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P
Fig. 6.11 Asymmetric Bragg reflection. The surface of the crystal is at an angle @ with respect to the reflecting atomic planes.
The widths of the incident and scattered beams are then different. In this case the parameter b is greater than one.

bandwidth { (which is proportional to x from Eq. (6.45)) is independent of energy, the angular Darwin
width is not.

In Fig. 6.10(c) we provide an example of how the Darwin width depends on the polarization
of the incident beam. Up until now we have mostly assumed that the incident beam is polarized
perpendicular to the scattering plane, so-called & polarization, see Fig. 2.5, for which the polarization
factor P = 1. With the polarization in the scattering plane — # polarization — the scattering amplitude
is reduced by a factor of cos(26). In this latter case the primary beam therefore penetrates more deeply
into the crystal producing a narrower Darwin width, as evidenced in Fig. 6.10(c). Another way of
describing the polarization dependence of the reflectivity curve is to say that in the tails of the Darwin
curve perfect crystals are birefringent, i.e. they exhibit a difference in the refractive index for waves
polarized in orthogonal directions. This birefringence allows the construction of X-ray phase plates for
manipulating the polarization of the beam. For example, a quarter-wave plate can be used to convert
the polarization from linear to circular.

6.4.7 Asymmetric Bragg geometry

In general the surface of a crystal will not be parallel to the atomic planes which reflect the incident
beam, as shown in Fig. 6.11. Let « be the angle between the surface and the reflecting planes. The
‘: incident, 6, and exit, 6,, glancing angles are then given by 6, = 6 + @ and §,=0 — «. For a reflection

geometry it is required that both 6, and 0, are greater than zero, or in other words that o fulfils the

condition 0 < |a| < 6. InFig. 6.11 @ has been chosen to be greater than zero. This implies a compression

(111) plotted as a of the width of the exit beam. The asymmeltry parameter, b, is defined by
-i0.071) and F -
54+0.25-i0.33). ‘,
us energies for & sinf;,  sin( + @
P O (s (6.46)

sinf,  sin(d - a)
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Fig. 6.12 Measured rocking curves for a double crystal diffractometer formed from two asymmetric perfect silicon crystals. The
solid lines represent the calculated convolution of two Darwin curves with widths determined by how the asymmetric crystals
were configured.

When the optical element is a perfect crystal the relevant beam parameters are amongst other things
the beam divergence and the wavelength band. The DuMond diagram is a graphical representation of
the transfer function. In the diagram the horizontal axes are the beam divergence, with the input beam
to the left and the output beam to the right. The vertical axis is common and is 1/2d, the wavelength
normalized by twice the lattice spacing d. In the crudest approximation, where the finite width of the
Darwin curve and refraction effects are neglected, only the points of the incident parameter space in
the (6;, /2d) plane which satisfy 1/2d = sin 6; will be reflected. For a white incident beam that falls
within an angular window 6; min < 6; < ;max the output side of the DuMond diagram consists of a line
given by A/2d = sin 8, with 0; min < 6, < 0; max.

One crystal

According to Bragg’s law, constructive interference of waves scattered from an infinite crystal occurs
if the angle of incidence, 8, and the wavelength, A, are related exactly by

mA = 2d sin by




 swd) uf *(g°G
o[ ST SurIaneos
I] OAOUI M SB
pueq oAlE[oI B
J oY) Surpnjour
Iomol oy,
“9AOQE
Is s1 worjOOpeI
WIWAS oY) 10

1e[o1 218 9[Sue
pUI QUI] Y} UO
1093 UOT}OQl
Moys €1°9 514
[eprosnuls oy}

33e1g oImowwAse
red s1 yorym weaq
' SJUTO ‘PaseaIour
QI0UT ST WIeaq JIXd
L 'q 1o5owered oy

