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Vi batieadd o thae Laet 1 hat v\" bt goiera b by el e ) bex
. [ ‘.

Hhan V”. hiie premd U Chwe g biiary potentiak to e

Caholr boto avcount by wsdny Clast order Cperturhation
' #
Lhvagy I"UA [ b m;mﬂxmw“ux}\u Bale, (s mathod in

Forbed tod bo o Gheee st andatd net hod dne the iul‘m%qt.um“)
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b the pecond part of thig thesis, the valldily of this

[



[ S U ] e oo e dheew l..]n-«l

I/IQ’I o T E A A RPN B B
r’ ‘

(I AV
Myl /‘4‘,.;’ ',
o (\ N i }(,-(» Ty
A8 ,x‘:- 1o R ,’l‘l"‘ ) ,
I g :%}“*?@"(};"?? ’l lfh \l)L:l\)hllllxl Lot J’}yulwd N
P 0 [N T . A p
‘ rolh o AV ' ‘
3‘(1‘:“ ‘ ﬁ“i’., 5 Iﬂ‘)l;l‘"'l{',l'w' s olcalm oo Lnematycal Thoeorres
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\\'ﬁ‘,! b l R K
b,i -

‘.' 3
“"'I“‘Y;Ilwfjff‘;u p‘\‘lml.v‘: Aoapproximatl tonn o whiteh cah
aooa oxl ’t.‘n&m. tin ot erent bt b acted boeams o oantao
dccomnt L The bt s the many=beam theory, whiteh taken
Aot te mbeer b o Thie beamss dnlb o acooant, The actuwal

et el b amse toe baded s general by determined by

n \

Wt o ot ite o te osrder the dot ferent daet Fracet e
boamt acooiding to theyr offect on the antennlbty,  Boeauns
ate thoen neduded on onder o the lh'(?x\(\':x.‘illl'k'] Linpror U anae
it el Chee done s bon ot addrtionad beang doots nob pesad
Feoany nlgna b rcant (‘lnmm* STRRBITY Ji T raetad bhoam antans
LY. o Che many =boaame Tormubat bon of Che dyhaid cal
Wlrody, ton oo one handiod bosais ako goiedal by bogik ced p
ST EREIE H«n».n.y Pounu b by e beak b Todin, Bacain

Al Lhe b tant debbracted boamn o im‘lml;M oA
|»i“u|uw Ly oxccutod manysbsom cabaulat kon,  Uhe :Aﬁ'nmmmm—
ELOodH invo b viead m dovaloping the thoeory ake very tlad b,
Avcok ding by, j(hm many ~hean thaory han baon Touwad Lo o

Fie good ;AA]A'UHM!UXKH wi Ll e Uu:mt’: whder al b di b ranes

Pron vrondd b Dot ald s Mumum H‘An aptab Ll inhad method

'

For bbed ot g cotpod lionta b eemudtn (Hon For oranpAo,

G ol Shoednhn, P74, A9 ANn Bhesiibn apd Bot rop,
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LT Ay Lo, Maro b gatd Ajustron, 19/73).

Phe vecond appronimat ron obtgrned by taking

cicky o bantte paldacr b ditfactod hoeams anto goecount

.

oo the twosheam theory o Phe theory congidaa s "mly thie

L "
'

drrectdy transmrtted beam, oo, and one daf fractdd bicvam,

e Phos appaoximat pone ce s ta o expreastons Lor the
it teaeted bheam antensaty whareh are analytieal an torw,
The twee Dieame theory bn b ben a gquest ronabbe approxia-
Cha, hioweveer o soanees borghier onder ol lections ol b
Y P ool g, 2y, h};,‘ poae bt alwayt ereitoed whan
the pelleetion o b8 oXxebted, (heso rellect rong xHU.
tederroed Cooan systowat e x'uikm'l,hmmﬂ)' Tha effects
ol thedse ayntemat Lo ve b bectlons have boen pltudiod by o
munx\wn of authorn, oy ooramp e, Shedndin (1967) Foupd
Lo et nang the (010) dadh ol Mntennbty An
0

mobybdenmm Chat Chee Cwos=bosine Lhooly won a gousd appros

Ehlial bon oy ey bal arlentat bonn nppx'a‘mi‘wniuiy bacat waaeay

I VI VTR I daode U than theetihsi, e ;‘I«avimk‘luni
ob the ayntamal v ol ot bons From thadr Bragyg aops
ditbons willb b andieatiad by o deviat bon pravk afice b r b,
Bow Ihge Dy Mor o vaduon of 4 fim‘u-nmim.nnw hotwoon 7,4
aidk A Hhed b Tovnd that the Wvosbaan theoky won o

[

Very pook apprugimat fong o Bor valuas of & 0 4,2, the

¥
capbeerivn b bobwoen the tyo=hoam theory  aned oxpaord ficontal

Poent b Uy b roviaesd,

I
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- Tie - point

Thee erthiod wsed o thias thonsds ta indiaate the
deviatbon ol the tipstémmatie pel boot fons From
Choedr Bragyg condi U aons,  Bhe doviatian of thape
bo b baatbons Fram thoelr Bragy condd tions s

Pt cated by a deviatlon parametor § whiah in
obtalnued by ddviding tha distanoas OA by tha
diptanee (G, ROk sramplo e A tha above £ guss
Y dahy  HE N o wherwe n L8 a positive op
ewgat bve dntegex ar sero, theg the peflaatiop
1y I ln its exaat Mgy agundit ion.  Mhe ‘W;im.
Lo An tha parpoandandag pﬁu;)n@uu“ N the Lies

pulnt 1 onto the systematia gow,
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The thitd theary which wi bl be considered is
the Kinematycal theory, In this theory no furthen
annumptions about, the number ot pmportant diffracted
beams are mades Rather ot g asswned that the inten-

Sty of the one diltracted heam taken anto acoount s

Simal b compared Lo the ditectly transmi tted boam.  As
will be shown dn Chapter 3, the Kanomat feal "theory s
O

ahalytical an form and can b devivad Trom the two-
e thoeory b certain approximat hons are mada about

thee pive o the Fowrdor oot ficiont V”n Bacausa the
N I

Intensaty ol thoe ddbtbractod beam s assumod o ke swald,
P han been found (excapt for vaery thin orystals) that
the Kinoaat bead (»hmﬂ‘y I8 - poor approximation for the
pollectlon g aloto to Tt Bragg condhtlon, A.a, fop

O 1,0, Howaever, Lhao hknumdﬁicnx theory has basn

bt WM ] Lo b “W“m’l approgimation, ovan for thiek

oryntads, T tho roflection g in far from Lts Bragy
cond b Ulon (Bew o ohamphe, Whalan, A270; Gavars, A970)
batcsabine thoe dntensity of Lhe b ffeagtod boom will than

ecomma b b compaked Wt the dhreat Ly Lransmd ttpd hikam,

\ '
"

i ﬂrmumm Fon han boan ;’]HN'S.AI‘MEQ byt he fagt that the

two Lhwrohdes )u;«,u(m;;s a'rqui\)frfx,h,m(: I"nxi"',l‘m"{}cs daviationg of
o ' " " ' . . ! i ' ' Cy
the relleation ¢ from dts Bragg conditiaon, L.a, for

ot ‘ o - j\ . v ' .
b v a0, b, han thape ford bhaopna' widely aceaptead, in D
‘ ‘ o A e o ; :
Uhe Mltoratura that. tha kinematical  theory. 4s valid fox 0
" T | o ! T oo
vl wew of ctheycdeviation paramater § =k 4,0, I, g _—
' - S N ' ‘ ‘ ¢ !
4 ' K Q ! # B v
o , o - !
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Although there s good agrecement bhetween the
Kinemat 1eal™ and two -beam Lheot ves for & »» 1.0, it s
important to note that the kinematical theory still
takes only two boeams anto account.  However, it is
potuible that other l)('c;ll\?i will also be important and
should be xnvlu6wd. In order to properly assess Uhe
Kinematreal theory tor & - 1.0, 1L s thaerefore not
sulfreaent to compare Lhe Minematical and kwn—bmnﬁ .
theortes an han boon the practhea o Lhe past, lﬁt;l.m'n?,
LU Y s neeassatly Lo compare the Kinomatical it;nm'n‘y Lo
L OKO Copraet many ~hbaeamn thoory . puch A eomnparison ﬁ
hat Dot yel baen prapentoed dbn thae Litoraturo. A comn-
pakison of tha Kinematicak,  two=boam and many~baam
Eheor o For Kargs yaluon ol 6 wil) tharafores bea carriad
oul o the Lest pact of ehdn Lhanln, |

i . ' -4

Lo bt A Bxamdpat bon o bhe dpproximat lons which Can

b Ugod o Pake tha Imaginary Part of Lhe Latt iao
R L

Paotuntial into Acaount . ~ ,
Phare pie Lwo approachan which have beap adoptasd
' y : N j, o ¥ . : ‘ B
Lot Mitarature do the solutdon of the Schpodingar

i [

5

w"A\/u RINIVIERE fon Lo MM} kg

C Do . v
the dmaginaxy potgntiali Av' (g)

Pho st apsdnas that the imagdnacy pact, 18 much smallex
: , ) [ RV A : s v“\v Yoo

