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Reflectivity of a perfect crystal vV

In order to calculate the absolute reflectivity curve, solve for S and Ty using the solution and
the recursive relations.

To So

N S
Tj+1\\ // Sj+1
\v/ j

q I j+1
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Darwin reflectivity curve i

S
oD _ 8

To in+(A-g)
It is convenient to express the reflection coefficient in terms of reduced units using

EZA_gOI ’
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Darwin reflectivity curve
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To in+(A—go) inte ec+/2—g2 x+vVx2-1

It is convenient to express the reflection coefficient in terms of reduced units using

e=A—go, in=1/€2 — g2, and the reduced variable x = ¢/g

0 (x—vVx2-1)2 x>1

R(x)=|r?=11 x| <1
(x+vVx2-1)2 x<-1

the Darwin curve goes like (g/2¢)? in the kine-
matic region consistent with the kinematic limit

1

Reflectivity
Relative phase shift

the relative phase between the scattered and trans-
mitted waves varies from out of phase at x = —1

3 2 1 o 1 2 3 to in phase at x = +1
x=¢/g
Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 30, 2024 3/16




A\

Darwin width
1 The width of the Darwin curve is Ax = 2 which is
related to the relative offset, ¢ by
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Extinction depth V

An x-ray penetrating into a crystal scatters and thus is attenuated as it passes each plane of
atoms by an amount e~ Reln}
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Extinction depth
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An x-ray penetrating into a crystal scatters and thus is attenuated as it passes each plane of

atoms by an amount e~ Reln}

the characteristic length for the attenuation is
defined by an effective number of reflecting lay-
ers, Nqg such that

multiplying by the layer spacing, d, gives the
extinction depth
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extinction depth
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An x-ray penetrating into a crystal scatters and thus is attenuated as it passes each plane of
atoms by an amount e~ Reln}

the characteristic length for the attenuation is c " 1
defined by an effective number of reflecting lay- € " =2 Neg = m
ers, Nqg such that

multiplying by the layer spacing, d, gives the Aext = Negrd = d
extinction depth 2Re{n}

recalling that = gv/1 — x2, implies that Aey: x—=+1, n—=0, Aot — 0
varies across the Darwin reflectivity curve

Thus absorption processes, which have been neglected up to now are the sole determinant of

the extinction depth in a perfect crystal. For x = 0 and 1 = g, the actual extinction depth is
d
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An x-ray penetrating into a crystal scatters and thus is attenuated as it passes each plane of
atoms by an amount e~ Reln}

the characteristic length for the attenuation is N R " 1
defined by an effective number of reflecting lay- € " e} = 71/ —> Ner = m
ers, Nqg such that

multiplying by the layer spacing, d, gives the Aext = Nord = L

extinction depth 2Re{n}

recalling that = gv/1 — x2, implies that Aey: x—=+1, n—=0, Aot — 0
varies across the Darwin reflectivity curve

Thus absorption processes, which have been neglected up to now are the sole determinant of
the extinction depth in a perfect crystal. For x = 0 and 1 = g, the actual extinction depth is

d 1/ m\ v
/\X :0 = — = — —
ext(x = 0) 2g 4(d) ro| F|
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Extinction depth for GaAs

The extinction depth depends on the structure factor and

thus will vary significantly depending on the strength of
the particular Bragg reflection
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Extinction depth for GaAs

The extinction depth depends on the structure factor and

thus will vary significantly depending on the strength of
the particular Bragg reflection

For the strong (400) reflection of GaAs
FGaAs(400) =4 x [fGa(400) + fAs(400)]
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Extinction depth for GaAs

The extinction depth depends on the structure factor and
thus will vary significantly depending on the strength of
the particular Bragg reflection
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Fcans(400) = 4 x [f5.(400) + £as(400)] = 4 x [fQ,(400) + fL, + if, + £3.(400) + fa, + ify.
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The extinction depth depends on the structure factor and

1 /m\ v
thus wil! vary significantly (.iepending on the strength of Next(x = 0) 2 (g) W
the particular Bragg reflection

