Dynamicka teorie kontrastu

 Vlnové-opticky pristup, Blochovy viny.

 Vliv anomalni absorpce.

* Vlnové-mechanicky prtistup, dispersni povrchy.
» Aplikace na krystalech s poruchami mi#izky.

 Maticova formulace teorie difrakce.
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Dynamicka teorie opousti piedpoklad |, > | a ptipousti i
vicenasobnou difrakci, tj. difrakci difraktovanych svazku a
jeji prispévek ke svazku primarnimu.

Problém se da popsat a fesit vinové-optickym nebo vInove-
mechanickym pristupem.



Vinové-opticky pristup

dvoupaprskovy pfipad:
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a v pripad¢ porusSenc¢ho krystalu obecnéji

A0, _ g +Zj—'q>g exp(27i(sz + GR)

dz &, ]

do ' | R
g _ 7l ®, +£'(DO exp(—2ri(sz+ G+R))
dz So 59

d " " L. .
I v tomto pripadé¢ stale E(CDOCDO +O O, ) =0, tj. vzajemné

doplinkové obrazy ve svétlém a tmaveém poli (bez absorpce).
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Regeni soustavy diferencialnich rovnic:
d°d . dd, 7z°
2 —27is——+— D, =0
dz dz

g

mé feSeni ve formé exp(2riyz), kde y* —ys—1 59_2 = 0.

Odtud »® :(s—\/32+1/§§)/2, e :(s+\/32+1/§§)/2,

Dvé feseni: @, = C\” exp(27iyPz), @, =C\” exp(27iy'?z)
a podobng @ =CW exp(27iyVz), @, =C{ exp(27iy*z),

kde C®/CO =2yW¢ =w—1+w?
a CP/CP=2yP¢& =w+y1+w’.

Bezrozmémy parametr W = s&, oznacCuje odchylku od reflexni polohy.



Mame tedy dvé nezavisla feSeni pro vilnovou funkci:

w () =C{ exp(27ik 1) +C exp(27i (k™ + §)or) =b® (k®, T)
w(F) = C exp(27ik @) + C? exp(27i(k @ + §)-r) =b® (k @, 1),
zde opét slozky x,y vektori K@, k@, 7, K jsou stejné, zatimco

kD —K, =y, k¥ —K, =% (malé zmény tadu 10*)

Z

Normalizujeme konstanty C:
Chceme, aby ‘Cél)‘z +‘Cél)‘2 = ‘Céz)‘z +‘Céz)‘2 =1
Polozime-l1 w = cotg £, je
Cy) =C? =cos(B/2), —Cy’ =Ci? =sin(B/2).
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Vysledny vztah pro vinovou funkci elektronu v krystalu:
w (1) =y {cos(B/2) exp(2rik ®+r) —sin(B/2) exp(27i(k® + G)-r)]|

+yp? {sin(,B/ 2)exp(27ik @ «F) +cos(3/2) exp(2zi(k @ + Q’)-F)} ,

Nahradili jsme tedy puvodni popis pomoci dvou rovinnych vin
s proménnou amplitudou linearni kombinaci dvou Blochovych vin
s konstantni amplitudou. Konstanty w®, @ uréime z okrajové

podminky @,(0)=1, ®,(0)=0. Pak yM=cos(B/2), y\@=sin(B/2).

Relativni excitace Blochovych vin tedy zavisi na orientact:

* uvnitt Ewaldovy koule s>0, w>0, B<mn/2, prevlada (1)

 vn¢ Ewaldovy koule s<0, w<0, B>n/2, prevlada (2)

v Braggové poloze w=0, B=n/2, ob¢ viny rovhomérné excitovany



Pro danou hloubku v krystalu z:

®,(z) = cos(z#Akz) —1cos S sin(zAkz)
@ (z) =1isin gsin(7Akz),

kde Ak = 1+w? /&,

Intenzity na spodni strané folie tloust’ky t:

2 2 " sin’ IS¢ 2 2
1_|(D0(t)| :‘(Dg(t)‘ _L;ZJ Slr(]ﬂ(sﬂ jz )1 Seff :\/S +]7/659 '

Pros>1/& ... redukce na vztah z kinematické aproximace.

Na rozdil od kinematické aproximace I pro mensi S je vzdy

@, () +|@, (V)] =1.



