂdﬁnisampdedbﬁgatcombeummV@ﬁnwh?ﬁh tae Fiﬁ%&ﬁ&ﬁ%ﬂﬂD%r

a S a,single
T AT Y ) R B <

10F fl mey Be pj ghemjcahowdsfagehenarie mixture of

peiﬁﬂﬂEﬁHH¢GSWbe%BQEe§ S@”@&ﬁbéﬁ?@Oﬁb?iF@ﬁpﬂﬂﬁe‘@ﬂ‘a}da§lc or

I r ope of the wells of
rru%t %IS&HQQ fe[#@ !nogacugoﬁmcwoﬁnﬂ IR 7R D a
stﬂh%ﬂ@ﬁﬁyéécxllayabéam 2ap \givivdle prr adtal est-al ispnml eomplex

mo&C%ddlﬁﬁrQ §HD§¥V@$€e£9 WY el §res@nct g PO é?@ thereof.
iner 11. Within the conte

| | t

15 (B R eR e PR R oOF o r oSy GOERALbEh ST hA Iseagomprise 2
n@w@@oﬂhanlehuéobeamteaatcmms madcdrgic acpd ampflch as DNA, RNA
Sb&UpPﬁﬂapeg béi?ﬁéﬁ%iéﬁ1'ﬁ%?ﬂyae§nd %é?%ﬁﬁgyé%rp%%%)other

¢ross section whic

ré??gﬁéﬂﬁﬁ?ousC%BP%W?EH%?QD&:%%ROPVOt??QwNRﬁPQﬁm@ -nucleic
necrdl cbuptagh o4 heshydetlkh &h@m@meﬂl£ﬁdk al flctional part,

20 raggﬁegggvengdyﬁgléHgiagﬂ%gl al.ed Py X-ray beamis the
vol unme over

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 "powder
25 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. Morebver,
the person skilled in the art of diffraction analysis

30 understands that powder samples may comprise only a llmlted
number of crystals

EXEMPLE. 1: FIRST EMBODIMENT OF A METHOD ACCORDING TOTHE
INVENTION

35
A first embodiment of a method according to the invention

for transmission mode X—ray diffraction analysis of =z single



the X-ray beam extends. If the X-ray beam has
approximately the shape of a flat strip, then the
shape of the irradiated 20, region is stri p shaped,
that is the irradiated region Ras_ .approximately -
the shape-of a right rectangul ar pr| sm the length

of the prismbeing nuch than its width and the wdth

of selmplprisnidetnpatitiedeangetet hanti t:s Ad)iGlRess. F?_gures 1‘

- Theotgrm "strip-shaped irradiation region” thus nea

s
(N

that the length of the irradiated region is nuch
| arger than its wdth and that the width of. the

|t {1 Fadi at eﬁidiv&glaor‘sdkfetnit'ﬂtﬁ_ﬁ gbggﬂéétfxf@%tetdﬁ ey ngﬁgf‘e
ac e ran ngs I'n
A hereol ndd. 4 ot SHils sl prsRapedt the

parti-cu
X- Fayl %e%%azz{ﬂql@mwemﬂacamy 12 @Wc&&aehtyed‘lgs 80, and of a

plaﬂﬁlptﬁﬂaﬁéﬁ'&ﬂ&%yOBEthB@ ﬁﬁi@ﬁ rﬂ%%&%t% tggm%fE placed

exgengds 35 Fig Séhé
cr%rgs sequ%&%gl 3 \Wgé'nc séﬁp?eg cfé}ﬁQOﬁépmwaéi ¢f gsample
1 fAKeningdrodd .aWplchne pheatdetestto dﬂwhexlzv@ha[@nag}ge term

1owht ey h t °
iy B g T L S S
e

pla R wsit pXSPQQEBeéﬁ¥§QF%§QQ§n§§9lﬂB shdwrhdly this beam
Filtas 2 csampl sectoohaineth 1 defdmesnateDanbes 25 u1ar .

“which extends between the bottomwall 19  and the

er end of sanple container 11. 5 Chanber 25 is
ep(go trPREr fERF AndY hak vhicih euleanocmessto sesth aither are

15 Fighowd dhowsga schefbtd et Vi ew of sanpl e container

11 in Fig. 1. 10 Fig. 4 shows a schematic:
cross-sectional view of sanpl e container 11 of Fig.
1 Tk &R IaPBnEr2adlared par alrely beaths he- mm aﬁ@r which

Eﬁ%ﬁg(@){gg&ﬁﬁgeérm Gﬁ?gﬁ? r&hle ﬁ %ray rE)eampﬂ:Oi%matel3’
ext eng 87’ )'t; iﬁhte tsrdﬁbl & EBnF%ﬁa nehapna ¢% tdte dmradiated

20 i xpgian 1@ofstltllmrﬁiwptdﬂi,a thialtt E8gtBOY] er ftdled @e480LA- has

30

- 35

€.g.. 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 1,-2,
4 and 5, strlphshaped 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—sectiohal view of sample
contatiner 11 of Fig. 1 taken along a planelparallel to the
X-Z-plane and which passes through symmetry axis 15 (shown



Fig. 5 shows a schematic cross-sectional view of
sanple container 11 simlar to the view shown in
Figure 4, but in 20.this, view sanple container 11
isinatilted position with a tilting angle T

"between the symmetry axis 15-oflsanple container 11

5

10

15

20
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and the plane in which X-ray beam 24 extends. The

fircst i ment - of .a nethod according to.the, ,
R L Bl 2, B A P B T ol i +BaEh Ly §he plane in
sanpi @b t ¥y drrany 24d cixg epbacells oshplramar Figubst redmple
19cthiclnds Aaptaton ERGRbYE NG ABAMOLILRAAE betveen the
sa JBe Irzimwd VX?! his t%lans arent to X-ray radiation,” i
3055 5™ et |-1;c?-saﬁ‘éjpé XUPRGT heliin P4 Se8Pgenepatetney 11.
me@smiedr @b M-s @y g-adiyathdnicsalraoel 2bs( BOLisBOWYr idross

Fi gek€sSon 1l to 5). As-shown by Figures 1, 2, 4 and 5,

the central part of.beam 24 extends along a pl ane,

35 (A) the substrate 19 and thereby the sanple

pl Boed 3 tdemeonr ackepasiti boedvinw S5 takb€e container 11 in
elegt ror mechanical neans 12 in the initial position

shown by Fig. 4 in which that sanple lies in the

path of X-ray beam 24. \Wen substrate 19 is in that

1 riritg .al4 Immwts_ ' i@ngah\%ﬁ!&ﬁﬁc 2dr 4 SHau tﬁ)ﬁnghgvzll&)f of Fample

\' . ] t . | contal,ns the sa e, an

t%er eE;}%ae%gggl Pc%:chl)g'tget%lé%laelqrigsél Pi?ggi??ﬁj]ijﬁledlo the

by Be@hang4 and( Bhjchheasots ovimapgoeemeat sy ofxis 15 and

substohatie p8rpkhRichespesd A tﬂl%n%bgﬁew%&z Bf’—'ﬁ%)‘i; beam 24
. a

inixttié%ldspo itbgn thereof are effected: ) ya
rotation of “suBsr &t 8 19N (IRtabyesf 1L the atamsl dnitial
aregid lenr wiahi antakisn@Hnand ogDhl2roazéidti ng of
substrate 19 and thereby of the sanple around a

ti .ting agis 28 and over a tilting angle T which

varides “bENREEN? aSFRFRI LR gt iveRédonal el emndfa seBple

seoonidipeedel es imhkar visd Uthe afl@w shown in Figure 4, but in
this. view sample container 11 is in a tilted position with a

n

tilting angle T between the symmetry axis 15 of sample

container 11 and the plane 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 Xuray'radiation,

(B1) a strip-shaped X-ray beam_24-is:genérated by

_ means of an X-ray radiation source 21 (not shown in Figures

1 to 5). As-shownrby_Figures i, 2, 4 and 5, the centﬁal'pért
of beam 24 extends along a plane, o |

- (Cl) the substrate 19 'and thereby the samplé pléced
thereon are positioned by suitable electro~mechanicai means



(El') X-ray radiation transmtted through and
diffracted by said sanple is detected during a tine
interval over which the above-nentioned novenents of

‘the substrate 19 20 are effec]{ d. The above

descri bed nethod further conpri$ses anal yzing the
detected radi ati on. 25 The net hod descri bed above i s

admnﬁraegelcmsb 1D8RAYRE oRY shbih idg 4a,52 sliice
t he X-raiLa1 t%}%%] more crysta gﬁtlgnor?trlﬁb o-hat’ sample

%%?Sacltrf dﬂ‘eaﬁ?@ o F(n'fiii"%i’)vl'é%"’”t‘h?e4 pél“r*leinclsébstrate 19 is in
stmatstmus:m eonpared taoSBld&mtmci(SMwhebg} 1;{1 saTiE 4

'Svolﬂﬂé“yfgﬂgﬁﬂMi%h §H1é5r83n9§QH} ?Pused ?ﬁgnﬁyereby a

reover |rra|at|n§asa e sPi

X-$ DM tthﬁesarﬂpﬁ-sditaﬁ%a a*%alﬁ@ql@rtgérbvhmﬂmm a
p0| nt focused beamis wused and this reduces the
nmeasur i t,i e atine ons m ng scannin
t he sanp q%l \qu?ﬁ ?SE%‘%{’H(‘F deused b r‘# Fggﬁﬁate 199Wlth
rercﬁﬁpreé?& tS’StiIS aSQB@tm%@@%d slnflanallngoan’csora tiddeof are
oreffdcdicld:made e.g. of an X-Ray transparent pI astl C

terial, t nt | '
0Ty 25 sobet A 98 Ui ene PP Ub ST st Gt Fhereby of

t rtd®s parmehe, arcend & ragisparentaxtic 2osi bhe radi atl on.
Substrate 19 g1 &9 attfl%mn%n%?f QQBEQPA g ]a% ~thereby of
sagpl e _cont ai ner . cont ainer
whiPGhSREELE. ground 13 ‘%y’f‘i%uaé%ls éfdandeptens atndtmg angle
Wi @yhlhbsvanleppleetmnlmgilrﬂte psadpteriDndie Ny 28d a

15 '%e%ﬁgegréﬁe@e}!ﬂixﬁé@ ngﬁ{gen k3 Which as shown in

25

30
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Fig. 1is e yer’Iocated at the bottom of
sanpl e container 11 and on substrate 19. Vol une 15
el ement (AB) I}S—thqsugitala&iioﬂeltehﬁgﬁlﬁfe@'Tﬁ&cﬁﬁ_jhsﬁ%l e

|a¥§5raé§e Qg |§%ﬂ% f%%a%|¥e %léﬁi;qﬁ av6paﬁelnterval

subst antl a “he “ef
ePERBNFRIG ‘#I*fé %@QW%WQ@@EX mayenaeramm the substrate 19

.20 i hkamhedeised. | 1 ne segnent 40

The above described method further comprises analyzing the
~detected radiation.

The method described above is advantageous,.bécause 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 irradiating a sample slice with the X- -ray beam the
irradiated area is- larger than when a point focused beamhls
used and this reduces the measurlng time, because a tlme
consuming scanning of the sample with a peint focused beam.
is not required.



f\_j)'

20 which is oriented in the direction of tilting axis
28. Line segnent 40 preferably coincides wth
tilting axis 28 and extends between points A and B
shown in Figures 1, 2 and 3. In a preferred

enbodi ment the |ength of Iine dégment 40 is 25

adj usted to be equal to or approximately equal to the

InB@bstgéﬁﬁmﬁéﬁcﬁﬁfJ %n%%gﬁhg % ?ﬁﬂ Pg; aFOﬂiemade e.g. of

: l'i ne se
%Er e%?YoEF%ﬁSR@ﬁ%§¢ Eéaﬁ124 Wtdrizlpl ane. whapton® (Du
coﬁDathsorENylaﬂallm@ @%h%)28. As shown by Fig. 3 the
Iatter pl ane preferably passes through the center of
ngle | ayer 13. Substrate 19 has an inner surface :
47URREE St % 1o PEe feanbl yzalis¢ sopslimeedly onradémarent, i.e.

