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ABSTRACT,

Observations have been made of extrinsic-intrinsic»nodé péirs,
and of a hitherto uhreported.fault pgir. It_is shown that a simple
eﬁtimate of the_ratio_of.éxtrinsic to intrinsic stacking fault énergy

—~

(Ye/Yi) cannot be made from the inscribed radii of node pairs, and that .‘

;'earlier qualitative results that ye/yi >>2, or more, are invalid.

The simple geometry of the new fault pair facilitates a straight

AN

. forward absolute detefmination of both y_  and y;. Contrary to- published

‘.results, Yo andm;i have been found to be approximateiy equal. For the

present alloys, Ye/yi =1.09 ¢ 0.1 (for the electron-atom ratio’'e/a =

1.15) and'ye/yi = 1,03 ¢ 0.1 (for e/a’= 1. 23) Good absolute agreement

has been obtained between \f determined from the fault'pairs,‘and from

- the observation of extended three-fold nodes. It is concluded that

.extrinsic faults are rarely observed because of a high impedance to

their formation érising from.the c040perativé glide which is necessary,

" but that once formed, the extrinsic fault energy is closely the same as

) r) - s (/\.
the intrinsic.,



I. INTRODUCTION

Pfevious worklnaslshonn'thatsbotn intrinsio endﬂextfinsic'feults‘:
are present in f.c.c. alloys of low stacklng fault energy Estimates
’of the relatlve magnltudes of the intrinsie and extrinsic stacklng fault
lvenergies (y and Yo respectlvely) have been made from eXamlnatlon of node
pairs in Au-Sn [l] and Ag-Sn[2] and from a statlstlcal treatment of
the occurrence of stacking fault tetrahedra in N1—70 At.% Co [3]
TOnly tentative conelusions could be reached,tbutvthe ratio of Yo to \f
was variously estimated‘es from 2 to 4.5 or more, Work by Booker and
~ Brown (4] suggests that the result that y_ ~ Yi'in silicon [5] is'spurious
“due to an anomalous diffractionveffectt |

>In the pfesent work silver—indium alloys-have been examined in tne
electron microsoope,‘their composition ranging from pure silver to Aé—l2.5
wt.% In (electron-atom ratio; e/a = l.23). eAttention hasfbeen focused
particularly upon the two alloys with lonest’stacnlng feult energy
(e/a = l.lS and 1.23).‘ The folloﬁing section covers observetions which
‘; have been made .on extr1n51c 1ntr1n51c node pairs whlle subsequent‘
sectlons descrlbe'an interestlng new extr1n51c-1ntr1n51c fault conflguratlon

vf‘whlch prov1des a very advantegeops method for determining the absolute

', ~magnitudes of both Ye and v, .

'IIJ INTRINSIC AND EXTRINSIC NODE PAIRS
Figure 1 shows & good example of an extrinsicfintrinsie node peir.
Several reflections were used so that the. Burgers' vectof essignment

_(Fig. le) could.be mede with certainty. The notation used to describe



the Burgers' vectors is that of Thompson [6], and throughout thls'

© . peper 3 refers to the (111) plane, and BA = [Qll], = [110] and lv: _ 5
o [101] .. : : :

Previous wonkens have drawn qualitatite'concluSions from faultn

-fconflguratlons such as that in Flg‘ 1, by assumlng that the ratio of

 the 1nscr1bed radlus of one node to the other 1n the pair wes approx1mately '

k7equal to the ratio of the extrinsic to the intrinsic stacking fault energy. s

This crlterlon applled to the node palr in Flg. 1 would suggest Yo /Y v 3,

.. but, as shown later, such a comparlson 1s in fact invalid.

Figure 2a contains‘an extrinsic-intrinsic node pair in an alloyi

.for which e/a =.i.lQ, and yi_= 16 ergs/cmz; A number of sinilar examples
have been observed in this‘alloy. Figure 2b shows at A what is almost

' certalnly a node palr in pure silver to whlch oxygen was added Slmllar
'r onflgurations have also been observed in pure 51lver, for which ‘

\f n 20 ergs/cm2 Thus; the presence~of extrinsic'fauits-is by no A

_ means conflned to‘materlals of exceptlonally low stacking fault energy

' Flgure 3 contains a. number of interesting features. ‘The network

in the central picture area contains only extended nodes establishing‘

that intrirsic’.and extrinsic faulting has occurred. Further examples . .

