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ABSTRACT. 

Observations have been made of extrinsic-intrinsic node pairs, 

and of a hitherto unreported fault pair. It is shown that a simple 

extimate of the ratio of extrinsic to intrinsic stacking fault energy 

(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 

forward absolute determination of both y and y.. Contrary to published . e 1 

results, y and y. have been found to be approximately equal. For the 
e . 1 

r 

present alloys, Y/Yi = 1.09 ± 0.1 (for the electron-atom ratio'e/a = 

1.15) andy /y. = 1.03 ± 0.1 (for e/al= 1.23). Good absolute agreement 
e 1 

has been obtained between y. determined from the fault pairs, and from 
' l 

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

· . extrinsic fault.s are rarely observed because of a high impedance to 

their formation arising from,the co..;operative glide which is necessary, 

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

the intrinsic. 

'f .,.,... ...- •• .u••._ ... ,'1'•,•• ~ . :.:~. . . 



'· 

•· 

-1-

I. INTRODUCTION 

Previous work has shown that both intrinsic and extrinsic faults 

are present in f.c.c. alloys of low stacking· fault energy. Estimates. 

of the relative magnitudes of th~ intrinsic and extrinsic stacking fault 

energies (y. and y respectively) have been made from examination of node 
~ .e . . 

pairs in Au-Sn [1] and Ag-Sn[2] and from a statistical treatment of 

the occurrence of stacking fault tetrahedra in Ni-70 At.% Co [3]. 

Only tentative conclusions could be reached,,but the ratio of ye to yi 

was variously estimated as from 2 to 4.5 or more. Work by Booker and 

Brown [4] suggests that the result that ye ~ yi in silicon [5] is spurious 

due to an anomalous diffraction effect. 
I 

In the present work silver-indium alloys have been examined in the 

electron microscope, their composi~ion ranging from pure silver to Ag-12.5 

wt.% In (electrQ.n-:-atom ratio, e/a = 1.23) •. At~ention has~been focused 

particularly upon tne two alloys with lowest stacking fault energy 

(e/a = 1.15 and 1.23). The following section covers observations which 

have been made,on extrinsic-intrinsic node pairs whil~ subsequent 

\ 
I 

sections describe an interesting new e~trinsic-intrinsic fault configuration 

which provides a very advantagesus method for determining the absolute 
' . 

, , .. magnitudes of both y and y .. 
e ~ 

II. INTRINSIC AND EXTRINSIC NODE PAIRS 

' . 
Figure 1 shows a good example of an ex~rinsic-intrinsic node pair. 

Several reflections were used so that the.Burgers' vector assignment 

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

.. 1. 
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the Burgers' vectors is that of Thompson [6], and throughout this 

paper o refers to the (lll) plane~ and BA = [011], CB = [llO] and 

CA = [101]. 

Previous workers have drawn qualitative conclusions from fault 
., 

c~mfigurations such as that in. Fig. 1, by assuming that the ratio of 

the inscribed radius of one node to the other in the pair was approximately 

equal to the ratio of the extrinsic to the intrinsic stacking fault energy. 

This criterion applied to the node pair in Fig. 1 .would suggest y e/y i -v 3, 

but, as shown later, such a comparison is in fact invalid. 
J 

. . 
Figure 2a contains an extrinsic-intrinsic node pair in an alloy 

.for which e/a = 1.10, andy. = 16 ergs/cm2 . A number of similar examples 
. ~ 

have been observed in this.alloy. Figure.2b shows at A what is almost 

certainly a node pair in pure silver to which.oxygen was added. Similar 

configurations b,~ve also been observed in pure silver, for which 

yi 'V 20 ergs/cm2. Thus, the presence of extrin~ic faults is by no 

means confined to materials of ~xceptionally low stacking fault energy. 

Figure 3 contains a. number of interesting features. ·The network 
i 

in the central picture area contains only extended nodes establishing 

that intririsic·.and extrinsic faulting has occurred. Further examples 

of extrinsic-intrinsic node pairs are indicated at points A, B, C, while . . 

ext~1ns1o and intrinsic taults ara also present at o. E and r. In 
i· 

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

noticeable where intrinsic and extrinsic-faults are adjacent, as expected 

from contrast theory due to the ppase shift of 2n/3. It is emphasized 

that in these cases, as also throughout this paper, the extrinsic and 

·. 