SUtfmﬁP&)ferﬂ:Uttﬁbt Rakeb18. rdai dei shown by Fig. 1,
sanpl e container 11 has a symetry axis 15 which is’

per pendi cul ar to substrate 19 and whi ch passes 14
t PR dife 10enter . 47 bhesp&mnazuhatiemaﬁdllhIgH&ﬁ1§4M%1e

' iaﬂhﬁﬂalﬁg& 0k, Eheogpgega&5§%”éghﬂ& n%?”?iefQQnﬁﬁhﬂﬁg e.qg. a
es 4, In a pre
10 #oyﬁsndsrﬁt gﬁhéXd %%Ljr r]afi" %Bﬁ F'hgrch béaﬂn 2| GrHarcicening.

wth the symmetry axis 15 and with rotation aX|s 29

Oﬁ%%ﬁ@ﬁh@léoegaerénéﬂy%gHE §|Eia Iltln g%ﬁ% glﬁﬁgnt 13

Zera shown It|n
ané’ll(?ht A5t Shepn rJo‘P aﬁ%ﬂ 1a>éiss 9291 for hlslwltdryarhéoplaaee at the

t Foddgh ofi shnnphe caeriirmlr Par bndobn bEAM 24 text gnd§'olume

157 el S ur.es to S, tilting axis
E eméﬁt Fgﬁgst% L%h]%ﬁ? ééﬁfr%ﬂscbéﬁtSéﬂp%éahﬁyer
2 3exFBﬁd§alaWae n5: %féﬁ@nfp@lwlu@ulbaratamkrmiaaﬁtuam BXrS of or

2@heAsnshownvo Tumards Gd1ameby1EhgpEes; 2, 4 and 5
tilting axi's 28 passes preferably through the center

of sanple layer 13. In a preferred enbodi nent the
tT16i Aigrbp-giArad steay9 beevepd iPlumidatesi B912A8! 8edment 40

20 thaicNai$Gﬁn@ﬁﬂ%ﬁ?ﬁnﬁtﬁblH Rg-ADGL € :§§nﬁt1ng axis 28. Line
segment 40 preferably 001nc1des with tilting axis 28 and
extends between points A and B shown in Figures 1, 2 énd 3.

In a preferred embodiment the length of line segment 40 is

25 adjusted to be equal to or approx1mately equal to the inner
diameter of the sample container.

As shown by . Figures 1, 2 and 3 line segment 40 lies at the

1ntersectlon of X-ray beam 24 with a plane which contains
30 tilting axis 28. As shown by Fig. 3 the latter plane

preferably passes through The center of- sample layer 13.

Substrate 19 has an inner surface 14. The sample to ba

_ analyzed is placed on this surface of substrate 19.

35
As shown by Fig. 1, sample container 11 has a symmetry axils
15 which is perpendicular to substrate 19 and whlch passes
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defined by the initial position of substrate 19 and a
predeterm ned val ue greater than zero, e.g. 10

"degrees. In a preferred enbodi nent the rotation and
tilting novenments 25 of substrate 19 are perforned

si mul t aneously and continuousl4.-In another

‘preferred enbodi ment the tilti ng novenent of

t 9 f t d t at :
TRaTeb e 302 B5aRrg 14 B cileh G red r Bbh FeRPRIDI e center

i stherf cheedirber cpachingi bf i swusitceponBabserate. 19 i s
preferably a planar wail or foil. 35 1In a preferred
odi.nent .t he central axis of beam 24 coincides
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ZQﬁQ%w%@h EBtQ@QBHeéngeﬁ r£§QﬁSEH §on t ﬁ%ﬁ %ﬁghen the

aﬁgi beam 2 rotation axrs 2
5éﬁ€eﬁnﬂ#eoF pFaR@F°- substrate 19 mhen the latter
is in the above-nentioned 5 initial p03|t|on In a

p@gféﬁg%ﬂ g?ggbnegt %he r?ﬂh?t'on £t+%$ eiggwge‘that

t her eby are’s aﬁlonary aft
NOVEGtIRNt AxEasPBcEorms beldarh Xae m@ana shpreflerwiddh the

embodramnpatheofob@&hqm(gxg&ﬁﬁtrate 19 covers an
angle which is equal ' to or close to 360 degrees. (

I n anot her enbodi nent the rotation of substrate 19
cHveFBown bﬁSFhmgr@GwhrmhEistﬁés$nghamu£683dﬁgﬁeeﬁ the

| p1anet fier @@qu@m t i f_suy
cg}g/ers an ° ‘%ﬁ ﬂ%‘ tﬁ%}?egl?tég?eg% a?]fgf%?? 4 exgends and
20° BXEWPL RSP ENHEBVENTFEE AR A%Ffmﬂwwmsm particular
A@E:GRDJHNCBS'I'CZ THE ald\VENEL®NnEi gxi.6 :sahqwss@ssg}e@‘akamy
C’éﬁ)§<§un§}?cﬁﬁ@'}§’enﬁ/érev&‘:0fsaﬁn?;?(feoiggggtHe of a '

enbodi nent of an apparatu arrying

In a preferred embodiment the tilting of substrate 19 covers
a tilting angle ‘T that varies between a tilting 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
of substrate 19 are performed simultaneously and '
continuously.

in another preferred embodiment the tilting movement of
substrate 19 1s performed stepwise and a rotation thereof
coverlng a predetermlned rotation angle is performed for
each tlltlng step.

Substrate 19 iS=preferably a piahar wall or foil.
In a preferred embodiment the central axis of beam 24

coincides with the symmetry axis 15 and with rotation aiis
29 of sample container 11 when the tilting angle T is zero.
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25 out the above described nethod. The cross-section
shown by Fig. 6 is taken along a plane parallel to
the plane YZin Fig. 1 and passing through the
center of 'substrate elenent 19. The apparatus shown
by Fig. 6 conprises an X-ray- ¥adi ati on source 21

‘that provides X-ray beam 24 for 30 irradiating a

sanpl e placed on a substrate 19 and a detector 22

for detecting X-ray radiation 26 transmtted.through

andén ahidtfhreac tred oy reieeslamplrentFicge  6eshows 46 of beam 24
di £hd acdd A ANGkes 299, aQs 'ﬁuﬂdﬁ%hBEﬁggc%P 173%fTELeLanar

ap qgatus represent ed . act
andt P EoTiTS des W&ﬁnxtP%yl%fafcﬁraﬁsOﬁnséﬁ? ceboIE pindH ongd

SadaptEichlt posdrdvinde a strip-shaped X-ray beam 24 the

central part of 16 which extends along-a plane as
shown in Figures 1, 2, 4 and 5, The apparatus :
sche i BTEdery el prlae@hrent itherirgdigtion tdrir® 21 and
CcﬂﬁﬂnehyshﬁaﬁcﬁﬁOaﬂEC§EHH£HﬂarWEQBS §94+ s d N sFhGved

6),,f resp%% %lopéqg ?ybstrate 19 and thergby the
sanmpl'e on ement in an initial position in

10 whi ch t hat sanple lies in the path of beam 24 and a

slirce %Ze@f%ﬁ@@ﬂ emo&d;gner;‘r) tla@ obtar Yo We £leeat 139
\Mgé%e cont ai ns e? q} i thereby a slice of

t e sanpfé Fnge‘Ff i rlrsa(ﬂqéff" dtByCheaRsD 40 360 degrees.
effecting the follow ng novenents of the substrate

15n1%n@%h@rr§ﬁ9§&£méﬂ%tﬁH% %%Qgﬁlgﬁn fcgg?%%wltglﬁb govers an

posi |on a rotation of substrate ereb
ﬁ@g ?aﬁﬁﬁ@haf%uhﬁ“éiﬁﬁ¥h§|8nd§§F§e%9 which is
perpendlcular to the substrate, the rotation

CQ%E%hBQh@rpé éﬁ&ﬁhpg: 38E%E£8€ 4a$traq§ﬁgﬁ covers an

tilting trate 1 ere
aF‘B‘Hllla | fF]PtJrSngg%%étsngh\ﬂﬁl éRo| @%%mens t he -pl ane
t hrough which the central part of beam 24 extends 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
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
19. The apparatus shown by Fig. 6 comprises an X-ray
radiation_source 21 that provides X-ray beam 24 for
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. Flg 6 shows the diffraction angle .
2 6. 0 is the Bragg angle. - . ' '

The apparatus represented in Fig. 6 is a diffractometer and
comprises an X-ray radiation soﬁrce‘Zl which is adapted to
provide a strip-shaped X-ray beam 24 the central part of
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tilting angle T that varies between a tilting angle

zero 25 defined by the initial position of substrate

19 and a predeterm ned val ue greater than zero, e.g.

10 degrees. The apparatus schematically represented

in Fig. 6 further conprises déetector 22 for

detecting X-ray radiation 30 transmtted through and
diffracted by the sanple, during a tine interval

oVEH Shhi®hePHE abBve Ihéd RBOWReHR sEfurqshd. 2, 4 and
substrate 19 are effected. As already descri bed mnth

‘reference to Figures 1-4, in the 35 enbodi nent shown

by. Fig. 6 strip-shaped X-ray beam 24 illum nates a
| .% SEPREAT A0S ARPRAC 1 SN enpPegsentedeln didectt dnrther

5 ofcdnigrtiishg axestrdSmethanes GagHRAhs 40npf efiefabliv 7147 6) for

coincides with tilting axis 28 and extends between:

points A and B shown in Figures 1, 2 and 3. In a
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pr ef er r edPefbbEP IR qwhﬁﬂnﬂﬁgth9o$nd|¢hﬁrqhxyhaﬂ:Sd@ple on
| Sha® @qushedlﬁ Oaxbelreﬂ&hadl s@ltla@p;[@mr&a&ﬁlsha%%@hple

the.in r of t e co ner
qb trapeggﬁ F3 %£%%%“%é%cPP8ean§ hown by Fig. 3)
r Sffeperedune eF@@@m@slﬂ,twhush ¢©nEminﬁrEﬁ&asuﬁgle eagd

t hacpkapan bpitompalie 1 ph SaRPLEr fé”ﬂfyéai ateB By beam
of4a sanpl e container 11, which has e.g. a

cyl''ndrical side wall 18 and which has an upper

opening. 15 Fig. 16 shows a schematic cross-sectiona

view of _ a@fféﬁﬁ%ﬁ#'ﬁﬂg f311%w§§§p%&b§§HH§%'Ss't%é ststrate

wherein a foil is the t he sa

cont ¥i-hBr reamreteriy Lhsecbiogs BRBIENasy 1Fflld'—la%Ppsltlon

t aken al ong a& plcane ipar all ghbs’@rét’ﬂ,ﬁ B ang Xzexéﬂyl%ﬂ the

thr e cen ubstrate '
efenglgaié&ﬂ%%Egﬁgaﬁﬂthi 8 8 Odl of B §§Rﬁpglcular to
coReafWestnate 1 etﬁr%sl@ﬁaédoﬁncF‘Vgrlrlsﬁ a trededetroimed| |
obosatpbe Laiali nefda 11, and therefore the substrate

on whi ch saan% l%gng o% substrate 19 and thereby of the

- sample around a tilting axis 28 Wthh lies in the plane

through which the central parﬁ of beam 24 extends and which
is pefpendicular to rotation axis 29, the tilting covering a
tilting angle T that varies 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 detecting X- ray radiation
transmitted through and diffracted by the sample during a

time interval over which the above mentioned movements of

_ the substrate 19 are effected.

