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INTERPRETATION OF ELECTRON DIFFRACTION PATTERNS FRQM THIN PLATELETS

By G. Thomas+, W. Bell and H. M. Otte'”

December 1964

. ABSTRACT

Eleetronidiffraction patterne from foils containdng planar defeots,‘
“_e;g. precipitates or stacking faults, are considered innterms of relrods

R normal io'the plane of the defect, and/or normel towthe specimen surface;
The patterns can be regarded as consisting of streaked reciprocal lattices
superimposed on the matrix lattice. In the materials examined, faulting
did not produce any detectable physical shlft of  allowed reflections.__The
observations indicate that faultlng is regular rather than random.. |

) eStacking faults and HCP precivitates in FCC crystals can‘not as a rule be

'.dlstinguished in the early stages of forgation of the precipitate. A

complete analysis of the spot pattern from foils containing planar defects
generally requires an accurate defermination of the crystal orientation.
'2‘fFor this purpose Kikuchi patterns provide ‘sufficient accuracy and an assess-.ef'

v,ment of this is made.

!

.l"+' Department of Mineral Technology, College of Engineerlng,;
University of California, Berkeley, California. :

| .++ Materials Research Laboratory, The Martin.Company; Orlando, Florida.
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The correct interpretation or electron diffraction patterns forms an
important aspect of the analysis of the data obtainable with the electron
' fmicroscope. For simple, relatively perfect structures, standard approaches
-x.,can be employed [1, 2] and no_difficulties.arise. However, in other situa-
- tlons, varying degrees'of sophistication may be required in order to elucidate
satisfactorily the diffraction patterns obtained. This paper will be con-
cerned'in particular with the analyses.of diffraction patterns from faulted
:“FCC-HCP.structuresjand from FCC structures containing‘thin platelets

"‘(e.g. Guinier-Preston zones) but the principles involved apply to all crystal

~V;_structures.- These analyses are similar in that both may involve diffraction

. effects, characterized by relrods (spikes) in the reciprocal lattice (1, 3]«

: From the transmission image, it is generally possible to tell whether the

”~region being analyzed,contains principally,faults, GP zones or precipitates.

“The nature of the image contrasts have been extensively analyzed, and de-

tailed treatises on the subJect are available {1, 3- 7] -

The foil thickness also gives rise %o relrods in reciprocal space. :

¢

"Although these are not of great interest here, knowledge of their ex1stence

L and the effect they produce are of importance in order to guard against
. : i L . .

* possible misinterpretation when analyzing spot patterns( The next section ‘

”t‘,is, therefore, devoted to this topic. The analysis of diffractiOn patterns

A T often greatly simplified by the use of & gonlometer stage (1n the

eléectron microscope) which permits suitable or desirable orienting of the

ﬁ_vsample. For specimens with structures givmng rise to complex or unusual

- patterns, the use of -such a stage may, in fact be the only method by
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"which one can obtain diffraction patterns, the analysis of which is
tractable oxr feasible. ) .

An implicit part of the analySis of the spot pattern is the deter-
:mination of the crystallographic orientation of the foil. Frequently,

" this is desired information anyway, but of relatively low accuracy [(8].
.‘Greater accuracy may be obtained from Kikuchi patterns (8, 9],,which can
-also be of,assistence in analyzing the spot patterns. fhe last section

- thus emphasizes a nunber of noints in assessing the accuracy oann

orientation determination from Kikuchi patterns.

