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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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ON IVDFKIAJ OF DIFFRACTING PLANES:_
UbING THE KIKUCHI PATTERN-

o ok
W. Wu, L.-J. Chen,
Jd. Washburn and G. Thomas

InOIganlu Mace“1a1° Resee rch Division, Lawrence Bérkéley Laboratory and
Department of Materials Science and Fp01naer1ng, Collebe of Engineering;
Unlver»nty of Ca;lfOlnla, Berkeley, Call*orrla 9L42O

ABSTRACT
vaoFtypgs éf_ambigﬁity concérning indeging of éiectron diffraction
 patterns hAQe,béén cleared up by ﬁaking use of the Kikﬁohi iiqes; A
convenlent‘unémblguous method of unlqu ly 1qdex1ng pa+terna is suogested
&ssamlng the bevm 1s alwa}s along the v1ew1ng dlrectlcn no matuer how tne'
picture 1srpr1nted. It is shown that there are two completelj equlvélen
‘ ways of indexing:thé Kikuchi pattern? e.g. [lll] or [lll]. _The method is
also uéeful in intérpféting dark~field pictures Qﬁéh:£¢p ~ bottom contrast:

is* concerned.-

*_ Departmpnt of Phy51cs, Un1vers1ty of Callfornla, Berkelej, Callfornla
94720 :
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 INTRODUCTION

The:Kikuchi pattern of'adthin foil'produced7by-an'electron‘nicroscopel

-

“gives thedOrientation of'the foil uniquelyl’2*3; and maps -for 1ndex1nv

‘all Kikuchi . poles in cubic end heXagonal closed packed structures have'

) been publlshed( ). However, in many‘cases, such'as:for determlnatlon of
Burgers vectors or loop types, confusaon may st111 arlse concernwrg the"
correct a551gnmentvof:1nd1ces to all'g vectaors where‘the g vectors areA
the reciprocal.lattice vectors. B | |

The twodamhiguities that.mav have caused‘confnsion concerning the

_correlation'betveen the.diffraction'pattern.and:thevaSSOCiated g'vectors'

‘are: ";‘“ 3 S _t. o S N -

| 1) +g and -g ambiguity:n.For avgiven:diffraction pattern of a
_vglven orlentatlon, e. g [lll] in fcc orvdc,:and assuming.a'
* right handed coordlnate system, confu31on may have arlsen as
'to a551gn1ng +g or -g to the first g vector.' Even wlth a
Klkuchl pattern, a non self—cons1stent way of or1ent1n6 the
crystal w1th respect to 1ts‘K1kuch1 patternﬂex1sts;v(31g. l).

2) Amblgulty 1n f011 normal n: .Fixing one direCtion, there are ’
.Astlll two ways of ass1gn1ng the other g vectors that are con~‘
-51stent with the same Klkuchl pattern but represent different
' orlentatlons. (Fig: 2) | |

- ANALYSIS
‘For simpiicity, we shall only consider the Kikuchi pattern of fee
end dc structures near the <111> orientation-(Fig; 3): The tetrahedron

of {lll} planes is convenlent for descrlblng the most commonly used g

vectors and orlentatlon and will be used. hereafter to descrlbe the rela—

ot




v

tlonshlp betwecn the Kikuchi pattern and crystal or:entatlon (Fig.L).

A [lll] crystal orientation will glve a [lll] K1kuch1 pattern when

viewed above 1t as shown in Flg. 5. In order to s1mulate the actual

condltlon when v1ew1ng in the electron mlcroscope, we shall assume that

the beam'ls.along}the v1ewing direction. The klkuchlspattern is then

indexed'nitﬁb}éference to thg'tetrahedron, throughoutbthis paper.

a) Referrlng to Flg. 6,,it can be'seen that-When the.crystal"
is tllted from [liW] orlentatlon to the closest <112>, the
movement of poles alonv the [220] Kikuchi band is oﬁp031te
‘to the tlltlng dlrectlon( ).v ThlS 51mp1e relatlonshlp clears
'up the first amblgurty stated in the prev1ous sectlon and
1t:e11m1nates the_p0351b111ty of Fig. le:: |

| -h) eFrom Fig. T, if wevfix one of the direction~of a tetrahedron
and fllp it over then the two tetrahedra have exactly the
’same parallel planes, but w1th the bottom planes reversed
~in sign. Since the two tetrahedra heve parallel planes,
~they are actually completely equiralent whioh means they
~should give the same ‘Kikuchi vpattern‘en_d.vvb'th’at they both |
_ represent the same orientation. .If.we»ASSign indices-to
them, it is obvious that 1ndeed we can have two general
.ways of 1ndex1ng g vector ~and orlentatlons that are exactly
, equlvalent both should glve the same Klkuchl pattern and -
R both represent the_seme orlentatlon.'vSovlong as all vectors
sare‘indeied acoording to onehSet'or[the.other; it makes no

difference. This explains the second ambiguity.