C Lot Co L . * ., o S L ' L
Cthan the real part,  how order pexturbation theory is .
' ‘3‘,‘ \ o , “ e . L ’,
calanlata corractiions to thae Bloch wave - 0 v o
ot B . b . : Coed I P B i ! R

than wassd Lo

!
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functions found usinyg Che x'mxl_ potentyal. The :st'c'm(lard
method has been to use tarst order perturbation theory
tor the n<m—cvl(:q(:nurat.u state (Hirsch ot al,: 196%5) .
The use ot this theory has been brought anto question,
Chowover, whoen the amaginary potengtial bhecomes lange,
anoan hogh atomic nunber matoerials (Shoanon and Androew,
L974), or wlmn‘ Lhoe ansumptiron ol nob-deganaracy doet
not apply.  Under cortain ditfraction aconditions this
socond ansumption s guestionable, an xox‘uxnmplqp
neay uy}tiuul voltage diffraction conditions  (Andraw
anred :‘)lwinllhx-'\a‘, LOTAA)Y or when a non~systemnat fe reflection
Yoo arabbod (Kannoand Shadnin, Y974p, 19748) . Although
Fghor orvdor perturchat bon Lhmqriun hheaves hJun devea lppaed
(Hurnnuln‘nnd gevars, A972, 19738) mﬁd the hhémpy han

b mod i ed to proporly take Anto aceount Bloch wave

i

whieh Ak pﬂuuiunly daguonerate (Shaindn and Cann, A7
Serneo by ahd ubvwxug 197 41) , this purturh@tfwn apploanh
Lo dnaomplete bn that no mathod i awmmwm,Amn«x‘m
qnnnxednqunmhntn Blooh waveaes, (in thin Muaih thasa

Fooqme Whovh waves doganoraey will ba takan to maai a

1

" [ i i ' ') ' i
Cgual ity i the Kt bo oncirg das of the plooh wavaes,

2

whilha guunlqduqunuru&y wxl) hu taken Lo hdan nuquy '

'duq«-xwxn Hlovh wayss or (,l() bx‘mwh&m o f t:na (’MS"
4
Lo ‘ . - oo ) '
P bon ﬁurkawuﬂ) L oo l R
LI T P . i ]

e sheond and alteinative ’ii}‘;WTWAQh A8t solve

; . v Gt ; RN . L :
Ckhe sohroddnger wava aguation ineluding the complex
(R ) . f . ‘ ‘ e R ‘ . . o ; , "vl‘



potential without making any approximations about the
S12¢ ot the pertuwirbation  or aboul how close the
Kinetie cncrgres of the Bloch wavos are to one another
{(Hewat reported by Lally ot al,, 1972; Thomas, 1972;
Androw and .:ihuxnxn, L974A) . Howover, this method,
retorred to as Lhe oxact uu'vllu‘rq in thin thesis, do«*ﬂ:‘i
not o glva any ahsitght anto thoa antoeraction batwaeon
Bloch waves which results from the antroduction of the
conp e Tattice potoential.  Purtharmora, tho ralation-
,‘thlH' botween the Gxact moethod and thee paerturhbat ton
approachey ore not &:vk;l«sxut "
Becapse of the dnadeguacias ol tha two aval l-
aby )l apw;nuniu‘m:, g ostudy bs undartakon In the sacond
part oot thin l.hmdn,l HeOol tha approginations which can be
uned o tako tha lnaginary part };r tha parlodic laktloa
g}‘m;smmm kux'lzip';A&:&:Rxleh(;A o thin pasaareh, ganacallzad
perturbat bon thaory s aaad to davelop a gepacal foxs
madat bol o the Mwmlni«.:z‘;l; tLheory of alagtron «"Aﬁﬁ‘n‘&‘:a
Chon it udd Ty Mbnulplkﬂnn Phis wow . formbat ion of
| M -

Hhio thaory dn very upaful slnee AL providas a physlaal
ul ‘ ! |
bty ks fnr mwmwnrkhq Lhs Uiffrnﬁtiwupvmnditinnﬁ undmn
‘wnle lhu val Lou Low urqmr pw&(upha&ﬁﬂn mppxnximntxnnm
Cana upplxvubJU/am wnll qm glving tnm Anbluht F&Quipud

)

ba dnvukup ey )pxnxxmmtxongﬂ wnu QMthLp oﬁ a new
'm_wx.‘*«;m ).Allqti&m, rrg:_h'amjml ‘t—,o aty Hm aukwmmtmx mc: kmd,
will be prosentad, «Thiﬁ'ﬂpyrmaCh has & pwnbar of .

i . . _'.4 'a . i i
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advantagen over other approxamate methods.  Firstly,

1t as applicable under conditrons which lead to cithor

non-degeneratoe, gquasi-deyencerate or degenerate Bloch

waves.  As owell, the method can give vary close agraea-

ment with the oxact theory whidle ot the same time

providing advantages from a comput at 1tonal point of view,
In order to thlustrate the uselulness of ths

new theory, U ks then appliced Lo Uhe pituations whaere

thee standard {heory does not apply, namggly Tor high

atomic number matarials and for diffraction conditions
l
whiceh lead to degoenerate or gquasi-dagenarata Bloah

wavat,  Booause of the abllity of the ney thaeory to
hand e gquan i ~doagonerats and deganarate statas, this

v ' i
thaory 1 alpo used dhoa sbudy of the machaniam Leading

Lo ther raduat fos of the pacond ordor dark Ciald Anten-
ity whieh o assochatad with thae aribloal valtaye
s'sx'llm:t;a '
\



cCHAPTER D

ASPLOTS OF itk DYNAMITCAL UHLORY OF

LLLECTRON DIEFEPRACITON

ol Bagie Outhine of the Dynamcal theory

ool The Sodation ot the Schiodinger Wave kyguation

The dybamical theoty ol electron diffraction,
A
proposod by Bethe (1928), starts with the Sehrodingaer
Wave cgquat ton Tor an elactron Ap a erystal potential

]
Vir). Mg ogquation gan be wredtten an

T anm“m \ \
VO r) ey (R VAR P (R) = O (2. 4)
: ) h

\

whi ke w&f))xn the wave funut ion of the olectron, and
ino the potantial through which tha elait con was acoa ko=
ratsd belore entaring the ﬂryﬁtﬂin Ther guant it Aas mc
andd oo donote the rest mass of tha olaatron and tha

chactronke ¢haryga roppectivaly, and b ks Blanek's

" S A gt o
aonstant . Hioon tha eeynbal potentiok, V), As poriodic
VOt Mo, A ogan boo axprossod asoa Fourlar gagciens of

Lho Lol

" 2 : |

LOVE) ) Uu ump(Zﬂlénf)ﬁ,%%ﬁ z UU nﬁp(Zﬂiéﬁﬁ) (2. 2)
g o | 9.

Y owhpree Uhe summat bop Ag over all rolprocal lattice vaatox
| , woy e ‘ -
s /(Amm))ug*iﬁ the o “,Founiap coefficient of

l ' ' A s o o ‘-\

y M
‘ v
4 anl Vi
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the latt e potential, I onldy elastre scattering s
)
F l'“‘(”:r‘? ’ »
considered, the crystal potential s real, V(r) = VA{r),

and thwn-r('»x'-

U - . (2.1)

Inoaddytyon, 1 the crystal s controsymet rice, which '

Lo the case tor the exystals conmrdered an thas thesy,
3 r

then an o orhdgian can be chosen such that VIig) = V(~1r).

I this cane, At can be seon Trom cquations 2.2 and 2,

that

and the U‘)'ti whe aldl oraal,
In the cane of cheatrons with energlas of the
bder ol thone upad bn tho alaatron miaroscopa, s V()

the  Schradinger vguat bon cal be golved uphng  Lhe

EToc et ron appraximat Aon.  Yha solut ol oul=

kS

oryntal, whore Vr) = O, aro plane waves of tha

i
3

) b } .
"‘(1).%' “?‘i)&r{“x/\ﬂl) ' P (r\“a!.ﬁ)
" i ;fvj‘

. ! r .
Ches mading bada of tha wave vaator x ke gdven by

. )
Ak g N - A ,
Cn (AT (2,0)
IA Al 4'

'

My thoweryntal, th affaat of the Xabtloo poteantial,,

i . ' 1, ! p g 1
V) resudta b sodutions Lo the Behroddnger aguatiog
A ( L] : ! i ‘ !
' ! Cy
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ahvd 4

k'((’” Ry (2. 01

Yhe guantity 1o the magnaitude o the clection wave
vector i the crystal alter correction fNor the wave-

Fength chonge due o the mean crysital potentral U,
1)

The homogeneous ol ol cquat bogn 2,04 gaiven e

oo a) .xu‘ll.a! bonshirps between the amp hotude s (,“(’” (k'(”) '

t

Lhe Pourtler cootlielonty ll(‘, aticl the Bloch wave veotors

%;(A)

This cquat ton will have nolut tons vonky 4 the

7 ,
determinant farmed by he coctliepenty Yandshen, 1,0,

h,,‘
- rL)
‘\ *‘(}\‘) ) “3” i LI Y
A rOL) A
t) K™= (K ) R N I (2
Y Y

AR R B A A A AAAANAFANARNKRRRAARNDRDRARN B

FUvan bienean Prom aguat tons 2000 and 2.6 that, thi
. , tin) .

Codbblon relaton thoe ool waves voot o hq Lo the

Chiegy ok The Jocus of they end podntn of tha wavae

¥
Vst ok n h‘(l” bbbty bng thit e datdon saws oul b oanchos

b
i

ol o bace ol contlant anorgy ol, b }: pppaca whiaal apm
Kiowi ab Lhe «anmnkm S baca . Por Chivb reation, il
coat hon L0 T knowh abi Batho s dispsas bon GUMat b,

Fliec e thod whieh wihh b adoptead din this Uhonia

[ .