'.4 of extrinsic—intfinsic node pairs are indicated at points A, B, C, vwhile

extr:!.ns:.c ané 1ntrinaia faults are also pregsent at 'D E and ¥, In

several areas (e g., F) an offset of the stacklng fault fringes is 2
. / )

~ noticeable where intrinsiec and extr1n31c faults are adjacent as expected

- from contrast theory dué to the phase shift'of 2n/3. It is emphasized

that in these cases, as also throughout this paper, the extrinsic and
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intrinsic faults share é common,dislocation line, and that effects frbm

- overlapping faults do not arise., A comparison of Fig.'3a énd b,clearly>

reveals the érésence of a cross-linking partial dislocation'dividing

‘the intrinsic and exﬁrinsic faulted region for many of the node palrs.

The presence of such a link is particularly clear in Fig. 3b at points

A, B, D and F. The striking formation at point E, resembling an elongated

E node pair, is an example of the extrinsié—intrinsic‘fault configuration

whish-is to be discussed in detail in the latter part of this paper.
Of the extrinsic-intrinsic node pairs in the figure, those atﬂA

and C each contain sensibly equal areas of extrinsic and intrinsic

-'fault.- By contrast, the node pairéiat B and G consist of a‘considefably

~larger fraction of intrinsic fault. From Fig. 1, and particularly in

Fig. 8, point P, we have evidence that the ratio of the inscribed radii

in an intrinsic-extrinsic node pair can be as large as 5 or more, whereas

1

'in this same alloy previous work [7] has shown that for & sample of

i

40 single intrinsic nodes the standard deviation about the mean of a

single measurement of the inscribed radius (w) was only 0.25w.
All the evidence points to the conclusion that the resultant config-

‘uration in an extended node pair depends very étrongly upon factors

other than the relative magnitudes of Ve and e The evidence is
substantiated by the results obtainéd in the latter part of,this work. .

The most'imﬁortant factor in determining the équilibriqm configuration

“of the node -pair is the elastic enefgvahich results'from the cross-

over of ghe partial dislocations émerging from the.ektrinsically‘faulted

node, particularly_when Y, end y, are small.
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This elastic energy depencs sen51tively upon the angle at which the
partials cross, since the repu151ve force decreases markedly as the

angle increases. Considerable distortion of-the node pair is to be

‘expected in'cases‘for which the cross-over energy may thereby berreQuced,

- _especially when Yé and y; are closely'equal.

The observed shape of such pairs is in complete agreement with the

i'above, in thatthe partials bounding the extrinsic fault are straight,

or even have the reverse curvature to that found in intrinsic nodes, so

as to maintain as large a cross-over angle as possible (c.f. Fig. 3,

" regions A, B, C, F, G).

Figure U4 illustrates ihree node pairs, for which let us consider
that Yo ='yi,ﬁand that both are low. Without making .detailed calculations

it .can be surmised that configuration (a) is nnstable. By moving

‘point C toward BB' (Fig. L) the‘total faulted area remains substantially

the same, but the energy arlsing from the dislocation cross-overs at
B and B' is reduced. TFor this reason too, the partials may take the
reverse curvature in order to increase the angle of cross-over at pOints

B and B', despite the increase in extrinsically.faulted areafwhich

resulﬁs, The formation of a resultant partial dislocation (CC' in

 Fig. hc)?also reduces the total energy for the same‘reason, despite the

: ,ihcréa‘sed feulted ares and dislocation line length.

We may conclude, therefore that even for Yo T Vi only in.rare

cases will a node pair contain equal areas of 1ntr1nSic and extrins1c

_ fault Although by no means- 1ntractable, the theoretical analySis of

:extrinSic-intr1n51c node pair configurations would involve a careful



consideration of the character of each of the eﬁeréiné dislocetions,
E whlle, in addition, the network in reglon P (Flg 8) clearly 1ndlcatese-
that the constralnts 1mposed by the surroundlng dlslocatlons are also
'  of great importance.e | |
o It is concluded' therefore, that an examinatioo of node pairs can
ollead to meanlngfgl yalues of‘y; and yé only follow1ng’e conelderable,
u'expenditure of,efforﬁ. _?he argumentiillustretea by_Fig; y_suggesﬁs
‘that'the extrinsically faulted area will almost invariably be smaller
' than one would expect from the relative magnitudes ofvye and y;, due to

. the strong dislocation interactions involved.

LITI. EXTRINSIC—INTRINSIC FAULT PAIRS
The nature of the extr1n31c intrinsic fault palr at point E in
N

.;Flg.v3 is most clearly apprec1ated from Fig. 3b The observed magnltudes
" of d “and d (deflned in Flg 5) vary in the same sense.as the angle |

.‘E of projection is altered by . tlltlng the spe01men, establlshlng that
,'_the extr1n51c and 1ntr1n51c faulted areas lie 1n the same plane ¥ It

. has been estabilshed from plctures under dlfferent-dlffractlng conditioﬁe

that the three long, sen51bly parallel partlal dlslocetlons have the -

’:same Burgers' vector. Particular care has been taken to establlsh this

fact without any doubt,‘and as many as 6 different reflections (I1I,

111, 002, 220, 113, 113) were used to photbgraphlperticular fault pairs.'