_ _DISCUSSION AND CONCLUSION -

;he equlvalehcy of the two tetrahedra shown in Flg 5, also means.. e
vthat 1t does not matter.from which 31delthe plate (plcture) is viewed,
(e g whether the beam darectlon is taken correctly or opp051te) A »
typlcal examnle is shown" 1n Flg 8, .whlch is a dark fleld plcture of a
(2_x'10 5 nvt) 1mplanted 5111con after heat treatment at 750°C j. v
_ for 1/2 hr.‘ The rod 11ke defects were found ‘to be along <110>6’7;':Fi§gv8ah
was prlnted wlth emu151on 51de up whlle Flg 8b was reversed ,Thevdif-d.

fractlon condltlon was s>o hence the bottom of the f01l should be in

,_”good contrast( ) whlch can  be seen. to be true on the 1nc11ned rods, TB
by assumlng the beam was along the v1ew1ng dlrectlon ‘and. that the f01l
orlentatlon was [111] in both cases.. : | =
- Hence we come tq the follow1ng conclﬁsions:nfrv:'
:l.:-For'a gi&éﬁ Kikuchi patterh, we have tﬁoigenerally equiraleht.,
- ways of correctly 1ndex1ng g vectors w1th respect to- orlenta-

' tions, e.g. [111] and [IIT]. Taking the advantage of assum—
1ng that the beam is always along the v1ew1ng dlrectlon as |
in the actual case 1n the electron mlcrosc0pe, we can 1ndex

-the‘Klkuchl pattern with reference to a,suitably orlented
‘tetrahedron,t If_the’orrentatlon ;S'[lll]vahd'the top of:the”'

- tetrahedron is up, the corners of the tetrahedron shodld

poxnt away from the <ll2> poles. If [iii]‘orientation ofe - | o

the foil is assumed up and the t0p of the tetrahedron is.
_down, then the corners must p01nt towards <112> poles._

(Fig. 2).

~/
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‘2;_ With»only small ahéle Filting-éfreven without'any‘tilting at all
'in‘thé_higb voitagé éiéctrqﬁ miéroséope; oﬁe_can qﬁickly and
éaSily find the diréctio%“of <il2> poieé ﬁytfinding thé néarest
aéymm;tric pblé‘alonéva §2§Q> baﬁd near é <111> orientation.
30 Similar.afgﬁméntsican'bé e%ﬁénéed'to'othér fdii.oriéntations
-~ as ﬁéll as tolother,crystgl.gtrucfﬁrés: 
'lh: vThe.qnly'limitation in praétice,is thgtvtﬁ%ré:hﬁs to be a ' ' v .
Kikuchi pattérn. Howe?er, if no Kikuchi battern is availéﬁlé;
.thén the‘sécqnd Laﬁe zone ﬁlethodh can bé'ﬁseg to determine thé
sensé\bf"tiltiﬁg; |
5. As'1bng es the bright field (B.F.)'ér dark'field (D;FL)-pic-
turelié printéd in thé'séme mannér és tﬁ§ sé1écfed area‘diff
vfraction-pattérn (S.A.D.), it is imméﬁefiél“to know the actual
diréétion of thé béam. Thié fact is parficularly.useful in
iﬁtéfpréting_D.F. piéturés whén it.iS‘desired fo know Wheﬁher
top or bottom contrast ‘is béiﬁg obsérved;'
6. FWithfthié siﬁp}e corrélatiqn’of E vécﬁors”with foil'orientation,
loqp typé détérminations of pérfect diglécétidn loops in fce

or dc structure near the [111] orientation can be made in a

T very Quiékvénd accurate ways.v
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1. For a given Kikuchi pattern end orientation e.g.

'FIGURE CAPTIONS

are two ways of arranging the tetrahedron

[111]), there

For Simplieity, only

the <112> and <111> poles are used to represent the asymmetry on

the opposite sides .of the <111> pole along <220> band.

The edges‘

of the tetrahedron are in solid lines if they are on or above the

paper,potherwise in dotted lines throughout this paper.

2. For a given Kikuchi pattern and a fixed direotionp(g vector),

there are two ways of arranging ‘the tetrahedron.

3. ‘A completev<lll> oriented Kikuchi'map‘

poles are assuming a [111] orientation.

The 1nd1ces .of the

Note the asymmetry on the

opp051te 51des of the [111] pole along <220> band

L. A complete tetrahedron of {111} planes and their indices as

- used in this paper.

5. Relationship between a”orystal of [111] orientation and the

Kikuchi pattern when viewed from the top.

6. Relationship between the movement of_Kikuchi"poles and the

sense of tiltlng.

7. Two equivalent tetrahedra placed with one directlon flxed and

basal ‘plane flipped over with respect.to'each other;

Hence, there

are’two generally equivalent ways of'indexing-z and n for a given

Kikuchi pattern.

8. Dark fleld picture and its selected area diffraction pattern

of a [lll] oriented Si 1mplanted with pt (2 x lO

and annealed at 750°C for 1/2 hr.

a)

lhnvt lOO KeV)

'Printed’with emulsion 51de



. =8~
up b) Printed with emulsidn side d_oim.-v ‘The rod-like defects are
along <110>.: If the?viewing direction is 'taike,fx_!as' ‘,in'to-the paper,
‘in _bcth‘ca_‘sés,; it is proved that the determination of top o‘rv

‘bottom of the foil is unaffected by how the picture is printed..
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