Jev anomalni absorpce: jedna z
Blochovych vin je silnéji
rozptylovana (*) a nepfispiva do
obrazu. Efekt se projevi u vétSich
tlousték. Fenomenologicky je jev

r ’ ’
popsan Zavedenlm kompleXIllCh Figure 8.2.  Thickness bright-field /
alloy. The bright fringes are numbered from the edge of the foil (see arrows).
h Od n Ot é. About five fringes are observed. Compare with Figure 8.4¢
— S, — >+
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@, (z) ={cos® (8/2) exp(-iXz)+sin® (B/2)exp(iXz)} exp (- 72/ )
@, (2) =—cos(B8/2)sin(B/2){exp(-iXz)—exp(iXz)}exp(-72/&;),
kde X = 7+/1+ Wz/fg +izl+ Wz/fé.



w(F) = l//(l)b(l) (E(l)’ F) + W(Z)b(Z) (|Z(2)’ r)
w' =cos(B/2), y'* =sin(B/2)
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Figure 14.2. The two types of Bloch wave in the crystal aligned at the
Bragg condition: (A) the maximum lies along the ion cores and Bloch
wave 1 interacts strongly; (B) the maximum lies between the ions so that
the interactions are weaker.
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VIiv zapocteni anomalni absorpce na profily kontur

tloustkovych: ohybovych:
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Figure 8.5. “Rocking Curves’ computed on the two-beam theory fecr a
¥ 5 g crystal of thickness t=4¢&,. Full curves are bright-field images; broken
Theoretical pl‘()flles Of thickness f}-inges (a) No ab- curves are dark-field images.  The dark-field images are symmetrical about

N 17, [t i 4 : i) > w=s¢,=0. (a) No absorption, £,/¢,/=0. (b) &[& =0-05. (c)
SY(?’P[.I(.)”- (b) Eg/gg = 0 0sS. (C) EE/Eg i 0- 10 Note the reduced §q,’§q’g:()-10. The curves in (a) are jnm/)/(’menlary.“J Note the asym-
;lSll/illl[}/ of the fringes in the thic regions of (¢). Continuous and metry of the bright-field images in (b) and (c) (corresponding to either edge
hroken lin ‘ o L s R : s of the dark band at D in Figure 8.3), and the reduced amplitude of the

es refer to bright-field and dark-field images respectively subsidiary oscillations in (c). In (b) and (c) &0’ =&’
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Figure 8.3. Bright-field image of a bend extinction contour in a region of varying
thickness of an Al foil. A— A is the principal contour corresponding to 111 and 111
reflections. At X, the thickness t=1-5¢, (see Figure 12.3). DD is a thicker region
(t=4¢&,), see Figure 8.5c. Note the disappearance of subsidiary contours in the
thickest region YY. B and C are contours due to 222 and 333 reflections

(@)

Figure 12.4. Extinction contours near orientations of high symmetry. (a) is an Al crystal near

[100].  The pairs of reflections (1 and 3) and (2 and 4) give rise to the two intersecting absorption

bands as shown. (b) is a Cucrystal near [ 111] where three absorption bands associated with reflections

of the {220} type all intersect. In this case the crystal is thicker so that the complicated subsidiary
maxima visible in (a) do not occur.



VInové-mechanicka formulace:
h 2
87°m,e

Vi +(E+V)y =0

uzZ vime, Ze rovnice

ma ve vakuu (V(r)=0) feseni
w(r) =exp(27i yor), kde h?y*/2m =eE
Uvnitt krystalu (*) vyjadiime V(r) rozvojem
2
V (F) = 2h— > U, exp(27iger) = >V, exp(2ziger)
me 5 .

Hledame feSeni puvodni rovnice ve tvaru Blochovy viny, tj.

w(F)=b(k,F)=>C,(K) exp(zyzi(lZ + g)-r)
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Figure 14.1. (A) The local charge sensed by the beam electron as it
passes through a metal, represented as a row of “ion” cores (black circles)
in a sea of electrons. The local charge is very large and positive in the
vicinity of the ion and becomes small, but not zero, between the ions.
The difference between the minimum charge and zero corresponds to the
mean inner potential of the crystal, which is a few eV (positive). So the
beam electron experiences a small positive attraction as it enters the crys-
tal, hence its kinetic energy (velocity) increases. (B) V(r) is the potential
of the electrons, so their potential energy is negative and becomes more
so, the closer they pass by the ions.