2. RELRODS DUE TO FOLL THICKNESS

For a perfect crystal oriented eiactly for diffraction, the intensity
- of & reflection depends on the product of the geometrlcal structure factor
and the form factor (1, 3]. The latter is determined by the shape of the
'fcrystal respective to the incident beam. For thin'foils; due to the small
thicknesses necessary for electron transmission; relaxation of one of the-
Laue conditions causes the diffractlon maxima, i.e. the reciprocal lattice
T'rp01nts (relpoints), to be smeared out‘in a direction normal to the plane
of the foil irrespective of the foil orientation (Fig. 1). The relpoint is ‘-
thus actually a spike or rod (reirod).- Also, the reflectiné sphere is

. essentislly planar dué to the very short wevelengths of‘electrons (b.037£
'for 100 kV) so that a diffraction pattern which represents the intersection
of the reflecting sphere with the relrods, can be obtained over a wide
};range of angles (+5 ), although the intensities fall off the further the.

deviation from the Bragg condition, In the very~th1nnest regions of foils (st
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' the edges), for which the relrods may be quite long, 1t is poss1ble for the
relrods from the second layer of. the reciprocal lattice (Fig. 1) to cut the
"reflecting sphere and so give rise to reflections at ‘or near positions not:
| normally allowed by the struc,ure factor [1], see Figs. 2a,b c. Although

in certain instances this could be confused with superlattice reflections,

. any such possible confusion is easily resolved by moving to_thicker regionsl

i ._of'the foil, whereupon the extra spots from relrods due to foil thinness

.uill, of course, disappear (e.g. Fig. 2).

When a specimen is tilted (or bent), the recipnocal lattice can, in.
general; be considered to be correspondingly tilted (or bent) in exactly
the same sense and direction. fhis is illustrated in Fig. 1. For a crystal

oriented exactly at the Bragg condition (Fig. la), the relp01nt lies exactly

" on the reflecting sphere so the dev1ation parameter s is zero flO]. If we

!‘}_now tilt the specimen clockwise.about an axis normal to the incident beam, o
:then the reciprocal lattice is also tilted-clockwise about a parallel normal
" through 0" and perpendicular to 0¥P* (Fig. 1). The reflecting angle now |
B becomes 5‘9 and P* will move to the outside of the sphere, and the -cor- "ﬂ
t responding Kikuchi lines move to the left of the pattern, i.e. in the |
).'oppos1te sense to the Kikuchi pole. Thus, depending on the length of the e
firelrod at p¥ s reflections are possible over & range of angles for which
i 8 # 0. The distance between the origin and P (projected) measured 1in the
. diffraction pattern corresponding to Fig. lb is obviously not a good measure f}
of g(hks) because of the projection. However, the same measurement on a
?'vdiffraction pattern corresponding to the situation in Fig. la gives the )

'exact reciprocal lattice vector g (corrected for magnification by the camera

'_'constantHXL [1]). for the (hké) reflection. In the absence of Kikuchi
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petterns the sifhation"cerrespondiné to exact of s&mmetricdl~fqil orientation
- (the plase of the reciprocal lattiee exactiy normal to the incident beam; -
' Fig. lb).is readily recognized since ‘the spot pattern is symmetficai, witﬁ
equal numbers ef spots on the positive and negaﬁive zZone directions abeﬁt‘
| tﬁe origih, as shown in Fig. 3. 1In order to obsein many orders of reflectioﬁ ‘
"the foil must be very thin so that the relrods cut the reflectlng sphere
: ;Ieven at large distances from *he origin- (e g Flg 3). |
| From Fig. 1 it is.seen thatvtilting of a foil in a clockwise sense makes
.f:s negative (vy convention)‘and causes the hkﬁ Kikﬁchi line to move-from the
©" (hk#) spot towards the origin, i.e. towards the transmitted beam. A
.counterclockwise tilt makes s jositive and the Kikuchi line mo;es to the:
;outside of the spot. The_sense of tilt ‘of the foil is thus epparent from
| the position of'the Kikuchi‘pattern with respeet to the spot\pattern. In ‘j‘
order to obtain the unique foil orientation, solely from the dlffractlon
"pattern, two Kikuchi poles will be required [8] In special cases,‘31ngle

pole solutlons are sufficient.