*¥The configuration is not, of course, strictly co-planar, in-that the
.dislocations lie on a pair of adjacent planes as is clear in Fig. 13.
The configuration is planar in the sense that all the partlal dislocations
boundlng the fault pair lle in the. (lll) plane.

1
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Figure .5 illustrates the fault.pair configuration diagramaticelly. The

fault pair in Fig. 5 is lettered analogously to the node pair in Fig. he

to emphasize that the fault pair is merely a node pair centaining a

cross linking dislecatidn which has been elongated in the direction

' defined_by the unit vector Jj in Fig. 5. A number of advantages stem

from the-changee in geometry between the configurations of Figs. Le and.

‘5%' With. the notation of Fig. 5, these are listed below.

(1) For AA' >> AB the equilibrium separations d, and d,. (of the

oy

(5)-

"as it does only b, o, Yis Yo» d.

partials bounding the extrinsic and intrinsic fault respectively)

. may be calculated simply by allowing for the.repulsive forces

_between the dislocations BB', CC' and AA’', aﬁd the attractive

force which results from the faulted strips.
The disldcations‘BB', CC* and AA' are parallel, have the
same Burgers' vector, thebsame character (a), and lie in the

same plane. Using isotropic elasticity theory a simpler

: theofetieal relationship could not be hoped for,,invdlvihg

i de, v and u, where v is

‘Poisson's ratio, and u the shear modulus.
“The simplicity'of‘the cohfigﬁration makes it-possible for

1'the first time in metals to calcuiate,the étacKing-fauLt

energy using anisotropic elasticify theory. -

. The observer can discern'Whefher a partieular.fault pair is

,suifable for measurement by the extent to which the three'long-

partials ‘are parallel.

The measurementé are not liable to error due to image displace-



mente ﬁhich depend upon the diffracting cenditions,.since
the three‘pertials have identicel p_ahd d. The‘only-cerrectioﬁ
:in most ceses is to-ailow'for the“inclinafien of the fault
"pair in the foil. | .
(6) As a consequence of the characteristic sﬁaﬁe of_fhe partials
et’the,ends of the fault pair (discussed further below), the
.intfiﬁsievana extrinsic partsAof-the pair,may be identified
- frbm one.bfighf field image.
: (7)f ﬁithin the range of.stacking fault energies:for'which the
| ».fault bairs form, not only the relative;'bﬁﬁﬁthe‘absolute'
vmagnituaesvof Yo and fi can be obteined witﬁ'piéh.aecuracfv
(discussed furfher in a subsequenﬁ section).
In addition-to iheir use in determining the staekiﬁg fault energj,
fault‘pairs‘may\elso be'impertant se far as the.mechaniCai properﬁes of
the materiel are concerned*in fhet subsequent gii@e in fﬂe piane containing

the faults could be impeded. Figure 6 illuetrates the interaction

" of a long screw dislocation with a number of other dislocatiens of different

Burgers' vectors. The Burgers' vector as31gnment in Flg 6c is readily

‘ accompllshed from. Flgs. ba and D Flg. 6a, in partlcular makes it -clear

: that the long screw dlslocatlon 1ntersects the other dlslocatlons,

rather than curv1ng away to the surface as one mlght conclude from

B Flg. b, [A'number of anomalous contrast effects are conta;ned in the

figures in ﬁhis paper; also in earlier work [1, 2]. These will be
descrived below.] =~

It should.be noted that'thebfault configuration illustrated:in
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Fig; gc.(gnd diagréﬁmatically in Fig. §) a?iseé from the“iﬁterséctign
. of disiocatiohsIWHOSe long ranée iﬁteractibn is répulsive. A mqré | .
k detailgd description éf the formation proéess and the factors which'

‘favor it will be pubiished shortiy.

It is of intefest‘to compare the fault pairs at B aﬁd>c in Fig. 6b
with the node pair at point D. The,differenée between.ﬁhe intrinsigkénd i‘
éxtrinsic faulted ;reas in the hode'pair is very mérked5 whereas the.
faﬁlt pairs.(formed'fromldislocations wiﬁh>the séme Burgers‘.vectors
~as the node pair)»éontaih much mofe closely‘equal afeas of éxtrinsié aﬁd
intrinéic fault. ‘At poiht A we have an/examﬁle 6?'a faﬁlt pairAwhich,
__due_fo external constfaints is not suiﬁable for measurement. Only
fault pairé‘with éloselylparallél partials!haﬁe been measﬁréd;~since
" the theory which wiil be'used abpiies only to‘such éaéés.