. ,a 

• 
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intrinsic faults share a common.dislocation line, and that effects from 

. ·overlapping faults do not arise. A comparison of Fig. 3a and b. clearly 

reveals the pr.esence of a cross-linking partial dislocation dividing 

the intrinsic and extrinsic faulted region for many of the node pairs. 

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 

node pair, is an example of the extrinsic-intrinsic fault configuration 

whi~h is to be discussed in detail in the latter part of this paper. 

Of the extrinsic-intrinsic n,ode pairs in the figure, those at' A 

and C each contain sensibly equal areas of extrinsic and intrinsic 

fault.- By contrast~ the node pairs at Band G consist of a considerably 

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

Fig. 8, point P, we have evidence t·hat the ratio of the inscribed radii 

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

in this same alloy previous work [7] has shown that for a: sample of 

.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 strongly upon factors 

other than the relative magnitudes of ye and yi. The evidence is 

substantiated by the results obtained in the latter part of.this work. 

The most important factor in determining the equilibrium configuration 

of the node-pair is the elas:tic energy which results from the cross-

over of the partial dislocations emerging from the extrinsically faulted 
" 

node, particularly when y · and y. are small. 
e ~ 
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This elastic energy depends sensitively upon the angle at which the 

partials bross, since the repulsive 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 be reduced, 

.. especially when Ye and yi are closely equal. 

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

above, in that· ·the 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 4 illustrates three node pairs, for which let us consider 

' that y = y., .and that both are low. Without making detailed calculations 
e ~ 

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

·point C toward B~' (Fig. 4b) the total faulted area remains substantially 

the ,same, but the energy arising from the dislocation cross-overs at 
I 

B and B' is reduced. For 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 area· which 

results. The formation of a resultant partial dislocation ( CC' in 
. . 

Fig. 4c) also reduces the total energy for the same reason, despite· the 

increased rauited area and dislocation· line length. 

We may conclude, therefore, that even.for ye = yi only_in·rare 

cases will a node pair contain equal areas of intrinsic and extrinsic 

fault'. Although by no means intractable, the theoretical analysis of 

extrinsic-intrinsic node pair configurations would involve a careful 

'lJ 

·' 
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.. 
considera-tion of the character o'f each of the :emerging dislocations, 

while, in addition, the network in region P (Fig. 8) clearly indicates 

that the constraints imposed by the surrounding dislocations are also 

of great importance. 

It is concluded, therefore, that an examination of node pairs can 

lead to meaningful values of y. and y only following a considerable· 
. . . 1 e . 

·expenditure of effort. The argumentillustrated by Fig. 4 suggests 

that the extrinsically faulted area will almost invariably be smaller 

than one would expect from the relative magnitudes of y andy;, due to e 1 

the strong dislocation interactions involved. 

III. EXTRINSIC-INTRINSIC FAULT PAIRS 

The nature of the extrinsic-intrinsic fault pair at point E in 

Fig. 3 is most clearly appreciated from Fig. 3b. The observed magnitudes 

of d .. · and d (defined in Fig. 5) vary in the same sense. as the angle· 
1 e · . .. . . 

of projection is altered bytilting the specimen, ,'establishing that 

the extrinsic and intrinsic faulted areas lie in the same plane.* It 

has ~een established from pict~res under different- diffracting condit~ons 

that the three long, sensibl~ parallel partial dislocations have the 

same Bu!gers' vector. Particular care has been taken to establish this 

fact without any doubt, and as many as 6 different reflections (lll, 
.. 

lll, 002, 220, ll3, ll3) were used to photograph particular 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 partial dislocations 
bounding the fault pair lie in the (lll) plane~ 
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Figure.5 illustrates the fault pair configuration diagrainatically. The 

fault pair in Fig~ 5 is lettered analogously to the node pair in Fig. 4c 

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

cross linking dislocation which has been elongated in the direction 

defined by the unit vector 1 in Fig. 5. A number of advantages stem 

from the changes in. geometry between the configurat.ions of Figs. 4c and. 