3; RELRODS DUE TO PLATEIE?S AND FAUimS'

According to the same principies discussed-in the precedisg seesion,
suff1c1ently thin planar defects (twins, stacking faults or second phases)
;.w1ll glve rise to relrods in the reciprocal lattice. The dlrectlon of the
relrods is normael to the platelet since this 1s the dlrectlon along which
k~the Lauve conditlon 1s relaxed and in the case of prec1p1tatlon, 1n the

early stages the relrods will pass through the matrix relp01nts, i.e. the
'form factor dominates the diffraction pattern. u
Slnce in electron diffraction it is possible to cons1der dlffractlon frsm

a narrow column of crystal then even for 8 single intrinsic stacking fault,
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fwhere four layers are in HCP stacking' ABCAB. CACA' BCA, there may be a -

'_ sufficient volume of HCP material present s0 that the 1ayers can be

~"~regarded as a thin platelet of HCP structure. The intensity diffracted by‘.
a plate'isvdetérmined (as for the perfect crystal) by the product of its
t.éecmetrical,structure factor end the form factor. One‘can then consider |
".the diffraction pattern from a foil containing a fault in.terms of two
reciprocal lattices, viz., one "normal" pattern corresponding to the matrix '
and the other consisting of the streaked HCP reciprocal lattice, corres-
-

fponding to the thin fault, superimposed. Since the fault plane is one of

" ‘the four {111} in FCC and because of the unique crystallographic relations

' between.FCC and HCP lattices, the relrods will lie along <QOOl$ parallel to . . .

. and coincident with <111> continuously throughout reciprocal space. These
‘streaks which can be considered to originate from HCP reciprocal lattice
points will thus pass through all matrix. reflections contained in the

_particular [111] and parallel zones. In support of this view consider a

diffraction pattern taken from a single fault lying parallel to the incident‘.ﬁ"

" bean. Figure La illustrates such & case’ for growth faults in silicon. Theftf.

. foil is oriented with [llb] parallel to the incident beam and the "edge- on"_-»ﬂ”"

'::;‘faults on (111) and; (lll) are Joined by a fault on (11I) or (111) inclined

: ,~at 35° to the beam. By placing a small field limiting aperture over the

‘h edge on feult at A the diffraction pattern in Fig. hb was obtained. It canl'
be seen that streaks are visible along [lll] and pass through (OOO) and thea
:Rvother relpoints. These streaks can be attributed to the stacking fault

" acting as a thin (HCP) platelct the structure is indeterminate in the f N
'f'direction of streaking, as no maxima are visible along [lll] If a larger o

.fraction of edge-on faults were to contribute to the pattern or 'if there
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were regular fanlting on alternate (111) plenes over a sufficient volume
lof cfystal, then the [llO] pettern would.contain resolvable HCP maxima as
sketched in Fig. 5a. Some examples of this case.are shown in Figs. Sb‘and
6. The possible twin positions shown in Fig. 5(a) can easily be calculated [ll]-»:

Flgure hc is a diffraction’ pattern taken across the inclined fault
shown-in Fig. ha after the foil was tilted into a strong 220 beam case
‘(i.e.,the reflecting sphere passed exactly through the -220 relpoint).
' _Doublets can be‘resolved in the~pattern.: These doublets are dnelto both

“the effects of foil thickness and fault relrods [7]. By Kikuchi pattern
Lanalysis'the orientation of Fig. he was determined to be almost exactly
[33l] and this'may also be taken as the normal to the foil surface. There

'are two p0551ble streaking dlrectlons depending on whether the fault is on :
" (111) or (11I). By suitable projection it can easily be shown that the '
"spots to the inside of the doublets can only arise‘from-streaks'due to a

. (lll) fault; The positlons_of these inner-spots are exactly whene the'

.[lll] streaks are expected to cut the reflecting sphere for this onientation;"
”-The obuter sbots of the doublets arise from foil thickness relrods and thein .
ifdistance from the inner spots corresponds to that calculated for relrodsc

" along [33l] It is instnuctive to observe that if the orientation is taken-
"approximately [llO]," a choice readily made on the basis .of the dlffraction T
- pattern alone, the separatlon of the doublets may also ‘be calculated o
"essumlng thickness relrods along [llO] If thls is. done, 1t is found that. “;.