Lo nolve Bothobs cguat ion 2.9 1o basod on e LRIV A L ks
methads The manner Ano whikeh the adganyabue oguat Loy
b sdopbved con b wnderstood by l«}«")g'mn'mrim;; Méjﬁ A
Cy
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""""" W“) Sphere of radius
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In thiys Paigure the aneirdent wave vector , atter allowing
3

tor the oftect o relrtaction, 15 given by K, o

cimplreaty only the two rechiprocal lattice points, o

ad g, and the Wwo dhrsperston subaces, (1) and (),

4

ave bheon ane b uded, I oocder to detoermine the allowed

AR

Bloch wave veolboln within the cryntal, U

necestsaty tooapply the boundary conditions at the top
suttace of the cryantal, Inorder for e wave! Tunet donn
to Jodn smoothly ot the houndary, AUoba neconnary that
thee wave Tundtdon and oty derivativa normal to Lhe

L)
Sk bace should bo oo bnuwouws ot Aha sul Facge,  Phae Tact

(hat  thane condlClons must hold at any point on the

t(l)

surklaco Jequbien that the wave veatorn K Bave Ui
)

[
salic Langont bal componenta along Che nur Face an K,
= 1

Goterad by, aoldooted waven Trom the porfaoe aal b
ok \;p Co abglon ol theldonea ol approximataoly 4O"
(oo DEvneh ot aly, 1905) boecanne of the Taltge b Faraion
lu'L\{M‘\'l!Jlu' RETTTRRRVEY %&l Chiv et dont e laotron and Uh

Pl Lo potent haly

I okdey” to apphy the above boundary oopd i Ubons,

‘

\ ) i
LUt pueestal y Lo congbdar tha dnakbinat lon ot the

i

chyatal sk bace with vonpact to tha dneidoent badi,

Ih Ordep Lo pmimp ity thibn proeans, Ltowbihb boo ansumed

in this thesdp Uhat Uho py et g head Lauo eana hoddr,
bh tjw;nyfiu‘melxRU.H Liabies ieapigr o Cher Al U b ont Lo Aopcod

v e Py, if Ak alfugied to b parallol Lo the apynbal

1

A
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Faga b hiwabd siphioro connt bt vog tlhow g rel boat vanm
‘ P b e et Loty Ao, Bocaugio | I l b fiuah
roatoer than e vovipraval Labt ko e g,
Phes Lause ot oo ioan by poadpanddoudar o by
Pneddent bedan, ‘
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&
Hur e, ot mal b bragg o angles ot oand o an hagh
Clhucer gy v e et rogs st br o e, thirs means thiat the
crystal nartace 1 annumed too be o by perpendioulan
oo the ancrdent b, It has been shown by Whelan and
Hivseh Cora 2 that thas ymme b eal Laane applroximat pon

P e appreovrmat o e the two-hemn cane Lol anyg ey

]
.

G e denee ap approximately 0% too Ot Hpanaey
aldd Humplhiroys (I 20) have notod that dn hoarly aldl canaen,

Che symmetrbeal Laue appiosimation daoa yood obe, bt
\

that there ale vanen whoeso LU s ot an for emanpia o
the deneription of sealn g leobion Mo onaope uhmmgh
Vg pattatts From oo CEACod Spoaciigen,

Thee boundary condit fonn Gan now b apphiad in

age 2 by duawhig, threouwgh point e o dipse parpabdionkar
. . ‘ ’
Lo the coyntal surlace,  Tha polnts whoge this Lo

pinterseets the branchon o tha disparsdon surfae ake

Coried wave podtnt o and doteimne thae ok bowed loeh wave
A

Vel o Withion the aryntals b tho gymmetodaal Liaus

\ f !
catied Lot tho oot Jost fog e bhkp Dabsy wh i b pqrnkkul

3
. . !
to thie Bri b bowin aone boundary ap ulumm Moy sl ‘f( )

[
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T o order tor b by to teter Lo the Jditterent l‘H(u'l'l
Waves proesent o b ks convengent to fabel the Bloeh
wavens and therr o cresponding dispersion surfaces in
accordance with nome aceepted convent don. fha met hod
generally adopted do Uhee Titarature s to o use the
bnteger taboedn o o 1,23, 00,0 an order of tho decroaning

(H) , tHumphiveys and asher, 19740,
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The tormulation of the dynambeal thaory  just
presented han boon capresyod o fesin of tha olganvalnos

abd olgenvectors U oan dinfinita A matrix.  Tha applican

Lron ol thoe theory Ao practioe, howavor, chearly will

it
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Fegquiie that this matrdx ba findta,  Phe approximat ions

which arce tnvolvod In reduoing the matrix to q Lhpd tes

sAne wlhil L be consldored bn thae poat chaptar, L Hm'
Fomakngder of thiy chaptar, the mathods whileh oan e
ol to caleuwtata the A fractod baaw intonsity , and to
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Phe coctfreronts = 00 e CXpLesslon are known oan

eXcilation coettreronts and determine the extent to
whieh the ansociated Bloch wave vBoexclted dn the
cryntal,  dIn order to valeulate the antensity lq of
a dprectly trangmitted o ditfracted beam g, oguat ron
LY 4 sorted anto componeent s an l‘hv directions of
thedse beati ., Lt hene colpohoen by apwe (I‘wn mul Cipliad

by the phatie togm u?(]\)(**’.'.llll'(nl"‘), thon the dntensity of

e goat g o depth oz dn the aryntal 1o found to ba |

Lol o )ty xS e Y gy Y g A (2.,20)
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,\'( ), tequiied o cgquatten L 20, can then be tound hy

obtaining numericatl solutions to the nonhomogencous:
et ol liheal cquations 202000 The ottort geqguired to
solve thais set ot cgquat tonn can bd groatly reduced,

however, by noting that the A matiax ob cquat lon ol

P8 real and symmet e, Hence the matvix O of normaklged
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caygonveotors o an ox thogona b and G0 U the trannpona
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however, that the inelastie seattering ol clectrons
out side ol thie b jective aperture Jeads to the very
Hportant  anomalous .Al).‘iul‘pl‘l(.)ll cltect. This section
will consitder the amportant types ol ahelastie seatloxr-
Iy processen and the modi 1 reat ton whieh in whually
made i Bethe's theory Yo take these procespen bnto
account . Than widl be Tollowed by o discussion of the

apotialoun abnorption el feet,

Aokl Inpedant e Seabboring Procepnoen

/ Phe hhgh energy gloatrons Lravelbing through thes
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ol oo ~ ‘,()()‘(i A (Faines, 1963), so that tn many cases
almest all the clectiong cmerging from the crystal
have Jont '-m-qu‘ql‘,y this method. Because the plasmon
wave length an dong compakod to the Jattace Bpaciny
(1.0, the wave vaotol + g), b 1 not expocted that,
Brogg 1ot bect ton would ocoul during plasmon axcltat bon
(Howie, A96 3, 1970),  Only small \{IIHJM' scoat taerlng L
theretore cppected and most clectrony nul faring plasmnon
lotisen will pass through the objective Mpmrt;ure‘}f“(m&ra
altio Meddoenredoh, Av04) ., \H" T

‘An addition to the long rangye Couwlomb interac-~
tlan just dﬂnn%ﬁﬁud, tha incident electrons: can Anteract
at nhorl rango vlth thie dndlvidaugd uAuq@rwnﬂ AR the
Cryntaks  Mont ol Uhe é*mutrnuﬁ i“n}nﬂllﬂ%}}y paat taradd
by tohhghe o hset ron Ak tat lon arae thowght. to seatiar
through angles Tonn Uhgh a Bragg angle (Mirsah ot ak.,
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: . e A
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A i
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cxampr b Hak b oand i seh, B965) 0 The frrst term oas the
Fagg Scattered term, This term an tound to be cqual
tao exp(=2M) tiwes the antensity Bragyg scattered by a

statite dattices dlere M otn the Debye temperature factor

2 gD i
Jiven by Moo By, oand B BnTuw o where us i the maean

sguare dinplacement ol the atoms o oa directron parpen-
drculbar Lo the Bragyg plaones. The Bragg ocat tered tarm

' |
i taken dnto aecoumt o the dynamrcal theory by madt -

plying the Fourtar cocttlelents HE the lattioe potantial

by the 1)(.sx,y(..~~\mu;.-x- colreetion factor (enp(ﬂhlgzl//l)'.n
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It should o0 noted that, tor crystals of the

v

thrvkness commonly oxamtned aon the olectron mlicroscaope,

clhoectrons ate expected to have undergone
,t‘llll\j. This point o as ol dntorest sinoe
:Hh ecrRpeiment canc bha tound by using

IO 1en w“k-““ asaume thal none of the

;;(fllllll] the amayge have boen anelastbeally
Thias apparent contradiction has beon

1‘)y Howile (196 3) who showed that Ghe phasa

shipen amony elast ical by seattored Bloch wavaes
Ak ' Hate an o alobyg Bloeh wavaen which have baan inelap-

e seat tarad through small anghen,  Mhus,  Che

;pujly noat tarad e lect sons ghva Lhe galiss Mnage

aunt rasE an thode whdaergolng only olantic pneattaring,
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by e Lot ol b peocennen rn ot takhen rnto

Movcoun boc vl to anclude these ancdastlo scatter -
Phg etlects, Molicoe (1939) antroduced the phenomeno-
Logreal concept ot o complex lattice potentyal. 1w
Ll ug}u)muy compotient W) s added to the real

protent, |l\\\/(l), then the total cryntal potential beoome:
\

)

V) vt .},'} Lo U ) eRp (g ) . (2.20)
e 3 4

The add it yon ot thiis diagiiaty colponsnt doadus Lo
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Hmadginaly components oo the Bloch wave vaator k< of
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cpdat dan 2L and ane the elganvabue g uf sguat bon 2,45,
LU owi b By shown bedow that thids leads Lo the attenuat Lon

gl the dftracted beambd with thicknens and, b thins
e o accouwnty m\\r the domn ol olectrons Trom the

bram by bnelantha netter kg,
X
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Linpe r o N O R T B PO ST AL B I NP B IV O It ot o
witho anebastve seat ter g, The contrarbutvonsg of the
Viabbbeun e lastae seatterang processes o the tmaginary

‘ Ce

prootentaial bave Laoen (:.nl<:lxla;§§}:w% Ly soveral aulbionrs
' gl

(Hoeadenroacn, 1962, Whe Lan, l\'»‘)h'»l\, Fooshg Hall ang

Heenele, P96 Hamphreys and Hitach, 1908; Hady, 4970,
'l-‘lw:n- Goloulataronn have bidbeated that Lhe prancipat
contiabut on to the e bast e seat taering ol electrons
it e de Hn)? obhjectave aperture arasan Troom thermal
dibtune neattoring, (A teview ol Youhhoka's thoeory Al
b antennment ool the tpos tance of the D ferent inelafi-