·5~ With the notation of Fig. 5, these are listed below. 

(1) For AA' >> AB the .equilibrium separations d -and d .. (of the 
e ~ 

partials bounding the extrinsic and intrinsic fault respectively) 

may be calculated simply by all.owing for the repulsive forces 

between the dislocations BB', CC' and AA', and the attractive 

force which results from the faulted strips. 

( 2) The dislocations BB' , CC '' and AA' are parallel, have the 

same ~urgers' vector, the same character (a), and lie in the 

same plane. Using isotropic elasticity theory a simpler 

theoretical relationship could not be hoped for, involving 

as it does only b, a, y., y , d., d , v and ).I, 1vhere v is 
- ~ e ~ e 

Poisson's ratio, and J.l the shear modulus. 

(3) The simplicity of the configuration makes it .possible for 

the first time in metals to calculate .the stacking fault 

energy using anisotropic elasticity theory. · · 

(4) The observer can discern whether a particular .fa:ult pair is 

. sui table for measurement by the extent· to which the three long · 

partials are. parallel. 

(5). The measurements are not liable to erro'r due 'to image displace-

·-· 'f , .•• , .•• ",., ·.' 
., ·· .. - ... 
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ment·s which depend upon the. diffracting conditions, since 

,., the three partials have identical b and a. The. only correction 

in most cases is to allow for the inclination of the fault 
... 

·pair in the foil. 

(6) As a consequence of the characteristic shape of the partials 

at the. ends of the fault pair (discussed further below), the 

intrinsic and extrinsic parts _of the pair may be identified 

from one bright field image. 

(7) Within the range of stacking fault energies for which the 

fault pairs form, not only the relative, but the absolute 

magnitudes of y and y. can be obtained with_high accuracy e ~ 

(discusse~ further in a subsequent section). 

In addition to their use in determining the stacking fault energy, 

fault pairs may also be important so far as the mechanical properties of 

the_material are concernedin that subsequent glide in the plane containing 
' 

the faults could be impeded. Figure 6 illustrates the-interaction 

·.of a long screw disloca~ion with a number of other dislocations of differ~nt 

Burgers' vectors. The Burgers' vector assignment in Fig. 6c is readily 

accomplished from. Figs. 6a and b; Fig. 68., in particular, makes it ·clear 

that tlie long screw dislocation intersects the other dislocations, . 

rather than curving away to the surface as one might conclude from 

Fig. 6b. [A number of anomalous contrast effects are contained in the 

figures in this paper; also in earlier war~ [1, 2]. These will be 

described below.] 

It should be noted that the fault configuration illustrated in 
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Fig. 6c (and diagrammatically in Fig. 5) arises from the.intersection 

of dislocations whose long range interaction is repulsive. A more 

detailed description of the formation process and the factors which 

favor it will be published shortly. 

It is of interest to compare the fault pairs at B and C in Fig. 6b 

with the node pair at point D. The difference between the intrinsic and 

extrinsic faulted areas in the node pair is very marked, whereas the 

fault pairs (formed from dislocations with the same Burgers' vectors 

as the node pair) contain much more closely equal areas of extrinsic and 

intrinsic fault. At point A we have an, example of a fault pair which, 

due to external constraints is not suitable for measurement. Only 

faUlt pairs with closely parallel partials .have been measured, ·since 

the theory which will be used applies 'only to such ca,ses. 

Figure 7 illustrates complex intrinsic-extrinsic faults which are 

analysed in detail in Fig .. 7 e and f. While. the .· f~ul t s are completely 

unsuitable for a determination or' ye and yi the figure nevertheless 

contains very useful information. Once again, the lateral displacement 

of the stacking fault fringes makes it clear that intrinsic and extrinsic 

faults are present. It was. suggested in the previous paragraph that 

fault pairs may represent a relatively sessile configuration. Neverthe-

·less, a comparison of Fig. 7d with 7a shows that glide of complex 

. intrinsic-extrinsic faults can. take place, in th~s case simply as a 

result of heating due to the electron beam. 