'gthe calculated separatlon of %he doublets is an order of magnltude smaller
" than that observed even though the angle between [110] and [331] is only

13.3°. This example serves to emphas1ze the importanoe of precise orlentatlon

”determinatlons for explalnlng fine -detail in dlffractlon patterns., A
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usimilar pattern to Fig. lc w;é exaﬁined by Whelan and Hirseﬂ (7], but since
: ro'Kikuchi patterns were obtained, a detailed analysis coﬁld ﬁot be made.
" The separatibn of the doublets_in'rheir case 1s also anvorder of magnitude
. toe large for an “approximate [lOO]" orientation.‘-.

" No examples from faulted structures wvere ever obtained‘in.which'the
shift of the matrix spots fron their norma1 positions; as predicted by
.vrandom fault_theory,~could'be measured. Examinatien of heavily faulted;
'.deformed FCC metals indiceted that in many regions the faults tended.ﬁo
Be so spaced that the HCP rather than the twin FCC structure was preduce@,
.e.g. in Fig. 5(b) the aﬁpearance of fhe (1010) peak proves that many faulted
“regions are actually thin plapelets of HCP structure,

'Because,of the feet shat streaks through all spots are observed in the
'fresence of stacking faults, it is not possible from the diffraction pattern
..eloﬁe,ﬁo'distinguish between stacking faults and thin plates of HCP
_'ﬁrecipitafes. In both cases, if all four {lil) habiﬁ planes operate,‘end
; if all affected regions diffract, all'relpoiqts will have four relrods

"~ through them, i.e, the diffraction pattern can be regarded as consisting‘of'j

©. five superposed reciprocal lattices. In a sense there is no difference’

o 'beuween a thln layer of HCP prec1p1tate and a stacklng fault formed by

.deformation or growth mistake (In contrast for X-ray diffraction from
- randomly faulted crystal certaln relpoints, e.g. {111}, would have onhy
> three relrods through them [12]) If the change in c/a from non-ideal is’
*due to a change in the (OOOl) 1nterplanar spacing, then the {0001] streaks

rwill still pass exactly through the centers of the matrlx relpoints, if.

"+ due to changes in the (HKIO) interplanar spac1ngs this will no longer be

strue (e.g. compare”Figs. 6b,‘lo,w1th that from faulted Co, Fig. 6a, in i
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' Wthh the streaks pass through the FCC reflections of Co).

Figure T summarizes the situations for thin platelets on {111} FCC.
Figure Ta shows the disposition of the relrods for foils in'[OOl], [Io1]
'and.[lll]'orientations, Fig. Tb shows the diffraction patterns for exact
foil.orientations,and~Fig. 7c shows the diffractionipatternnfor a tilted
'pfoil (only one hk# spot is shown). Thevchange‘from Figs. To to Tec is
' readily understood by considering the tilting of a reciprocal lattice;
containing both thickness and defect relrods (along.<1l1>), with respect
to the fixed reflecting sphere (plane). It follows that tke diffraction
pattern is extremely sensitive to the tilt of the foil. Howeuer, the -

_spacing and asymmetry of the extra spots (with respect to the hk{ reflec-

tions) produced as the reflecting sphere cuts the relrods is an 1ndicat10n

‘of the sense and amount of foil tilt. The effects of streaks on diffraction i
-1patterns can sonetimes be folloﬁed more easily with models of streaked
reciprocal lattices [13];. it'may also be essential-to $11t the foil and
Elto-observe now~the pattern changes in order to avoid possible misinterpretations.
Figure To emphasises,that no extra spots or streaks are ever obtained
:"from thin platelets for foils in exact orientation, except for the higher,'s' -
order reflections when the sphere curves away from'the relpoints, and .
except when tne habit plane of the platelet is,(nearly) parallel to the

. " incident beam (see Fig. hb)i In FCC crystals containing stacking faults i;_ ’*7 '
these orientations are those that contain a <111> zone, e.g. <110> and |

