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Crystallographic texture

Diffraction Measurements
A S space, 1(y,v,m.1,20)
Corrections 4
(defocusing, localization;
\olume-absorption)

Normalization
Pole figures Ph(Y) Orientation Distribution Function

Y.space, I.(y): == aannns G space, (g)
Macroscopic anisotropic properties (Cy, 6j, di --- )y
Elastic wave velocities (geophysics)
Anisotropic spectroscopies (P-EXAFS, ESR ...)

Character analyses (phylogeny, palaeontology)
Art and Cultural Heritage
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One crystallite oriented 1n the Pole sphere:

h=[hkI]* // y=(x,9,20,1,m)

Hard to visualise: needs
pole figures




Lambert projections (equal area)

Poles: p(r',¢):

r’ = 2R sin(y/2)




., stereographic bambert/Schmidt

60
60 "

5° x 5° grid: 1368 points




Pole figures

{hk/}-Pole figure: location of distribution densities, for the {hk¢} diffracting plane,
defined in the crystallite frame Kg, relative to the sample frame K,.

Pole figures space: [¥], with 'y = (8,,¢,) = [hk/]*

Direct Pole Figure: built on diffracted intensities I,(y), h = <hk/>*

Normalised Pole Figure: built on distribution densities P, (y)

Density unit: the "multiple of a random distribution", or "m.r.d."




Usual pelerfigure frames Kx

RD G

Thin films: substrate directions ...

XA’ YA! ZA

Lineation
direction

O

Foliation plane

\4



Normalisation

2w 2

= [ [1,(9,,)sind, dv,dg,
@,=09, =

0

2 a2

Irandom — Itotal/ Sml? dﬂ d¢
h h ¢;£019:£0 y y y

L,(?,.9,)

- Only valid for complete pole figures:
neutrons in symmetric geometry
- Needs a refinement strategy to get I'2dom for all h's



Incompleteness and corrections ol pole figures

Missing Bragg peaks

Defocusing (X-rays)

Incoming beam



Defocusing ()

Sample at x>0

Sample at x=0




lexture types

Random texture

3 degrees of freedom
All P, (y) homogeneous
1 m.r.d. density whatever y

Planar texture

2 degrees of freedom
1 [hk/] at random 1n a plane




Fibre texture

1 degree of freedom
1 [hk/] along 1 y direction

Cyclic-Fibre texture

c/lZ,

Cyclic-Planar texture

¢ /1 (Xp,Y )




BN  Single crystal-like texture

0 degree of freedom
2 [hk/]'s along 2 y directions

Single crystal

Single-crystal and perfect 3D orientation not distinguished



Pole figure and Orientation spaces

Pole figure expression:

dy = sin9, dU, do,

2 2

f fPh(ﬂy,qay) sin, d dg, =47
@, =0, =0

P

Orientation Distribution Function {(g):

V) _ 1 o) de dg = sin(B)dpdady

\Y 871

2% mwl2 2m

[f(g)dg=28x"

a=0 B=0 y=0



Fromi Pole figures to the ODE

Y,=[010]

X,=[100]

Pole figure: one direction fixed in K Orientation: two directions fixed in K

1 ~
Fundamental Equation of QTA LMK pyn f f(g)d@
T

h//y

Needs several pole figures to construct f(g)



ODE refinement

One has to invert: P (y)= oy f f(g)dg

h//y

from Generalized Spherical Harmonics, (Bunge):

=3 S

=0 m,n=-1

P, (y) = 221 1}jk" Ecm’“k:'"( Ot )

Least-squares Refinement procedure E E I, (y)-N,P.(y)[dy
y

But even orders are the only available parts:




WMV terative process (Williams-Imhor-IViatthies-Vinel):

f"(2)f"(g)

[ (g)=N,

I My, M
(]1 R)
h= m=

E-WIMYV (Rietveld only):

with 0 < r, < 1, relaxation parameter, " (g)=1" (g) h (y)
M,, number of division points of the integral around Kk, Ph”( )

w, reflection weight

Entropy: maximisation (Schaeben) and exponential harmonics (van
Houtte):

"

P(y))




o/ the pole figures
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Deal with components in the ODE space