·Confirmation of the assignment of .identical Burgers' vectors to 

the long partials in a fault pa,ir is evident in Fig. 7c taken with 

\ 

· ......... ··.-· 1 



-. 

. -- ·~· .,_.- ...... 

·.-9-

., .. 
the 220 reflection. It has been found most convenient to measure the 

' fault pairs photographed with the 220 reflection so that only the partials 

are in contrast. The foil normal used for the majority of·the pictures 

is [110], whi~h means that 220 is the only 220 ~ype reflection available, 

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

out of contrast (e.g., as in Fig. 7c). Fortunately good pictures have 

been obtained using the 113 or ll3 reflections. by which means all three 

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

as will be dis.cussed below with reference to Fig .. 10, as long as care 

is taken in recognizing which particular diffracting conditions are 

operative the fault pairs can also be measured when photographed with 

lll, lll or 002 reflections. Before going on to present the theoretical 

relationship between y. andy , an~the fault p~ir configuration, and 
l. e 

the results which have been obtained from its application, the anomalous 

contrast effects are described. 
. ! 

IV. ANOMALOUS CONTRAST EFFECTS 

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 

partic~arly clearly visible for a number· of diffracting conditions in 

Fig. 7a, 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 

·in node pairs, and may be seen in 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 three long partials have the same Burgers' 

vector, that these.three dislocations would.be either in or out of 

contrast together. However, it is quite clear that this is not the case. 

In Figs. 7a, c and Ba a line of no contrast separates the intrinsi~ and 

extrinsic faults in all cases, except at Q in Fig. Sa. In all these 

cases (except Q) the outer two partials having the same Burgers' vector 

as the central partial (or cross:..link in the case of node pairs) are 

in contrast. 

In Figs. 7b and Be the central partial. (or cross:...link in node 
. . 

pairs) is in contrast, while the outer partials .are out of contrast 

(except at Q). These effects <;!an be very confusing .in making Burgers' 

vector assignments. ·The effects at Q are reversed from those elsewhere 

simply because the cross-linking dislocation has a different Burgers' 

vector from thos§ in the other faults. One may state the general rules. 

(1) A Shockley partial which would normally be in contrast for 

a given reflection appears out of contrast if it separates 

regions of extrinsic and intrinsic faulting which are also 

in contrast. 

(2) Conversely, a Shockley partial which would normally be out 

.of contrast for a given reflection appears in contrast if it 

separates regions of extrinsic and intrinsic faulting which are 

also in contrast. 

Further examples or,these effects can be seen in Fig. 3, and, of 

·course, in Fig. 6b where the line of no contrast makes the dislocation 

appear not to cross. Detailed calculations on these effects are in 
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progress and will be reported at a later dat·e. -- .. 

The second anomalous effect is visible"under diffracting conditions 
. . 

which show only the partial dislocations ( i..e. , 220, 113 or ll3 in the 

present work). In Fig. 8b there are numerous points, e.g. , A, B, C, D, 

E, at which partial dislocations cross over one another at the join of 

an extrinsic to an intrinsic fault. Only at point A, however, is it 

clear that a crossover has occurred--in the other cases the contrast 

suggests, anomalously, that the dislocations remain parallel but do not 

cross. 

A further particularly clear example of this is shown in Fig; 9. 

In both these bright field pictures the magnitude of s, the deviation 

from the Bragg position,.was positive and close to that normally used 

for optimum contrast .. In Fig. 9a with g = 220, anomalous contrast is 

observed at points A and B where the partial dislocations do, in fact;, 

eros s over. With g = 220 in Fig. 9b, the di slocat,ion eros sever at 

point A is now clearly visible, while the contrast at B remains anomalous. 

·That ·similar dislocation interactions in closely adjacent sites should 

-
give different contrast indicates a very sensitive dependence upon the 

magnitude of s. 

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

5•1 Theory 

In the present paper the theoretical treatment is limited to isotropic 

elasticity. More comprehensive experimental results are being obtained 

in order to test the predictions of anisotropic theory. The ~ork of 
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Teutonico [8] provides a valuable basis for the necessary calculations. 