Che mcatter b procestses are given by Kambe and MoLi2ro
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(Lot L)
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By oxoamrninng thiis v badelon 1t can bhe veen that the
dattracted bheam intengity s ettectively attenuat ed
a1 absorbed with depth an the crystal due ta the
presence ol the v.\[v(-w."ul(i‘)/.) toninn, , !
Galculatyone ot the Bhooh wave abtivapt lon
Povbameters bnddbeate that soiwe Bloch waves abo ot
lllt]lnl\," abricar bed than othear s, Phits obtcrval fon has
beon oxplatedd by several authoas (Tor exampla,

Hanhimoto, dlowle, and Whelan, 1902 Howie, L966) 1n

torms ol channe bing of Bloch wavaon, b genoral, the

(l), ()

b of o Bloch wave ab U propagalan

Ihtentlty b
thiough the erystal an oot evendy distribhutod, bat
bhotead, n dovalbecd o channebed dnto aortaln, vagh o
of the cryntal vhther at or bolweon Cha atomee phalsat .
O thee ot by li.xfl«h Heal top g plocosses duch an Chermal
dEE T uman peat todbbing oedud wilh a rvodathvely hibgher pro=
babo brty near thoe atomiy posdthohs than o ot he
bogaoi ol the caoyntal, Accordingly . Blooh waven
\

wWhatio antennty aof congentrabsad at " the alomre phaneot

WL bk ohgho by abiod bagd alsk thoraotore have Larygs

s

dbovcnpUion cont b Eatonts than Bloah waves whotio Intuensity

o conee it rated botweon the atomda pladivoti, e faot
{ it «Hl:h;,'n'm Whach wavan goneraldly have dif forant
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S0 Attomabovs sbevcpta e L beoty,

Pl proane ek teasion Lo lll('lll(llllli'j'll)(‘l.lhl IS
seattoerang anocalealat tonn of (lllfl.lt';(fd hoam tntons )ty
Lo boo bake vueaa b abicaption anto aecount, In orden
o v b ban bt bt oot b 0n st onvendoent o
covamt e e g tron b the e bracted heam antensty
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i/ s
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tegronyg, the antensoty,vartat ions have (fr‘i.‘it'lli.lr,llly
drsappeared duc to the stiong attenuatron of one of .
the Bloch waves.  However, considerable dafiract ed

boam antensity 1o :Hxllj proesent due too the weakly
absorbed heaw, Besaden having anobmportant effect on
ntengrty prolibens an o perfeat crystals, anomaloun
abrogrption han also bheen Found to Jead tao important
clhteets an the dmagen of aryntal dolactns,

o b Redatdvintie Coprect ions to the bynamloal Theory

Sanee the vodooltys o the tlaging elootrons An
(,Ihn clectron mieroscopn ba approaching the spaod of
Fght ,' U heeehnayy i,‘n, Pake ralatdvintiag offaoty
Ehto account dn Uhe dynaimd cal ‘('Xmuryn MThrape mﬂ?’nmtm
haves bovn consbdaerod by Fujkwmfﬂ (A96R) . who davelopxed
o A&"lcxl.kylril Je «WAMM!MMA! vhoectron Alffraction thaogy
ws g, thoe Drae wave oguat bob. s rosults ahowsd that
[ i m.mxul.n.ivthr‘i’\ o l.mmy u‘.avm,(wu UM Ay RIS
“H“HHHAA&:]UA}. fov:n sdal Lo aan b nu)\;v)\‘f,u‘ﬁt;ud ok ralas
ti.vx;&x«,:'41~1' Faotn by ;unpkuy‘ixw twe pinp i ;mpél;iL;u‘ti‘m‘nm
Phvse con b nt ol raplaciing &.mp one ks kat i‘\mﬁ"tfviu wgwb

t

Langth by o dedativintical by eokractad ona and multiply=.

i

At the Mourlor coaf flatant Looms, Ug’ by & relativistic o ,
' v ¥ 7 3 : . ot lil )
Waps aureect ton tarm ‘ ‘ o T
VR S (2.34) .
£ L : |
\ t ' lll , ‘.A A
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Hetor v o aite the ve e ®™ptaesy ot the olectrons and
Flght renpoectivey. e valadity of these cortrect pong
has been contigmed experimentally by Hashamoto (1964),

QO
Dupouy ot al. (19uh) and Gorange eotoal, (19066 .
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catraon for this procedure 15 based ton the fact thal

the effect of o systematye teblpction hoas found to

both with the ancreating order (1,o. dnereasing
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doecreane
: r
magnitude ol the recliprocal Tattice veeta h) and

tneteaning deviat yon trom the Bragg conditaion, Gon-

crally ten Yo twenty et lectiong are x'(.'tiu'ixc.'(l ‘hooa

Many-bean calgulat ton Tor thoe systematye cana,

y.2. s The Nnn*d:)l/nt.-lu.n L Caie :
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Lo at an o lunm'unn whice oy o Dbar ol datt Loae phanan
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whoether or ot o dow cader el Joctaon tar Trom oty
Bragg condition b meae amportant than o hoagh o onded
tetlectyon whireh oo aon ot il zone and cloase to ity
Brogg condityon, Cann (U0 28) has stuadied ths probilem
and han devedlopnd o criterton basoed on Bethe's second
whbder apprtosimat o (Bethe, 1928), In Cann's thooty,
the oftect of o geltection boon tho datbbraoted bheam

tntensity of el béction g, whorpo h*i P miak b, s gy ven

l:y
ST Lol My (3. )
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Thaoty
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]‘q whiioh the term, \( )( (l)(')\'p('."ul(l)[) ate oy,
[ ||
There are twe cituaty s whacoh gencrally occur, In
U
|
(Il' tirrnt cane, the lwlul.'."\'( )1';”«‘)(11(—.&”!(](”.'.) f o
[ {

twor o the Bloch waven are .-.nmlfnnm‘ly Farger than
thee t‘!:llt‘.‘»]lnllltlllnj Poerrines Lo the other Bloch wavers,
Thoene two Bloch waives, toped primanry Bloch waves o 8
Chids thenan, lave aonagnabavant by dargoegtet boct on thee
il bracted beam antenmrty than othey kill»xr’w.xv«~r1. 1'he
Porm of the antenyity prolphe tor this sltuatlon s
shown i Fig. 8. The beatitng botween the two pbinlm*y
Hlogh lw.xvm. bamdn Lo the darge vardaltdon ‘o difrreaot ed
beam rntennity with thicknonn,  The spacing bhotyean he
Intonnhty perakn Lo approximately given by },/];H)my(“h
wlm:n b the racipiecal of thoe diFfareneoe botwoon thice

G ocompolonta ol the wave veeotorn of e two P ey
Hloeh \,#.n\/uh_'{}t)!lwl, “lu\.‘l‘l wavit , hawever, can lM\!"n Mo
clhlact, HE the et boet s ek b, Chey dntrodues o ‘
Vb bat boh i Cho froak to poak tpachng an dhowie i Py a

Thee Bloch waves caatng thokn v babdon wi b o Ceonod
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pociindary Bloch wavon i thikn thonbb,

Phec second prot blo Form whibelh G Dommondy ol
PO many ~beams calaulal bon ocours, whan ope or mgro of
f
Che nogondary Bloeh waven hag sdeh o bargos o

(7})“("31)“?\‘“(a,{,f}l(l)-,»,) {hat .'“ el b ahans U hokd am a0
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three o more proamary Bloch waveso A typreal protile
for this case 1y shown an Frge It more than two
drfterent wave vectorn (h )( ate anvolved, then
thee beating betweon the throe o more pramary Bloch
waves leads tooan o antensaty protale whioh exhidbita o
much Targer vartat ton tn peak to poeak dapacanyg with
thaokness than ocours when thoere are onldy two prbnary
Bloch waven, Prod i lens of thisg necond type will be
teborbedd o thes theson as o vomplex prol i ben,

bk order Lo b eate the manner an whiiahr the
ditbractod bhowne pirteanidty varden with cryntal thiteknvean,
LU convesbent Ao antaoduee the togmn extanel bon
distanee, VL e GRUIHe bon dhatanae, .uhul Vak bat don
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pereentage ot the average extinaetion Jrstancoe, By
using these thireoe terms 1t as posisible to convay

Some tndicat yon ol the manner an which an ix\&lunnsslty
profile varies wrth thicknens, In g Y Tor exampla,
the percent vartatiton s bavge (- FOO L) l'l‘hl."s thdraates
that the intensity prottbe ag complexs and that mope
than twoe povmary Bloch wavas agye proseont, The ‘puu':vnt.
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orrentations, canoonly be toand, however, for the case
whieto two ref Lect rang are dhicluded, In this two-beam
theory, the darectly transmitted beam and the diffrac- '

ted beam g oare e luded and the crgonva e ”W““‘“’”
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1 (Lt (o= (7)), (3.8)

This mattix can then be reduced to

con (/) san(n/4)
v (3.9)
~nand{in/2) con (/20
by making the additional subatitution
Wt col . ) (4. 40)
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atd Travo Lottt pee prataeboar s whibeh ato VLY Bk by
vl b e ceo bobab iy Ve b g unud_nrn STRNY wl..lnu'
ok bon w100 RV o sl on fol Foc U bont ol Ul (rrny
py s bl b o Wi w»;m.ldulwl.\ "l'h}u Pk bagge
Vel gt mn‘ b vhe oxbainetan (,H;‘il:“!k“éu o tho (hhn)
vl Thodd e dntenn by wan HML;!“I]U(A“%HI s ystali
Pwenly v pet o chintangon thibok.  Thee repnb b ake
phowne oo Mabide A Lo 'e“‘;'m";g, b and G LY,
Lo e ;M‘“ From Chibn takile Hm{l ,““‘m, b
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Tabibe . \ A0 Sany beam ol bects
Pt ; Jh and Jow o atomie number .,
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Jdrtlcaence
Lo tweens L hie
Many - beam aver-
e Rt et ban
: distance and
‘t‘lull 1N tha Rimematacal
D1 Aot e extincet aon