Figure T illustrateébeomélex‘intrinsic—extrinsicvfauits ﬁhich are
ahélyéed in detail‘in Fig..Te'andlf;'>While.£he’féults are‘completely'
;ﬁnsuifaﬁle for a detefmihétioh of}ye and Yi the figure nevertheless
contains very useful ihformation.' Once again, the lateral.diéplacément ..
of the stacking fault'fringes makes it qiear #hat intrinSic and extfihsic
;féults are present. It was,suggested in the previous-?arégraph that
,faﬁlt éairs may_représehf a felativel& séssiie coﬁfiguration. Neverthe-
l'less, avcompariéon'of‘Fig. Ta ﬁith_?a Shows that glide of'complex
Aintrinsic-extrinsic faults céﬂ,tékézélacé, in this case siﬁply as a #
result of heating due to‘the electron beam. |

- Confirmation éf't@¢ assignmeﬁt of4identiéal ﬁufgers' vectofs'to

the long partials in a fault pair is evident in Fig. Tc taken with



‘the 320 reflection. It has been found most convenient to measure the

fault palrs photographed with the 220 reflectlon Yo) that only the partials

are in contrast. The foil normal used for the majorlty of the plctures

els [110], which means that 520 is the only 220 type reflectlon avallable,

.end that one third .of the fault pairs will have their long partials

'

out of contrast (e.g., as in Fig. Tc). Fortunately good bictures have =

been obtained using the 1I3 or 1I3 reflections.by which means all three

- possible Burgers' vectors can be brought into contrast. Furthermore,

as will be discussed below with reference to Fig. 10, as long as care
i1s taken in recognizing which particular diffracting conditions are
operative the fault pairs can also be measured when photogfaphed with

lIl, 111 or 002 reflections.-_Before going on to present the theoretical

relatlonshlp between y “and Y ) and> the fault pair configuration, and

- the results whlch have been obtalned from 1ts appllcatlon the anomalous

contrast effects are described.

IV. ANOMALOUS CONTRAST EFFECTS

Ay

Two types of anomalous effect have been observed--the first is

that which is present in most of the photographs in this paper, and is

partlcularly clearly v181ble for a number of dlffractlng condltlons in

Fig. Ta, b, d and Fig. 8a, b, c. It concerns the contrast observed at.
‘the central long partial, that which divides the extrinsic and intrinsic
faulted areas. The same effect occurs for the'crosslinking dislocation

'1n node pairs, and may be seen 1n the previous work (1, 2] and in a

large number of instances in Figs. 3 and 8 in the present work.
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One expects, since all ﬁhfee long partials have the Same Burgers'
‘__veétor, that these three disldcations WQuld,be'either in or out of .

' cont?ast tbgetherg‘_HQWevér, it iquuite clear thaﬂ.this isant‘ﬁhe_casé:
fIh,Figsf Ta, c.and'8a‘a liné of no contrast ;eparaﬁég.thélinfrinsib ghd
: extrinsic.faults ih.all cases, except at Q in Fié. 8a;'_In‘all theée
éases (éxcept Q) thé.outer two éartialé ﬁaving'the.éame‘Burgers‘ Vector
' aslthe.ceﬁtral partial (or érosé;link'in the case of.nodé pairs) éré
in goﬁtrast. | o
“ In Figs. Tb énd 86 thevcentral partial,(or crosé;iink in node
pairs)'ié.in_contrast, while ﬁhé outer partialswafe out‘of-contrast
v(ek;épt at Q)."These_effects”gan be Vefy confusihg in ﬁaking Burgersc
»vectaf assignﬁenﬁs.  Thé.eff¢¢ts at Q are reversed from-those'elsewhére
éi&ély because.the cross—liﬁking disloéatiOnAhas aidiffereﬁt Burgers'
,véétor froﬁ those in tﬁe:Otﬁér faults;  One maY'étate the”general rules.
. (1) & Shockley partial wﬁi¢£ ngld ﬁormally-ﬁevinvcéntrast for |
| a given reflectisn apﬁears éut of contrést if itiseparates
:égions of extrinsic and intrinsic faultinnghich are also
in contrast. | o |
(2) 'Converséiy, a Shockléy parfiél which-would n§rmglly be out
- .of contrast for a éiven reflection appears'ih contrasﬁiif it.
separates reéions of extrinsic éhd intrinsic fauifing which are
also in cdntfast;'- | |
Fﬁrther exampleévof,thésé effécts can be seen in Fig; 3; and, of
 coﬁrse,jin Fig. 6b_ﬁhe£e the iiné:of né'éontrast makés tﬁe dislocation

