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Ab stract

A setup for lo cal XRD-XRF anal y sis si mul ta neously with
high area res o lu tion and high sen si tiv ity in the same ex per i -
ment has been de vel oped on the ba sis of the
microdiffractometer PSPC/MDG (Po si tion Sen si tive Pro -
por tional Coun ter and X-ray Mi cro Dif frac tion
Goniometer). The main idea of the pre sented tech nique is
to get in for ma tion about phase and el e men tal com po si tion
in the same ex per i ment. In or der to re cord the dif frac tion

pat tern in an gle in ter val 0-150o (2q) a curved po si tion sen -
si tive pro por tional coun ter was uti lized. The flu o res cent
sig nal ex cited in the sam ple by a pri mary X-ray beam was
mea sured by a por ta ble en ergy dispersive de tec tor
XR100-CR with 185eV en ergy res o lu tion. A nar row glass
microcapillary of 50µ di am e ter length was ap plied as a
collimator for nar row X-ray beams pro duc tion. The ef fi -
ciency of the pre sented tech nique was tested by thin-film
microstructure AuTi/SiO2 ex per i ments and the ex per i -
ments, car ried out while me te or ite ma te rial’s mi cro in clu -
sions in ves ti ga tions. Dur ing the last ex per i ments we
de tected a ho mog e nous com po si tion re gion, which cor re -
sponded to pure Fe phase.

In tro duc tion

The pur pose of the pres ent work is the de vel op ment and the 
set ting up of the lo cal X-ray dif frac tion (XRD) [1] and
X-ray flu o res cence (XRF) anal y sis [2] in the same ex per i -
ment with the us age of monocapillaries as collimators for
nar row X-ray beams for ma tion. Monocapillaries ren der the 
pos si bil ity to in crease sig nif i cantly the in ten sity of the pri -
mary beam and re duce the back ground [3]. The se rial
microdiffractometer PSPC/MDG (Po si tion Sen si tive Pro -
por tional Coun ter X-ray Mi cro Dif frac tion Goniometer) of
Ja pan Cor po ra tion Rigaku [4] was used as the ba sic equip -
ment for set ting up the tech nique. Op ti cal sys tem of the
microdiffractometer with X-Y-Z mo tor ized slid ing stage
per mit in en larged view of the mea sur ing area for easy
align ment of the sam ple. Flu o res cent sig nal was reg is tered
by means of a por ta ble en ergy dispersive de tec tor of the
AMPTEK Com pany [5]. These two meth ods of di ag nos tics 
are well com bined with each other and make it pos si ble to
re ceive si mul ta neously the in for ma tion about the struc ture
as well as  the chem i cal com po si tion of the in ves ti gated
crys tal line ma te ri als. The de vel oped tech nique can be ap -

plied for lo cal ar eas ~Æ10 µm of var i ous crys tal ma te ri als,

spe cif i cally for microinclusions of var i ous chem i cal com -
po si tion, sur face pol lu tion, thin-film struc tures, which
have in ter faces, inhomogeneous ma te ri als, etc.

Ex per i men tal equip ment

We used se rial microdiffractometer PSPC/MDG, which is
an at tach ment to the uni ver sal Rigaku Rotaflex D/max-RC
diffractometer, for the de tec tion X-ray dif frac tion pat tern
from the area of in ter est of the sam ple. The dis tinc tive fea -
ture of this de vice is the abil ity to form a nar row par al lel
X-ray beam for mi cro ob jects in ves ti ga tion and high speed
mea sure ment due to us ing a po si tion-sen si tive de tec tor in
com bi na tion with the pow er ful X-rays source.

The de tec tion of a X-ray flu o res cent sig nal for an el -
e men tary anal y sis was car ried out on the ba sis of the por ta -
ble en ergy dispersive de tec tor XR 100-CR of the USA
Com pany AMPTEK. The equip ment is in stalled on the free 
left win dow of the X-ray source and can work in de pend -
ently of the main goniometer, which is in stalled on the right 
win dow of the source.