For the strong (400) reflection of GaAs

\d

Fcans(400) = 4 x [f5.(400) + £as(400)] = 4 x [fQ,(400) + fL, + if, + £3.(400) + fa, + ify.
— 4 x [25.75 — 1.28 — 0.78i + 27.14 — 0.93 — 1.00/]
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Extinction depth for GaAs

The extinction depth depends on the structure factor and
thus will vary significantly depending on the strength of
the particular Bragg reflection

For the strong (400) reflection of GaAs

d
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Fcans(400) = 4 x [f5.(400) + £as(400)] = 4 x [fQ,(400) + fL, + if, + £3.(400) + fa, + ify.
— 4 x [25.75 — 1.28 — 0.78i +27.14 — 0.93 — 1.00/] = 154.0 — 7.1/
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Extinction depth for GaAs \ 74

a

The extinction depth depends on the structure factor and

1 /m\ v
thus wil! vary significantly (.iepending on the strength of Next(x = 0) = (g) W
the particular Bragg reflection

For the strong (400) reflection of GaAs
Faas(400) = 4 x [f5,(400) + £45(400)] = 4 x [f2,(400) + f&, + i, + f45(400) + faq + iffs
=4 x [25.75 — 1.28 — 0.78/ + 27.14 — 0.93 — 1.00/] = 154.0 — 7.1/

for A = 1.54056 A, v, = 180.7 A, and dagp = 1.41335 A the extinction depth is
Next(400) = 0.74 um
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The extinction depth depends on the structure factor and m\ v

C
thus wil! vary significantly (.iepending on the strength of Next(x = 0) = (g) W
the particular Bragg reflection

For the strong (400) reflection of GaAs
Faas(400) = 4 x [f5,(400) + £45(400)] = 4 x [f2,(400) + f&, + i, + f45(400) + faq + iffs
=4 x [25.75 — 1.28 — 0.78/ + 27.14 — 0.93 — 1.00/] = 154.0 — 7.1/

for A = 1.54056 A, v, = 180.7 A, and dagp = 1.41335 A the extinction depth is

Next(400) = 0.74 um while the absorption depth, sin6/2u = 7.95 um, is more than 10 times
larger
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Extinction depth for GaAs \ 74

The extinction depth depends on the structure factor and m\ v

C
thus wil! vary significantly (.iepending on the strength of Next(x = 0) = (g) W
the particular Bragg reflection

For the strong (400) reflection of GaAs
Faas(400) = 4 x [f5,(400) + £45(400)] = 4 x [f2,(400) + f&, + i, + f45(400) + faq + iffs
=4 x [25.75 — 1.28 — 0.78/ + 27.14 — 0.93 — 1.00/] = 154.0 — 7.1/

for A = 1.54056 A, v, = 180.7 A, and dagp = 1.41335 A the extinction depth is

Next(400) = 0.74 um while the absorption depth, sin6/2u = 7.95 um, is more than 10 times
larger

For the weak (200) reflection of GaAs
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Extinction depth for GaAs \ 74

The extinction depth depends on the structure factor and 1/m\ v,
thus will vary significantly depending on the strength of Next(x = 0) = (g) m
the particular Bragg reflection

For the strong (400) reflection of GaAs
Faas(400) = 4 x [f5,(400) + £45(400)] = 4 x [f2,(400) + f&, + i, + f45(400) + faq + iffs
=4 x [25.75 — 1.28 — 0.78/ + 27.14 — 0.93 — 1.00/] = 154.0 — 7.1/

for A = 1.54056 A, v, = 180.7 A, and dagp = 1.41335 A the extinction depth is

Next(400) = 0.74 um while the absorption depth, sin6/2u = 7.95 um, is more than 10 times
larger

For the weak (200) reflection of GaAs
FGaas(200) = 4 x [f62(200) — f45(200)]
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Extinction depth for GaAs \ 74

The extinction depth depends on the structure factor and 1/m\ v,
thus will vary significantly depending on the strength of Next(x = 0) = (g) m
the particular Bragg reflection