Mot pbal

Tdintance at
A “ N 'l AR - I)
Godd b [y
AL Wik pvn R 0.1
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aon drtance with thaockness Taor the hirgher atomn e
vunbes it tal, Che percentage dit oo nee bhoetwoeor
the avany=boeam aveprage ottt ton distance and the

Kinemat real oot lnrrl-a,ﬁé‘w\ gt ans ¢ owat o also found tao be
i?A

WA

Largoer tor horgheg d(\)lll\q\i‘ ki matertaln an nhown
"\
o abide e Clear by, thoedse genudts andieate that many-

bosan et tects anereasne matkedly an materraly of hagh
atomie number and theretore the Kinematyeal theory

bocomes a pooles approxiiat fon,

buhod The mbteat ol Ghiabgan Vi Lhe Agcederal dny
Vaoltage on Many -HBeam W Faetn
A AL A A .
U vn neert o nibargrant (‘W sAaid b how

CREDUAL T 00 fun‘[\wk Ftoadan ol Uhe prlmagy and gecondary

|
Mloeh wavesn (lsqu\.ﬂ.lu“.‘i had )l and f)n“')() Akl thsr seaohsl

‘ &
uulﬁ codioct ot Lo the sgoanvabuas (torms b9, 0 4) i

'

Changoe ab tho aogolorating vol Lage b s%lmlup;u‘h"*\ At

[l

‘ N
Pl acocdarabing volbago i bnereasad,  Uhee saghn b dces
| \

i) ll“ Phopeanen bocaugo fhe tolativiatio m\x‘xm:tahm

. \

Larm o ubed I Atadloubalbing thin Laki mmmm‘k\\x(:mm
’ , . ~‘

coiat bone Ay ) The amekators of tha agoltatdon

almp b tudegs o oequat kons 9,00 alkd S 00 tharaford y

K

Iheneano an the aooadarat bng voltage b dnoeraapd,

whido Che donomlnators of those t'\s.«.mga}‘;rm‘um;x aontlant ,
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e NI B T N A B R R ! v b eoe . e el v e

by ol bt ey mab b, b s et o ar hiow U

deneamtniat .'r:.’ M‘j—:'l oot the Ao tatyon amp ot udey
' i
chatep with aovodetat tag v b ulln‘krﬁﬁ{\s)&h Lhe o
i1
5
voaltnos oand Ko chiange Tl C-vadues pathar than the -
Vol we e uned tn oo skt ot and ol an

crder b v peeane thor s pe Bdem gy Do akb b the e
i N Ihotoase by |'||n e Tacteag o, the cnartat bon
amprb e tudes ot the necondary Bloch wavens whiblb o aneiease
wilh teopoect to thone ol the pramary Bhoch wavens o and
oy o bactbon Accovdangly, the varitatiob b exbbhes
Cron digtance should Tncteabe with an thcieane dh Uhe
avec et al bhg o vo b bages,

Theo ol bvct of b eattes ioh thoe aacoeletat g
Vo Lago on Uhee any =heati avedage oxXtibnatbon diatapoo
Gl b e by el ik the Phant and secold ok dag
Apprtodat ons bor the cargoenvabues ol the Two e gy
H‘lm‘ln SNTURII Whirtr the tomethod s vaed e calandalo
e Prent ordear appros et vone Lo Chie iy =<hs o '
cogedia b, the b beenes bebwaed Ul oy hgenva b uen
Gl Ul bwos peniany Wloed waves oo andd g ks tonnd o b

K ‘ N

| 1 wll]/(;u{)“ (o s sl ky thu_.dmx‘l,ur«snf:u boes v 1)

i) \ ‘ . f"h: ”.';ql—“:.“' .
Uher oo bonment o lH el t‘lwm the dlagonal ol the A mm'\x;%@

et

abd b el Lo thé S reciprocal of  thue i'i,u,wx'uxi.t.hmk
DRV OR Toh drn oy ) Al he g berat hng voltage

, N . ‘r"‘ A £F b - :
boctbvanos, o quantb by l'“‘;‘l:)'f('”\) changas by o factor
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. thier I~ T B B S T Miv o ot Lhooe U )
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I TRE T RV Fhe o borre, the o ortect poa e becoe

Mot e sorgnr bpeant o hagbie s accoelerat tng volbagen,

,'\('\'«v(\hlnjly, Chee percentage et begenee between Che
Bar s e ave e cxbainet tone dbrstance and he r\znn-)
IREE)

oy
“Hh‘ ad o ext et ton drstanee shoadb e et eatie ‘l{\(lll‘
~

n

e be gl b Vel bagee e canon,

o cader Lo e b theso oftecta do aon Lact
STRIE T w.nlnul«allnllm Wil e car kb led out o the (o)
ok e bd antensi by oo omcdbybdename The resubtn Lol
avevlerat vig o voltages ol L0u RV and 1000 KV aroe n{:uw“

i b be Ny Hiatoon reflections ol thoe (L) iy st on=
o
AL oW wogo phebuded and Chie gadouwbal Lol werkas

ol b bedd ot 11.;‘91\ by Foh and Hob. Whe vartrat don

Pt et bnn dpntanco and Chee iy begie aveer e

{
crbinetron diestanee wene ob baned Fodoeryntakg

Pachby it et oo dastanedas thiok, HUocan by ioon

From Tabbes s that thedw b conpddebab g bnereatio
4 [
) i

r, ' ]
B Che Varbatcon of the oRbinetion dintanue as he

o R
Ao boorad g voltage e dnareakod, LU cran aksa b

St Brom Mabbes S that Uhe pareantasge G Eoponoe
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hodtwoon tho many~hoam average oxt oot ol d st anoa o
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Vel g ooty b ot becte rn me by bde g,
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Doetween the wany -
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waith ot berat ey L g, Clear bt thien,  thene

'
I o Y N B N P boe o o b oo b o e heran
Bt ko, withowe o be at g et and an g tesult

the kvt toad thiery baoc mes 1 e apploxiimation,

Lo order o conanrne thie robe b the relatavig-
Pl vttt aon boerm o, o ulattonn werle alno cant bed
cul o owhireh o redlatavant re mann ol rectbon wan
i bred to the Terme lI‘, b ooy o Thene
tenul b are shown on Tabilbe oo Tt can be seen Do
Chan Cabde that thoae s goaod agreeient betwean the
ettt obtadned uning the diffoearent aeocedlarval ing
Vol bagot, 'l‘l‘nn rosudt dn ool o anterest sdnes tho

R

Pocteanie ba many =hooan el feetn withe voltage hag beoen
nltudied by many authorn (oo Lol egamp o Gor dige ol aky
L9GG; Howio, 1906, 19701 Pakahara, D904 and Bolion
e Shoabng, 19, Phono pesiwh bt have baeh attoihus
ot Che e datavintle ancioapes b the Uls an woll
Choab theteatie th bhe podbvas, o thie m:,mld Hphie ke,
oy, the tenub s pronented above show that  Uhe
Phcd oo Lo manycboaie of Faetn whibeh oceurn with
acec e al by Vol bage ki pukaly o e datavinbbo el baety
Phe Tact Uhat tho fadiun of  Uhe Bwald saphaio dast ot
Bave ol int bucenee on many ~hoaiin ol beotn A6 q etk kal
*l‘/umul‘t st pointod out by Uym}nl (A96H) and aan b
thovar by cRom g Che A mat o s whiaih Ul Cava kuus A L
h

Suted Lo the diagonal ey omeent i, v
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Tabrle 6, The et foct of chanfes an the aceeleral 1Ny
Valtage onomany=beam ot tects o an molybdenum
when the torme lll Arte not o xelativistically

|

ot e cted,

N

foddtterenoee
between the
many-heam avep -
age extinct yon
distance and

B vallatiron i the Kinemat foal
the et inaetion distance erlianethon .
bV e e anes at
VoL h VEE Y AL & ¢ H.H N N
LOu /. b 4.1 0.3
Loy l.h hatd Aad .4 "




S.0. 80 The Elfeot ot the Order of the !