As already described with reference to Figures 1"4, in the
embodiment shown 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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25 deposited, is preferably a foil 19, e.g. a
Kapton(r) foil, which closes the |ower opening of a
contai ner 11 of the type shown in Figures 1-5 and
which is transparent to X-ray radiation. In the:
enbodi ment shown in Fig. 16," d’nounting plate 61 is
used to fix . foil 19 on the I ower end of sanple 30

cont.ai ner 11. For.ihis pur.pose, _sanple container 11, .
ot esn i hoht R Y aPd RSty et trissar Raints A
as2ighdwshigyn Fhgrhidereblunt mgdpBate 61 has e.g. a

circular opening which 1is aligned-with the cross
er. 25 of contajner 11 .and

. section of cha \ sanpl ] )
Ut Ao EEROREY ptRITEGH AT BedRRALF P ok S5 ByRE 40 is
Ssanilve tdepasi bedequa X did ok9 approhaniie:l RRquAS. showhe inner
‘ 'b%ﬁaﬁb%erlgf EQ@,§§$§¥Q %5n%%§ﬂb?gehas edges 62, 63 '
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each of which forns an angle o . g. about 45
degrees with the plane where 18 foil 19 lies. This
shapetabtedy®si 62 . £3 al ldews rabedesthane e r@ffetrhace to
regi.on.t.hrough- whi ch the diffracted beam passes. 5
Mﬁgﬁggﬁés?rg?e519 is in the above-nentioned initia
position, the central axis of beam 24 and rotation _
?Hu&s?QatéaSSthkQQ%htmﬁepg@ﬁbﬁrbéﬂggﬁj&MﬁSH@abﬁlégmple

. rred e i ment .det ect or i.s a, moyabl e
oSSR oE (6 1 et RaRDAPePEOF EtpSdai MOHEh Ras e.g. a
devéépdrioal i side gtadtli dlarpd wheiektlors win clppeirespening.
portion of a spherical surface. In a preferred
e%bodi nt, of the bovg:described apparatus, 15 the
meafs £ BroWOUT iRy ARG 16UBEPFAT e AGtoNa Akt B8 FBr
efefibotingnia gbhtaatdaoplef coubsinat elll Wieoedmni ag fanl 19 is the
angkeowhi; g ¢§iﬁﬂy%%mbge050ﬁ£9§§?fpT%ﬁpcg%%%ggéctkgn shown
agother e1 odinent the rotation of substrate 1
cOVefs9an'° 26 &7fi® WHPeH PsPLeRe Bak 1340 t@efheerlane X7
| nnaRbg hel anbgediswnly theonghatheonafitsubst cabet2Qre
cayers,@hgangl e which is greater than 360 degrees.
25 EXEMPLE 3: SECOND EMBCDI MENT OF AN APPARATUS
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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»thé type
_shown in Figures 1-5 and which is transparenf 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 11. For this purpose, sample container 11, foil 19
and mountihg plate 61 are assembled together as shown by
Fig. 16.lMounting plate 61 has e.g. a circular opening which
is aligned_with the cross section of chiamber 25 of sample
container 11 and thereby allows passage of a beam diffracted
by a sample deposited on foil 19 in chamber 25. ZAs 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



THE I NVENTION Fig. 7 shows a schematic

cross-sectional view of the structure of a second
enbodi ment of an apparatus for 30 carrying out the
above described nethod. The cross-section shown by
Fig., 7 is taken along a plandsgparallel to the plane.
YZ in Fig. 1 and passing through the center of
substrate' el enent 19. The apparatus shown by Fig.

i L di% AA&Et oRt BrShaARE Hm5Peg&sChastt AlilPshen
C@ﬁmﬁi&m&nﬁf of heh@5rapipar athreudaselii ded rabeNe fvlatled beam
rg&i nce to Fig.- 6 and in addition conprises neans -
f fbcu5|ng X-ray beam 24, e.g. a Gernmanium (111)

nonochromator .23 located in the path of beam 19 24
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péasisofthgpuah spier¢eraier dur fodcsuBOt r&-EXEVPLE 4:
THI RD EMBODI MENT OF AN APPARATUS ACCORDI NG TO THE

ENTION Fi h t
ViBwtoP PREF Tt tTUR O o R SEHPF i brod AEFFEOF dAtector.

apparatus for carrying out the above descri bed

WQEhggotﬂg§ EFOPSr ALt SheWR A¥t e O j%'l% BaFggtlonary

% a plane parallel to the plane YZ'i g
a‘§§ AGOE nYdifgh 1R dehePo3tiLnnst raatsafaréﬁé t suggace.
The appar at us shown by Flg 8 conprises the

CQﬂpgnggé§eﬂéééﬁeﬁ4Ean r%%tQHEt§60ﬁ§§fsﬁgﬁgﬁébgpsaratus,

erence Mﬁth exce
dé@@cﬁ%?nslfp¥rﬂPYﬂﬁﬁxﬂﬁm@ﬁP §H6ﬁhr%ﬁﬁ x] gregadappged for

dehfeet;ain@omfcbts—ﬁsl@t dreasibsenet 8oVahl & dahgChar and2e which

VB NT OF AN APPARATUS
Aé&kf%ﬁgagaﬁb Eﬁngh eare§ shows a schenatic
Cr 0ss- sectlonal VIGM/Of the structure of a fourth
emhoﬂhﬂﬁﬂérQ&mﬁﬂiﬁﬂﬁﬁfQh@erQEtlon of substrate 19 covers an

angle which is less than 360 degrees.

In another embodiment the rotation of substrate 19 covera 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 out the above described method. The cross—section
shown by Flg 7 is taken along a plane parallel to the plane
YZ in Fig. 1 and passing through the center of substrate
element‘lQ;;The apparatus shown by Fig. 7 is a
diffractometer and comprises basically the components 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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25 carrying put the above described nmethod. The
cross-section shown by Fig. 9 is taken along a pl ane
parallel to the plane YZ in Fig.: 1 and passing

through the center of substrate elenment 19. The
appar atus shown by Fig. 9 has basically the

structure of the apparatus descri bed above with

reference to 30 Fig. 7. Adiffractoneter according

t 0?1 R PSiHERNe fosaY nEALT ce chipranse s ubkbrfbe | biwigich holds

Cott’l’pa)m%mtpaealtbaﬁgedna$y§@@\/\mﬂ rthElsgemb8dl§én@rbé%é%€’f)br 22 is
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b chafl Y8ECERIR IR () STPRREORTE oY spherical
d|$¥#%%¥bﬁ@ter, -20- a position sensitive detector

553 a shutter 42, a Soller slit 43,7 slits 45 and
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pasigti mnaﬁ@r%asfd;ih@gl dﬁ{ﬁséigc;f tthBSB)en%r @tﬁﬂisqfragt% element
Cc r S 1,ne ode wire )

pggFthﬁ §% ﬁ%?%%ﬂf%ﬁﬂ A ¥q E ng%ﬁﬁéfﬁnqqﬁ gomponents
s@gnEhe %ﬁ%ﬁrﬁcmmld@bmmbeé skgrentidi tdference to Fig.

fOCNStﬁgeﬁéﬁﬁﬁaﬁ%@%é hestedichir agh eth beans ASent shown by
ent.er endi cul ar .to the 20 counter surP
|n§§ ner aste F% %;Rﬁﬁnqqm%ﬂls@ﬁ|ﬁFe et one movable dEteCtor

Séémann- Bohl i n t echni ques.

EXEMPLE 5: FOURTH EMBODIMENT OF AN APPhRATUS ACCORDING TO
TEE INVENTION

Fig. 9 shows a schematic cross-—-sectional view of the
structure of a fourth embodiment. of an apparatus for
carrying out the above described method. The cross—section
shown by Fig. 9 is taken élong a plane parallel to the plane
Y7 in Fig. 1 and passing through the center of substrate
element 18. The apparatus shown by Fig. 9 has basically the
structure of the apparatus described above with reference to
Fig. 7.

A dlffractometer accordlng to’ thlS fourth embodlment
comprises the follow1ng components arranged as shown in Fig.
9:

an X-Ray tube 41,

‘a curved Germanium (111) monocromator_44 mounted on the

circumference 54 -of the diffractometer,
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The apparatus shown by Fig. 9 conprises

el ectro-nechani cal neans for positioning and noving
sanpl e hol ding substrate 25 47. The latter nmeans are
as described above for the enbodi ment described with
reference to Fig. 6. EXEMPLE- @0 SECOND EMBODI MENT OF
A METHOD ACCORDI NG TO THE | NVENTI ON 30 A second
enbodi ment of a method according to the invention

for tran®redsien Apdeltd vaydatiecteactBon analysis is
descrlbe@hbet@kna@;er wWth reference to Figures 1 to
5and O ? nF gog serves for transm ssion node
X-ray Fradtr %halysis of a plurality of
sanple§1bVSnéén€ndf46an appar at us conpri si ng an-X—ray

- sradiat |a08u§9‘e|£§€e247 afgh @ bl asdgt 86H0Te 22401

detectln f¥ radj a |on transnitted through and
dlffragt ; BB R 4%t rip shaped X-ray beam 24,

sanpl e layer 13, |ine, segnent 40 5 and tilting axis
ZTQ,%EQ Astgesghi fer Fi gures
i |O 10§sﬁgm£§gesc fERaE§§§é§3f3§£§}3® %%OVlded by

aﬁ‘péﬁé{t ggbef%ﬂr %%?f%lmﬁlrfg%% i §°§E%W%m%ﬁtﬂaéicaml X-
10 melyotieancd4 dilpch 10s tfoddred avendion. thﬂw@mi&a%ood With the

f
B L ISy R T e
s&phesatRl Pty 22N %Hh?tﬁﬁﬁée@7 e riaspeedi ve a circle

plsdnar smﬁﬁgaﬁ&eimrﬂls_lh%t@f: iR 101:8mealB! 5 about
hgbdgé gg. of subV te elengnts 19 is ada te
for %e|V|ng an ﬁ& 49881/ :%ﬁa“i§5Fr8ﬁsﬁaﬁﬁﬁﬁl°nary
15 t@uxveqda@oawatencm|sﬁnsmv(esz)atacsox| RHHaped Xetaytor 53
beamp2isds Henaral elcm\/ 52%@5@ Qﬁo@éﬂ u?&r_%aw @@' g&gf’qlon
PEE AT SLCLT A TCER
2550t S, T HE CEntFal 1ﬁ§r Pno? %Je%ﬁﬁez@egment which
.001n01des with a segment of the focu51ng circle 54 and the
diffracted beams 48 always enter perpendlcular to the |
20 counter surface in contrast to conventional Guinier or -

Seemann-Bohlin technigques.

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

embodiment described with reference to Fig. 6.