100

ODF y-sections

Pole figures

(Hexagonal system)
g = {85,80,35}
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Rietveld — Texture and more: Combined
—————c= - Analysis

ELk\F | 520, - 261 )P (1) + by 1)




Combined Analysis approach
<PL\

Roughness,

WIMV, E{AWIMV electron Density
Harmonics, components, ADC &EDP, .
Thickness -
| - pole figures Fr esne?/,i
Orientation Distribution Function > inverse pole figures Matrix (Parrat),

DWBA |

Structural parameters
atomic positions, substitutions, vibrations
> cell parameters

Structure Multiphased, layered samples: ;

. Thickness, A

Microstructure Anisotropic Sizes
] B and u-strains (Popa), \
Voigt, phase % Stacking faults (Warren), :

Reuss, Distributions, Turbostratism (Ufer)
Geometric Popa-Balzar,
mean 2y Phase ratio (amorphous + crystalline)

Le Bail Rietveld

Residual stresses XRF,PDF
Strain Distribution Function




Paterns taken from +25° to -25° (step 5°) tilts: thin film prepared for TEM plan view
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3 out of 11 EPD, 1D and 2D plots. Pattern matching (Pawley)



Pawley pattern matching
EWIMV Fiber component

coverage

EWIMV Fiber component
2-beams dynamical (Blackman)



Why needing QTA

- Correct for QTA effects in XRD: structure analysis
QTA and structure correlations: yes, but
f(g) and |Fh|2 are dlfferent

factors
reliability factors
oo
R,(%)
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Geological Charonia Charonia Charonia Strombus
reference lampas lampas lampas decorus
OCL RCL ICCL

a(A) 4.9623(3) 4.98563(7) | 4.97538(4) | 4.9813(1) | 4.9694(3)
b (A) 7.968(1) 8.0103(1) 7.98848(8) | 7.9679(1) | 7.9591(4)
c(A) 5.7439(3) 5.74626(3) | 5.74961(2) | 5.76261(5) | 5.7528(1)

C 0.41500 0.41418(5) | 0.414071(4) | 0.41276(9) | 0.4135(7)
0.75970 0.75939(3) | 0.76057(2) | 0.75818(8) | 0.7601(8)

C 0.76220 0.7628(2) 0.76341(2) | 0.7356(4) | 0.7607(4)
-0.08620 -0.0920(1) | -0.08702(9) | -0.0833(2) | -0.0851(7)

01 0.92250 0.9115(2) 0.9238(1) | 0.8957(3) | 0.9228(4)
-0.09620 -0.09205(8) | -0.09456(6) | -0.1018(2) | -0.0905(9)

02 | x 0.47360 0.4768(1) 0.4754(1) | 0.4864(3) | 0.4763(6)
y 0.68100 0.6826(1) 0.68332(9) | 0.6834(2) | 0.6833(3)
z -0.08620 -0.08368(6) | -0.08473(5) | -0.0926(1) | -0.0863(7)

AZc o, (A) 0.05744 0.00029 0.04335 0.1066 0.031

071 [of| CHVAVALN Biogenic intercrystalline effect



- Predict macroscopic anisotropic properties: Elastic

Arithmetic average <77'> = f U (g)f(g) deg
g
(@)") = (7)”

Voigt average
Homogeneous strain

Reuss average
Homogeneous stress

Lower bound

M =
Sijke = <Sijk£>

Geometric average scalar




tensor

= exp(<InT>;)

Eigenvalues of T;

- Predict macroscopic anisotropic properties: Electric polarisation

ffphPh (y)dy

<ph>:=JL_________

[P (y) dy




- Predict macroscopic anisotropic properties: BAW

Propagation equation

Propagation AV/
direction

[110] / 11+26 a+cM / n=c’n

[111] / 11+4C et D / n+cMu—-c¥, / n+cay-cM

Cubic crystal system

)




- cpore M cpporc;,M czorc; M cyyorc M €33 0T C3M Cy4 OT Cu M

Slngle crystal 54 52 71 43 246 5 60 55

Single crystal

LiNbO,/Si

LiNbO,/ALO,