In or der to elim i nate par a sitic flu o res cent emis sion,
which in ev i ta bly ap pears in the di a phragm ma te rial of the
tra di tion ally used iron collimators,  collimators on the ba sis 
of glass monocapillaries were used [6, 7]. The main ad van -
tage is  that in ten sity of the X-ray beam in the out put of
such a collimator be comes sig nif i cantly higher due to the
pres ence of an ad di tional com po nent caused by the beam
mir ror re flec tion from the in ner wall of the glass
monocapillary [8]. The di am e ter of the monocapillary is 50 
µm.

The op ti cal scheme of the tech nique for con duct ing
lo cal XRD and XRF anal y ses in the same ex per i ment is
pre sented on Fig. 1.
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Fig ure 1. The op ti cal scheme of the tech nique.



An X-ray beam from the pow er ful 12kW source

(Cu-Ka, E = 8,86 keV; Mo-Ka, E = 20 keV) falls on the in -
put ap er ture of the monocapillary, passes through it and
gets to  fall on the sam ple. The dif frac tion pat tern from the
sam ple is reg is tered by the curved po si tion sen si tive pro -

por tional coun ter in the range of 0-150 °2q.
The treat ment of the re corded dif frac tion pat terns

for per form ing phase anal y sis is re al ized with stan dard pro -
grams, which are at tached to the microdiffractometer. The

cal i bra tion of the true po si tion of dif frac tion lines by 2q an -
gle was per formed us ing stan dard NIST SRM640c (sil i con
pow der).In or der to reg is ter the max i mal num ber of dif -
frac tion re flexes (the pres ence of tex ture, monocrystal im -

pu rity) the sam ple holder can be ro tated to three w, j, c
angles. 

Si mul ta neously with the re cord ing of the dif frac tion
pat tern, the flu o res cent sig nal, ex cited in the sam ple by the
char ac ter is tic line of the in ci dent X-ray beam trans mit ted
through the monocapillary, was reg is tered. The flu o res cent  
spec trum was reg is tered by an en ergy dispersive de tec tor,
which was mounted with a spe cially pro duced tri pod and
in stalled at the dis tance of 100 mm from the sam ple (Fig.2). 
The dis tance from the in put ap er ture of the coun ter to the
sam ple is se lected in a spe cial way, in or der to al low re -
cord ing the dif frac tion pat tern.  The in ten sity of the flu o -
res cent sig nal can be var ied chang ing the power of the
X-ray source in the range from 200W to 12kW. The flu o -
res cent sig nal was re corded with a mul ti chan nel an a lyzer,
con nected with the com puter through a stan dard port. The
spec trum treat ment for el e men tal com po si tion definition
was performed with the usage of XRF-FP program
package [9].

XRD and XRF tech nique try out on the test sam ple of
the microstructu re Au,Ti//Si(100)

XRD and XRF tech nique was tried out on a test sam ple
Au,Ti//Si(100). This struc ture was pro duced by the method 
of op ti cal li thog ra phy with pre lim i nary metal evap o ra tion
on sil i con bot tom layer, ap ply ing method of high-fre -
quency mag ne tron spray ing of ti tanic and golden tar gets.
The thick ness of ap plied layer is 70 nm. These struc tures
are used as con nec tors of the lead wires for mi cro- and

nanostructures. Sam ple’s im age, got by dint of scan ning
elec tron mi cro scope JEOL, is shown in Fig. 3. 