EXFMPLE 6: SECOND EMBODIMENT OF A METHOD ACCORDING TO THE
INVENTION |
30 | |
- A second embodiment of a method according to the invention
- for tranémission mode X-ray diffraction analysis is
déescribed herelnafter with reference to Figures 1 to 5 and
10. This method serves for transmission mode X-ray
35 diffraction analysis of a plurality of samples by means of
an apparatus comprising an X-ray radiation source 21 and a



extends along a plane, 25 (C2) a multiple-sanple

hol der 12 is placed in an apparatus conpri-sing
nmeans for noving and positioning rmultiple-sanple
hol der 12 so that a pre-selected substrate el ement
19 can be positioned in the pé?h of beam 24. \Wen 30
the pre-selected substrate elenent 19 is in that
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Sa@ipheeks 1i-6radi ated by said beam 24 (E2) the
foll owi ng novenents of said pre-selected 5 substrate
elenent 19 with respect to the above nentioned

i iigi-al Opebpvs om tdieersofiamembketied: viE2.d) aa - apparatus
I Glogt Eeﬂfgfsmiﬂf ’@ﬂn_es Sﬂfﬁﬁﬁ%n@% $heRl &« & SRk accordlng
ereby of 'the sa e around a rotation aX|s
. 28, FBRdIRBeR N 2) a t||t|ng of the pre-sel ected
substrate element 19 and thereby of the sanple

a@ggng I din le.T -~ .
whi ch 32?%%ségetﬁ§§%§3(%§ ?gtggprede g 3§Fuenventl°n
aﬁamﬁrée%%n@%r@ét%&%%e@e@ﬁl ue, and 15 (F2) X-ray
radiation transmtted through and diffracted by said

sanpl e dete ted d ti % over. whi ch

t he abo{/%2 5H§ lnﬁV@%eﬁ?gpge tﬂ%%ﬁ?€n§&W§89eﬁre placed
s9%5%?%ﬁ%ﬁqxﬁemnia@ﬁﬂe@weetra®eThbmabUMeJde$drabmdlt1p1e— .

‘meahoTe fhlflch:ﬁ:r 1czowmacie%fae@b¥%wgetaeeme%%*seﬁgegs adapted

stra
ray radlatlon,

r |at|on |t|on|n of re-sel ect

9 I%héﬁFP 1ngga samplergnd is transparent to X- -
(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, '

{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

the pre-selected substrate element 19 is in that 1n1t1al

p081tlon a sllce 27 ~(shown by Flg 3} of a volume element
13, which contalns .the sample, and thereby a slice of. the
sample itself is 1rrad1ated by bean 24,

(D2) a pre-selected substrate element 19 of said
multiple-sample holder 12 is positioned in an initial

pesition in which said sample lies in the path of sald beam



descri bed above under (D2) is effected by suitable.

25 translation and/or rotation novenents of

mul tiple-sanple holder 12 that bring that substrate
€l ement to the above- mentioned initial position. The
movenent s -descri bed above undgr (E2.1) and (E2.2) are
30 effected by correspondi ng novenents of _

mul ti pl e- sanple hol der 12. Substrat.e el ement 19 |s,
fdr andstandédca. Rl Prosaddfoinplvade ireadiabéd any XeRay beam.
tasgnsparent -plastic material, e.g_ Kapton(r) 35 (Du = -
Pont) or My ar(r) (Du Pont). 23 Substrate elenent 19

~.is preferably.also optically.  transparent, i.e.

10.

- hot.to

t ranspdEent the ﬁo@l@Wsmg%mmvsmamts AS shtﬂwpia#ééhyﬂﬂ%&
,ubét‘i‘ﬁ@eSe§HQ§Etai§ &l eel sk 208 tfe a]?ox;@%?e% Aa

|l e cont al ner

0
dOEAR eposiiloﬁhggﬁrﬁ%g %F%;eﬁfﬁﬁﬁﬁgndrlcal si de ‘wal | 5
18 and whi ctEhas) an mpEsricoperdi nhe ﬂ%ﬁkeﬁmﬁﬁsedteubgtrate

| ayer

-__%ﬁ%h&ﬁtdwsaﬂh%ﬁ@ré%%f%ﬁéﬁ%aﬁ@ gﬁgpgul}%ocaﬁo%ﬂ on axis --

shown in
.'%%e 3Bt t om of sanple cont ai ner 11 and on substrate-"
‘el errent 19. (Ad]2mea aligrEnty 53 tﬁedﬁﬁégs'@te%ied substrate .

%g@ﬁéﬂ@f igr a dswgh@:?eﬁfr@é q:hel %%%f)rl] e{;]ri{?ri\e(il Zaa%liﬁélgofmls

necessar occupy

\28| ang eveﬁemta%the aneleha-‘mhwhefgmqs heswslee a first.
peptiat8ehiddd hasl de SHHATRE ek KIS prd@e WL hd S value, and

15

per pendi cul'ar to substrate elenment 19:and which

‘passes through the center 17 of substrate el ement. 19 .

and t hfdughrtate washitadriot toknehét upperhopeni ngdof

A"&@H’ﬂrﬁce@dC@ﬁtﬁai@rsahﬁjleASsS@@W@e@¥dFerfgs al’t:l_mé ?ngrval |
gﬁeferr d enbodi, nent rotation-axrs
00|nC| e

wth THE %ﬁﬁfﬂiﬁ"}?@&xf“gvi‘sewfs %farﬁﬁ]eepre selected

'ééh@eree¢ 13,285 offected.
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The above descrlbed method further compr:Lses analyzrng the -

fdetected radiation.

The posrtlonlng of the pre- selected substrate element 19
descrlbed above under (DZ) is effected by su:rtable

_'translat:!_on and/ox rotatlon movements of. multiple- sample _
‘holder 12 -that bring that substrate element to the above—-
,mentlened initial pOS1tJ.on. :

L The movements described above under (E2 1) and (E2. 2) are
30 - |

effected by correspondlng movements of multlple -sample’

_holder 12, -

rSubstrate element 19 1s for J_nstance a wall or a fo:Ll made

e.g. of an X- Ray. transparent plastle materlal, e.qg. Kapton®.'--
(Du Pont) or Mylar@ (Du Pont) o



As shown by Fig. 5, the tilting angle T is the angle
that rotation axis 29 forns with the plane through
which the central part of beam 24 extends. 30 As _
shown by Figures 1 to 5, tilting axis 28 liies in the-
pl ane through which the centrad3 part of beam 24

- extends and is perpendicular to rot ation axis-29.

hown .i n parti Fi gur es 4 and. 5
ORI R B Rttty Siad ol cay
cémasaireddnplie el aypandiB rents don vasppbé eradichtion.

' _errbodi“ment t he tiIting of substrate elenent 19 .
' caver It|n glthha varbes ‘bet ween a
z‘é’ zer

itk o' Bt medy §tfﬂ%e|‘?'ﬂec“leé‘tt'19 is e.g.

5 pddist |pdram@ftf QQbSDmaWelllgaf aamhpelepnedeaeﬁem ned guablfea sample-
fg&ﬁﬁ&%ﬁn%&aﬁlzeﬁﬁrcﬁ s 10, d%gr grft%f]éade wall 18 and

tin

d enbodi nent the rot atlon an
'nﬂ@éﬁén?‘?s ‘Bf* UBBET rR T E%ment 19 are perfor med -

si nul t aneousl y and continuously. In another

ipﬁ%@e%%ﬁgl%”@@dbgegﬂaIJEe&'l§'dﬂgcgavfﬂﬁgnv&1 giglement 13
10”

ate el enment 19, i's perforned st.epw se an

aH: ofts £ 8Y”éotnc%'r|]nglsa SpPedét E‘i‘h‘i‘ ey Sfot@FpbAd at the’

| a@g»rteomso,ﬁes&mphedcoﬁmlrea:cmt iahtii ag Sﬂzﬂrra@eb%léﬁéﬁt 19.

eb%ﬁﬁﬁk l?eﬁén@rfﬁe{§u3ééf%dytﬁﬁaﬁe¥@4Aaf¥erf%}60 as’ sample o

enbodi nent the rotation axi's

) erred
cgﬁwgdié WPENSTPRLS FififettF AXPE AGE greceawpirély occupy the

- centaipervolime | of anotihier eireekearr 2d. embodi ment the -

15 ,
whEnSPRED | BY t Bt ot r?at“ﬁ’éeaﬁs%alﬁehtliloﬁ’@é pnEyimetry axis’

central axis of beam 24 20 and rotation axis 29 pass
t hrough the center 17 of planar - substrate el ement 19

pd§i whboh L8 wpeyreidraad reneodiuebiatdesleadnat i 9Nand whick -

—sgaggasZ%haagg@%ﬁé%e%%rbﬁang%“ LA LI0ALK AN ang

- 20

25

supstrate el enent resp ec
22 rough the center 16 of the upper openrng of sample

contalner 11
‘As shown by Figures 1,. 4 and.5, in a preferred embodlment
rotatlon axis-29 c01nc1des Wlth the symmetry axis 15 of

' sample contalner 11.

As shown by Fig. 5, the tilting ‘angle T is the angle that o

5_rotatlon axis 29 forms with the plane through which the

1.30

35

central part of beam 24 extends.

As -shown by.Figuresll'to 5, tlltlng axis 28 lies in the . f
plane through which the central part of beam 24 extends and
s perpendlcular to rotatlon axis. 29 BAs.shown in partlcular
_by Figures 2 4 .and.5§ tlltlng axrs 28 passes preferably
_through the center of sample layer 13

In .a- preferred embodlment the tlltlng of substrate element
19 covers a tilting angle T that varies ‘between a tilting



In a preferred enbodi nent the rotation of substrate

19 covers an angle which is equal to or close to 360
degrees. 30 In another enbodi ment the rotation of
‘substrate 19 covers an angle. which is |ess than 360
degrees. In another enbodi nent24 ke rotation of

-substrate 19- covers an 35 angle which is greater

than 360 degrees. 25 EXEMPLE 7: FOURTH EMBODI MENT CF
ANPRPPARATIS I8EEOREI NG Tty T LRIVERTL D\ Fi @f sMbstrate 19
shang @ mehenRtindnpar 8PS igreateeW Bhn afe 8PP LU0 5
acgors ‘to the invention for performng

transni ssion nmode X-ray diffraction analysis of a
plurality of sanples. This apparatus .conprises an
5X-ImYya rpa@fetrlrea ealdb@gne?ﬂt tthh%t rBEOVEG8Sanl r@m&%@%%%ements
fo |Q&% X ;8 sagpi detector. 22 f

detectitig ﬁ Fag radr oﬁ”f%PFF£ﬁ§W? t%tP”%R?WQﬂqﬁ&éhand
anepfiifogstied by the sanple. The apparatus shown by

Fig 10 conprises: an X-ray radiation source 21 which

st.ri p-shaped X-ray beam 24

adapted to rovi
thé1 caé’r?t EISF par eﬁte‘gse%ﬂdéﬁ‘e tEh%lstJaJr‘bHﬁJ AqyeEREtast
10 shrowastiratBi glemsnt, 12,is4 rendorhedas tegbii g %—n&ﬁﬁpketatlon .
thﬂﬁeo%ZchﬂéEDn&0&¢%&§H§}e§ml9 Hr§$t Q& trateerformed

- el enments_ 19 each I's adapte rece Vi ﬁ
an@®th&rap Pngtat2¢pteeRo be anal yzed. Each of 20 sald
substrate elenents 19 is transparent to X-ray-

r%ﬁ%@EFQEe gigﬁ ﬂ?“ﬁf@%ﬁb%% n??@?? %éﬁ% OSItlgﬁpPg %011

pre sel ected rate e
5 hol der 12 and thereby a sanpl e placed on 25 that

ekanenprEﬂef&Edr&ﬁbdﬁlﬂ@%ﬁ'Eh@nrbfbﬁ!Bdﬁhﬁﬂ@eZ@a@Bhﬁcides
hﬁ%h £E the th 0f3§9H$ gan124 and a slice 27"
( shown %§5 el of nﬁa%?%ﬁnﬁﬂnFﬁéneﬁh|&h
cont ai ns the sanple and |
In another preferred embodiment the central axis of beam 24
20 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
25 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
covers an angle which is equal to or close to 360 degrees.
300 ' |
In another embodlment the rotation of substrate 19 covers an

- angle whlch is less than 360 degrees

In another embodiment the rotation of substrate 19 covers an

35 angle which is greater than 360 degrees.
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s