:3’y:;t('lnat 1 Row o .Munlhlk-dm It focts

LU s dastly of anterest to examinge how many -
boam cftects depoend on the order of the systematic row,
11 a lower order systemat be row as conthdered (tor
example, a (110) row anstead ol o (200) row), thaen
the nuwmerators an the expressions tor the exalitation
amplitudes of cequations 9010 and 5,00 and in tha second
order clgonvalae (:()A'x*::\* tion Larms b ; 1 % will Incraaso
(e Fig. T0) . Furthormors, the danominators in Chasa
torms wi kb tend to dacraapae, bo magnhtude sinoe Lhe

L
valuen ol Y, dearseane,  Accordingly, thoe aexcitation
amp b htudes of Chae scecondary Blooh 'Wm‘v«m phould ,l.milrumm
wk(~h Fappnol Lo tha arcitation amplitudas of the
primary Bloch wavas o and 9. Tharatorpa, thora should
ISTEI fnxqmr vakdation in the uxkfuckinu distanca for
the dowar opdar pystamat o row, o addition, thape
shouled b oa lﬁﬁqn} AT Forence batwaon Lhe Kinamat deeal
alnd many ~bstan aveoraga axt ination distanoas,  Pha
paamson for this Lias o the faot: that tha sacomd
ardor alganvalue corraction tagms H, 12 will bae largar
for tha lower ordar row bacausa thea ML a Lok s Incraasa
and tha dopominators dearsasa,  On.the other hand, the
QXﬁfmrmuﬁu |1ﬁ Hqil/(zm) batwaon tnu“primarx Bloah
Wa Yk migmnvuluma w(ﬁ) nnd 7‘9) aopraat to fixﬁt ordep

wh il dookaasa: for tha lowar order pow. Accotdingly,

t
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Phe et contage ditterence hoetweoen !h.T‘ Mty = e an
average extincetron dentance and the kKinoemat 1ol
extinction dastance Should e barger tor the lower
order systemat 1o 1ow, |

I order tao see 11 these of ooty do oan fact
occul, caleuwlationn were cartred out tor the (1400)
and (L0O0) systamal be rows Vit mulyhdundm. The
agecalerating voltage uned wan 100 KV and siatoon
tallecttont waer e aneluded,  he percantage variat ion
b the extinetion distance Tor Lhe (LH0) angd (200)
Gtk relds ds shown dn Pable 7. The cryntal thicknosn
conpldersd wan twenty extinctlon dintances and the
calculatlons ware carvled out tor & ~ 6,5, & « 1.5
ald A L can be peen Tram thils table that Chape
Lo connbdorabiba docreana v Lhe varlat lon ot the
extinetion dintonce with thioknaeus for the hidghar
obdor nyotemat beorow, Tha poresntaga dhEEarpnes batweor
URce ey = o avaod g Gt inction dintanos and thea
K beadl oxtoviet ton dAn{mnuu Wt o b iuqum o
GJueraatigns Thuse pesult s nhow that lnz\g;§/5~ka«1:axu ol Lot p
Fnearcernicy markod by whon o bowar nmur py st o row Ao

ol b ehtresd il Eharofare the Kinemalical thaory da a

|
'

poorer appros buat Lo,
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dantanoe at

A= B0

clhloecty

& e 0,h
0.4
R e
0,04

for hgh

A differoncee
butweoen tho
many-beam aver-
age extinct lon
dlstance and
Lhe Kinemat foal |
extinet lon
dintanpo at,

134



ot Summar oy and coneluntons

In the past, the validaity ot the hinemat Lca'l &
theoty tor large values ol 0 has heen assessed by
comparing gt oto 1!1(.- two heam theory.  dn this thesan,
Che validity haw been anscubed by comparing the Kine-
mat 1eal theory to the more exact many-beam theory.,

Two et hods were aned to carry out this comparinon,

The trrat nethod s siwdlar to the mothod traditional ly
uned to o ansean the validaity of the hnematical theogy
and anvaolves o compar bsan ol the K i neanat keak ext ine-
tiron diatance to the many-baam aveyraga aatinotion
dintance,  The pesults of Uhiy comparinon showad that,
L no tyntomatbe ped baet Ton wan dlono 'to dtn Bragy

candition, ha Kinomat ieal and many =baam Lheor hap wor g

bhogoosh agieament, Mhis Fleat o method, howeveaer . han
|
B boub L hmbtat bons bocauss the many = baalll aver g

cEtanetion dintancd g not senpdtive to tha effagts
anbottatod with the premsieo of  sacondary Bloeh waver,
Accorda g by, o aecond mothod wap aluo uped Lo aompara

Chio two Uheor bah, b this method tha var latdon Li
| ' . |
Chen by =barag eat inction distanca with thicknass wan

QRAM Ll "l‘hui mat hood showed that, theaagpe wore shand -

'

Lhaant variathons koo thee munyﬁhunm‘éxyihutxnn dlﬁtnnnm‘

EY
i

uvi whagr ho nyﬂuimqt‘h; “,z‘x‘-l_ms{ fons WO alopse Lo th

Wiy sonditiaon,  %his rdsukt shows that, the h}ixuuwALi&yzl

)
i
1 f !
H
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Phoeory 1o poorcer approdtmat ton tharne ot had pre

viously Heen contidered to e
i

When these two nethods were asned Lo compare
Phie two theorton close to the Bragg condition ol o
haogh order syntomal ve et Joct mn,ﬁn\.my'-tw-.uu cllects )
wor e tound Lo bee@me vory tmportant , 1, e, the intensity
prob e became complox, The kKinematbcal theory b
thoerotore a very poot approdunat ton Loy thesa dal-
fraetion comditron, The hamemat tea) mluul Maa by = b
Choepr ten were a bt compared whatr non=sytstemat 1 ¢
el bectrons were ancludoed an the many=boam caloulat ton,
U wan found that complexaty conld accour fn the many -
Do prof phbes ot tho sevalue ol o nonsnyntamat be
ced bt ron wan closo b value Lo dvro ol :s”. Tl 0
hrnomal bval thaory s Lhoersbore a voery paor appros
Kimal bon ot thase diug fract lon condit kons,  Phiag o an
‘nnlunl(ml Fonult bocaung Lt shown thot a A(mnﬁﬁy:»zmmmM.‘

. )
el doctaon can have an bupok Lantl o ol root o whaen VLo ba abong
oot Heagyg condition,  Howaver, mm— :wnt.uumtk.xl
pod bet ol el adio have al bportant oo foat o whon b
Ve ot b the Bragy t.‘.l‘m,(HI,“'hH provided Chat Hy, H”A

Phibs becogud ol Lo Lt net W?‘fél‘f\!“ﬂ;mily by et A oned

S thee Miteratueae and bn duporctaft b oapoes bnsintal

i ‘ " ! . | e
ohtvevat Lo of Tatt boe dofacts undar woakAbadam S0 racs
P ' . ‘ . .

tron cond At bon, | |
i ‘ . ' ) [ A

! i
y
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CHAPTER b

N

\

EXAACT AND AL RPROXIMATI M PHODS FORCTARKTNG
ABSORETTON TNTO ACCOUNT IN 'THE DYNAMICAL

THLEORY OF ULECTRON DI PRACTTON

0,1 ll\&lmlur('t YO

The et tecty o abyorptiaon are tahen anto
aceount oo the dynamtoal Hu""uxy ol clectron diffracs
tron k»y'l.l‘nv additron ob an daaginery part to Che
Fattiee potential (tor o dbeeent poview oo Dader beh
(1972) o Kamdue and Modidre (1970)) . he approach
widely adoptoed an Uhe ll(!."l ature Lo the solution of
Che dehirodinger wave equat bon bncduding this potoent val
P Lo aditiie that the bmaghnar y- pas Ldy awaeh /muqlim.x
than the teal part, thun pmmx‘l,t by P hant ordar peag-
turbat tan theory fon U he non=dogenaerat o plata Lo hea
wrad e s are, howovar, goeveral Dimitat bons Lo this
approach, Pient by, Cthiba form of posturbat bon thoaory
booondy apphrcabbe o didbractbon conditbonng for which
Bloch wave dogiensg acdon do pot oegur,  Ohn this Lhondn
Pho tapm Bloch wavo dmwm:muy wihl b takon Lo tmieian
:m sgual ity b Kipelba anacgion of tha Bloch waves, )
l)m"xilm I ,.m,-‘s_g. povaral yoarns, howaevar, thora has baan
u(m:um:rthmr dnteront bn phonomena g whichs L oeaur-

Manoce of a Bloch wave dogenaracy is dnvolvaed,  for '



Ed
G
crammpr e, e ot ol tage ettect (hally ot oal., 1970,

whiitoh e ot P thie minahirsation o ob the diftracted

Poeann ot oot o o a0 second order systemat b ret lection,

Looagthotated o wath the degencracy of Bloch waves two

1
bl e Ao, whon o sy stemat 1o refJectrons are

) ' ‘ .
aben anto o account oo the dynamreal theory, Bloch wave

.j‘».“ e T ot Lound o ocoul under certatn dulbrac-

t)ul?,//wnlll tong (Gdnnes and Hyrer, L9 Canhoand

hotioon, 1ure, 1eran, 19741) .

L}

{ A vecond Tonktat don ol the standard thaory du

llm!\l‘ b ol .Al'l}l[ll(‘.llil(' to datlvaction conditions

+

yv,l‘lu'"‘h pesultoan quan e degaeinvrate or vhone daval o dtaton,
"t

noak by dogenerate Bloch waven

Fone dinpornton suk bacon) vecuy bor o wide varialy

\’lné.t- fove ] mtaten (.o,
tyr

|

l

A .
Bt hractron condithana,  Por araimp e, thay ooour Ao
,[hu‘, Cano whoa s systauat b eet et ionn are takan into

i i

|
Al . .
,opedoant o wheno g patloction s Ghope Lo or Ah Atn
!
YL on g cond U lon, Homee b thasa bave s bocome pad biaus
\
«Mlmil\,‘ clone Tor cortain coabtieal aceolorat ing voltageoet,
N £ N B
| .
a"’,sj'mew oo s aloo accur ab collain orlentatlons in
"l‘ Vl
by !mﬂ, cucbat tonn whitoh dnebude nodspystomat b ok haat bons,

A lhplul Vi tat bon ot the ntangdaigd mathod fox

l'a il ]
f’)‘ﬁ Plewdat Liy ahtiorpt ion coatfiglants s that At Ii a

A
/‘ /' Unt ordor appror bat bon basad on tha assuamption that
f L& 1

;LJ
“‘..)“‘ / &4m Fmaginaly part of the dattlaa pploentlal s muceh
\ . ‘

4',,uml v Pl tho raal past,  Shednin and Andresy (19974)

Al
N i : ool ,



O O N e R I FIR drowns Pt Uhv annumpt von,
altthough ol tor the Tighter o dement s, may not e
valad tor heavieer eloment s becaune 4 e rmaginary imxl
ol o the potentaal ancrcancs witho o inoroaning atomic
oambaer