For the strong (400) reflection of GaAs
Faas(400) = 4 x [f5,(400) + £45(400)] = 4 x [f2,(400) + f&, + i, + f45(400) + faq + iffs
=4 x [25.75 — 1.28 — 0.78/ + 27.14 — 0.93 — 1.00/] = 154.0 — 7.1/

for A = 1.54056 A, v, = 180.7 A, and dagp = 1.41335 A the extinction depth is

Next(400) = 0.74 um while the absorption depth, sin6/2u = 7.95 um, is more than 10 times
larger

For the weak (200) reflection of GaAs
Fans(200) = 4 x [fg2(200) — fas(200)] = 4 x [f2,(200) + f&, + ifl, — £2,(200) — fA, — ifAs
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Extinction depth for GaAs \ 74

The extinction depth depends on the structure factor and m\ v

C
thus wil! vary significantly (.iepending on the strength of Next(x = 0) = (g) W
the particular Bragg reflection

For the strong (400) reflection of GaAs
Faas(400) = 4 x [f5,(400) + £45(400)] = 4 x [f2,(400) + f&, + i, + f45(400) + faq + iffs
=4 x [25.75 — 1.28 — 0.78/ + 27.14 — 0.93 — 1.00/] = 154.0 — 7.1/

for A = 1.54056 A, v, = 180.7 A, and dagp = 1.41335 A the extinction depth is

Next(400) = 0.74 um while the absorption depth, sin6/2u = 7.95 um, is more than 10 times
larger

For the weak (200) reflection of GaAs

Fans(200) = 4 x [f5,(200) — £25(200)] = 4 x [f2,(200) + f&, + ifl, — £.(200) — f4, — ifs
= 4 x [19.69 — 1.28 — 0.78/ — 21.05 + 0.93 + 1.00/]
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Extinction depth for GaAs \ 74

The extinction depth depends on the structure factor and m\ v

C
thus wil! vary significantly (.iepending on the strength of Next(x = 0) = (g) W
the particular Bragg reflection

For the strong (400) reflection of GaAs
Faas(400) = 4 x [f5,(400) + £45(400)] = 4 x [f2,(400) + f&, + i, + f45(400) + faq + iffs
=4 x [25.75 — 1.28 — 0.78/ + 27.14 — 0.93 — 1.00/] = 154.0 — 7.1/

for A = 1.54056 A, v, = 180.7 A, and dagp = 1.41335 A the extinction depth is

Next(400) = 0.74 um while the absorption depth, sin6/2u = 7.95 um, is more than 10 times
larger

For the weak (200) reflection of GaAs

Fans(200) = 4 x [f5,(200) — £25(200)] = 4 x [f2,(200) + f&, + ifl, — £.(200) — f4, — ifs
=4 % [19.69 — 1.28 — 0.78/ — 21.05 + 0.93 + 1.00/] = —6.96 — 0.91/
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Extinction depth for GaAs \ 74

The extinction depth depends on the structure factor and 1/m\ v,
thus will vary significantly depending on the strength of Next(x = 0) = (g) m
the particular Bragg reflection

For the strong (400) reflection of GaAs
Faas(400) = 4 x [f5,(400) + £45(400)] = 4 x [f2,(400) + f&, + i, + f45(400) + faq + iffs
=4 x [25.75 — 1.28 — 0.78/ + 27.14 — 0.93 — 1.00/] = 154.0 — 7.1/

for A = 1.54056 A, v, = 180.7 A, and dagp = 1.41335 A the extinction depth is

Next(400) = 0.74 um while the absorption depth, sin6/2u = 7.95 um, is more than 10 times
larger

For the weak (200) reflection of GaAs
FGans(200) = 4 x [fg,(200) — £a5(200)] = 4 x [f&,(200) + fg, + ifdy — f2,(200) — fa, — ifs
=4 x [19.69 — 1.28 — 0.78/ — 21.05 + 0.93 + 1.00/] = —6.96 — 0.91/
so that Akt (200) = 8.1 um and sin@/2p = 3.9 um, which is 2 times smaller
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Integrated intensity

Starting with the expression for the
Darwin curve it is possible to inte-
grate and compute the integrated
intensity of the reflected x-rays
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Darwin curve it is possible to inte-
grate and compute the integrated
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Integrated intensity