Musi byt splnény urcité vztahy mezi koeficienty U a C.
V dvousvazkove aproximaci dostaneme soustavu

(K®—k*)C,(k)+U_,C, (k) =0
U,Cy(k)+(K? = (k +§)*)C, (k) =0,

kde K* = Z?SE +U, = y°+U,
Reseni existuje, je-li Det=0, odtud
2
R U u \u \
— 0| — . 9 9 . !
(k K)(‘k+g‘ K) =

(to je tzv. dispersni rovnice udavajici vztah mezi energii
elektronu eE a jeho vinovym vektorem Kk v krystalu)
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Figure 9.3.  Dispersion surface drawn in the approximation where the spheres

of radius K are regarded as plane in the region of interest. The co-ordinates 7

and y used in the text are shown and the heavy arrows indicate the distances
(k®—K) and (|k®+g| - K)

Figure 15.5. An enlarged region of Figure 15.4A showing how the
vectors k" and k® are related to the quantities y" and y® and the dis-
tance Ak,.




Da se ukazat ekvivalence feSeni nalezeného vinové-optickym a

vlnové-mechanickym pristupem (tj. souvislost koeficientd U a
parametru C.

Popis anomalni absorpce ve vinové-optickém pristupu (kom-
plexni &) odpovida zde zavedeni komplexniho V(r) a tedy
komplexnich koeficientu U.

Aplikace dynamické teorie na porusené krystaly spociva opét v
zavedeni lokalizovanych fazovych posuvi zpusobenych poru-
chami. Zde ukazeme jen vybrané vysledky.
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Effect of varying t with fixed w (Figure 10.7a) and varying w
with fixed t (Figure 10.7b) on stacking fault image profiles. Absorption effects
are ignored

—;ﬂ J+w? w=0 w=025 w=05
g

o W N NS \.L/ L ® o
-77' w t
w=1 w=2
Figure 10.6. Dependence of stacking fault fringe periodicity on crystal
thickness t and deviation w from the Bragg reflecting position in the absence
of absorption.  Broken curves refer to negative values of w



Vrstevna chyba se zapoCtenim vlivu absorpce:
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Figure 10.8. Computed stacking fault image profile for e« = +27(3 with

anomalous absorption effects included, t|€,=T7-25, £,' =&/, &,/ €, =0-075, ;

w=—02. Bright- andb d(;:k-/ée.ld HIgees .ar; shown as continuous and Bright-field (a) and dark-field (b) images of a stacking fault with «= + 2|3
LO/SERALINES respedwe Y in Cu+79,Al alloy, [101] orientation.  The reflection $=[111] is shown.

Podobné vypocty jsou publikovany pro Sroubové, hranove 1 smiSené dislokace, dislokaéni
smycky, dutiny, precipitaty aj.

Obecné: porovnani vypoctenych a pozorovanych intenzit umoznuje
urcit podrobné&ji povahu poruchy.




Mnohosvazkovy pfipad — maticova formulace:

vezméme fadu reflexi ng, n=-2,-1,0,1,2,3 (,,systematické reflexe®),
pak feSime soustavu

Wl U—l Ul U—Z U2 U—3 _CO
Ul Wl U2 U—l US U—2 Cl
U—l U—Z W3 U—3 Ul U—4 C—l O
u, U, U, W, U, U,|C, ’
u, U, U, U, W, U.|C,
U, U, U, U, U, W |C,

kde W, =K?—-k?-n’g?/4.

Soustava ma obecné 6 feSeni = 6 Blochovych vin, v grafické
reprezentaci existuje 6 dispersnich povrchu:
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Various branches of the dispersion surface for the
systematic reflections shown in the neighbourhood of the symmetry
position k=0 and the exact lowest order reflecting position k.|g=
—0-5.  Near the Brillouin zone boundaries (shown with vertical
lines) the branches of the dispersion surface depart from the simple
spherical form by an amount depending on the size of the laltice
potential.  The spheres shown faintly are all of radius K

=t RN
i

Figure 15.9. Six branches of the dispersion surfaces. The two branches i = 1 and i = 2 have the highest energy and give the largest band gap; notice
that these branches give the terms in C; and C; smaller gaps occur between branches with lower energy. The diagram can be approximated to a set of
spheres centered on O, £G, and £2G, etc.; Cy is “normal” to the sphere centered on O, while C_ is “normal” to the sphere centered on g, etc.