Fhoe bamttatdonn of the standard method clear by
Predbreate that the devedopament of alternat vve met hod
ol taloang abnor ptaon anto acveount oan denirable,
Appaosimate anethods, whirch cnabbes calealatyons o
ree v ted ol \Alnlt"l conditionns ol ceract doeganeracy,
have oo devedoped by Bhedpan and Cann (1Y) and
petngodbn and Gevers (197 8) 0 Sarnecdns and Goever s have
dlao deve boped expnennionn baned on o ncecond andd hoghe
crder peaturbhat dbon theory tor the nonsdegoenerata stat o
whineh o beocmprloyed when the tmagihaty patt ol tha
ot baeo potantial on no donge o simal b pox Carbat von,
At yelty howevatl o approximat v mot hods have baoan
e bopedd bar hand Do Uhie cabee «m.mk:msuunuxuls: uk

P Joves ) b al oy,

Aol bed it ive to the appr o omab e et hod
deanned above g Lo peeg Lo \‘!H&‘\H‘n\ti()llhi whor ol oo
Hoanbump o about e sohdce of ;'l'uxs perturbat bon o
aboul how clore Chy Kinet b onergian of Cha BLowh wavis
dbir Lo ol Anulhux.‘ (e mutnnd; palforrad to dn this 0 o=
Chosbn on Che wgact et haad,  Man bosg asad hy NPT

i

(9720 and Lok by ot al, (I974) in galaulations of

v



T e O A B R T FR N I ST R PITI TR PO Pl et b, biined o
\
@
Uho It]ow b wor o Code e, Sy Cea ol o os the
comp e s b r e a0 A ) whic b cn cu s o thie oo -
Coobac tormatat ron ol the copaat bons ot the dynamge ol
Pl 0 oo capaat to G b ot hicgy met oy ot Loy -

andlated s thee o howan e o o b e alnho avat tabile,

| ot o woop be o thie bty e et bpond ot Cow ey and

]
Mo b e Gooodiman and Moo v, P 7d ) o Uhia How e

e Whe oo oo ) bt berentrall cquat vons o appr oach,
AL the e theor ten are unebal Trom o compat at tonal

prant ool viiew, bat they do ot gave any dnnbght o anto

£

the b oractyionyg boetweon Bloch wavens swhaiych senult Lo
Cle antroduct ton o thae compler Tatties potant ral, bii

Phin chapter an altevnat cve approach whiich porat s Choeoe

]

viteravtaionn to be studied wi bl be proncntod,  Thy

heary va hased ol genega b b perturbat von thaory

ol ok caces s wathiout appaostmat Lon,  the comp lox

mal o, oA 0 Y)Yy ol tho GrRac L ooy, Bocaiiee Uit

Appaoaets v o perburbatbon approachy the solutvon to

is
Cheo ot bonn ol the dynamgca . Uhesod y e baddng akpnod pr

Lo .i'wl»uml crRp ity on bhise mvsbng of L ho un;mﬂmkuul
CBloeh wavon s Thio new foprmlabion 61 ho thuufy g

Chv tallowing advantagot over 1 heo :mm,hmm Prisav oy r
AV Lah by

() oot barn tanight Sbnto thae changes an Ul

mechaib g of tmasgo conbratt o whaeh cesuwl b from e

3
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L , "
et ol Do ol the o e Lttt potentral, e
cloatege ot s o ol loch o waves .,
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bowe b The st Order Approxamatyon to the Solution

ol the Perturbed l'ZtL(A(l tion
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carried out oand the regultys are Shown an Fig, 49,
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It can bhe scen from thas (rgure that the gnterchange
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second order retlectaon tram s ts axact Bragg condltion
P4 umn-u:unl, the sub=matcix pechantom for thoe eritical
volt age raducen Lo the mechand s obtalned foro Lhe
atandard theory.,  (Ay indicataed in Section 8,3,2, a
aritiaal voltage Antannity mindmum Lﬁ‘nbtaxnua far the
standard theory fox diffraction conditions whara

7(2) A 7(3) and  the mm‘:uzat_ionltampuﬁudaﬁ are small An
agni tude and are ko phaps, ) As poted in Saat lon

B, 3.0 (), HU!‘!L\‘\'!&H‘, tha arikical voltago mxpm;mlity AR A A

bocomes eps pronounaad tor! valuan of & » 2,04,
' I

WA Crjleal Vol bage Jifuet L Materials of

1“ thm h&nunn, lhu &“rltu‘nk Vnnagu urrm:b in

,xlnqtmmaln of mﬁkvrmq atomic pumbe s wxlk be em\mumd BRI
1 R |
Thita rnamm for «mm,kd&:mm; bk &ffté&}":ﬁ <)§ qtom)\q‘numbeﬂp'

1:1» xmx x.mé ulf ﬂduwmmx alohants ot tf!m kﬁﬂ‘mat‘p;ﬁ.zﬁ are.

3

"}nmur fop umwmnhz m h‘_kg‘;jkmb’b\t‘omm ﬁl‘*m_bﬁr and the =

: : i s Lo
P [ R ' . R h ! i
i . - . ] L :
Lo

v f ' . P ! . P
' ) B 1 A S
. i . . R ' ' )
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Aher axeitation mup“kwitm ?((“)CAQ Y of
parturhoed Bloah waves two and Y
Lhree plotted in tha gomplex planca,

The pumbors batweaan 290 apd 4904

MMHMALM Lhye nC‘(}&Ql&q};‘qLi“q vult,agu»x“

KV,  They valtage rapge copsidared was

440 to BAD kv and tha ‘Yoltage incremant . ,
was 10 KV, ‘TMARLHLn reﬁlaqtionﬁ of tha
(AXL) nyﬁtumqtle row An c@ppep were
hakan Antn AGK ﬁuni and A . R 02,
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effects ot Bloch wave mixing are enhanced (sed Scoetiion
- ™
71.2). In order to assess the oltfects of atomac number ,
It s amportant to be able to dastinguish between

A .
these ettects and effects which result from the mixing o
baotwean the quati ~deqgencrate Bloch waves two and throee,
This will be done by carrying oul the caloulat tons
for & exactly equal to 2,0 bhecaunce, tor thaso diftfrac~
; : ‘ ) _ (o .
bon condiUronn, thke valuo of ' % can analytically hba
shown Lo bo waro (gee Section .4) ., Any difborencas
betwean Chae atandard and ogact thaories can thaon b
apsoclatad with the othoer off~diagonal olaments of the
Bomatrdx, L.e., tha mirhng batwaen olther paies of Blogeh
wavaes,  As notod previously, these off~diagonal alements
arss bargor fog Abgh atombo b e matorbaln (s Saotdon
To&) and Lhopafore diiforenaas botween tha staicdard
and axaal Lhaorbas oan b aspociatoad with tha affaats
of atomia pambear, Howavaer, At should bea poted that

I : '

For aseslarating voltagas vary eloss to the aritical

vohtage . tha valua of q(4j> As numeriqally found to be

ponrcaaro for O agactly agual to 2,0, 1 f the stapdard

Dok dan wora comparaed for this small voltaga

ahd uxact f

S Y o) ‘ ‘
panga,  Mowould not be possible to distingulsh batwaan
affuaty appociatad  with atomic number and of featis .

n * " ' ) . . !I . ! \ “ v.‘ f .
anpoglatod with tha quasiedagenerate Blooh wavaes two

n
'

and. threea, - Phiky problen gan be ovareom). by - aomparing 5
. i N L . t {‘. s '

i t

the emact thuory to the submmatcdx theory . whitah » lneludes
[ ‘ o | 5“. ‘. v »

) : . R + ' i ) .
. | : ; ) L (]
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s
\
\ \ \
. \
mixihg betweon these two Bloch wage Difterences
batween the rtesults obtairned by these two methods Iy

can than bhe assocrated with the elteats ol atoms e

number,.  The results obtained Trom the sub-matrx

and exact theortes will be prescented an thas section,
b order Lo examine the cratical voltage

oot an materials of difering atomi e number,  Uhse
4

i

cratical voltage dntanmity mdndmum way obtained for

matarials ol varying atomie nwmber dnciuding shlioon,

i

mo bybdenum and gold,  In thesa calawlations, thictaean
. . f

pystamat loe ralflaections wors oohshiderod and & was sat

waaatly agal to 4,0, The sacond orduer raflactions

Ccansldarad wara the (220) 1h molybdanum and the (440)
f
e hhieon and gold, and Lha diffracted baam Antensity

wan obtalned for a thfnh“uﬁn of 5000 A, Thase aalan

Aathons showed that thara was good ayracmont batwaean

Lha sub=malrizn and oxact thaorias An tha low and
mudiud atomla numbeor uateriadln, Mhis Lndlcatas Lnat.e‘
l£u9r;14uﬂi;d'tlm Wlooh wave mhalng ansoshatsxl Qx&h
1
atnmxn|numhnx g7 ndt‘kwpnr&nnk Av thisarass mqtuxiqlm¢
C Whe ronubta Lop the gokd cakawkat iaon ara shown in-
‘

Fig, 90, 1L gan b ﬁQun'fPOm“hhiﬁ'fquFU'thﬁﬁ the
(;i?“._l&:x.ﬂ vol taya iA’H;pn;‘iﬂgy\ A vk mun iﬁiﬂhtmmaa for '

the subsmabic kx theory. at about 740 kv, On the othar

+ ) i ".'
hand,  the miagdmam ks obtalnad For theoe aract theary at .
L o i —
SRV, e dbEFarenae of  about, Rﬁn_
‘ T : : b o

f
! !
\ T :
Lo ' o ' . L

't tharafora wan

i
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Leo seen that the clteot o Blooh yaave X g can L esult
noa wignitroant o chiange on o value ot the cratical vol-
Lage an hiigh atomie nambor materraly, Lally ot al.
(1972) have paevioun !ty reported that tha critical
voltage obtarncd tor qgold by using the standard and
cract theorten datters by 2%, However, thoese authors
drd not otter any oxplanataon tor thin oltect,  The
results prenonted an this sectaon show that Chiry 26
diterence an asnociatod with the ol foct of atomi
Dbt and oo biv ot tiabutod to ol locty annoriat od
with the guanit-degenetate Bloch waven,