<112>, end. 1n no orientation cen more than two sets. of streaks lie completely

'twl,in the plane of the diffraction pattern. Figure 7b 1s, of course, exag-

"'gerated because ‘the reflecting sphere 1s actually curved and because of

A'_,this curvaturelcontinuous streaks will only be.observed through the low: "
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order reflections. As shown in Fig. 1b even in the exact (symmetrical)
orientation, because of the slight curvature, it is-difficult in practice

to obtain Streaks of uniform inteneity. Consequently, in order to investi-

gate in detail possible modulationstof intensity along & etreak, it is-

necessary to tilt the gun so as to translate the streak'along the reflecting
} -

o sphere. -

Necessary edditional information can generally be obtained by tilting

the foil and by exemining the bright and dark field images. Also, by .

'.“tilting to obtain only one strong reflection,'one can eliminate, for example,

"possible compllcatlons in both the image and the dlffractlon pattern that
can arise from multiple diffraction.. Frequently, it is known beforehand
-"'whether effects predominantly'due to platelets or due to stacking faults

are to be expected. This applies to the examples which follow.

L, EXAMPLES OF SPOT PATfERNS FROM THIN PLATELETS
. If the platelets are perpendicular to the foil surfaces, the streaks

will lie in'the plane of the diffrection'pattern when‘the foil is,in'exact”
i orientation (s”negative,'Fig. 1b). Flgure 8 shows the dlffractlon pattern
for & specimen from an Al-4% Cu age hardening alloy contalnlng cP (1) zones
. on {100} [lh]. The foil is in exact [011] orientation so that only the 200
streaks are visidle. "In the [106] orlentation the Ozd'and 002 streaks can
bé made to appear.. Figure 9 lllustretes.thie;'though thé Foil is not
exactly in [OOl], hence, the streaks are not contlnuous throughout the
.entire pattern. However,"streaks are actually continuous from one spot -

to the next, suggesting that “the platelets or zones may be only one or two )

"" .atoms thick. Such diffraction patterns.can indlcate the presence of GP }ﬂp'

+
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zones‘that are not readily, resolued in the imaée (147, u‘At intermediate
: orientations, spots or short streaks will be. obtained corresponding to the
intersection of the reflec ting plane with the relroas (streaks) As ohe
f01l is tilted these spots’ will move continuously to new positions, unlike
the discontinuous. appearance and disappearance of spots from unfaulted

) structures so that tilting experiments can be used to identify possible

streaks. Asﬁthe:preoipitates.grow, they thicken,iand the streaks in the
‘g diffraction'pattern shorten. - Eventually, theﬂstreahs~becone‘discrete
reflections et positions given by the structure faotor for the new phase.
,.If n orientations of precipitates are present, then there.will be n spot
patterns in addition to the matrix pattern.

‘Theldiffraotionfpattern in Fig. 10 shous-several interestiné features. Q‘

It was obtained from an Al—éo% Ag alloy aged to‘produce”thin platelets of

”‘Z'vthe hexagonal y' phase on {111} [k, lS] The orientation of'the‘foil is

..[llQ]tlltlng toward (334]. Tue s»reaks in this pattern are not.very long
and stop short of the FCC spots; Although the length of the streaks may
be somevwhalt abridged due to thevnon-ekactAorientation of the crystal{ their’;’
,:main:shortening is unouestionably_due to the thickening szthe platelet.
This has had-the further effeot of defining the hexagonal structure'of'the:v
platelets sufficiently to show that the streaks originated from the positions"
'fjoorresponding.to the new structure. This uould.not be s0“appaient if theh
:,1attice constants of the new structure were such asito make its spots'super-
impose on the matrix spots, as e.g. in faulted structures where c/a is
1deal. - IR | | |

5. EXAMPLES OF SPOT PATTERNS FROM FAULTED. FCC—HCP STRUCTURES

| Several examples of spot patterns and Kikuchi patterns from faulted

Y : .
Voo
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FCC-HCP structures were analyzed in & recent paper by Otte et al. [8].