Starting with the expression for the
Darwin curve it is possible to inte-
grate and compute the integrated
intensity of the reflected x-rays
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Integrated intensity \ 7

Starting with the expression for the
Darwin curve it is possible to inte-

te and te the integrated Rix) =11 M <1
grate and compute the integrate
/o7 1)2
intensity of the reflected x-rays (x+vx2—1)7 x< -1
o0 oo
. . : 8
converting into an integrated in- / R(x)dx = 2+2/ (x — V/x2 —1)%dx = 3
tensity in terms of the variable ¢ - 1
N
T 3mn
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Integrated intensity

Starting with the expression for the
Darwin curve it is possible to inte-

te and te the integrated RE) =41 =1
grate and compute the integrate
/o7 1)2
intensity of the reflected x-rays (x+vx2—1)7 x< -1
o0 oo
. . : 8
converting into an integrated in- / R(x)dx =2+ 2/ (x — V/x2 —1)%dx = 3
tensity in terms of the variable ¢ - 1

88 81 2d%F]
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Integrated intensity

Starting with the expression for the
Darwin curve it is possible to inte-
grate and compute the integrated
intensity of the reflected x-rays

converting into an integrated in-
tensity in terms of the variable ¢

I = S

8 g 81 2d%F| 8 12(

3mr 3mm v sin?0 " 3mm
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Integrated intensity

Starting with the expression for the
Darwin curve it is possible to inte-
grate and compute the integrated
intensity of the reflected x-rays

converting into an integrated in-
tensity in terms of the variable ¢

I = S

8 g 81 2d%F| 8 12(

3mr 3mm v sin?0 " 3mm
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Integrated intensity \ 74

Starti.ng with t.he. expre§sion fo!' the (x—Vx2—1)2 x>1

arote and compure dhe megrated  F00 = <1

intensity of the reflected x-rays (x+vx>-17 x<-1

converting into an integrated in- /OO R(x)dx =2 +2 /Oo(x —V/x2 —1)%dx = 8
tensity in terms of the variable ¢ - 1 3

8g 81 2d%F] 81 2( m\ >2|F\r0_ 8A2rg|F|

=28 _°% % 2 —
CT 3mr  3mmuesin?0 3mr \2sinf) mve  6mvesinf

converting to angle and including the incident flux (®g), cross-sectional area (Ag) of the beam,
polarization factor and Debye-Waller factor, the scattered intensity from a perfect crystal is
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Integrated intensity i

Starti.ng with t.he. expre§sion fo.r the (x—Vx2—1)2 x>1

arote and compure dhe megrated  F00 = <1

intensity of the reflected x-rays (x+vx>-17 x<-1

converting into an integrated in- /OO R(x)dx =2+ 2/Oo(x —V/x2 —1)%dx = 8
tensity in terms of the variable ¢ - 1 3

,_88 81 2PF 81, m VI|fln_ 8\nlF
‘T 3mr  3mn vesin?@  3mm \2sinf ) my, 67 v, sinZ 6

converting to angle and including the incident flux (®g), cross-sectional area (Ag) of the beam,
polarization factor and Debye-Waller factor, the scattered intensity from a perfect crystal is

2
8\%rp| F| - <1+ cos29|>e_M

1L = dgA
s¢ 0 067rvcsin20 2
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Integrated intensity

Starti.ng with t.he. expre§sion fo!' the (x—Vx2—1)2 x>1

arote and compure dhe megrated  F00 = <1

intensity of the reflected x-rays (x+vx>-17 x<-1

converting into an integrated in- /OO R(x)dx =2 +2 /Oo(x —V/x2 —1)%dx = 8
tensity in terms of the variable ¢ - 1 3

,_88 81 2PF 81, m VI|fln_ 8\nlF
‘T 3mr  3mn vesin?@  3mm \2sinf ) my, 67 v, sinZ 6

converting to angle and including the incident flux (®g), cross-sectional area (Ag) of the beam,
polarization factor and Debye-Waller factor, the scattered intensity from a perfect crystal is

8\2rp|F| 1+ | cos 26| 8PoAgAro|F| [ 1+ | cos 26|
1P = dgAg——— L tan [ — =" ) e M = -M
SC = O s 2 ¢ 3vesin 26 2 €
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Intensity comparison VY