- conpri se_e,_qg.

thereby a slice of -the sanple itself is irradiated by
beam 24, and 30 effecting the foll ow ng novenents
of the pre- selected substrate elenent 19 with
respect to the above nentioned initial position
thereof: - a rotation of the"p?%-selected substrate
el ement 19 and thereby of the sanple around a

r okatiPhE axi SForkerm IMebb ﬂEitt? @ﬁrp&egﬂbg@x stﬁcé&%xm TO

pr@Hﬁ ed substrate e enent sal
cove Btet er mi ned r ot at’i on angl e, and 26 - a
tiItlng of the pre-sel ected substrate elenent: 19 and

e e "Bare P Ul o dparatus
> eTir O iag éﬁd§h§ndn\ﬁﬁﬂéhom sfcﬁerpﬁerfdmuhartr@nsmssmn node

roxmapm@mcslaa asaigsis|dt ragpqm_fstwg AT f& This
(%Eear that v E;!l%% bet en aaéi:% %I ng e ze
def’ nedﬁtby said inrtial plbasX t fo a?%lu’s%s%lr aﬁh@t
el RFRSHter0 Xgiayabprudat ef on ruerdrad\laltuagga esdesid ham a
Z&fdl:.eca:m Q2d§b§CH@Ee@@1rﬁ ry-detec rad atl;e
101Q:ht1r m ttjﬁg (F,Er oug at;é d|f ag?gg ﬁf/ﬁt (Se%ganﬁml ted
dur 1 1ig a Farvat &hWIaEIH €he above

menti oned novenents of the substrate elenent 19 are

\ eﬁﬂh@cta t ed e hani cal - neans
/ Bardbes ag)gy@nr@)g B 1%0()';:8&%%9%‘&?}9 and tilting

mul ti pl 82 sAnfi% Jﬁtﬂ*b@efrlortfouffae & feltigmg o helapted to
abovgidensi sm:enpm\/@mnmra&sbshﬁmm byhe FdéhtrJaQ L part of

t ahhen3dx l.e.support fr
to a‘rlﬁaegp%e{':é)!?rzgértI‘??r ec%é{/rﬁ)\r%a%an F%T%g”h&lnequtﬂeé:’ sarrﬁte‘4 and.

h Fder 12, a guide rail 72 oriented in X-direction,
a gw dea rtatltﬁﬁe?—(‘aaik’(pl%ﬂﬁt@)ddbﬂ Y2 diHiQGH i ﬂS% :
al on

ort fra 1 on table ,
gU| g£§li 5(522'S andt S SSFUEL F/et% oL phdrat s agapted
shBinT¢¢e iy Bnd hralsénacenprinsbs tedrs anallyzed. Each of

20 resadinghdakle Thous 1ot abi 0P 2R W G ks

radiation,
electromechanical-means for
positioning a pre-selected substrate element of
- multiple-sample holder 12 and thereby a sample placed on
4) 25 that element in an initial position in which the- sample lieg
in the path of said beam 24 and a slice 27 ({(shown by Fig. 3)
of a volume element 13, whlch contains the sample, and
thereby a slice of the sample itself is irradiated by beam.
24, and
30 effecting the following movements of the pre-
selected substrate element 19 with respect to the above '
. mentloned initial pOSlthﬂ thereof _
~ a rotation of the pre-selected substrate
element 19 and thereby of the sample around a rotation axis
35 29 which is perpendicular to the pre- selected,substrate

element, said rotation covering a predetermined rotation
angle, and



\;/

perpendicular to the table 31. These neans i ncl ude
not or and 25 nmechani cal transm ssion nmeans which are
not shown in detail in Fig. 10. The apparatus shown
in Fig. 10 further .conprises_ élting nmeans for
tilting table 31 about tiI.ting5 Xis 28. These
tilting neans conprise a support franme 81 which

Carries tabl e-33 @E@tl@@ @§Sﬁﬁ4§EgdsQF@5§eé(§ubs rate
%fé %fl% 3% rounq:the rotati ng ax
lcal FrehSRATFRY FPY %@an@éﬁpéFPuWa@retBlltll@ axis
ro?%t@ﬁﬂqh Adest ed ohespp@métﬁhﬁﬁ&gandh188 th@neb®ral part of
nDEéHmfb% %&Qeﬁ@ghﬁﬁhcéﬁléﬁaﬂ§3% ﬁ%ggigtgantg ggtéiion axis

2grllovvto rotatate support out “axi's
e FedtARgI EORRE R het dBy tiBInpEsty T Hehat Ivsimigs
anlgttevem‘n 35ttiabliag3dng2y zdifo tdagimethe Q&il“d)rﬂ'lﬁﬁatlo
t ti,en n 0 ura

rﬁ%éﬂtfﬂﬁ b9 sé?? Qﬁbé%%it g%%npagrfﬁz % Qﬁ%q¥term1ned

es on e- sa
#%iqﬁ @6ﬁﬁ5?ﬁe€h@% é@%@mgﬁéisanple contai ner 11, the
appar at usdeegeisedz 4 OfoﬂJQfétTelcQﬂhagx F& %alcfl%tél%ql

' | h | |
10, bt D8RG SRR B o e epano o

cdiigi ABEehvrHepver nﬁuezid tofe aabve Bdntainthed movements of

elteel BabFEENEd SAINdMANS 0k oPPSLidpNi NG, rotating

and tilting the sanmple holder. 10 Miltipl e-sanple

hol der 12 conprises e.g. a matrix array of holes

adapt é@o’f’@rm¢rénmnﬂd1@lree&membbh&nmwn%aﬁwlk@kn@@ﬁﬁe161 g. a

15 i tBBSﬂengltP&r %Vaecl%s 5'db%‘_%%§%£<gbove J_?thbsatTrg £®holder 12

el enen% 19 1s e.qg. escn
r &PEr ShESCH P ThR @?Werﬁ‘estl%%%tm%{e@eéﬂt@neﬂﬁ $Bows by

pFéfer ad) ytabls @larcomplrhi see éomdwabl%ﬂb%tp&a%tr% %h:ﬁfi(@nh which
195|§d§b§bdtf3%‘yé%gi lggp%881%%ﬂél%%mefflp%ﬁ éggﬁég holder

C? t ai ner, . e con
5 3 QW %&railéalnsroé‘éewaﬁﬁ 118 v nelvitdbnhas gnide rail 73

20 uppE@ntéﬂNmﬁ Hgdlﬁécﬁhbﬁad¥n§Q&ﬂ&hQEQdW thEﬁ%eB &rt Frame

25

30 .

35

t @4 Fi n_the 5 enbodl nt shown
1815?@|p-s apeda%ong ggéé and 73 respectlvely 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 motor and
mechanical transm1531on 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 rotating table
31 around the rotating axis. As schematically shown in Fig.
10, support frame 81. is rotatably mounted on supports 82 and
-83, and a motor 84 and mechanical transmission elements 85
and 86 allow to rotatate support frame 81 about axis 29 of a
desired angle gnd thereby to modify the tilting angle of
table 31.
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illTumnates a line segnent 40 which is oriented in
the direction of tilting axis 28. Line segnent 40
preferably coincides with tilting axis 28 and
ext ends between points A and B shown. in Figures 1,
2 and 3. 30 .In a preferred-e#bodi nent the |l ength of
line segment 40 is adjusted to be equal to or
approxi mately equal to the inner dianmeter of the
EE‘p ecre;?vﬁ%%érccogsilmeﬁos%%t%‘te@w@wéﬁt ngy perigymed on
thepahnwrawynﬁamyuyi oni &i Allt polsitdamplet heleent1a) but on a
axi r,o hy ou
CReR e STy o diloar Fardcg SR FyrRatggh ] £ ohe
pPEP%?%%Rﬁeﬁﬁﬁﬂ%ﬁ%@nﬁoéePééiEﬁOQEPQG;ﬁ?tﬁﬁvaﬁlénd tlltlng the
dEﬁ.ﬁ@I@rsamﬂlré Hweichehepr € eht el @mg@rmﬁhndeh@%ﬁ
Zée cri ec# as}}:! Qvnar¥1 2 get ecéé)ra V\'hamC e ¢ aln r hold
por ion 0 SO EPMBhFT RSt 9P prePE % oLaet
ehbothaemt dffaktuqfe 3abeve- aé@@trwm@amﬁu@eanﬁ heor

nBagst i APVidg 23aRBl endUPSI¢ AP 19l BAb149h81 Ger.
adapted for effecting a rotation of substrate

el enment 19 covering an 10 angle which is equal to or

clobtel ple-360rdegheéder| h2 anotders esnisodi. mennat hiex array of
rRbALd %aqite%v%t r %@egbgﬂweé&cﬁ%e%é ?@ea@&kﬁlnm 11

ich is_ l'ess than 360, degr ees. ano
bididrdhte BReVEof§EFoRPS %%éqtr”aﬁee el ement 19
covers an angle which is greater than 360 degrees.

s tsteried enhodi gunt shown Lo 8104t b ogpnaral s

er conprises mneans ocusi ng ray
(?%FGQ?DQKN¥bﬁHﬁﬁFaﬁ1@11&)5nnnochronator 23 Iocated
in the path of beam 24 and between X-ray source 21

¥ | 9_whi_ch_hol d
e R el e A s S bt BT e Brla -ehpon Horie

t he radlatlon sour ce 21 and 25 thereby beam 24 are

- s$atdtanaky e@@&eﬁteigehg%e@ Srsmast;ﬂ%%r sb@e&atw P of

nove th respect to be SUREME SULTS
R S B o BNENTS B AT S SR A R TFODL AN LCh has

@IEL\RATQSlA@@@DBNGSI@TWEI NMENFJONhich has an upper

opening.

As already described with reference to Figures 1-4, in the
embodiment shown by Fig. 10 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
coincides with tilting axis 28 and extends between points A

and B shown. in Flgures 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 con talner

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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30 The inprovenent obtained with the nethods and
apparatuses according to the. invention can be
appreci ated fromthe X- ray-diffractograns shown by
Figures 11 to 15. These are diffractograns obtained
for one of the same conpound ¥fder 35 different
measurenent conditions. In Figures 11-15 the
vertical axis shows a paraneter corresponding to the
-29 intensity of the diffracted beamin arbitrary

uAnt ¢ pPfabbresd atbdimen)t. dAsebasers?2% drs evabuablagdetector.

t he inprovenent of the neasuring 5 results with the
t hods a ratus according to the |nvent|on
TRe' RBphehcer GRa L oGP WA HSF 17y 221 1 Suasstationary
oUE&enEdrbwhn@aSMMﬁngnaaS@mmtéonnopomdgﬂmﬂ@caﬂ surface.
contained in a capillary tube. The diffractograns
shown by Figures 12 to 15 were obtained for one and
t hB 2aREcSahte WiPodiacasnpduhbe 18P hERrideg crhbed apparatus,
dtﬁéraea@gram S\i’tﬁkfiﬂlgbﬁaﬁpgw euhitrdtgwienthtshowsranadapted
XfE?yeQF % OQxR%E&%Eno%h ﬁg ??gagﬁﬂ%ment rgggg}lng an
for eva uali'ty of raction pat ns
oBRal Aedh iFh hlsdlefqué‘r efP ﬁét FbEge 1% Hy deﬂzeghows an
X-ray diffraction pattern obtalned with a statlonary

srm Conpar.ed, . w t h edl ac of Fi

e PRSP teLge SotabEShud Th8emaki rudte 10
p@fak%r@fan aticalts mhlahdlsoﬂresef thm%cpewgsehave
intensities 20 which are disproportionately strong
Fig. 13 shows an X-ray |ffractlon attern obtaine
o E B A T o SPBAC 580 HoqrPeerate | muctaRE 19
deteets am aginglichehiatdi abi gnedi&fradctreBddy dagsaapl e,
but that is not 25 tilted Conpared with the

di ffractogram of Fiqg. t he dlffractogran1of Fig
15" 172 0P RSB (A lﬁ‘ﬁPE ANPYR otk i 9 pddk shef appatatus
r faghi e & 10 M onfpuiti seGt maanERAYrasothiei iEBIreRCBean 24, e.q. a

?(be%éartﬁ%g% rﬁml?f hgch}&mag&g ﬁ?eléé‘gt%%s Exythe path of beam
and between 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 ars

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



the peaks in Fig. 13 differ fromthe intensity
relationship 30 of the peaks in the reference

di ffractogramof Fig. 11. Fig. 14 shows an X-ray
diffraction pattern obtained - according to the
invention - with a sanple that29s tilted over a
certain tilting angIe and rotated 360 degrees during

he det ectl e rad tion diffracted by a
enSJ%r 8&%56%% G FRdf P bFRBF UHite

.dlfﬁbbﬁﬁwyyﬁadrsOu terrespond closely to those of the
rpeaks of the reference diffractogramof Fig. 11.