* One of the aims ‘of that paper was to evaluate the'accuracy with which the

. 'orlentatlon of the CTYSual could be determlned from the patterns. For

{

."f,that purpose two cases were dlstlngulshed. Case I, in which tne pattern :

¢ was produced by the intersection of'the reflecting "plane" pith<the relrods-
daeftovetacking faults, and Case_II, where the intereection:was with reirods.
due to the thinness of the foil. All patterne were generally indexed as -
FCC even.tﬁough some actually were HCP. 'It wes shoyn that all patterns
'could be conveniently analyzedbby considering'them as representing the
'projections of "tilted” (111) planes. ‘It was pointed out that interpre-
.ltatlons could equally well have been made in terms of tll ed (llO), say,
| 'though the correspondlng analysis WOuld generally have been more compllcated..u
The accuracy of the orientation determlnable from situat10ns~represent-
'1ng Case I Were regarded to be generally hlgher than those of Case II,

__prov1ded the angle of "tilt", . 9, was large (>lO ). The main source of .

o error arose from the inaccuracies in placing a stralght llne along the * .

.:i‘prlnclpal directions in the dlffractlon pattern. .These inaccuracies were zr::f
‘r‘.attrlbutable to ( ) the large size, in general of the dlffraction spots,_.;ﬂ‘
:(11) the dlstortlon of the spot pattern by the electron optlcs of the
-:mlcroscope and (1ll) the distorticn of the spot pattern due to the geo-
‘metrical aspects of diffraction when not in the exact f01l orientation _:
(Flgure lb) For the cases enalysed [8] the accuracy of the determlnatlohv':
'o,:of the angle between'ﬂueprincrpal dlrectlons was reported as. belng +l/h° -
‘-bcorrespondlng to an error in ¢ of # 6.2°, .o This must be regarded as & rather
T'-op’l_::.m:y.st:i.c value, s6 that the good_aéreeaent with the orientatlons determrned?

“from” Kikuchi'.patterhs, as reported for some of the caeesbtreated.in (8]
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may be fortuitous. In particular thiS’may apply to Fig; 6c of [81, a
drawing of which is reproduced in Flg. ll., It 15 likely that the reported‘
'.values of B and y are in érror by more then *l/h°, sirice the pattern is

only 1.hk° off exact [1513] = [IL47] orientation as determined from

HCP = FCC

the Kikuchi pattern f8] so that B and vy should be almost exactly equal

. to Be and Y, (Flg. ll) Inspectlon of the actual photograph shows that

the errors could 1ndeed be larger than estlmated and that thls 1llustration
is actually an example of Case IT, particularly as t&e pautern shows no |

" doubling of spots and is from a HCP structure. This example again emphasizes . -

~ the dangers in attempting to make accurate measurements on spot patterns.
6. .ON THE ACCURACY OF AN ORIENTATION DETERMINATION USING KIKUCHI PATTERNS

As waélshowa in reference 8, the accuracy of an orientation obtained '

lfrom au electron diffraction.patterﬁ is, in general, relatively low, i;e.“
a direction can at best be'determined to within a cone of semi-angle 1/2°. |
. The accuracy that can be obtained from a Kikucui pattern is at least a
factor of two or better. If a tilting stage‘is available in the electron -
mlcroscope, lt may be possible‘to establish an orientation with au accurac& ,w
“that is'better still, dependingiprimarily on the sensitivity of the tilting

‘stage. If-necessary, the tilting stage can be calibrated [9j by measuring
i:uhe dlsplacement of Kikuchi llnes when the sample is tilted through a small
- angle. Powever, a tiltlng stage nay often not be in operation, espec1allv e
',if the sample is being deformed;and/or heat treated in the microscope. An

2

orientation from the diffraction or Kikuchi pattern may; nevertheless, still

-n;:be de51red every effort. should then be made to obtain a Klkuchl pattern,

'clearly because of its greater accuracy.
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The method. of determining the orientation from the Kikuchi~pattern
has been discussed in the earlier papers [8;9} end an exact formula was

given for the normal to the photograph in terms of measurements on it [8].