Comparing the integrated intensity from a perfect crystal with that which was calculated for a
mosaic crystal

Perfect crystal

1P — 8<D0A0)\2r0|F| 1—|—|C0520| oM
s¢ 3mv, sin 26 2
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Intensity comparison YV

Comparing the integrated intensity from a perfect crystal with that which was calculated for a
mosaic crystal

Perfect crystal Mosaic crystal
P _ 8o AgN2ro| F| [ 1+ | cos 26| M M PoAN3rE|F|? (14 cos?20 o—2M
s¢ 37mvesin 26 2 2uvZsin 260 2
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Intensity comparison \ i
Comparing the integrated intensity from a perfect crystal with that which was calculated for a
mosaic crystal

Perfect crystal Mosaic crystal

8P AgA2ro|F| (1—|—|cos20|) Yy v PoAN3R|F? <1+cosz29> oM
ISC e ISC e

37mvesin 26 2 ~ 2uv2sin26 2

Taking the ratio of these two intensities shows that the intensity from a mosiac crystal is
significantly different than from a perfect crystal

&_ 37\ Aro|F| [ 1+ cos®26 oM
1.7 \16) pve \1+]cos2f|
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Intensity comparison \ i

Comparing the integrated intensity from a perfect crystal with that which was calculated for a
mosaic crystal

Perfect crystal Mosaic crystal

8PoAgN2rg|F| 1+ |cos20| M M _ PoAgN3rZ|F? <1 + cos? 29> o—2M
37mvesin 26 2 ¢ 2uvZsin 260 2

ISC

Taking the ratio of these two intensities shows that the intensity from a mosiac crystal is
significantly different than from a perfect crystal

1L (37 Aro|F| [ 1+ cos®26 oM (37 AnolF
1.7 \16) pve \1+]cos2f| 16 ) pve

For the strong (400) reflection of GaAs this approximate ratio is /2% /15~ ~ 6 while for the
weak (200) reflection it is 1 /15 ~ 0.2
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Harmonic suppression A

The displacement of the Darwin curve varies inversely as the order, m, of the reflection.

G Co
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Harmonic suppression VYV

The displacement of the Darwin curve varies inversely as the order, m, of the reflection.

@ _ 2d2|F0|r0
™ T™Mmve

Go =

G C;O
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Harmonic suppression A

The displacement of the Darwin curve varies inversely as the order, m, of the reflection. The
width varies as the inverse squared.

80 2d2|F0|r0

=2="—""022
s TMVe

2g  4d?|F|r

CD = =5
mm Tm=Ve

2G
-
G (o G(o/2
Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024

October 30, 2024 9/16



Harmonic suppression

The displacement of the Darwin curve varies inversely as the order, m, of the reflection
width varies as the inverse squared.

g 2d?|Fo|ro
==="""2
™ TMVe
2g  4d?|F|r
CD - = 2
mm TM*Ve

0 G 2G tively suppressed.
— -
G (o GGo/2
Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024
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Harmonic suppression

The displacement of the Darwin curve varies
width varies as the inverse squared.

0 G 2G

Geo Ga/2

inversely as the order, m, of the reflection.

g 2d?|Fo|ro
==="""2
™ TMVe
2g  4d?|F|r
CD - = 2
mm TM*Ve

A\

The

By tuning to the center of a lower order
reflection, the high orders can be effec-

tively suppressed.

By tuning a bit off on the "high” side we get even more suppression. This is called “detuning”.
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Angular offset V

We can calculate the angular offset by noting that the offset and width have many common
factors.

. 2d2|F0‘r0

TMmv,

o

N 4d2|F|r0
mv,

¢p

0 G 2G
+—— -
GC;O GC(]/?
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Angular offset

A\

We can calculate the angular offset by noting that the offset and width have many common
factors.

C _ 2d2|F0\r0
0 TMV,
C N 4d2|F|r0
b= Tm2v,
coff = G _ o |F|
m 2 |F0|
0 G 2G
G (o Go/2
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Angular offset V

We can calculate the angular offset by noting that the offset and width have many common
factors. Converting this to an angular offset.