Qus for. the, purpose of conpari.son 3 X-ray’

Fi sh
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l%xﬁkkﬁh%%d %h hrefeféﬁgéQHQﬁ%a%gggkgm s:%ﬁ{f%P?Hg 11 was

ogﬁfntlon of ract ogr am
e e oﬁyp%?%%rﬁl?% ¥ FEmpdst ép B©W¢¢@ forf jopntained in a

obtegiinéd ryhenbé heTISQFﬂDiﬁxta&:t@@rﬁméO%F&Erﬁdrwt%r.@%tres 12 to 15
tHJH%ﬂ sy as for the ention

e Obgggkracﬁggrgﬁgo cﬁq%e fgmet%%m éﬁpﬁ%e compound
d.hrarfﬂa@t FoR phfferrtear (jhol@ by Bmlwme;u Mmith 15 a
sanple that is rotated and tilted durlng t he

t as for,the o nt i
GERPHEETSE anely 2y, ACEROREOR Rt sdich serves as
efBoarfene sfof atmluatiant ithe havbibeert ddsesichedn patterns
UsbBE:i SRECH 11 di8f MrertUGR cBSEr I Ption is for 20
illustrative purposes only, and it is to be
understood that changes and vari ations may be made

wFitiout 2 depars ismg X¥mam dilféraptiot g&t@@p@b@ﬁlhe@ with a
kahQYbﬁEk§”§aﬂEie 3%onrgggpn§1%h éhén§l fg%ggsﬁm of Fig.

.t nsm ssi on -ra fracti on
|*éh%;ﬂlnfe%ﬁ?§tc9rgram &5parat us2 claﬁﬁarnmhngeaﬁ dsffracted

' xpé@}ys radli ratdian iseuneel Sbhat Pr ovhses I:Qé'ark%)’h'a@g' #hidkities

which are disproportionately strong.

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‘
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 relatienship
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 tllted
over a certain tlltlng angle and rotated 360 degrees during
the detection of the radiation diffracted by a sample. The
diffracted peaks of radiation of this diffractogram
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for irradiating said sanple and a detector for

detecting X-ray radiation transmtted through and

diffracted by said sanple, said nmethod conpri sing

(a) placing a sanple to be anal yzed on a substrate

10 which is adapted for receiiong and hol di ng said

sanple, said substrate being transparent to X—ray

radi ation, (b) generating by means of an X- Ray

r SOTEEPBANG ovkeEe 1y st ipsehapehX-ReRkhedmthRereference

centtrabcpagtawfof Wigh 1@xt ends al ong a pl ane, 15 (c) '

positioning said substrate and thereby said sanple

inan initial position in which said sanple lies in

t iégpalh shewsafer bdemparpoacspf ceomnsfasiaicd Sakprayis

i i adi-atedo®YpHal &ReYPtinkd) uﬁcﬁélecﬂiﬂengfotltl%w1ng

fg%lﬁm@n novenents of the substrate 20 wi.th respect
Pis Ve mentioned initial position thereof:

(d. IBhea Lopeat dofifokcsadn mafsinmatie &hd. theremptefined with

Sai gt SA Pk £ Ar O A& JOtRL OReaXh SerrMULRA $he
pg@gfndlcular to_said s%bstrate said rotation
c

FAgt 9o fledetder nimed rotation angle, and
(d. iheadufﬁtangloﬁ pamtbsmbﬁiﬁﬂkﬁcﬁﬂﬂert@ErEﬂy afs is

S@bgaﬁﬁgﬁﬂﬁﬁ s engh t&ggﬁgf§s %E%Y%EtaHOE iti

angl e defln let rotation

f BFFER G B %a&%%ttfhﬁéuéﬁrm?: r?bttt‘?élté@ﬁt Pl tl:v,@

pai f fofctsaj thnbeamrgxt.ends, said t||t|ng aX|s Iy|ng in

sai I hro e ntra of S

bea %Fgegpé %s&aﬁgp%ﬁﬁhOAj éﬂﬁﬁhg'éulgr a4 © Bilined with
r dt BTOYE st d&- Goﬁﬁﬁﬁﬂngn@oVEﬁﬁﬁﬁ;dynﬂmﬂtthg gy Erement,

that fomries odteinvaen a:f tﬁétdpfﬁﬁaaitﬁ{gma&e@fvﬁi ye pnd
a second 35 predeterm ned val ue (e) detecting

Wth said detector X-ray radiation transmtted
t ¥ Oigtvhand pdieffferaetie dmbydsmeuit s arfpltdeddnivagt #fon have been

described using specific terms, such description is for
illus’trati’vé purposes only, and it is to be understood that
changes and variations may be made without depaftigg from
the spirit or scope of the following claims.
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31 32 tinme interval over which the above nentioned
novenents of the substrate are effected. 2. A nethod
according to claim1, wherein said rotation and 5
tilting novenents of said subsBlate are perforned
si mul t aneously and continuously. 3. A nethod
carding to claim1, wherein said tilting novenent
M—d substrate is perforned stepwise and a 10
rotation thereof covering a predeterm ned rzt a;\l on
le Ls rformed for_each tilting step. 4. _ '
ar%g? hgdﬁac%?&%& tng%nyt5?n%1“éFﬁéO§} t Bode whersiyn diffraction
saiad ysubstafat® ssmplpl byameﬁﬂiﬁtdﬁlﬁtﬁ éﬁpéra?;hgehﬁﬁgrising an
rdi : jms 1 to er el, e L
gig%t%rygll P%?(%gtggxsgoc}%%am and s%}il%tréjtré’f"ilglﬁsax}?éray radiation
s tiHruER tHeg ceprbd obaggile plamar substtateor for
weerdtthed attely iSadihsald t?hﬁbﬁk}@%ﬁ'%hg§ﬁgﬁoaﬁd éiffracted
thod according to any of claims 1'to 5, rei
ge i 240 iPARIT s Gl ict e hadt FeRRFYSiZg A met hod

accor di(ag tpl;adgyn@f | ghipid teo Gbe}""@rﬁmoﬁiﬁzheﬁ?goﬁ:g%alsubstrate
rotation of .substrate covers an, angle IC S )

to or " lggle t% aa‘%:l‘?afueecbr Es. TBCCAVEEhBB abedfdnag SRad sample,
amy dofs ublsginag el Heo. 16 nM&n&@@reﬁaiﬂo%%tﬁﬁyoﬁ?ﬁfat%%%,

substr ngl.e _which i ess than, 36( .
degree&s%.b%.cg%é:%rrlzefiﬁ%hd@a%korm|ar1%8t8%aﬁ§‘34‘ Yaj hgdyatpon source
6, wheteiStriguithanndt Xorragf bebstrate caverscantral part of

angla whicehdss s 1RALLL tHan 360 degrees. 35 10. A
nmet hod accordi,r?g tn(?aam}p of claims 1 to 9, wherein

sai d X\FayPE&dmhianing riaties aubshsategapdt thhiehy said sample
in an initial pesition in which said sample lies in the path
of said beam and a slice of said ‘sample is

irradiated by said beam :

(d} effecting the following movements of the substrate

with respect to the above mentioned initial position
thereof: '

{d.1) a rotation of said substrate and
thereby of said sample around -a rotation axis which is
perpendicular to said substrate, said rotation covering a
predetermined rotation angle, and

(d.2) a tilting of said substrate and
thereby of said sample around a tilting axis and over a
tilting angle defined as the angle that said rotation
axis forms with said plane through which the central
part of said beam extends, Said tilting axis lying in

sald plane through which the central part of said beam
extends and being perpendicular to said rotation axis ;
sald tilting covering a tilting angle '~ that varies
between a first predetermined value and a second
predetermined value, and

(e} detecting with said detector X-ray radiation

transmitted through and diffracted by said sample during a

31
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substantially lies in said tilting axis 32 33 1 1. A

nmet hod according to claim 10, wherein said substrate

is the bottomwall of a sanple container, and wherein

the length of the line segnen£?is adjusted to be

equal to 5 or approximtely equal to the inner

%I .anmeter, of the sanpl e&lconttg{ ner. 12. An apparatus

OIS r HASTY 53t oRVitdde B TRy TR fRRRYT oReN&ARPPS dugfements of
ahsamllest rsaied apparataussfifetudiing an X-Ray 10

radi ation source that provides X-ray radiation for
irradiating said sanple and a detector for detecting

% Faynectaere tdamgntot ed aiw cughwiamde i f §aadt edtation ana
By 158 SRR ai pRrarat u i ng (a)

X- Rgfllr%adl at i %)n%ng%ur %é{ﬁ %?ICQI i ss,sug) apt e% 8P performed
SRGW e e tsrlivp 28 Kh sl DU BEEm t he central part of

whi ch extends along a plane, (b) a substrate which is

gdap edf recei Vi C?J;{{and hol m,_asanplet,o be o
ral g}zeIH %‘f{d% @ B8 n§atfandpardiirein XSedy  tilting

radicatdron oi?()sa(n:) ﬁﬁ}aﬁﬁréﬁé po&tu@lmﬁﬂm@bd stepw:l_se and a

ate sal d _sa itia
%%% i'on |Lr£1Hé sal Sdnpl é’r?ﬁ?cgestﬁ]ﬁmtr}?éfpp%‘ﬁ@%]fon angle is
Paird e died @asih de. lofimai gite@npl e is irradiated by
said beam (d) neans for effecting the foll ow ng
novenments of the 25 substrate with respect to the
dbove Aerftdigidl RAFErEALNIpds?t poN: qfd.¢)akms ofatticon3, wherein
ofaisnighishsiveat e and s thesehyaef ss8idrsappl e around
a rotation axis which is perpendicular to said
substrate, said rotation covering a 30 predetermn ned

150t at i on rendie] andor@dnd) 1ﬁot ahtyl RCE Oc‘Els§3iﬂlrh§i 1 to 4, wherein

st d_.ther ] sa l e ar gun
??il%§$§§$£ ?Chcﬁpysald al 8 sald rotation axis
pass through the center of said planar substrate

when the latter is in said initial position.

6. A method according to any of claims 1 to 5, wherein
said radiation source is stationary.

7. A method according to any of claims 1 to 6, wherein
said rotation of substrate covers an angle which is
equal to or close to 360 degrees.

8. A method according to any of claims 1 to 6, wherein
sald rotation of substrate covers an angle which is
less than 360 degrees. '

9. A method according to any of claims 1 to 6, wherein
said rotation of substrate covers an angle which is
greater than 360 degrees.