The‘formﬁla given, end equivalent forms of it [16], are simple to use, but
,‘the compuoatlons are tedious if not performed on an electronlc computer.

" Because of the nature of the problem, no useful shortcuts or simpllflcatlons

“of such farmulae are possible.

Obtaining & unique foil orientation from a pattern containing oniy one

" Kikuchi pole can sometimes be done provided the correct indexing of the

spots is made. Due to the ambiguity in choice of plus or minus diffraction

vectors, it can-be determined that the indexiﬁg is correct, either if a

second’ Kikuchi pole is available, or if the sense of slope of a particular

plane can be determined, e.g. by taking dark field images of fault or slip

traces (17,18]. 1In general the second pole is indispensable to the orien~-

" %ation solutlon if only one dlffractlon pattern is available and there are
. no known traces in the 1mages Once the correct indexing is obtalned the

exact orlentation can be solved using equatlon 15 of reference 8 for just

one Kikuchi pole, the correct answer‘of the two possibilities will‘frequently

be obvious from the vector character of the solution. It should be emphasized

that most attempts at shortcuts or simplifications result in formulae with

'eccuracf that is difficplt to assess, except for speciel values‘or that ..
". produces vectors which ehould be, but are not, exactly unity. The only
“¥ 'usefnl alfernative (though of lower accurac&) to fhe analytical app?oach is L

":the graphlcal method employlng a stereographic net. Thls has two serious

limitations: (l) the accuracy of the net is not the same in ell regions,

[



ke

relative positions of the vectors, represented by poin%s on the net,

" involved in the manipulation.

SUMMARY
A planar defect such as a fault or a thin plateiet of second phase gives

rise po,streaks or ex£ra spots'in its electron diffrggtion pattern depeﬂding

" on tﬁe orientation of the crystal with respect‘to the defect and the beam.
‘__TheSe ratterns céan be interpreﬁedvin terms éf thevsupér—position of a '
streaked reciprocal lattice, due to the defect, on £%e mavrix reciprocal
léttiée. . The streaks will be normal to t£¢ plane of the thin defect. Aé
'the latter thickens and the structure becomes wéll defined in three dimen- .
sions thg corfesponding recip;ocal iattice will assume the spot pattérn
o appropriate to thévﬁgwAstructure, and wili be different from, bﬁt usually‘..
oriented Vith? the matrix patterh; 'Exaﬁples have been given for stacking‘
Lfauits; zones énd ﬁhiﬁ preciﬁitates. The'complefé interpretation of'many' .
. spot patterns'iequires frequently an accufa%e orientation determination.
It is recommenaed that.for the highest accuracy ig foil orientation
determinatibn, an analytical solution of two Kikuchi poles (miniﬁum) be

. carried out. .
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Figure 1.
Figure. 2.
" Figure 3.

Figure"h.
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FIGURE CAPTIONS

Scheme showing relationship between a) two beam exact Bragg

reflection (+g, s = 0) condition and b) exact or symmetrical

foil orientation (+-an -g, s < 0). Notice that in (b) the
_Kikuchi lines move to.the left for a clockwise'tiltl "In the

symmetrical case they are situated half-way between +g and

-g, i.e. the centers of symmetry.of spot and Kikuchi patterns |
coinc1de. If the f01l is very thin the“relrods from the second
layer may cut the sphere (e.g. at A),.giving rise to extra |
reflections. |

(2) Diffraction pattern from thick region in (c).

distance in (c). Notice extra spots and due to large-
* condenser aperfufe the area illuminated is revealed by
) ) 4

the shape of the spots.- In (a), the extra reflections

presenu in (b) have disappeared .

_ (c) Edge of-silicon f01l.

