ik

united nations

the

educational, scientific abdus salam .
arguizsion international centre for theoretical physics

international atomic
energy agency

SMR/1270-20

SCHOOL ON SYNCHROTRON
RADIATION

6 November - 8 December 2000

Miramare - Trieste, Italy

Supported in part by the Italian Ministry of Foreign Affairs
in connection with the SESEME project

Co-sponsors: Sincrotrone Trieste,
Societa Italiana di Luce di Sincrotrone (SILS)
and the Arab Fund for Economic and Social Development

Crystal Monochromators

E. Busetto
Sincrotrone Trieste
Italy



il



abdus salam
international centre _»fo_r;_t_heo_re_tig;al_ physics

School on Synchrotron Radiation
6 November - 8 December 2000







2d sind




|

-t

A single crystal can be though, in the easier way, as
the regular repetition of a point along the three space
directions.

X-rays wavelengths are comparable with the
interatomic distances; when x-rays scatter with a
single crystal they produce diffraction under certain
conditions .

The angular condition to achieve the diffracted wave
of wavelength A from a single crystal with d as crystal

lattice planes distance is the Bragg law.

2d sind = nA
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case of monochromators operating with
beam divergence in the scattering plane

generally beam divergence is much more
larger than the Darwin width of the
monocrhomator . A factor 10 more in case
of Si (111) has the consequence the
energy resolution will decrease of the
same factor.

reasonable values for such a condition
Div.3mRad (=0.02%), Dw(Si111,Cu)=0.002"
resolving power less than 1000






case of monochromators operating without
beam divergence in the scattering plane.

the beam is collimated by a cylindrical
mirror and the resolving power of the
monochromator could achieve the
theoretical value = 7000 in case of Si(111)
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the typical shape of the Darwin curve

-it describes the angular bandwidth of the
diffracted beam when the crystal
monochromator is operating in a divergent
monochromatic beam

-we achieve the same result if the crystal is
rocking around the Bragg angle in a
collimated monochromatic beam

-the centre of the Darwin curve is shifted
with respect to the origin of the coordinates
because of the refraction effect



two models for the x-fa'y
diffraction in single cristals




(1922) the mosaic crystal is

defined by two general

.
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oerfect thick crystal with centre of

Bragg
linear polarlzatlon (KlKuta 1971)
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Fig. 3. Geometry of X-rav reflection by a perfect single crystal. ¢y incidence angle; 6y reflection
angle. For a non-zero asymmetry angle a (0 |ee| < @), the angular width wy for acceptance is not equal to
the angular width wy, for emergence. The figure is drawn for b < 10O, where wi 2 . > wi. Note also the

change of beam cross sections, Sy and S,




BRAGG PLANES -

Fig. 3. Geometry of Xeray reflection by a perfect single crystal. #y: incidence angle; 6y reflection

angle. For a non-zero asymmetry angle o (O < [ee| ~ 6). the angular width wq for acceptance is not cqual to

the angular width wy for emergence. The figure is drawn for b << 14, where wo = wy = ayy. Note also the
change of beam cross sections, Sy and Sy.
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Fig. 4. Perfect-crystal reflection curves for the (111) refiection of silicon at 1.6 A. R{6;) shows the

reflectivity for the ideal plane wave as a function of the incidence angle 6y, while R(6,) represents the

intensity reflected at a reflection angle &, for a plane wave incident at 6, 6 and &, being related by

(6, — 8p) = b(6, — 6p). The solid curves are calculated for an asymmetric case of b =04, while the
broken curves for the symmetric case (b = 1.0) where R(6p}= R(6:).




.Table 2
Intrinsic Bragg reflection widths w,, energy resolutions AE/E and
integral reflecting powers I of perfect crystals of silicon, germanium
and a-quartz at 1.54 A, '

Crystal hil w, AEIE I
(second or arc) (x10%)  (x10%)
Silicon 111 7395 141 399
220 5.459 6.04 29.7
311 3.192 2.90 16.5
400 3.603 2.53 19.3
331 2.336 1.44 11.8
422 2.925 1.47 15.5
333
. 511) 1.989 0.88 9.9
440 - 2675 096 . 14.0
531 1.907 0.60 9.3
" Germanium 111 16.338 32.64 85.9
' 220 12.449 14.46 674
311 7230 6.92 37.1
400 7.951 594 423
331 5.076 3.34 25.4
422 6.178 . 334 | 324
333
- 511) 4.127 2.00 20.2'
440 5.339 2.14 275
. 531 3719 1.33 17.7
a-quartz 100 3.798 10.00 18.8
101 7.453 15.26 40.9
110 2.512 3.69 122
102 2.488 3.36 12,9
200 2.252 - 281 11.5
112 2.927 3.03 15.5.
202 2072 1,93 10.6
- : 212 2.042 1.47 10.7
203 2.430 174 12.9

301 2.368, 1.69 12.6
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Fig. 33. An off-set harmonics-rejection monochromator. {a) Geometry of the monochromator. (b) The

principle of harmonics rejection. Perfect-crystal reflection curves for the fundamental {n = 1) and the

harmonics (n = 2, 3) are approximated by rectangular boxes. £: off-set or misalignment angle. The
shaded area represents delivered X-rays (Hart and Rodrigues 1978).
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Fig. 34. A monolithic harmonics-rejection monochromator. (a) Crystals I and 11 of unequal asymmetry

factors are built as two outstanding parts of a perfect single crystal. (b} The principle of harmonics

rejection. Perfect-crystal reflection curves for the fundamental (n = 1) and the harmonics (n = 2, 3) are

approximated by rectangular boxes. The broken curves show the real reflection curves for the
fundamental. The shaded area represents delivered X-rays.
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Calculated reflectivity  curves of  grooved morgochmmalors UsiNg  various asymnetric
reflections of silicon and germanium for 1.55 A X-rays (Kohra et al. 1978).
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