The ex per i ment was per formed in such a way that the
X-ray beam falled on the 80 µm wide metal lane in one case 
and in the re gion out side the lane (pointed with the ar row
on Fig. 3) in the other case. The ad just ment for the in ves ti -
gated area was per formed man u ally us ing the
microdiffractometer op ti cal mi cro scope and mo tion of the
sam ple holder. For dif frac tion, the emis sion of the cop per
an ode was used. The di am e ter of the in ci dent beam on the
lo cal re gion formed by the 50 µm di am e ter glass
monocapillar was 55 µm. The re cord ing time of dif frac tion
pat tern was 30 min utes. Mea sure ments were car ried out

with fixed w, j, c an gles of the three-axis ro ta tional mech a -
nism. 

q / 2q scan of the test sam ple is pre sented on the Fig.
4. On the diffractogram there are only two nar row re flexes
(111) and (222) from the gold-film and broad ened re flex
(400) of the re flec tion from the sil i con sub strate. The pres -
ence of the re flec tion points or der proves that metal film is
tex tured ((111) - tex ture). In the case of the ab sence of the
in for ma tion about chem i cal com po si tion the phase anal y sis 
on two re flexes is com pli cated. The com plete in for ma tion
about phase com po si tion can be given only hav ing in for -
ma tion about the el e men tal com po si tion of the in ves ti gated 
sam ple, ob tained us ing the flu o res cence mea sure ment. The 
re sults of the per formed flu o res cent anal y sis with the us age 
of de tec tor XR-100CR in two dif fer ent lo cal re gions of the
test sam ple are pre sented in  Ta ble 1.
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Fig ure 2. Photo of the microdiffractometer PSPC/MDG and en ergy dispersive de tec tor XR-100CR.
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Fig ure 3. The im age of struc ture Au,Ti//Si(100), ob tained by dint 
of scan ning elec tronic mi cro scope JEOL.



Ta ble 1. Re sults of X-ray flu o res cence anal y sis

Ele ment, con cen t rati on Au, % Ti, % Si, %

Me tal film 30.09 3.33 66.58

Sub s tra te 99.8

As one can see from the Ta ble 1, lo cal area of the lane
cor re sponds to the com po si tion of gold with ti tan im pu rity.
Quan ti ta tive anal y sis showed that the ra tio of gold con tent
and ti tan is 10:1. The lo cal re gion out side the film struc ture
cor re sponds to the sil i con bot tom layer. From the data of
the X-ray dif frac tion anal y sis within the range of method
sen si tiv ity there was no sep a rate ti tan phase de tected. This
un am big u ously in di cated that the struc ture of the film is a
solid so lu tion of ti tan in gold.

Investi gati on of sub micron inclu si ons of a  me te o ri tic
ma te rial

Us ing the pre sented tech nique, in ves ti ga tions of micro -
inclusions in me te or ite PCA 91085 found in Antarctica in
1991 were per formed. The sam ple of the me te or itic ma te -

rial is 10 ´ 7mm2 and pres ents a metallo graphic sec tion in

glass cover. The im age of the 1.8  ´ 1.3 mm2 re gion of me -
te or itic ma te rial ob tained with scan ning elec tron mi cro -
scope in back scat tered elec trons re gime is pre sented in
Fig. 5. As one can see from the fig ure there are some re -
gions on the sam ple sur face with dif fer ent elec tron den sity.
The size of im pu ri ties changes in the lim its from units to
hun dreds of mi crons. The dif frac tion pat tern of me te or itic

ma te rial, taken from the whole sur face of the sam ple is pre -
sented in  Fig. 6.  It was es tab lished that the in ves ti gated
ma te rial is multiphase and one of the phases is (Fe Ni)
phase. The de tailed lo cal anal y sis with the de vel oped tech -
nique re vealed the 80 µm re gion which cor re sponds to the

phase of the pure iron (a-Fe JCPDS PDF2 card No.6-696).
The dif frac tion pat tern of this lo cal re gion is rep re sented on 
Fig. 7. In the in put of the fig ure the pho to graph of the
whole sam ple sur face with in di ca tion of microinclusions’
lo ca tion of the same com po si tion and the photo of
microinclusions as such are pre sented.
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Fig ure 5. The im age of the 1.8 ́  1.3 mm2 re gion of me te or itic ma -
te rial ob tained with scan ning elec tron mi cro scope in back scat -
tered elec trons re gime JEOL JSM5610LW. 

Fig ure 4. Dif frac tion pat tern of the test sam ple and re sults of the phase quan ti ta tive anal y sis. (Weak re flexes in the vi cin ity of an gles
33o and 69o  are  from the sub strate.)