ONQ 19 “Bi4

uonIpuoo 33e1g oY) woiy ABMB SUONRBIASD [[ewS 104 Y31 oY) 03 Sursearour °g yim ‘g — %g jsureSe
pz/v 1010[d ® SI 10410 oY) pue ‘1J9] a3 01 Sursearour ‘g yum ‘g — ‘g 1surese pz/y Jo 101d e st ouo :syred
0Mm] Jo pasodwiod ST pue ‘SjuaAe uonoeiyIp judsardar o) Aem [eomydess e st weiSerp puoNn( aYJ,
“weaq pajosfel oy Jo p o[Sue 1Ixo oy
IOPISUOD 0 ATBSS09U OS[R ST 11 S[RISKI0 ornewwiAse 10,1 *Zg urs pz £q uaAIS anjea sy punoie yiSuorosem
Jo suoneiasp pue ‘g punore ‘g o[Sue JUSPIOUL Y} JO SUOIIBIASP ISPISUOD 0) AIBSSQOOU 9I0JAIOY) ST IT
S[e1sA10 109J10d M Sur[eep USUYA\ UYISud[eAem pue 9[Sue UI oSueI AJUY Ing [[BWS B IOAO JORIYIP
STeISA10 100719g “mef s S3eig Ajsnes 1ey) g pue pz/y Jo sanfea saAIS aamo [eprosnurs ay) uo jurod Auy
“essTosqe oY) uo g pue areurpIo oy uo pz /v yim ydeis eiord o1 st drysuonerai siy) jussaidar 0y Aem auQ

34 urs = Oat
JO Q)eUIpIO Y} SUOLE YIPIM B Y)IM PUEBQ B OJUT U] ) SUSPLOIq YIPIM UIMIe AUy 9y ], (q) Auo aur] 9y} uo sjutod 10} o1oz-uou
ST AJISUSIUI Y[, "Pa109[Sou uaeq Ssey YIpim urmre oy (8) uf "pg/v pue ‘“p o[Sue 33erg oy 01 9ANE[AI ‘Q[Sur JIB SIXR I dISYM
‘UOT)IPUOd UOTISpaI 33erg ayy Jo uoneiuasaidar reoryders e ST wrRISEIP PUOAN( QUL "OUIRS JY) AT8 9BJINS [BISAID ) 01 9ANR[I
suieaq ‘% 1% pue ‘g queprour ayy jo so[ue oy Ised siyy u] ‘Anewoas SSerg oewuks 10§ weierp puoAnd g9 Bi4

6 5 0

»
>

A

p_z v
7
0 '
E.
D
eV eSOO
oV
Pa
Y
nxy jusprouf

s|e1sAio 108pad Aq uonoeayia 2se




d exit, 6,, beams
lection condition,
I. The intensity is
ng the ordinate of

n the abscissa.
erfect crystals
erfect crystals
| deviations of
ry to consider

nposed of two
aplot of 1/2d
agg condition

j”——
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Incident Exit

Fig. 6.14 DuMond diagram for asymmetric Bragg geometry. The ratio of the widths of the incident and exit beams is given by
the parameter b. This implies that the angular acceptance of the incident beam is reduced by a factor of 1/ Vb while that of the
exit beam is increased by the same amount. Thus in the DuMond diagram the incident bandwidth is reduced, and the exit one
increased. Points A and B on the incident side are associated with points A’ and B’ on the exit side. This shows that an incident
beam which is parallel and white acquires a finite angular divergence given by a, when it has been diffracted by a crystal set in
asymmetric Bragg geometry.

the sinusoidal dependence of 1/2d approximates to a straight line with slope cos . The top part of
Fig. 6.13 shows the DuMond diagram for a crystal diffracting according to Bragg’s law in a symmetric
reflection geometry. When neglecting the finite Darwin width, the reflectivity is non-vanishing only
on the line indicated, and the relative change in wavelength A1/A and the deviation A from the Bragg
angle are related by

Al Ad

A tand
For the symmetric Bragg geometry assumed here the surface coincides with the reflecting planes: the
reflection is specular, and the wavelength and exit angle are linked by the same condition as the one
above.

The lower part of Fig. 6.13 shows the DuMond diagram for symmetric Bragg geometry, but now
including the finite Darwin bandwidth: all wavelengths from a perfectly collimated white source within
arelative bandwidth £, have a reflectivity of 100%. Outside of this band, the reflectivity falls off quickly
as we move from the dynamical to the kinematical regimes (see Fig. 6.3 and 6.5). In the latter the
scattering is located along the crystal truncation rods which run parallel to the surface normal (Section
5.3). In terms of the DuMond ordinate 1/2d the width of the central band is

Wwo = % = (%)(%) = (%) 4, =sinby¢, (6.49)
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(a) symmetric Bragg

A

0,

i

Fig. 6.15 Scattering triangles (left) and DuMond diagrams (right) for (a) symmetric Bragg, (b) asymmetric Bragg and (c)
symmetric Laue geometries. In the scattering triangles the crystal truncation rod (CTR) is represented by the rectangular box,
with the darker shaded part being the central dynamical band. Continuity between the kinematical and dynamical regimes allows
points A, B and A’, B’ in the DuMond diagrams of the incident and exit beams to be associated with each other in an unambiguous
way.
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