appear.hot to cross. Detailed calculations on these effects are in



progress and will be reported atra'later date.
The second anomanus effect is Qisible”under diffracting:conditioneg
which sﬁow only the partial dislocetions (i.e;, 2§O, 1I§‘or lI3 in the
'present work)7 In'Iigf 8b there are numerous pointe, e.g.,.A, B, C? D,
E, at which partial dislocations cross over one enofher at the join of
aneextrinsic to an intrinsie fault. Only at point A, however, is it
;4clear thaﬁ a crossover'has occurred—-in the other cases the contrast
suggests; enomaloﬁsly, thef the dislocations remain pereliel but do oot
- cross. | o
Avfurther partlcularly clear example of thls 1s shown in Fig. 9
~In both these brlght field plctures the magnltude of s, the deviation
from the Bragg position, was p051t1ve and close to that normally used
for optimum cootrast. " In Fig. 9a with g ; 220, ahomaloﬁs contrest.ie
obeerved at points A'and B where the partial dislocations do, in fact;
cross over; With g 220 in Fig. 9b, the dlslocatlon cfoesover at
point A is now clearly v151ble, while the contrast at B remalns anoﬁalous.
.'Thetlsimilar dislocation interactions in cIosely adjecent sites shouId
give different‘contrastAindieetes a8 very sensitive dependence upon thel

magnitude of s.

V. FAULT PAIRS, AND THE EXTRINSIC AND INTRINSIC
' ' ' STACKING FAULT ENERGY :

5.1 Theory
In the present paper the theoretical tre&tﬁent'is limited to isotropic
'eiasticity. More»comprehensive experimental'results are being obtained

in order to test the predictions of anisotropic theory. The wofk of
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~Teutonico {8] provides a valuable basis for the necessary calculatiohs;
With the notation of Fig. 5, the force between ihe'pérallel disloc
of character a i1s obtained by resolving the partial Burgers' vector b

in the j and k directions.. The repulsive force per unit 1ength (F)

betveen two dislocations distance d apart is thus

P e 2 (os? o + A2 @

For the case of an infinitely long fault pair, the equilibrium

- configuration is described by the following equations.

oowp2 (1 s 1 L, sin?al] oy
Yi T o (d.‘+ (. +a )) [cqs B Gy '(?)
L 1 1 . e : : . :
_ up? ;L_v'- 1 , 9 sin?q - - (3)
Yo = Ton (de * (a, + de)} ,}OS-“ T -V

" We may also write

.. _nup?
Yo 7 Y4 21

2 ) [e2y s sinZe Jowp? (1] Loy
e i a - d,) {}OS o+ Ty V)J. 2w‘(d - d.) f(a) (L)
e 1 : . e» il .

The magnitude of f(a) varies from unity in the case of a screw fault.f
,'(qv=10),‘tb fla) = 1.92 at a.= 90° in the presént alloys for &hich
| Q_wuo.ES. S | '}; |

. The éﬁféﬁi.tﬁ Wﬁiéh.EQQw (2) éﬁdu(i) are aypiiééﬁié ﬁé_thé:éﬁééﬁ?éd
fault pgiré depehd$ upon a n@mperbof factors.“‘It‘is éiearly desirable
' thgt thé.partials.shouldvbe.paral;el and that'the cohfiguratidn should
vbe aé:éymmétricai éévpdgsiglé:ébéﬁt'é-line'parallél to § £hrough the .

middle of the fault pair (c.f. Fig: 5). For a fault pair satisfying

ations .-



-13-

.these‘conditions; e.g, at B, Fig. 6, the main failing of'Eqs.v(Z) and
(3) is that their,application.will lead'to anﬂunderestimate Of.Yi and éh_
overestimate of Ye' ihe longer the fault bair, of course, the smaller

is this discrepancylwhich'arises from the strong forces involved in the
dislocatioﬁ crossovers at B audlB;; Estimates‘of‘tﬁe accuracy_of'Eqs.
(2) and (3) in their present application are made'later in the text.

The most commonly observed fault pair configuration is that which

_atione.end terminates in the foil surface. _Numerous examples are

g coutained'in Fig._8. Measurementsvhave:beenamade iu tﬁe regions where‘-

;the three partials are most nearly parallel -Which”isiusually about one
third of the way along the fault pair from the f01l surface ‘Care |
must also be taken to avoid measurlng fault pairs which are contalned
in-a complex network of dislocatious, e.g. at E invFig. 8. It is
1nterest1ng that in some, but not all of the . fault oalrs, the curvature
of one of the long boundlng partlals changes suddenly locally, e.g. at
E in Flg. 3 at C in Flg. 6b, andtnear C 1an1g. 8b. ThlS appears to

" arise from the . presence of a strong local solute 1mpedance

A valuable ald in establlshlng the absolute accuracy of - the )

determinations of Yi and Ye made from the fault peirs is a comparison

w1th Y obtalned from applying the recently publlshed node theorles
. ~
[9-11] to the: extended 1ntr1n51c nodes whlch have been observed. Partlcularly

