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Contributions to the defocusing effect on pole figure
measurements by X-ray diffraction
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A simple method, considering a parallel beam approximation has been made to reproduce the main features of the defocusing effect, observed
when pole figures are measured with the Schulz reflection technique using X-ray diffraction. A Lorentzian curve was used to approximate
the primary beam profile. This method applied to low index reflections of copper and silver shows qualitatively and partially quantitatively,
the extent the elongation of the ellipse resulting from the intersection of the beam with the tilted sample causes the defocusing effect.
Differences observed experimentally are attributed mainly to the divergence of the beam, but also partially to the particular primary beam
profile. Additionally, measurements with two different vertical heights of the receivingi.glitthe measured arch length of the Debye-
Scherrer ring, indicate that this parameter plays no role in defocusing.
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1. Introduction also other new techniques based on profile analysis, as the
Combined Analysis (CA) [8] and Generalized Pole Figures

The defocusing effect, observed when measuring pole ﬁg(GPF) [9,10] do not need the conventional defocusing correc-

ures of textured polycrystals by X-ray diffraction using the tion. However, these techn_iques require more sophisticated
conventional Schulz reflection method, consists of a diminuMéasurements and evaluations. To have a simple method to

tion of the diffracted beam for middle to large tilt angles of estimate the main features of defocusing for conventional lab-

the sample, arising from the elongation of the irradiated areQratories, although not accurate enough as a correction tech-
of the tilted sample, and enhanced by the divergence of thBidue, is useful, and this is the aim of this work.

beam, assuming no misalignment of the Eulerian cradle. The

aim of this work is to test to what extent, a simple model of a .

parallel beam can reproduce the main features of defocusing.  Foundations of the method

and to what extent the beam divergence increases this effect. ) )

Therefore, it is not expected that the defocusing curves resulf-igure 1 shows a typical experimental layout of the sample,
ing from this treatment reproduce accurately the curves ob{® measure a pole figure by the Schulz method. Collimation
tained experimentally. Also since different reflections (with 'S made through a pinhole of radidg and a broad vertical
different Bragg angles) produce different sizes of the Debye-S“t- de§|gned to let the_whole integrated diffracted intensity
Scherrer rings, it could be expected that differences of th&t low tilt angles, stays in front of the detector.

arch Segment of the Debye-Scherrer ring Captured by the de- The incident as well as the diffracted beams will be con-

tector could play some role in defocusing. This is also testegidered non divergent. A right cylinder of radidsis as-
here. sumed as the primary beam, with a cylindrical intensity pro-

rile g(r). The irradiated zone is then found as the intersection
of the beam with the inclined plane of the sample surface, and
is zone, which is an inclined elongated ellipse, is projected

Since the introduction of the Schulz technique [1], several
detailed and sophisticated theoretical treatments to correct f
the defocusing effect have been published [2,3,4,5], but u . ) ) . o
to now, practical corrections for this phenomenon are rathe owards the slit. The portion of the projected ellipse within

made through the measurement of defocusing curves fro te S“F{ Welgh:ed githtfw 'nctie?s'?/ prgf!le IS CSICUIatEdf?S the
powders of the same material as the samples. Other tecg1 ensity registered by the detector. Frimary beam protiie was

nigues have also been devised [6] involving the preparatior e;iran:’:gg gi/ti:i:rﬁtol:assﬁrf]éfeor simplicity, total reflection
of samples, and more recently defocusing has been avoided X p. ' i
The cylinder of the primary beam, assumed first along the

using parallel beam approaches, as for example through the R 5
application of polycapillary collimators, the so called “X-ray z aX|s,.namer.x Ty = R 1S fOtate,d”/? __‘9 counter-
lenses” [7]. Parallel beam techniques produce no defocusing/CCkwise around theX' axis, to make it coincide with the
because no other reflection is expected near the reflection ufficident beam. The equation of the cylinder is then

der investigation, and thus, there is no need of a slit in front 5 . o 5 o ) 9

of the detector, as in the conventional Schulz technique. But %~ ¥~ sin 0+ 27 cos™ 0 + 2yzsinfcosf = R @)
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x=rD The limit of the irradiated zone on the sample surface
is a curve obtained by the intersection of the cylinder given
by (1) with the surface given by (2). In order to determine
how this curve looks like to an observer at the detector place,
the Cartesian coordinate system is rotat¢é — 0 clockwise
around theX axis. The cylinder (1) and the plane (2) in the
new Cartesian system are respectively