Hith the notation of Fig. 5, the force between the parallel dislocations 
\ 

of character a is obtained by resolving the partial Burgers' vector b 

in the J. and~ directions. The repulsive force per unit length (F) 

bet1veen two dislocations distance d apart is thus 

F - ~b2 (cos2 a + sin2a ) 
- 2nd (1 - v) (1) 

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

configuration is described by the following equations . 

~b2 ( 1 : ! de)) [cos 2a sin2a ] (2) yi =-- -+ + (1 - v) 2n d. . (d. 
~ ~ 

(3) 

We may also write 
.:.·. 

(4) 

The magnitude of f(a) varies from unity in the case of a screw fault . 

(a = 6), to f(a) = 1.92 at a .. = 90° in the present alloys for which 

\) "-'· 0. 48. ., 

fault pat~$ depends upon a number of factors. ·It is clearly desirable 

that the partials. should b.e. parallel and that the configuration should 

' 
be as symmetrical as possible. about a line parallel t_o ~through the. 

middle of the fault pair (c.f. Fig: 5). For a fault .pair satisfying 
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these conditions; e.g. ~t B, Fig. 6, the main failing of'Eqs. (2) and 
. I 

(3) is that their application will lead to an underestimate of yi and an 

overestimate of y . The longer the fault pair, of course, the smailer 
e 

is this discrepancy which arises from the strong forces involved in the 

dislocation crossovers at Band B'. Estimates of the 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 

at·one end terminates in the foil ~urface. Numerous examples are 

contained in Fig. 8. Measurements. have been made in the regions where 

the three partials are mos-t nearly parallel, which is usually about one 

third of the way along the fault pair from the foil surface. Care 

must also be taken to avoid measuring fault pairs which are contained 

in a complex net.work of dislocations, e.g. atE in Fig. 8. It is 

interesting that_ in some, but not all of the fault pairs, the curvature 

of one of the long bounding partials changes suddenly locally, e.g. at 

E in Fig. 3, at C in Fig. 6b, and·:near C /in Fig. 8b. This appears to 

arise from the.presence of a strong local solute impedance. 

· A valuable aid in establishing the absolute accuracy of the 

d~terminations of. y i and y e made from the fault pairs is a comparison 

with y: obtained from applying the recently published node theories 
. 1 

[9-11] to the extended intrinsic nodes ·which have been observed. 
\ 

Particularly 

useful is an area such as that in Fig. 8 where good examples of nodes 

and fault pairs are in close proximity . 

5.2 Experimental Results 

The magnitudes of y. andy have been·determined from an examination 
. 1 e 

of eleven fault pairs in the alloy with e/a = 1.15 and from 
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n i n.e · fault pairs in the , alloy with e/ a.=· 1. 23. · The corr.ect 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 

·unit vector, n, was generally in the [110] direct~on. From trace analysis, 

using the 110 standard projection, the direction of the unit vector, ~' 

could be ascribed in terms of crystallographic indices applying the·condition 
' 

that it 1ies in the (lll) plane. The measured values of d could thus 

be corrected for inclination in the foil since 

d = d sin <P, me as with cos <P = k • n ( 5) 

The maximum correction is by 22% corresponding to kin the.[ll2] 

direction; ·while for k along [llOl, no correction is necessary. 
. . '. -
. The magnitude of d in the pres,ent. work is in the range 250 to 

0 . . . '• 

400A, giving rise to images 0.5 to 0.8 mm apart at the operative electron 

microscope magnification of 2b,ooox. ··Measurements have been made 

directly from the plates using both the Vanguard Motion Analyzer (which 

projects a magnified image on a screen, at 2.5X to 16X and cross wires 

read to 0.001 i'nch) and a microdensitometer. Excellentagreement 

·was obtained between measurements·on the two instruments (to better 

than 31~) ; the microdensi tometer is to be preferred, however, as it 

completely eliminates any chance of subjectivity. In all the fault 

pairs examined it was possible to recognize the characteristic shape 

illustrated in Fig. 5. The partial dislocations bounding 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 
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.. 
long partial as close to the fault pair as possible, and a constriction' 

may frequently be seen (extrinsic fault). Dark field pictures 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, c. Similar sets of traces have been obtained from 