S

~useful is an area‘such as that in Fig. 8‘where good examples of'nodes
and fault pairs are in close proximity;e

5.2 iExperimental Results

The magnitudes of'Yi ‘and‘Ye have been-determinedvfrom an examination

. of eleven fault pairs in‘the alloy with e/a = 1.15 and from
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3

3

nirxe*faulttpairs in the alloy with e/a ='1.23. The correct Burgers'

"'Vector.was readily assigned to the long partials in all cases so that

the character of the fault pair, a, could be obtained. The foil normal |

Y:unithector, n, was generally in the [110] direct@on. From trace analysis,

using the 110 standard projection, the direction of the unit vector, k,

could be ascribed in terms of crystallographic_indices-applying the~conditionv_

that it lies in the (11I) plane. The measured values of d couid thus

be corrected for inclination in the foil since

(5).

1=

imease=_d731n ¢, - with cos ¢ = E.;

'The maximﬁm'cdfrection is by 22% corresponding to_g_ih the [112]

v dlrectlon, Whlle for k- along [llO], no eorrection is neceseary

-» The magnltude of d in. the present. work is in-: the range 250 to

‘hOOA,vglv1ng rise tO'lmages 0.5 to 0.8 mm apart at thetoperatlve electron

' microscope magnifieation of 2b 000X. “Measﬁrements hate‘been made
,dlrectly from the plates u51ng both the Vanguard Motlon Analyzer (whlch

-'projects a magnlfled 1mage on a ucreen at 2 5X to 16X and cross w1res

read to 0. 001 1nch) and a mlcroden51tometer Excellent'agreement

" ‘was obtalned between measurements on the two 1nstruments (to better

.:than 3%); the m1crodens1tometer is to<be‘preferred, however, as it -

completelyveliminates any chance of subjectivity In all the fault :

, pairs examined it was poss1ble to recognlze the characterlstlc shape
‘vlllustrated in Flg 5. The partial dlslocetlons boundlng the ends of
- one part of the fault pair curve away gradually toward the long partial

" (intrinsic fault), while on the other side the end partials cross the



LU

~15-

long partlal as close to the fault palr as poss1ble, and a constrlctlon
may freouenuly be seen (extr1n51c fault). Dark field plctures have

also been taken, and an established technique [12] for distinguishing

between intrinsic and extrinsic faults has been followed.to confirm that

the assignments have, in fact, been made correctly.

Figure 10 contains microdensitometer traces from the traverse t

"in Fig. 8a, b, ¢. Similar sets of traces have been obtained from

other faults which had been ekamined with a number. of different reflections.

It is clear frém'Fig.‘lO why the 220 reflection has been prefefred,

- since the position of the partials is readily measured. Diffraeting

conditions Whlch lead to the outer partlals in contrast, and the center
one out (5_e1ther 111, 111 or 002 depending on b) also enable d, and

d to be determined easily In such cases a number: of cemparisensfsuch

" as that of Fig. 10 show that the p051tion of the outer partlals under

these reflectlng condltlons is where the 1nten31ty of the mlcroden51tometer :
trace has dropped 20 t lO% from'its peak value. .Ihe.lntensity decreases
so.rapidly.st the edgesvof the faultsv(see trace for'5_=‘lll,ih Figl 10)
that this uncertainty eorresponas_to an error of only,¢3%'in d.  Less

satisfactory measurements can be made,when the outer partials are out

“of contrast, and measurements have not been made from such plates.

‘Table_Ivcontains the results of the measurements, and the values

of vy, and Yy calculated therefrom using Egs. (2) and (3). TFrom the

 table we see that all the fault pairs had characters within 40° of pure

screw. For both alloys we find that, contrary to earlier qualitative

results, the ratio-yé/yi is very close to unity. For the reasons



‘and a preliminary report is made .of thé effect of heat treatment on.

inscribed radius of extended intrinsic nodes with those from fault pairs.

v' fl6+

mentioned earlier it is possible thatvye has been overestimated and Yy

. underestimated by the application of Eqs. (2) and (3). In the following n

section two methods are employed to arriveiat the magnitude of this effect,

the fault pairs.