22 + (ycos 20 — zsin 20)* = R%. (3a)
and
FIGURE 1. Experimental layout to measure a pole figure. Cartesian zsinf = —atgx + cosb. (3b)
axes are associated to sample characteristics as usual, naxely: o ) )
along the rolling directiony” along the transversal direction, and Substituting (3a) in (3b), one obtains
Z along the normal directiom is the normal to the powder sample ) 9 o ) )
tilted an angley around theY™ axis; 6 is the Bragg angle, ankh x°(1+4cos”Otgx) +y~ — dxycosOtgy = R 4)

andk are the incident and diffracted beams respectively. o o
which is interpreted as the projection of the curve on the new

XY plane. This is the cross section of the diffracted beam, as
seen by the observer at the place of the detector. All curves
X (RD) of equal diffracted intensity have also this profile, with the
variabler instead ofR, as shown in Fig. (2). However, only
" radiation passing through the slit, is registered by the detec-
2 tor.

] \ From (5) it is easy to show that the left maximum value
ﬂ 1] of y is given by

/_\\s Ymax = R \/W (5)
1
0
o
\

For smally angles, the whole beam passes through the
slit, as long as

Y(TD) Y.\ Z
(ND

o] <
Ymax| > 3
X 1l 2

And the critical angley, at which the ellipse starts to ex-
ceed the slit dimension is when

d
Ymax = 5

AN

FIGURE 2. Ellipse of the diffracted beam cross sectiahis the . A

width of the slit in front of the detector. The inner ellipse shows Xo =1g |:2(ZOSH:| (6)
only a curve of equal intensity. This figure shows the general

case where the diffracted beam cross section has already exceedggih

(zones | and Ill) the area of the slit (I1).

d 2
The plane of the sample surface tilted at a general an- A= (QR) -1
gle x, is described by the equation- A = 0, where

A = (sin, 0, cos x) is a unitary vector normal to the sam- This is a valuable result, since it is independent of the
ple surface, and therefore at an anglwith respect to theZ beam profile, and it is also consistent with the observed fact
axis on theX 7 plane,i.e. that the larger the Bragg angle, the less the defocusing ef-
. fect. According to Fig. 2, the intensity registered by the de-

zsiny +zcosx =0 tector should be obtained through integration on the zone L.

or By symmetry, zones | and Ill, which contain the intensity
blocked by the slit, are equal to each other. When all the in-
z = —wtgx. ) tensity passes the slit, assuming total reflection, the intensity
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registered by the detector is the integrated intenkityf the 200000
incident beam
R on R _ 15000.@ 'o..
Iy = //g(r)rdrdi? = 27r/g(r)rdr & :. °
5 5 g 10000 %
: s
. . . . . = o
whereg(r) is the function which describes the profile of the = ° .
primary beam, assumed to be radial. If this intensity is nor- OO e
malized to one, then i '3
R
1 15 1 0.5 0 0.5 1 15
/g(T‘)T‘dT = % (7) Two theta (degrees)
0

According to Fig. 2, the intensity blocked by the left part FIGURE 3. Profile of the primary beam.

of the slitis

y T NEEASARARARARANARARASASA N
max L2

........ -0 —&— Theta= 20
I = / /g(%y)dwdy

'§ 0.8 —=a— Theta= 40
% T g 0.6 Theta= 60
g
and the intensity arriving at the detector is then & 04
-‘E 0.2
I(x) =1-2I. (8) g
£ o
From Eqg. (4), the limits of the integrdl| are 0 50 100
Tilt angle
yQ £ VR* + R?Q? — y? . .
T2 = 10 FIGURE 4. Defocusing curves obtained from the present method
considering a parallel beam for three different Bragg angles. An
whereQ = 2 cos 0tgy. effective beam radius of 1.3 mm was considered; the FWHM was
If a Lorentzian curve is used to describe the beam profile9-65 mm.
following function is proposed
1 1 Theta=19.09 @ Theorical
=A — 9
9(r) {BQ+T2 BQ+R2} &

B Experimental

wherer? is obtained from (4) substituting? by this value,
and according to (7)

B 1
w1 @] - B )

B is the width of the curve of the beam profile. Tilk angeles
Numerical calculations for (8) as a function gfwere
made through a computer program in Dev C++.