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

It is clear from Fig. 10 why the 220 reflection has been preferred, 

since the position of the partials is readily measured. Diffracting 

conditions which lead to the outer partials in contrast, and the center 

one out (g_ either Ill, lll or 002, depending onE_) also en~ble de and 

d. te 'be determined. easily. In such eases a number e:f' .eempariscns sueh 
~ 

as that of Fig .. J.-0 show that the position of the outer partials under· 

these reflecting conditions is where the intensity of the microdensitometer 

trace has dropped 20 ± 10% from its peak value. The intensity decreases 

so rapidly at the edges of the faults (see trace for g_ = lll .in Fig. 10) 

that this uncertainty corresponds 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 I contains the results of the measurements~ and the values 

of y and y. calculated therefrom using Eqs. ( 2) and ( 3). From the 
. . e ~ 

table we see that all the fault pairs .had characters· within 4o 0 of pure 

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

results, the ratio ye/yi is very close to unity. For the reasons 
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mentioned earlier it is pO$Sible that ye has been overestimated and yi 

underestimated by .the applic'ation of Eqs. (2) and (3). In the following 

section two methods are employed to arrive at the magnitude of this effect' 

and a preliminary report is made ·Of the effect of heat treatment on. 

the fault pairs. 

5.3 Checks on the Absolute Accuracy of Ye and yi 

A. Variation of d./d with 9.-/d.· 

Figure 11 shows the variation of d./ d with t.he ratio of the length 
1 e 

of the center partial tothe width of the intrinsic fault, 9-/d .• We 
l 

know that when 9.-/d. + oo the Eqs. (2) and (3) are completely valid in 
l 

describing the fault pair. ·However, it is clear from Fig. 11 that even 

for· relatively small values of 9.,/d. the equations which have.been used 
l 

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

the end partial~ of the fault pair will cause a variation of d. /d 
. · 1 e 

as a function of 9.,/d.. From Fig. 11 we see that these forces have .a 
l .. 

negligible effect on the equilibrium value of d./d as long as 9.,/d. ~· 2. 
. · 1.' e 1 . 

Valid conclusions may therefore be drawn using Eqs. (2) and (3) even 

r' 
for short fault pairs, since the above condition, generally speaking; 

excludes only node pairs. 

From the above .we may conclude that the present measurements have 

led to very good absolute determinations of y and y .. e 1 . 

B. Comparison with y. Calculated from Node Data 
. l 

Table II compares the results obtained, from measurements of the 

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

Thenode results have been calculated using the equations of BroHn (9] . 

. r 
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It has been shown [7] that for a given node configuration, applying the 

theory of Siems [10] leads to a value·. of y. "' 10% less than after Bro•rn, 
~. 

while the theory of J¢ssang et al. [11] leads to ~ value of y. "' 20% 
l 

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 magnitude of the core 

··radius which is inserted in the. equations alters yi by 'VlO%. 

Bearing in mind these uncertainties in calculations made from node 

. data we see from Table TI. that the absolute magnitudes .of y. determined 
l 

from fault pairs are in rather good agreement with those obtained 

from nodes. This· is particularly true for the alloy with e/a = 1.23, 

while even for e/a = 1.15 nodes and fault pairs in close proximity' gave 

values of y. ·which agreed within 25%. · 
' l 

C. High Temperature Experiments 

One further possibility which must .be examined· before concluding 

that the.present results establish that ye"' y., is that preferential 
~ ' 

/ 
segregation may take place to the extrinsic fault. This would have the 

effect of reducing the apparent extrinsic stacking fault energy. That 

preferential segregation should occur seemsunlikely since the atomic 

displacements differ qnly slightly for the two types of fault. 