5.3 Chécks on the Absolute Accuracy of ¥ and;yi

"' A. Variation of a,/d_ with z/di"

Figure 11 shows the vafiation of di/de with the ratio of the length

of the center partial to the width of the intrinsic fault, &/di. We-

* know that when i/di > @ the Egs. (2) and (3) are7completely valid in

describing the fault pairﬂ"However, it is clear from Fig. 11 that even

for relatively small values of Q/di the equation34Whiéh have been pséd

- .. are a very good approximation. The -influence of the forces arising from

the end partials of the fault pair will cause g'Variation of di/de

as a function'of Q/di.' From Figf,ll'we sée that these forces have a

negligible effect on the equilibrium valuelof_di/de as long as g/di z 2.
Valid conclusions may therefore be drawn using Egs. (2) and (3) even

for.Short fault pairs, since thevabové condition, genefally speaking,

. excludes only node paifs. o

- From the above we may conclude that the present measurements have
led to very good absolute determinations of Y, end Yi'

B. Comparison withAXi'Calculated from Node Data - '-.f': o

_TableII“compareé,the results obtained.from measurements of the

5

' The node results have been calculated using the equations of Brown [91.
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‘It has been shown [7] that for a glven node configuratlon applylng the

theory of Siems [10] leads to a value of \f 2 107 less than after Brown,

while the theory of Jossang et al. (11] leads to a value of Y,V 20%

 less than that calculated after Brown. A further uncertainty in the

node theories arises from the term involving the cut-off radius‘of the

dislocation core. A change by a factor of 2 in the magnltude of the core

E"radius which 1s inserted in the equations alters \f} by NlO7

Bearing in mind these uncerteainties in calculations made from node

.data we see'from TableIl, that the absolute magnitudes of Yi determined

from fault pairs are in rather good agreement with those obtained

from nodes.h This is particularly true for the alloy ‘with - e/a 1.23,

while even for e/a =1. lS nodes and fault pairs in close prox1m1ty gave

values of yi;which agreed within 25%. "

C. High TemperaturewExperiments

One further pos51bility which must be examined before concluding
that the present results establish that Yo Y y s 1s that preferential
/
segregatlon may take place to the extr1n51c fault ‘This would have the

effect of reducing the apparent extrinsic stacking fault'energy. That

. preferential segregation should'occur seemsfunlikely since the atomic

'Vdisplacements dlffer only slightly for the two types of fault.

B Flgure 12 contains a sequence of pictures 1llustrat1ng the appearance

‘©of extrinsic and intrinsic faults before,_during and after an annealing

- treatment in the electron microscope. The offset of the stacking fault

fringes. is clearly yisible establishing that both extrinsic and intrinsic

faulting has oceurred.
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It is interesting to note that at room température prioflto anneal
widé bands of bothléxtrinsic and'intrinsic-fault a%eApresent, probably
.dué to thé trailing partial being held up While the rest_of'the configurafion
continueé to glide. Raising the temperature to 1L0°C is sufficient
to acti§ate movemenf of the partials, as.éhown in Fig. 12b; c. On
cooling”to roém‘température, Fig. 12d,‘w% find that the equilibrium
v‘f.copfigurafions which.have‘béen reached are fault pairs for which di aﬁd _

:‘di are closely equal.

The fact that in this case.the same result'has been obtaiﬁed as
. forvf&uit pairs observed at room temperature.follbwing rbomltemperéture
‘deformation is strong évidence tha£ preferential segregétibn does not
.occur.' “

It appéars fromléections 5;3,'A, B, C that the values of Yy Ye
-and y /Y whlch have been obtalned have absolute significance, Fig. 11
"maklng it clear that Eqs. (2) and (3) are appllcable without correctlon

',;even to short fault pairs. H | .

Wé'ére\ab;e to conéludé, thefefore,'fhatithé ?atio of Yi.to Ye in -

the present alloys is only slightly‘greater than ﬁnity, and there seems

... no reason to doubt that this result is of more geﬂeral validity.

VI. DISCUSSION

Flgure 13 illustrates the planar dlsplacements which arlse from
"tne formatlon of an extrinsic- 1ntr1n31c palr the conflguratlons belng

those first descrlbed by Frank [14]. As p01nted out by Frank and Nicholas

[15] for both the'extrlnslc'and intrinsic faults there are two
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next nearest neighbcr misfits of the type AA, BB or CC from which -
one. expects the major'part of the fault energy to'be’derived; Alternatively

the intrinsic and extrinsic faults may be regarded as one and two layer

tW¢ns respectlvely

Throughouu the earller work on tne nature of faults it was stated

that no a prlorl reason could be seen to conclude whlch of the two uypes

- of fault would have the. lOWer energy . The fact that extr1n51c faultlng

has been relat“vely 1nfrequently observed seems to be the maln reason

 for the generally held view that the extrinsic stacking’ fault energy

- is hlgher than the intrinsic.

A more plausible explanation inAthe,liéhf-of‘the‘bresént reeulte ie
that generation of an extrinsic fault is aifficu1t5 but that once
formed the fault energj per unit area is closely the same as for'an
intfinsic fault. In.the'la£ter respecf the present exﬁeriﬁentai results
are in accord ﬁith‘simple theoretical consideretiqns invthat the next
neaﬁest neighbor misfit energy isfthe eame for both types of faﬁlt.v

VII."SUMMARY
(1) Extrinsic-intfinsic node pairs are showﬂ to\be unsqitable-for a
st?aight forward dEterminaticn cf Ye and yi.