FU s of anteront to erandne e Whooh wave
mechandam whch gives pine Lo this di P berance bt wakn
Chae ntandard and oxact theokdan, Al tnvaent agat von
showad that the 2% differenay  dn tha value of tha
aritical voltagas obtainoed fFUmALhuﬁu thaor buy arosge
baoausae of chanygos in the Euaklpmrtu of the alganvalues
of Blooh waves two and thisa, - AL was aldo found that
an Lhae o of tha sobi=lia b d s ﬂﬂﬁlﬁnﬁfmﬂﬁﬂdg bt teay

I
aspisaint. with the axact theory was obtainad,  Fog
axampla, Lhe urALAnnxivnlxqumuminimum for & 6 A6 pub=
mateha Ineluding mixing huhwudp tha f@ﬁﬁL BAn M%nc“
waven dierad by only 0,074 ﬁ}nm thaee mﬁnimum;dhtainmd

For Lha onant Chiaogry , ‘

4.
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Inothas chapter the tmportance ot Bloch wave
mixing o the critical voltage eftect has beel eoxamined .
FCowas noted that the exact Bragg condition of the
Scecond order el lection cannot o ogn Juinergl bhe obtayned /
|')'(|;1'l bmentally hecause of Tactors nuch an boaim dyvey -
dehee, specimens bhendang, s thio back ot precinaon
wWhobeho s anhierent dn detonm g the caeyntal ul‘l(’-ntq-
traon, The cratical voltage et toct wan Lhedefore
caamined Tor small deviattons Trom the oxect B agy
colditron ol the scecond orded tetlection, and 1t wan
Found that ot s nocennary Lo tahse Che mgihg between
Che quas i =daganarata Bloch waves Lwo and Chias into
acoount , LU wan albo found that at n lH?\fUthH'}'IH) taka
Chin mdaing Anto acaount bh el bcal aaloulatl vong aven
whsthe 0 pet axact by agqual Lo 2,0, This s bucansig
Char el fuetive valua of 8 wannot bis el agual Lo 2,0 with
i sAkat L phauibion than that dnharant vn the mat v
dhagonak b dat ran Auulxnnnl LU wan akog found Bhat 1 e
Akt bea b vol tage mchanh b prasentad bn o tha Mitaraturo
doon not apply at el b deviations faom & o~ 2.0, Al
alturnate mochandsm basad on the sub-mat il aprUaﬁh
wWan tharaloras pragantad, |

The wf ot of atomda nwebar on the miodaa i

bntonsity which ocaurs at thae 'critical Vo Lage wWan albo

SRR et LU wans fowd thaet Bloch wave WA RANG 2o b oad
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Lo signntprant chiange o the voltage at o which thay
pirnmum oceurs when gl atomre number materrals
atoe constdered,

It can be concladod trom these tonults that
the ot beot ot Blach wave s g should bhe taken anto
avconnt owhen caleualatton, o thie cratacal o voltage
1Il|««‘l Ut a e G I h .lll\ll‘ll\»ll, oweve it
shouwld be ot ed Vhat thene ol becta oo anportant ovid

a tabge ol voltagoes o ogthoy sade ol the caoatrcal

voltage oaud over o range ol valuen ol 2 on o Lhey ndde

ol o0 Giewy ool Sootion o), Tha ronulta uf

this chaptar are tharalora Qleo ol Amportance an ogal-

f |

Culat tons ol dmayo gonblrant, h‘orr‘lmmupku, o coppar
the cratical voltayge For tha (242) reflaction iua 190 kv,
Yol aignillcant dafforances bhatwaan thae standard and

L

afact theories were found at 300 KV for & ~ 2,1,
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»

SUMMAKY  AHD SUGGLESTTONS FOR PURTHER WORK

9.1 Sy

"
L)

The parpose ot thas thenatn has luw;i\ Lo ansony
the valaidaity of some ol the .x|»}»|(l,m|n.xllulm Lt
dytiomical theory of clection datttactaion. The sevalue
apprrantimat con Tor calealatbng the diagonal w\lwuuwntr. 0l
the A gty ik was connrdered in Chaptor 4, I ‘.n,

Found Tor the dyttractian vnmllt'lmm condyderod L hat
thiag b o veanonab e approxibaat ton,  Thit wab Iulli‘)wml
b Chaptes Y by an _anpsennnent. of the valldity o tho
Kancematdteal thoeory for large valuen ol oo, Thersiey penn
showad that thin thaory b not an quud aktl aphkostmat Lon
\Amlw thetio cond i tron an U had }uvvmunly baan qonpil =
dored to by The approx it tons which van b uped Lo
i.ﬂA'anuwlnknh Fibo account  ba Chaee dynaiik el Lnﬁury

Ao

Wobe Chon colsdorod dn Chaptor G, Phas Ted to
&lt!\l&ll(;]nln:'lll ol o yguhedal Tormulat ion ol tha dynemioal
lhmu\‘; ol vdoctron dptbraction dneduding “htj“”l‘”“"”“

FU wati tound that tho ot raduat bon of e biasg ey
potant kel doads ta o mhaling of Uhe anperturbad Blooh
wavar aharactor bot be ol the '}iynt,mm wiLhoujt;' absorplAon .
s Attt fonn xuqnjxéd Lo ey Lnd‘qunura$ thuurﬁ

i

Lo tha dow ordor portwcbatdon thaor bas praviausly

i
b

. A4
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publaished ot Frtoevatare wero then oosamibeed,  od
Hew apptoacte teberrod tor e thie cad mab e o e b
wan o doeve Loy, dumerreal caloealatyons cmployrog Ui

!

\

theory were presented oo Chapter 2 whneld Showed  that
Pt tmportant to talb e the mrxing ol Bloch wavens into
.nw-,n\mnt Ch by atomae namber mat e ol o whens guag -

degeneracy o doegencracy of the banetae cnergien ol

'

thoe unportarbhed Bloch waves o obibatngd, A caolipal Lhon
1]

ol approximate and exact methodn Tor tak g absorption

A

.
ynto avcount  ahowed that Hhe nvulwnmlxlx et hod hay o
tadtbal  of advantagen over other “approsimat e et hodm,

Paantly, 1t an apphrcable undor conditronn whieh Toead

to erther nonsdegunerate, qguatl~dogenes ate ol doegonerate

[l .

Bhoch wavep and souondhy, thin method gﬁn GAver vy
clona agramuantl with the axaact theory wh'l‘lu at. tha panes
Ul providing “advantagat 'rom o nnmgﬂxt;nliu;mk point ol

" :
View, b wat i showh b Chaptar B that AU dn ’
nguaMgary Lo ték&\ujuuh WAV mAﬁAnueinLU aoaount in
ordor Lo oblaln a physlyal anderatanding of Lha cons

Lrant mschandsmn thvolvaod in tha erdtilceal voltage af faot,

9,2 Mugyuestions fop Ructhar Wock

4

Tharae are a pumbuar of areas in which tha work

prasaptad i this thesis can ba extapdad, The £first of

_ ) oo (
Chogee fodlows [rom tha apdassment of Uhve kinamatloal

Ehaory ' darriod out ki Chaptar 5, The rasults of Soatlon

"L
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<
S04 showed Phat oy eyntematte to b hect pans can nave
alotmportant ettect on the weah -heam omage ot pet lee-
tion g not only when g O but also when s, 206 .
I h 4
However, 1t has beon asouamed aon the Toterature thal

G nonenystemat e retlection will only be ampor tant

bt close to oats Bragg condatraon (roe, i 0).
!
LY
(t would therelore e of o anterent Lo carry out oan
cxrpetimental rnvestygatton o the efbect ol none
systamat e pellections on weak =beam tmage contoant
tor daltvaction condit tons whore By :,nl. Furthermol o,
t

U o should be noted that b cartyihyg oul theoratieal
calculationt of woeak- bhean colibransl, 10U o nueosbary
to take all retlactronn anto acvount whileh have Hy,
values chose Lo serto o uu. Shnee thia fact dno hol
ol doetod o Cannt'a owtiong boam crditerion ulﬁﬂnuukim

m bl ab dmproved eritor bon neods Lo b deve bopod., :x

A bueGnd ponsi bl extonsion ol tha work pras
Y

sahtad b thies thatiin b coneeried with the iuunu4;uun:
ol Blosh wave paxiing 1h doetacmbping  binage aont Kant
Obtadned ando) anluhu da b ractdon qondit lons, 1L wan
shawn b Chaptora 7 and 8 that Blooh wave whalng oaly
by veagy qun7yl aht kM}M&u: 4pAﬁrﬂAaa&ng&uxuk;xta: 4Akkjﬁrnxstjr?n
aonditlons,  dlnao thade ﬁ@nﬂ%ﬁiunﬁ Al 0UGUE whiak i
non~systenat e rafleations qﬁm'tﬁhgﬂ Into aqcount
(Cann and Shainkn, V974A, ADTAB), 1t would theraefore
ba of intarast o axend an mﬁﬁnmtﬁ of thasa reflaan

Lions on BLooh wave mhadng. - ‘ o \

i



, Nothond extensaon of this x(-r.(-‘nll‘(‘ln wounld he to
oXxamine the gmportance ol Bloch wave mixihg o in non-
cantrosymnet o crystals,  For these materials, the
properticns of the off-diagonal B oelementy are dit terent
(for cexample, the Bomatyox will not bhe gymmetoc).,

Part harmor e, b would be ”,g Ihtoeredt Lo examite f e

|
Ciatroal voltage ottect an these matortatls since the
(2 4) ,
value ol will not oo Jenceral bhe zero Loy o 200,

Thao 1o oo contrast to the cale Tor contronymmet vl

2 °
chystaln whoero ‘l( ) O tor &% 2,0 (see Sacthon 6,4),

L4 Y
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