C _ 2d2|F0‘r0
0 TMve
C _ 4d2|F|r0
b Tm2v,
coff = G _ o |F|
m 2 |F0|

0 G 2G

p |F
- AQOff = C2|’F‘| tand
G (o Go/2 0
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Angular offset V

We can calculate the angular offset by noting that the offset and width have many common
factors. Converting this to an angular offset.

C _ 2d2|F0‘r0
0 TMve
C _ 4d2|F|r0
b Tm2v,
coff = G _ o |F|
m 2 |F0|

0 G 2G

L z NG = %”FF‘ tan g
G Gé/2 | 0|

For the Si(111) at A = 1.54056A :
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Angular offset V

We can calculate the angular offset by noting that the offset and width have many common
factors. Converting this to an angular offset.

C _ 2d2|F0‘r0
0 TMve
C _ 4d2|F|r0
b Tm2v,
coff = G _ o |F|
m 2 |F0|

0 G 2G

L z NG = %”FF‘ tan g
G Gé/2 | 0|
For the Si(111) at A = 1.54056A : wietal = 0.0020°,
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Angular offset V

We can calculate the angular offset by noting that the offset and width have many common
factors. Converting this to an angular offset.

C _ 2d2|F0‘ro
0 TMve
C _ 4d2|F|r0
b Tm2v,
coff = G _ o |F|
m 2 |F0|

0 G 2G

AN o IF| tan 6
G G2 2 1Fo
For the Si(111) at A = 1.54056A : wietal = 0.0020°, AG°fF =0.0018°
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Darwin widths

PV 100

(111) | (220) | (400)

Diamond 61.0 20.9 8.5
a=3.5670 A | .03 | 0.018 | 001 | 196 | 0.018 | 001 | 159 | 0.018 | -0.01

Silicon 139.8 61.1 26.3
a=5.4309 A | 1054 | 0.25 | 033 | 872 | 0.25 | 033 | 751 | 0.25 | -0.33

Germanium 347.2 160.0 68.8
a=35.6578 A | 2736 | 11 | -0.89 | 23.79 | -L1 | 0.89 | 2046 | -1 | -0.89

Carlo Segre (lllinois Tech)

PHYS 570 - Fall 2024

the quantities below the widths are f(Q), f/, and f” (for A = 1.5405 A). For an angular
width, multiply times tan @ and for 7 polarization, multiply by cos(26).
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Absorption effects i

The transmitted and scattered waves in a perfect crystal have both a phase shift and an
attenuation due to absorption
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Absorption effects \ 7

The transmitted and scattered waves in a perfect crystal have both a phase shift and an
attenuation due to absorption

the phase shift is proportional to gp which is real, however, by adding an imaginary
component, absorption can be included in the model
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Absorption effects V
The transmitted and scattered waves in a perfect crystal have both a phase shift and an
attenuation due to absorption

the phase shift is proportional to gp which is real, however, by adding an imaginary
component, absorption can be included in the model

2d?r,
g0 = ( 0> Fo
mve
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Absorption effects V
The transmitted and scattered waves in a perfect crystal have both a phase shift and an
attenuation due to absorption

the phase shift is proportional to gp which is real, however, by adding an imaginary
component, absorption can be included in the model

2d? 24d?
go=<dro>Fo g=< ro),__
mv, mvg
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Absorption effects V
The transmitted and scattered waves in a perfect crystal have both a phase shift and an
attenuation due to absorption

the phase shift is proportional to gp which is real, however, by adding an imaginary
component, absorption can be included in the model

2d?r, 2d?r,
o~ () = (Re)r
mv, mvg
Fo=)Y (Z+f +iff)
j
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Absorption effects V
The transmitted and scattered waves in a perfect crystal have both a phase shift and an
attenuation due to absorption

the phase shift is proportional to gp which is real, however, by adding an imaginary
component, absorption can be included in the model