Exact foil orientation [0001] for & mica foil. The relrods

are sufficiently long to give_many‘orders of reflection..

(a) Silicon foil in [110] showing connected stacking faults

on three interseeting“planes;
(b) Diffraction pattern from ‘the edge-on fault in the thin
region A of Flg. ha; notice streaks in [lll] Since the
_foil is. not in precise [110] the streaks are not con-  ‘

tlnuous throughout the entlre pattern

;

"(b) Diffraction pattern from thin edge within first extinction -



Figure 5. (aj

(v)
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_ Diffraction pattern from the 35° fault shown in Fig. ba

(9)‘

éfter_tilting into [331] orientation. Notice doublihg
(érroﬁed‘in enlargeé pgttefn)L. See text fop discussion.
Calculated.diffraction pattern for heavily faulted FCC
crystel in [I01] orientation, with fault plane'(lllj.

The intensities redistribute from FCC (circles) to HCP

(triangles) or to twin (crosses) positions, as the fault

density increases. . ,
Eleétron diffraction patterﬁ from the éﬁructurg shown in
Fig. Sc. Orientation about 2.5° off exact [101], faultv
plene (111). _Streaks‘lie parallel to'<lll>; éompare to

Fig. 4b. The streéksAdue to faults appear té maximize

" . at HCP. positions; there is no measurable éhift'of the FCC

(c)

 Figure 6 (a)

épots._ Compare to circles and triaﬁgles»in Fig; 5a, which

is drawn in the same orientation.

'Electron micrograph of Cu-8%4 Al alloy (FCC solid solution)

tensile deformed 20% showing & high fault density on (111)

planes parallel to electron beam..

~Diffractioﬁ pattern from heavily faulted FCC cobalt.

Orientation tilted off [110] about .the. [112] axis.. The

' extra spots are streaked'in'préjected‘<1ll> and meximize

at HCP positions. There is no measurable shift in position

- 'of FCC relpoints.’

(v).

: éhowing streaks and_extra spots aue,td transformétion

‘Diffraction ?attern of martensite in quenched Cu-ie% Al ,‘

N

faulting. Notice that the streaks do not appear through -



‘Figufe\"T.
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the centers of the matrix spots, due to a change in
. spacing of the planes with‘normals perpendiculaf to the

streaks.

_Scheme Ehowing effect of relrods due to foii thickness and due

. to faults one or two planes thick on {111} in FCC crystals

Figure 8.
Fiéure 9.
f_ Figure 10.

- for three low index orientations. (a) section through reci-

“procal lattice (%) d1¢1ract10n patterns for exact (symmetrical)

orientation (c) diffraction pettern Tor tilted foil - notice

‘extra spots. The relrods only coineide with FCC spots when

c/a for matrix and fauTted regions are tne same.

Streaks along [200] due to GP zones in Al 4% Cu aged 12 ‘hrs.
at 190 c. Orlen,atlon almost exactly [110]

Same as Flg. 8, but f01l is close to [001] showxng appearance

of [200] and [ozo] streaks. o S

A1-20% Ag aged to form HCP y' plates on (111). The streaks

emanate from the HCP relpoints and do not coincide.with FCC |

spots because of the difference in- c/a, orlentatlon [112]

. tilted towards [334]. There is no measurable shift of the

: FCC-reflecticns.
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Figure 1l. . Draw1ng of the dif ractioh pattern- of Fig. 6c in Reference

.[8]. The dlreCuion D = [1103.]HCP z [T?S]FCC, E = [1010]HCP_

= [121]FCC and F = [01;1]HCP [11 1 l]FCC 4 the normal to_

the paper is [1813] = [IV7]. Bo.= DE =.63.79°, v, = D'F
2B = 127.58°; B and. v are the actual angles‘measured'on-the,

" photograph, and were given as 62.10° and 128.07° respectively-;

i Reference 18].
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Fig. 8

ZN-5263

12



o

-29-.

ZN-5257




-30-

ZN-4686
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infring§ privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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