Ó Krystalografická spoleènost

6 A. V.  Porokhova

Fig ure 6. The dif frac tion pat tern of me te or itic ma te rial taken from the whole sur face of the sam ple and the re sults of the phase

anal y sis which has shown the pres ence of phase (Fe Ni) JCPDS PDF2 card No. 37-474 in the in ves ti gated sam ple.

Fig ure 7. The dif frac tion pat tern of the lo cal re gion of ~ 80 µm sam ple (pointed with the ar row on an in sert), re ceived on
microdiffractometer with use of glass monocapillary 50 µm. 



Conclu si ons 

A setup for com bined X-ray dif frac tion and flu o res cence
anal y sis has been de vel oped. The tech nique was tested on a 
microstructure of gold on sil i con sub strate and by mea sur -
ing a me te or itic ma te rial. The pre sented tech nique can be
used for in ves ti ga tions of sam ples with large area, spe cif i -
cally multilayer struc tures, thin sur face lay ers, pow ders,
ce ram ics, for depth pro file anal y sis where the knowl edge
of the def i nite com po nent is re quired. The us age of glass
monocapillary al lows to in crease the in te gral in ten sity of
the beam and to raise sig nal/back ground ra tio. The tech -
nique proved its ef fi ciency while in ves ti gat ing me te or itic
ma te rial, dur ing which a phase im pu rity  of  ho mo ge neous
com po si tion,  cor re spond ing to pure iron, was de tected.
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Ab stract

The struc tural and mag netic prop er ties of the lay ered
cobaltite La0.6Sr1.4CoO4 have been stud ied by the neu tron
dif frac tion at the tem per a ture range 16-290 K and
high-pres sure up to 4.3 GPa. The ob served spec tra of
La0.6Sr1.4CoO4 at 16 K have not shown any new line that
could be a sig na ture of an antiferromagnetic or der. The fer -
ro mag netic con tri bu tion to some dif frac tion peaks re veals
that the mag netic mo ments are ori ented per pen dic u lar to
the CoO6 oc ta he dral lay ers and their mag ni tude are in -

crease from 0.7mB at am bi ent pres sure to 0.9mB at 4.3GPa.
The cal cu la tion of the lin ear compressibilities (ki = -(1/ai0)
(dai/dP)T) shows that the lat tice com press ibil ity is lower
along c, i.e., be tween the perovskite lay ers.

In tro ducti on

The mixed-valent co balt ox ides La1-xSrxCoO4 with the lay -
ered perovskite struc ture [1] is a re cent sub ject of great in -
ter est, be cause of the strong cor re la tion be tween elec tronic, 
mag netic, trans port and struc tural prop er ties [2-7]. In the
La2-xSrxCoO4 sys tem, the va lence of Co can be var ied over
large range, hy po thet i cally from Co2+ for x = 0 to Co4+ for x
= 2. Ex ten sive data are avail able for the Co2+/3+ re gion x =
0–1. La2CoO4 (x = 0, Co2+) is an antiferromagnetic in su la -
tor with TN = 275 K [3, 4]. The mixed Co2+/3+ va lency in the 
0 < x < 1 re gion brings about mag netic dis or der, and
spin-glass be hav ior is found be low 100 K for these sys -
tems. The elec tric con duc tion re mains of an ac ti va tion
char ac ter. The ab so lute re sis tiv ity steeply de creases with
in creas ing Co3+ con tent. The mag netic and elec tronic data
sug gest that Co2+ ions are in HS state while Co3+ ions grad -
u ally change with x from HS to IS state [4-6]. On the other
hand, there are less re ports con cern ing the Co3+/4+ re gion of
La2-xSrxCoO4 in a com po si tion range x > 1.0. Very re -
cently, a sys tem atic low-tem per a ture in ves ti ga tion in the
range x = 1.0–1.5 was pub lished by Shimada et al. [7]. The
mag netic mea sure ments re vealed a for ma tion of the fer ro -
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