Figure 12 contains a sequence of pictures illustrating 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 visible establishing that both extrinsic and intrinsic 

faulting has occurred. 
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It. is interesting to riote that at .room temperature prior to anneal 

wide bands of both. extrinsic and intrinsic.fault are present, probably 

due to the ~railing partial being held up while the rest of the configuration 

continues to glide. Raising the temperature to 140°C is sufficient 

to .activate movement of the partials, as shown in Fig. 12b, c. On 

cooling to room. temperature, Fig. 12d, we find that the eQuflibriu.'ll 

configurations which have been reached are fault pairs for which d. and 
~ 

d. are closely eQual. 
~ 

The fact that in this case the same result has been obtained as 

for fault pairs observed at room temperature following room temperature 

deformation is strong evidence that preferential segregation does no~ 

occur. 

It appears from sections 5.3, A, B, C that the values of y., y 
~ e 

and ye/yi which hava been obtained have absolute significance, Fig. 11 

making it clear that EQs •.. (2) and (3) are applicable without correction· 

. even to short fault pairs. 

We are .able to conclude, therefore, that·the ratio of y. toy in 
~ e 

the. present alloys is only slightly greater than unity, and there seeni·s 

·.no reason to doubt that this res~t is of more general validity. 

VI. DISCUSSION 

Figurel3 illustrates the planar displacements which arise from 

the formation of an e'xtrinsic-intrinsic pair, the configurations being 

those first described by Frank [14]. As pointed out by Frank and Nicholas 

[15] for both the extrinsic and intrinsic faults there are two 

,. 
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next nearest neighbor misfits of the type .AA, BB or CC fr'om 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 

twins respectively. 

Throughout the earlier work on the nature of faults it was stated 

that no a priori reason could be seen to conclude which of the two types 

of fault would have the lower. energy. The fact that extrinsic faulting 

has been relatively infrequently ·observed seems to be the main reason 

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

is higher than the intrinsic. 

A more plausible explanation in the .light ·Of the present results is 

that generation of an extrinsic fault is difficult, but that once 

formed the fault energy per unit area is closely the same as for an 

intrinsic fault,_ In t.he latter respect the present experimental results 

are in accord with simple theoretical considerations in that the next 

nearest neighbor misfit energy is'the same for both types of fault. 

VII. SUMMARY 

(1) Extrinsic-intrinsic node pairs are shown to be unsuitable for a 
'; 

straight forward determination of y and y .• e . ~ . 

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

possesses many advantages for the determination of ye and yi., 

(3) In the two alloys examined, Y/Yi has been determined as 1.03 ± 0.1, 

and 1.09 ± 0.1. Comparison of yi determined in this way with yi 

from node data indicates that satisfactory absolute determinations 
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of y. andy can be obtained from the fault pairs, using the 
. l. . e -

very simplest theoretical relations. .,.. 

.. 1 

. \ 
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Table I 

:i.e and y i froni Fault Pair Data in Ag-In Alloys, e/a = Li$ and 1.23 

e/a = 1.15' 
• 

d d. t character, c 
:.~xt. 1n • 

t(a) (i) (A) ( deg.) · 
! 

244 238 14 . 1.05 

268 255 10 1.03 

352 .. 372 8 1;01 

304 342 .• 34' 1.28 

197 250 15 1.06 

250 249 26 1.20 

204 - 237 6 1.00 

144 ·200 6 1.00 

146. 208 6 1.00 

347 331 8 1.01 

266 285 10 I -1.03 

From which,with Jl -~ 2.45.1011 dynes/cm2, b = 
0 

L67A 

y .t = 7.4 ± 0.6 ergs/cm2 . (deviation of ex . . 
single reading = ±1.8 ergs/cm2 ) 

Yint. = 6.8 ± 0.4 ergs/cm2• (deviation of 

single reading = ±1.2 erg~/cm2) 
For e/a = 1:15, y /y. ~ 1.09· ± 0.1 e 1 . 

e/a = 1. 23 

d~Fint. character, a 
I : f(a) 

. (/~.) . . . . (i) (deg.) 

395 393 23 '1.15 

351 417 14 1.06 

510 511 6 0.99 

375 390 9 1.02 

409 589 38 1.35 

375 370 30 1.22 
... 