2d2r 2d2r0
o (52)r - (22):
Fo = Z(ZJ + 6'/ + l.f;_//) Fo = 2(60(6)1 + 75'/ + if;-")eié'?f
g Jj
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Absorption effects V'
The transmitted and scattered waves in a perfect crystal have both a phase shift and an
attenuation due to absorption

the phase shift is proportional to gp which is real, however, by adding an imaginary
component, absorption can be included in the model

2d2r 2d2r0

o (52)r - (22):

Fo = Z(ZJ + 6'/ + if;_//) Fo = 2(60(6)1 + 75'/ + if;-")eié'?f
! Jj

the variable x that parametrizes
the reflectivity now is complex
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Absorption effects V'
The transmitted and scattered waves in a perfect crystal have both a phase shift and an
attenuation due to absorption

the phase shift is proportional to gp which is real, however, by adding an imaginary
component, absorption can be included in the model

2d2r 2d2r0

o (52)r - (22):

Fo = Z(ZJ + 6'/ + if;_//) Fo = 2(60(6)1 + 75'/ + if;-")eié'?f
! Jj

the variable x that parametrizes
the reflectivity now is complex
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Absorption effects

The transmitted and scattered waves in a perfect crystal have both a phase shift and an

attenuation due to absorption

the phase shift is proportional to gp which is real, however, by adding an imaginary
component, absorption can be included in the model

2d°nr
8o = ( > Fo
mve
Fo=)Y (Z+f +iff)
Jj
the variable x that parametrizes

the reflectivity now is complex

¢ &

Xe = mm= — =—

g &
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2 2
g = ( d ro) F
mv¢
Fo= D _(R(Q) + 1/ + i )el®”
j

TNXC Vx2—1 Re{x.}>+1

r(x) = TS 1?1 ~xe—iy/x2—1 |Re{x.}| <1
1 ~

m ~ Xc + Xg -1 Re{XC} < -1
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Silicon (111) Darwin curves
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Absorption and the Darwin curve V

Silicon (111) Darwin curves

solid line is for A = 0.70926 A
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Absorption and the Darwin curve V

Silicon (111) Darwin curves
solid line is for A = 0.70926 A
dashed line is for A = 1.5405 A
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Absorption and the Darwin curve i3

Silicon (111) Darwin curves
solid line is for A = 0.70926 A
dashed line is for A = 1.5405 A

absorption is highest at x = +1 since the
standing wave field is in phase with the
atomic planes
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Absorption and the Darwin curve i

Silicon (111) Darwin curves
solid line is for A = 0.70926 A
dashed line is for A = 1.5405 A

absorption is highest at x = +1 since the
standing wave field is in phase with the
atomic planes

absorption is reduced for higher energies

0

o
o
r=mn—-— —

g g

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2024 October 30, 2024 13/16



Absorption and the Darwin curve i3

Silicon (111) Darwin curves
solid line is for A = 0.70926 A
dashed line is for A = 1.5405 A

absorption is highest at x = +1 since the
standing wave field is in phase with the
atomic planes

absorption is reduced for higher energies

note that width of Darwin curve is indepen-
dent of wavelength
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o
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Energy dependence
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The angular Darwin width, wp does depend on energy
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Energy dependence V
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Energy dependence
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The angular Darwin width, wp does depend on energy and polarization of the beam
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Standing waves Y

T S When the Bragg condition is met for a perfect crystal, the
total wavefield above the crystal is made up of the incident
and diffracted wavefields, T o e®¥e/%:% and S o ek e~ikez
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A\

When the Bragg condition is met for a perfect crystal, the
total wavefield above the crystal is made up of the incident
and diffracted wavefields, T o e®¥e/%:% and S o ek e~ikez

at the crystal surface, z = 0 the amplitudes are given by Ty,
and Sy and the total wavefield for z < 0 is
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A\

When the Bragg condition is met for a perfect crystal, the
total wavefield above the crystal is made up of the incident
and diffracted wavefields, T o e®¥e/%:% and S o ek e~ikez

at the crystal surface, z = 0 the amplitudes are given by Ty,
and Sy and the total wavefield for z < 0 is

Ator = Toe™Y | ez 1 re*"kzz] . r(x=¢/g) =|r(x)|e?
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A\

When the Bragg condition is met for a perfect crystal, the
total wavefield above the crystal is made up of the incident
and diffracted wavefields, T o e®¥e/%:% and S o ek e~ikez

at the crystal surface, z = 0 the amplitudes are given by Ty,
and Sy and the total wavefield for z < 0 is

Ator = Toe™Y [eikzz + re*"kzz] . r(x=¢/g) =|r(x)|e?