10. A method according to any of claims 1 to 9, wherein
sald X-ray beam illuminates a line segment which

substantially lies in said tilting axis
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in said plane through which the central part of said
beam ext ends and which is perpendicular to said
rotation 35 axis , said tilting covering a tilting
angle that varies between a ti3ting angle zero
defined by said initial position of said substrate
and a predeterm ned value greater than zero, and 33
34 (e) a detector for detecting X-ray radiation

1T ansm thechbsar augh randqdichf r"\?ﬁﬁﬂ 1tttyh S@E’&éﬁ MLid substrate
dur i tine interv over iC e above .

h%nFE%nz)é’%S%n%ﬁﬁz &?tJ T h8=8Ist reft’et atec®f f @efledhegein the
1Sog#im appahat Uusieecsedinagtt o cl aiig 12djubes8i RoS@ed equal to

b . | ar_supstrate.. 14. .apparatu
SEoaPhERE ba et AT URS, B e B1ARERGF ©F the sampie
gPbsriage- is the bottomwall of a sanple container
15. An apparatus according to claim 14, wherein the
width of said sanple container is approximtely
tqual A BREATEEUS JERT oft ISR DETign beade 16-ray diffraction
appBy 814s accar dsBgpt e, anya 0h Adghd®adidst Anlanding an X-Ray
wherein the central axis of said beam and sai d o
¥%‘§Ja?F’o?P aX'E Pass t hr oddh t h&@ TS oF~§aivd prakarion for
20rsdibst ing esuhansthelkather d ddiesaid initigdr detecting x-

ition.. .17, arat u cording tg any. of )
BRS) el il o CRQRRRAE RSB rand) 8 o by satd
danebe orsald dgpasntapparapus sogprding to any of
claims 2 1,0 QﬁRaymggﬁgb%i%?iqxgﬁkﬁgtor'?%ﬁ%cq %f adapted to

stationary detector which les I'n a portion ©
BpFetieat” stirfigceshaped AR-appataans accor thagceotany part of

Wi ich aémseﬂc]gst Qléfﬁg sapdand0 applar at ;Jsdf urt hﬂ]e h
conprising first focusing neans | ocated in o
ofngaiég&:Pays AT Ah8 bet weeld&hd isoup@apted for receiving

and holding a sample to be analyzed, said substrate being
transparent to X-ray radiation,

{c) means for positioning said substrate and
thereby said sample in an initial position in which said
sample lies in the path of said beam and .a slice
of said sample is irradiated by said beam :

(d) means for effecting the following movements of the

substrate with respect to the above mentioned initial
position:

{d.1) a rotation of said substrate and
thereby of said sample around a rotation axis which is

"perpendicular to said substrate, said rotation covering a

predetermined rotation angle, and
(d.2) a +tilting of said substrate and
thereby of said sample around a tilting axis which lies

in said plane through which the central part of said beam

extends and which is perpendicular to said rotation
axis » said tilting covering a tilting angle that
varies between a tilting angle zero defined by said initial
position of said substrate and a predetermined value

greater than zero, and

33
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and said sanpl e substrate 20. An apparatus according
to any of clains 12 to 19, 35 wherein said radiation
source is stationary. 34 35 21. An apparatus
according to any of clains IQZ¥%'2O wherei n said
rotati on covers an angle which is equal to or close

to 360 grees An apparatus cording to any
of cIa|%§ Eﬁﬁ%oﬁmereln £&d ?G%QFFbﬁgcd%eF@Yanradlatlo1
'@r@h%mmteﬁ |t$1rlcesﬂl tdhah b0frdegrdedy Zhidnsample during a
@gpgrah%% gor di. y clai 12 to. 20, . 10

wher ei n sai rota??ohﬁgg€Er§£%nagﬁ§%eIﬁﬁnt }Pifgd movements of
YreatePsthanRe 360 degreesfegaedan apparatus according

to any of clainms 19 to 23; wherein said focusing
g;ans focus said X-ray beamin a 15 |ine segnent

i ch BubstRINEFAFFy | #6SCTH-84) dtei I¢laln akis 28hepmin said

appar phts accor disng pboaekai @udd: reherein the |ength

of the Iine segnent is adjusted to be equal to or 20
approximately equal to the inner dianeter of the
%anpleAHCOﬂmaanetus26ac®@r@bdgfototr@hanmssibn Melgerein  said

Iéﬁﬁrdbh F%&%E%p ana|¥§|§gﬁi goptgﬁa é.Of sangles sample

y nmeans of an apparat us
FalFatP®h souree and a detector for detectlng X—ray
radlatlon transmtted through and dlffracted by said

sai d nmet hod conpr|S|n La pl aci ng
%?ur I y3BPAE ArHIEe S 40 I Dshal Y ze R bR 1ﬂesp@@ﬁ$ﬂ@ the width

aﬂbshiatea&b&mﬂﬁdhﬂﬁlﬁtﬁanp|e DQ'Q@bréQlﬁlely equal to the
d@hat nga geans gf an X-Ray radiation source

r|p (S ape rgﬁyb St he central part of mhlch
extends along a plane, (c) placing said sanple hol der

18.an APPafAtUS tus according to any of claims 12 to 15,
wherein the central axis of said beam and said rotation
axis pass through the center of said  planar

substrate when the latter is in said initial position.

17. An apparatus according to any of claims 12 to 1s,

wherein said detector is a movable detector.

18. An apparatus according to any of claims 12 to 16,
wherein said detector is a staticnary detector which

lies in a portion of a spherical surface.

19. An apparatus according to any of claims 12 to 18, said
apparatus further comprising first focusing means located ‘in
the path of said X-ray beam and between said source

and said sample substrate

20. ' An apparatus according to any of claims 12 teo 19,

wherein said radiation source is stationary.
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conprising neans for noving and positioning said
sanple 35 holder so that a pre-selected sanple can -
be positioned in the path of _said beam, (d)
positioning a pre-sel ected Substrate el enent of said
sanpl e hol der and thereby the sanple on that 35 36
bstrate _el ement in_an initial position_in whjch
58 stedrans P Re Bhi orPoay pem i 12 to 20,
Wi eelnf ssadd roamilien ssdvemadi ahedny esaitd dieats (dyual to or
@ié@@tw%&@edégﬁgw ng movenments of said pre- 5
sel ected substrate el enent with respect to the above
nmentioned initial position: (d.1) a rotation of said
Pr e- sehectgghasuhsiy ahgcoehemnt cand,fhepeby.pf;said, , g
sanple around a rotation axi's which’is perpendi cul ar ’
Y0752t SubSt FAFR EPBNBAYSE 50 28a @Ot AITEH dovddarg than 360
depredeterm ned rotation angle, and (d.2) a tilting
of said pre-selected substrate elenment and thereby
of said sanple around a tilting axis and over a
2B ti N angiremefisnedcasrihegangbe arttvhabfsaithims 12 to 20,
i on S i i a r h, 15 _whi ch
D PR ar e e ol e T BT Rl P Po/ B rer than
28Y s9¢YTAYSi n sai d pl ane through which the centra
part of said beam extends and bei ng perpendicular to
gaid rotation axis , said tilting covering a tiltin _
gl e that'Rraed et GeRAIATE &P pFredePér henvallie to 23,
@hepailn assedofidcpeedet @rinRedfy@ldesa 2ddx{edy beam in a

' cting with said detector X-ray radiation . . o
'??%%sﬁﬁgggatthroughw%h%hdFF#¥%ﬁﬁi§} YsarfSanpl §aid tilting

gduitng a -tine interval over which the above
menti oned novenents of the pre-selected substrate
element are effected. 25 27. A nethod according to

- ¢Pai mPB, 2WpRFeiws sardcFdiag 69 claim 24, wherein the length

of the line segment is adjusted to be eqgqual to or
approximately equal to the inner diameter of the sample
contalner.

26. Method for transmission mode -eray 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 said sample, said method comprising
(a) placing a plurality of samples to be analyzed on
respective substrate elements of a sample holder ,

(b) generating by means of an X-Ray radiation source

a strip-shaped X-ray beam the central part of
“which - extends along a plane,
{c) placing said sample holder in an apparatus

comprising means for moving and positioning said sample
holder so that a pre-selected sample can be positioned in
the path of said beam ’

(d) positioning a pre-selected substrate element

of said sample hclder and thereby the sample on that
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and filting novenents of said substrate element are

performed sinultaneously and continuously. 30 28. A

nmet hod according to claim 26, wherein said tilting

novenent of said substrate elefént is perforned
stepwi se and a rotation thereof covering 3 f .

predet er m ne rotati.on angle i.s.perforned for each ,
tSiug’tslecr@t& eg?eglg R n@?hoanég&éidilﬁﬁs%%l%y Bt which said
clhapis 26 ¢0 28, thhereithh A dasdbdlenat e elegﬁni hSs@ice

l-ana bst e elenent- .36 37._ .30, A _nethod,
g)giorg??]g tog%&rﬁll%f clai me 2E 4 178 V\ﬁé{yei ﬁal?he beam ‘
central(daxi st 6tcsand belam anol savthy otatviearerad sof said pre-
%@%%&ﬁ&p%@&é%@éﬁ@nkgkﬂgn§a'd P|%%¥h$9P§%£8£3to the above
el ement when the latter is in said initial posrtion. o
Hepf-10RSFet hod according to Hmitetl clains 26 to 30, position:

vvne{]eijn sai g_dr.adi aiiﬁatﬁg%lcﬁe_dﬁ %%@%i 9%%%3%%?5?@ substrate
t hod .according to .any of clains. o 31, -

SR rotatiSﬂdoﬁjgﬁ%%?Yaf@ge?%ﬂénFaQBQ@r§“5ﬂnéhgﬁer0tat10n
whiich i s eqﬂakﬂtoisrpﬁﬂmﬁﬁdibémﬁkcm@rgsﬁﬁ 88bsfrate element,

t: ding to_any of clai 26 .to 3 erein

SRR oL AN 4 B o Bives tpt iy anate, and
15 which is I(dsg)t hant360 ideyr e€s.sx84 Preeshbacted substrate
EHLiNng to a@MqutEEgFggézgft%aﬁﬁ fénaz%%gﬁ%ha tilting

rotation of substrate el ement covers an angle
PG eat er FHANPBBD Bedriddsin@EBBle A net@iefined as the angle

acear iy t fotaYieh A@ids 26 t F3hs WRANHE Hai§abane through
X=ray beamis focuied in a line segment which _

§“5‘d§¥hnf€'gﬁl | §oPFeeli nP3akd ¢F 1 193! akre™s 36. Axtends, said
netlhdch@acoarsli hgihg drai sa 38, pikereithsaidh suWlstk atBe central

i irecboLtom el of 2 sample, sonianer, anduhereln .,

| eng e |ine segnen
gual rotation axis . sald tilting covering a tilting
angle that varies between a first predetermined value

and a second predetermined wvalue, and
{e} detecting with said detector X-ray radiation
transmitted through and diffracted by said sample during a

time interval over which the above mentioned movements of

- the pre-selected substrate element are effected.
27. A method according to claim 26, wherein said rotation
and tilting movements of said substrate element are

performed simultaneously and continuously.

28. A method according to claim 26, wherein said tilting
movement of said substrate element is performed
stepwise and a rotation thereof covering a predetermined

rotation angle is performed for each tilting step.