511 454' 34 1.30 

325 325 24. 1.15 

452 450 17 1.08 

With Jl = 2.5.1011 dynes/cm2 , b = 1.67Z 

·-· 
y t = 4.7 ± 0.3. (deviation of single . ex . 

reading = ±0.8 ergs/cm2 ) 

y. t = 4.55 ± 0.3 .. (deviation of single 1n . · · 
reading = ±0.8 ergs/cm2 ) 

For e/a = 1.23, y /y. = 1.03 ± 0.~ 
.e 1 

!' "~~··· 
. ;.,..;; 

~ . ;, 
·----~" 

I 

I 
ij 

N 
t~\), ., 
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.e/a = 1.23 
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···jr• 
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~;;;. = 1.1; 
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. Comp~rison of y.· 
J. 

·,._ · .. ·,. 

~ ·:-

~·: 

' 

Sample of 4ci nodes [7] 

Nodes (3) close to fault 
pairs-· ,. 

·!· •;._~ 

·Table n 

from Fault Pairs, 

y. 
J. 

.(ergs/cm2) 

5.55 

: . . _.'·-, 

4.8: 

~- : .' 

Nodes in Ag-Sn (e/a ·= 1.23) 
{13] . ' 

~ .. 9' 
_,.: 

<·" 
' ' 

Fault Pairs·' · 

Sample of 25 nod~s 

Nodes .( 4) · close to fault 
pa~rs. 

Fault Pairs 

. -:· ~. 

·-:,, 

·.· / 

4~55 

10.0 
. -~ ,._: 

~~--

9.2 

6.8 

.. ·.·-

·' 

~ '•: . 

,· .... 

·. ','4 ,'!: _,· . -T ··./ Y· 

Isolat~d Intrinsic Nodes 

.·;_.-. 
·~ .! 

. ~·- .. -

Standard deviation 
of the m~an 
{ergs/cm2 ). 

0.3· 

~ . ' 

0.3 

0~5 . 

0 .. 4 

,• 

:•--
... ~ .'; 

Standard deviation 
of a singie .reading 

(ergs/cm2 ) 

1.3 
-._. 

:..,· 

.:.-·· 

. -~-

. · . .J~ 

0.8 

2.0· 

·-. 

.1.2 

,.,_. 

1.-~~;;..~-~t 
. ·. :;._;;,:j 

2t 

->--

--~' ~ 

! 
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FIGURE CAPTIONS 

Figure 1 Burgers vector analysis of an extrinsic intrinsic node pair 

in Ag-In (e/a = 1.23) 

Figure 2 Extrinsic - intrinsic node pairs in a) Ag-In (e/a = 1.10) 

b) Ag + 02 (4 ppm by vacuum technique) 

Figure 3 Extrinsic and intrinsic node pairs, and fault pair (E) in Ag-In 

(e/a = 1.23) 

Figure 4 Extrinsic - intrinsic node pair configurations, a) unstable, 

b) , c). stable. 

Figure 5 Extrinsic - intrinsic fault pair 

Figure 6 a), b), Fault pairs in Ag-In (e/a = 1.15), c) Burgers vector 

assignment for fault pair B. 

Figure 7 a)) b)) c)) complex extrinsic - intrinsic faults) d) same after 

glide, e), f), Burgers vector assignments. 

Figure 8 · a), b), c) Examples of fault pairs ,in Ag-In (e/a = 1.23), 

d) analysis of lower fault pairs. 

Figure 9 Anomalous contrast effects at partial dislocation cross-overs 

Figure 10 Microdensitometer traces from ·:,traverse · t in Fig. 8. 

Figure 11 Illustrating the applicability of eqns 2) and 3) for i/d.> 2, 
. J.. 

from the functional. dependence o:f' R./di vs di/de' 

Figure 12 . The glide of partials bounding extrinsic - intrinsic fault pairs 

for the alloy withe/a= 1.23 a) at room temperature. b), c) 

at 140°C, d) subsequently at room temperature. 

.· Figure 13 Description of an extrinsic - intrinsic fault pair in terms of 

atomic planes, illustrating the second nearest neighbor misfits. 
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