I(z,x) = T2 {eikzz I |r|ei¢efikzz:| |:efikzz +|rle Ptk
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A\

When the Bragg condition is met for a perfect crystal, the
total wavefield above the crystal is made up of the incident
and diffracted wavefields, T o e®¥e/%:% and S o ek e~ikez

at the crystal surface, z = 0 the amplitudes are given by Ty,
and Sy and the total wavefield for z < 0 is

Ator = Toe™Y [eikzz + re*"kzz] . r(x=¢/g) =|r(x)|e?

I(z,x) = T2 {eikzz I |r|ei¢efikzz:| [efikzz n ’r’efi¢e+ikzz}

— T02 |:1 + |r|2 + ’r|ei¢e—i2kzz + |r|e—i¢ei2kzz}
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Standing waves Y

When the Bragg condition is met for a perfect crystal, the
total wavefield above the crystal is made up of the incident
and diffracted wavefields, T o e®¥e/%:% and S o ek e~ikez

o O o O O at the crystal surface, z = 0 the amplitudes are given by Ty,

and Sy and the total wavefield for z < 0 is

I(z,x) = Tg [eikzz + |r|9i¢e_"kzz} [e_ikzz + ]r]e_"d’e”“"kzz}

O o o O o = T2 [1 F{r? o+ |rlefbei2ker 4 |r|e—i¢ei2kzzi|
= T§ [L+ |r[* + 2|r| cos(¢ — Qz)]
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Standing waves Y

When the Bragg condition is met for a perfect crystal, the
total wavefield above the crystal is made up of the incident
and diffracted wavefields, T o e®¥e/%:% and S o ek e~ikez

at the crystal surface, z = 0 the amplitudes are given by Ty,

and Sy and the total wavefield for z < 0 is

Aot = Toe” [ 4 re 2| r(x = e/g) = Ir(x)|e”
I(z,x) = Tg [eikzz + |r|9i¢e_"kzz} [e_ikzz + ]r]e_"‘ﬁe”“"kzz}

o o o o O = T02 |:1 + |r|2 + |r|ei¢e—i2kzz + |r|e—i¢ei2kzzi|
= T2 [1+ |r|2 4+ 2|r| cos(¢ — Qz)]

as x varies along the Darwin curve, the phase of the standing
wave at a position z varies by 7
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When the Bragg condition is met for a perfect crystal, the
total wavefield above the crystal is made up of the incident
and diffracted wavefields, T o e®¥e/%:% and S o ek e~ikez

at the crystal surface, z = 0 the amplitudes are given by Ty,
and Sy and the total wavefield for z < 0 is
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Standing wave experiments vV

Once a standing wave is established by diffraction from a per-
fect crystal, the nodes can be shifted in space by traversing the
rocking curve
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As the antinodes of the standing wave sweep past atoms in the
crystal or on the surface, they will emit photoelectrons
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An electron or flourescence spectrometer is used to detect the
signals and determine bond distances
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Once a standing wave is established by diffraction from a per-
fect crystal, the nodes can be shifted in space by traversing the
rocking curve

As the antinodes of the standing wave sweep past atoms in the
crystal or on the surface, they will emit photoelectrons

An electron or flourescence spectrometer is used to detect the
signals and determine bond distances

This can be done most effectively by tuning the energy through
the Darwin width of the rocking curve
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Standing wave experiments vV

Once a standing wave is established by diffraction from a per-
fect crystal, the nodes can be shifted in space by traversing the
rocking curve

As the antinodes of the standing wave sweep past atoms in the
crystal or on the surface, they will emit photoelectrons

An electron or flourescence spectrometer is used to detect the
signals and determine bond distances

This can be done most effectively by tuning the energy through
the Darwin width of the rocking curve

A high resolution monochromator is required for this kind of
experiment
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