(10
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FIGURE 5. Comparison of calculated defocusing for a parallel
beam, with reflection 111 of silver powder.

3. Experimental procedure two theta angles were set according to the equipment con-

ventional procedure. First, the primary beam profile was
Defocusing curves of reflections 111, and 220 of copper antheasured using a 0.05 mm slit in front of the detector.
silver, and 222 of silver powder samples, were measured ug-ig. 3 shows the result. To slightly compensate the diver-
ing an Eulerian goniometer associated to a D-8 Bruker X-gence of the beam, its radius at the sample place was taken
ray diffractometer; a 1.0 mm cylindrical beam collimator wasas R = 1.3 mm for evaluations, and the width B of the
used for the incident beam, a 6 mm slit stayed in front of thebeam, obtained from the FWHM of the measured curve was
detector, and the length of the detector arm was 30 cm. Cof#.65 mm. In order to minimize texture formation in powder
per radiation was used, ard component was eliminated during preparation, several points of the net were measured
through a Ni filter. The primary beam and zeros of theta andand averaged.
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FIGURE 6. Theoretical curve and measured data for reflection 111

of copper.
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FIGURE 9. Contribution of beam divergence to defocusing for cop-
per powder.

Theta=19.09
0.16

s 0.14 ®

S 012 TS

a %%

s 01

c

8 0.08 ¢

g

gb 0.06 V'S

g 0.04 L 4

'E 0.02 ¢

i 2
0 o . & ’ ’
< &
0 10 20 30 40 50 60 70 80 90

Tilt angle

FIGURE 10. Contribution of beam divergence to defocusing for
silver powder.

FIGURE 7. Theoretical curve and measured data for reflection 2224. Discussion and conclusions

of silver.
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FIGURE 8. Comparison of the defocusing curve for reflection 111

From Figs. 4 to 8, following can be stated: The consideration
of elongation of the beam projection on the sample surface,
without beam divergence, reproduces the main features of de-
focusing curves; the critical anglg and the dependence of
the curves as a function of theta follow the well known be-
havior. Howevery is shifted towards lower tilt angles as ob-
tained from (6) for all defocusing curves by beam divergence.
This method also predicts a sharper increase of defocusing as
that observed experimentally, which can also be attributed to
divergence since it tends to smear the sharpness of the beam.
The difference between calculated and experimental values is

of silver, measured with a narrow receiving vertical slit (squares), Minly due to divergence, and Figs. 9 and 10 give this contri-

and with the conventional wide receiving slit (circles).

bution. In general, the beam approach, as expected, predicts
less defocusing than true defocusing, since divergence can

Figure 4 give defocusing results for three different Braggonly broaden the projection of the beam on the sample, and
angles, where it can be seen that this parallel beam ager Bragg angles up to about 24@his is actually observed.
proach reproduces qualitatively well the well known behav-The inversion of this behavior observed for reflection 222 of
ior of defocusing. Figures 5 to 7 give some results of desilver is probably due to the Lorentzian profile of the primary
focusing curves for copper and silver, and the correspondseam. Actually the profile of the diffracted beam is not sim-
ing curves predicted by this method. Discrepancies of botlple since for points along the focus line, it converges, but for
curves should be attributed mainly to beam divergence effectsther points it diverges, and the beam source is not a point. A
on defocusing. Also, in order to appreciate the influence ohumerical improvement of the primary beam could certainly
the arch length of the measured Debye-Scherrer ring, a meamprove results.
surement was made with the receiving slit narrowed verti-  Additionally it has been demonstrated that a shorter
cally to about 1 mm. Results are shown in Fig. 8, indicatingheight of the receiving slit reduces intensity, but does not af-

no variation.

fect defocusing.
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