(2) A new extrinsic-intrinsic fault configuration is described which

possesses many advantages for the determination of Yo and v, .

v'(3) In the two alloys examined, ye/yi has been determihed-es 1.03 ¢+ 0.1,

~ and 1.09 * 0.1. Comparison of v; determined in.this way with Yy

from node date indicates that satisfactory absolute determinations



of Yi and Ye can be thainéd from the fault pairs, using the

very-simplest‘theoretical relations.

w
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Table I

s

'Yc'énd Y, from Fault Pair Data in Ag-In Alloys, e/a = 1.15 and 1.23‘:f'

'E/a =1.23 .

qup. o dint, | chafa§ter? o U ext. : dint.‘ '?haracter, o f(&)
@ | & | (aeg) [T R ] @ | (aee)

oMy | 238 | o ah “i.05 395 o33 | 23 1.15
268 | - 255 10 1.03 30 | lar 1% 1.06
352 | 372 -8 S 101 510 | o511 | 0.99
304 Coaue | 3w, 1.28 315 | 390 1.02
197 | 20 | 7 s ©71.06 . 409 589 |- 38 1.35
250 | 29 26 120 3150 | 30 | 30 1.22
20h | - 237 6 1.00 511 | usk ol 3y 1.30
my | 200 | 6 1.00 325 | 325 ooy 1.15
6 | 208 | .6 1.00 452 . - k50 AT 1.08
wr - | 3 | 8 101 - T S "

266 285 | 10 1,03

* From which,with u = 2.45.10'! aynes/cn?, b

1.678 . o
Yoyt = 7.4 + 0.6 éfgs/qmz. (deViatipn of
‘single reading_=_ili8 ergs/cm?)
Yint, = 6.8 * th ergS/cmz. (deviation of

single reading = %1.2 ergé/cmz)'
For e/a = 1.15, Ye/yi =1.09-* 0.1

With y = 2.5.10'! dynes/cm2, b = 1.67R

‘Yext

reading = *0.8 ergs/CmZ)

= V + : nr; . : R
Yint. L.55 ¢ 0.3. (deviation of single

reading = *0.8 ergs/cm?) _
For e/a = 1.23, y_/y; = 1.03 ¢ 0.1 .

o o=L.7 ¢ 0.3. (deviation of single .
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. fq;;~'f,‘}‘;;1fi-. Table II
- Comparlson of y Determlned from Fault Palrs, and from Isolated Intr1n51c Nodeo‘
- - 1

Y. " Standard deviation| Standard deviation
: i B S eV

ST .= of the mean | of a single. readlng
~ (ergs/cm?®) . © . {ergs/cm?) . (ergs/cm )

_Nodes (3)'close to fault |
palrs "

. Nodes ln Ag Sn (e/a = 1.23) ::?

'  ’Féu1£.§éifs'

a5 | 'sémplé-‘fof 25 notes S e o

' Nodes (h) close to fault ;_.d
palrs : o
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Figure 1
Figure 2
Figure 3
'Fiéure L

Figure 5

Figure 6
Figure T
Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

FIGURE CAPTIONS

Burgers vector analysis of an extrinsic‘— iﬁtrinsic node pgir
in Ag-In (e/a = 1.23)

Extrinsic - intrinsic node pairs in a) Ag-In (e/a = 1.10)

b) Ag + 0, (4 ppm by vacuum technigque)

Extrinsic and intrinsic node pairs, and fault pair (E) in Ag-In
(e/a = 1.23)

Extrinsic - intrinsic node pair configurations, a) unstable,
b), c¢) stable.

Extrinsic - intrinsic feult pair

a), b), Fault pairs in Ag-In (e/a " 1.15), c¢) Burgers vector
assignment for fault pair B.

a), b), ¢), complex extrinsic - intrinsic faults, d) same after
glide, e), f), Burgers vector assignments.

a), b), ¢) Examples of fault pairs in Ag-In (e/a = 1.23),

d) analysis of lower fault pairs. ,
Anomalous céntrast effects at partlial dislocation cross-overs
Microdensitometer traces from 'traverse - t in Fig. 8.

Illustrating the applicability of eqns 2) and 3) for L/di> 2.

from the functional dependence of !L/di ve di/de'

. The glide of partials bounding extrinsic - intrinsic fault pairs

for the alloy with e/a = 1.23 a) at room temperature. b), c)
at 140°C, d) subsequently at room temperature.
Description of an extrinsic - intrinsic fault pair in terms of

atomic planes, illustrating the second nearest neighbor misfits.
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