29. A method according to any of claims 26 to 28, wherein

said substrate element is a planar substrate element.
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or approximately equal to the inner dianeter of the
sanple container. 30 37. A nethod according to claim
26 further conprising ‘repeating steps (d) and (e)
for each one of the plurality3df—- sanples in the
sanpl e hol der. 35 38. Apparatus for transm ssion node
-ray diffraction analysis of a plurality of sanples
%@- nmedh"ofReh apparaits teompi stihglming g to 29, wherein
tleedli abhopasowae and aadat edor for detectdNgy XeLAYrion axis
radi ation %Eansn"btt d throu‘gh and 37 38 diffracted
by a BaRpl &6 LELF A%b%r%?%% Eonpri sidfg S BhaxeRaypubstrate
¢batiatti on sourtoen whivehliistadapsednt 921 Qr oMi€€a@ position.

strip-shaped X-ray beamthe central part of which
extends along a plane, 5 (b) a sanple hol der

- Thnprifsitgltlzogl acabrdynoef toswinst reft ecledienen?6 eachopf wherein

i ehrd & Adapd edh i OLe T ecei vgngtgggog lding a sanple
to be anal yzed, each of sai substrate” el enents
being transparent to X-ray radiation, (c) neans for

$®SitDOM@Kh@dp&@céﬁ&ﬁﬁée@osw%¥'6§E%l§£b§|§@995 §T9 wherein
stat‘f e?(/)ta sanpl efpl aced on that elenent in an
T AP TSSO oRTi P CH SRl PSRt |ies i FOYRES an  angle

Initi
Watdh ofs saidl beamandl esslice30f sahdesanple is

irradiated by said beam (d) neans for effecting the

foll owi ng novenents of 15 said pre-selected

Subst ratectdiedrenccordhngespeenyt ®ft hel aiaboves to 31, wherein

4y i i Ryt i h ~J{d. 1) arotation_ .
of sai(%,g)%%;:é@snel g%t E%ﬁ%%ﬂb%lcr%t Zerleeg{eennt\(snt and Thereby an angle
W ni kP skt ettt deptaeson axis which is

per pendi cul ar to said substrate el enent, 20 said

pt ation coe/e(%i n((gj a gredeterm ned rotation angle, and ‘
%d‘. 2) A BT DG OFOERFRY pFR- dVeGleFIAAMRY rat eto 31, wherein

said rotation of substrate element covers an angle

which is greater than 360 degrees.

35. A method according to any of claims 26 to 34, wherein
said X-ray beam is focused in a line segment which

substantially lies in said tilting axis

36. A method according to claim 35, wherein said substréte
is the bottom wall of a sample container, and wherein the
length of the line segment is adjusted to be equal to

or approximately equal to the inner diameter of the sample

container.

37. A method according to claim 26 further comprising
repeating steps (d} and (e) for each one of the plurality of
samples in the sample holder. '

38. 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 Cransmitted through and

37



10

15

20

25

30

35

el enent and thereby of said sanple around a tilting

axis which lies in said plane through which the

central part of said beam extends and which is

per pendi cul ar to 25 said rotatdfonr axis , said tilting
covering a tilting angle that varies between a

tilting angle zero defined by said initial position o
Ol tedibst?at e 2l erEditPd aSpi@det appapeiduval ueomprising
greatefa) han Zergy 2andife)on @RRAGLOr for det@ftiNtyapted to

X-ray.radiatian 0 transmtted through and

%ﬁ‘f‘ﬂy %t%dsﬁfl?éiﬁg’%ﬁ]gl Wilild ??&agl time FheeFgatral part of
wvierh whkicdnd ez hboyeanphthened novenents of the

substrate ele r ffected. 39, An apparatus )
accordﬁ%@ %b %%@é%?sgraﬁ%%ﬁein eacﬁO%Prlggngafﬂ plurality of
Bubstrate etbmpanssis a pl amactsubst rattei@l enent .ada@Bed  for
Be APind\Na ABPRHALWYS ACC U i ! ?8%@' D39y

r ir(‘:h of said
each ,L "“said planar "substrate ments i1's the’b%ﬁtom

- Pt te RbmpretEoReaNAekr anspArenin tapFarratusadiation,

I t.ai i mately equal to the _
SIVLH b XOFay B2 AT EpiarBd S dceey dif 8wyt 1 an

ofitcial npod38ttiondlin &Bivhereiidtbempedt NalesAxis Ohe path of

' and sajd rotation axis pass. through the . )
%%%?é?g%g]said'%bgngrsa§ﬁgstrate{) éﬁ%ﬁ{ ¢ e irradiated
bAatter is in saidskadtial position. MmM3. An ,
appar afgs aeeeldi #g .t o, Ry Pt (6l alns %%J{lgowﬁzn’&r mevements of

wherein said detector is a novable detector.
ShpfarRtessatesk afingubstaaycofelamints 38 t oviddy respect to the

aherLi n Sairﬁ’er@@i@ﬁé@r i‘s aiﬁ%@ﬂainary g%g%?ﬁ%mkﬁh thereof:
20 lies in a portion of a spherical sur . .
appar at us ac@gfg1n§ Ot Ut ef afrd 3@ usy sededqmdy substrate

appeeat us furtdred thepeby ngff EBSH fROMSINJaPBAAS a rotation
é;?f@t ed ' Nyhich is perpendicular to said substrate element,

accordidg @612l MAO, pwhekaighithe W dbhe-0f18al95 substrate
t w dth

said rotation covering a predetermined rotation angle, and
{(d.2) a tilting of said pre-selected substrate
element and thereby of said sample around a tilting
axis - which lies in said plane through which the central
part of sarid beam extends and which is perpendicular to
said rotation axis » said tilting covering a tilting
angle that varies between a tilting angle zero defined
by said initial position of said substrate element and
a predetermined value greater than zero, and
(e} a detector for detecting X-ray radiation
transmitted through and diffracted by said sample during a

time interval over which the above mentioned movements of

the substrate element are effected.
39. An apparatus according to claim 38, wherein each of
said substrate elements 1s a planar substrate element.
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the path of said X-ray beam and between said source

25 and one of said sanple substrate el enments 46. An

apparatus according to any of clains 38 to 45,

wherein said radiation sourcé P¢ Stationary. 30 47.

An apparatus according to any of clains 38 to 46,

Q@erelﬂ sai d rotatlon cov§§§ an_angle which is equa

£0 or 8 c¥PI0R60 4EGFEES N A8 oA Igpphr P us wherein each g
geddr dilepao andysofatcé akiremadtiso 46, féS wher Bbatsal thall

tati % | e which is I ess than 360
ggg%eggﬂlggai%ﬁn%gjﬁ%% apparatus according to any of
clains 38 to 46, wherein said rotation covers an
angl e wWhi Ghhd=ONeat §E-5hahng 3@% deqyi€esyp 5 ggeréfn the width
par at us according to any of clains 44 to
ﬁ%eﬁﬁ 6 SR Focueithg Reans focU§3s%?@ﬁ@@¥@@t@bﬁnﬁqnal to the
aidthne rsegientx-whihhshstantially lies in said
tilting axis 10 51. An apparatus according to claim
50, wherein the Iength of the line segnent is
ééjusté@,t@pperaQual amcmwdlangQX|ﬁ&@elgfequﬁhjkp 38 to 41,

VTG0 AND ABPAIATUS LR 36 RAY B FPRACTI O ARRLY&P&d rotation

ABéﬁra@ﬁSA met hod ¥broughnsithssi oanhode X—ray of said planar
didblhaglieon. paakysi s of @ samphe b S

apparatus conprising an X-Ray 5 ra %??%ﬁ source fﬁi? initial
PREt 59C8vi des X-ray radiation for irradiating the

sanple and. a.. detector (22) for detecting X- ray

4%dlat on transg%tted thrgygh and di ffracted byt he

pparatus accor to any of Clalms 38 to 42,
wherein said detector is a movable detector.

44 . An apparatus according to any of claims 38 to 42,
wherein said detector is a stationary detector whi&h

lies in a portion of a spherical surface.

45, An apparatus according to any of claims 38 to 44, said

apparatus further comprising first focusing means located in
the path of said X-ray beam and between said source
and one of said sample substrate elements

46. An apparatus according to any of claims 38 to 45,
wherein said radiation source is statioﬁary.
47. An apparatus according to any of claims 38 to 46,

wherein said rotation covers an angle which is equal to or
close to 360 degrees.

48. An apparatus according to any of claims 38 to 16,

wherein said rotation covers an angle which is less than 360
degrees.
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sanpl e. The nethod conprises: (a) placing a sanple to
be anal yzed on 10 a substrate (19) (b) generating, a
strip-shaped X-ray beam (24) the central part of
whi ch extends al ong a pl ane,~ (%} —positioning the
substrate (19) and thereby the sanple in an initia
positign in which said saqPIe lies in the path of
Beam (28) ARPEEPF c@(PDHAIgrIt F@ sanpl ©F sclaims 38 to 46,
'Wea@lai ethiy rdidatheain {@ddrs(dh eff@et "J}glé}hels greater than
% novenent s of the substrate (19) with
espefi 5%t he above nmentioned initial posi tion
t hereof: (d. 1) a rotation of the substrate (19) and
tcher eb I a.rotation (29
g e At e 4 o 49,
MEtedTS ign rﬁQfg—lfalfp)‘ defeaepnifped sr sedd &rraemgl:eeam in a
anthe (Skaed tiltingnefpt 1 1t
t her eby %% t he sanplgqgﬁbgﬁé§§@§$F?%%é§agﬁgs(gg} %%ﬁd tilting
6Ver® a tilting angle (T). defined as the angle that
the rotation axis (29) forns with the.. plane
t.nr oug mhlch the 25 central part of t h bean1 (24)
eXt'end$” EREATFH NG HA ] yF gt twE helpl Yherein the length
Khﬁough vihiirgh sbgmeentral pairs aﬁjubeedbeaﬂ1¢24)equa1 to or

d th t
Rl T R A LN

VT festiset-ween a flrst predeternlned val ue and a
second 30 predeterm ned val ue, .and (e). detecting
wth the detector (22) X-ray, radiation transmtted
through. and. diffracted by the sanple. during atine
i nterval over which the above nentioned novenents
-of the substrate (19) are effected::. 35 (Figure 1)
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_ 41 —
METf.'lOD AND APPARATUS FOR X RAY DIFFRACTION ANALYSIS

Abstract

A method -for: transm1351on mode- X—ray dlffractlon analysxs of

a sample by means oOf - an apparatus comprlslng an X Ray

‘radiation source (21) that prov1des X~ ray radlatlon for

1rradlat1ng the sample -and. a. detector {22) for detectlng X{'
ray radiation transmitted through and dlffracted by the
Sample 7 _ o

The method comprises: (a) placing‘a sample to be_anélyzed_on

a substrate (19), (b) generatihg a“strip'shaped'X'ray'beam,

(24)  the central part .of which exténds along a plane, (¢}
p051t;onlng the:substxate (19} and thereby the sample in an

initial position -in which said sample lies in ‘the path of

‘beam_(24) andea-elice {27) of the sample is irradiated by"

beam (24}, (d} effectlng the’ folloWLng movements of the:

“substrate (19) w1th respect to the above mentioned initial

pOSlthH thereof - _

(d.1) a rotatlon of the substrate (19} and thereby of the
sample around a rotatlon axis (29) whlch.is pénpendicular to
the-substrate; the Iotation-covering a'predeterminedi_' .
rotation angle, and {d.2) a tilting of the eubstratej(lgy

-and thereby of the sample around a tilting axis {(28) and

over a tiltlng angle (T) defined -as the angle that the

'rotatlon ax15 (29) forms with the. plane through whlch the

ceﬁtral part of the beam (24) extends, the tlltlng axls
lylng 1n the plane through which the central -part of the

beam (24) extends and being perpendlcular to the rotatlon

raxisf(29), the tlltlng coverlng a tlltlng angle (T) that

varies between a first predetermlned value and a second

predetermlned value, and’ (e). detectlng Wlth the detector

(22) X—ray radlatlon transmltted through and dlffracted by

;the sample durlng a’ tlme 1nterval over Wthh the above

mentloned movements of the subetrate (19)'are effected.

(Figure 1}



