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‘evidence regarding two contrast effects namely streaks and cross-over . -

~ FIELD ION MICROSCOPE,STUDIES OF PLANAR FAULTS
S. Ranganathan

ABSTRACT

Field ion microscoPy.isaadmirably Suited for the investigation of -
stacking faults of high energies and small w1dths. The geometry of stack-
ing faults.in various metal structures is cons1dered here in relatlon to

the. contrast to be expected in field ion micrographs. The confllctlng

structures which have been interpreted as stacking faults is reviewed.
There is a brief reference to domain boundaries in ordered alloys which

are a form of planar faulting.
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S. Ranganathan -
Tnorganic Materials Research Division,
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1. Introduction

A pérfect dislocation - i.e., its Burger's veétér is avunit_traﬁsla4
‘ﬁion in the lattiée a.can dissociate into two of more partial‘dislocations
‘sepéréted by widths of sfacking faﬁlts. The prerequisife for such a
dissociation 1is that a mechanically stable new-configuraﬁidn should be.
available. The dissociation reaction leads to é'lbwering of the elastic
énergy of the perfect dislocation. This is balanced however by the in-
crease in misfit enérgy in the plane. Several books on dislocations give
excellent treatment of these ideas;l N

Stacking faults can arise in a material through deformation, aggrega-

tion of vacancies (e.g., during quenching) and interstitials (e.g., during -

irradiation).VIThey.affect the x-ray line profiles and lead to brbadening
. as well as peak shifts. However their contribution is not easily isolated

' 2
from other factors. Thus x=-ray line broadening studies have been of

b

limited value. Transmission electron microscope studies” have been con-

spicuously more successful. The faults produce characteristic interference -

fringes and have been studied exténsively in'investigations-on quenching.
The image width of a dislocation is of the order of ~100K and hence, if |
the fault width is lower than this, the evidence becdmes'ambiguous. Also
- the evidencg for stacking faults inlb.c.c. metals where the fault'enefgy
is expected to be high has ﬁeen particularly scanty. Therefore field ion
microscopy has an important role to play on the observation of stacking

faults of small widths and high energies.

i
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The energy of the stacking fault is-an important pafaméter; - It

affects the mode of deformation -ve.g., high energy stacking fault materials

permit easy crosé-slip.v It .can also affect sfress-éorrdsion. MEtths_
of'varying reliability exist for the_evalﬂation of the.énergy. If field.
vion microscopic observations can shed light on this aspect, it should be
welcome. |

In this article we shall be solely concerned with the geoﬁetry of_thgv
. stacking fault and its probable cont?ast in field ion micrdgraphs. 'we

shall begin with a consideration of stacking fault geometry in f.c.c. and .

b.c.c. structures. At one time streaks\observed”in field ion miqrographsf N

were interpreted as stacking faults.u The question of streak contrast5 _'

receives full discussion.here. Ryan and Suiter6 have interpreted a cross-

over effect in tungsten micrographs as stacking faults on {lll} plaﬁes.
This contraét»effect can also be interpreted as arising from nodes in a .
dislocation networkﬂ7 The last tﬁo secfions deal with two structuraily
siméle instances - staéking faults in the h.c.p. struéturé aﬁd-doﬁainl

boundaries in ordered alloys.

2. Stacking Faults in the FaceVCentgred Cubic-Lattice%
" The face centeredvcﬁbic structure can be considered to be made up\of
. the stacking Sequence ABC ABC,Based on (111) planes. There are three
types of partial dislocations asso¢iéted with faults in this étacking
sequence: a Shockley partial and two Frank partialé. In the case of the
Shockley partial, tﬁe Burger's vector lies in the plane of the fault: for
a Frank partial the Burger's vector is not parallel to the fault and hence
it is sessile, |

Figure la illustrates a Shéckley partial with Burger's vector % [121]

on the (111) plane. The figure is for the dislocation in.edge orientation.

i

)
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The partial can arise from the folléwiné dissociation;
B 7 al= P
= +
5IT10] » Z{Z11] + #T2I]

~

Figure lb_illustrates a Frank partialvwith Burgers vector - % [111].

 Note that the partial is sessile. Also the fault is.the same as in Fig.

'vla.

l,, Evidence for the existence of these partial dislocations and stééking
faults rests on a firm experimental basis. Furthermore, interactions-

among the partials leading to the formatioﬁ of ILomer-Cottrell locks and

b

stacking fault tetrahedra have been observed.” -~

3, Stacking Faults in the Bodey Centered Cubic Latticel

As detailed transmission electron microscope studies of b.c.c. re-

fractory metals have been lacking until recently, there is a great deal

" of confusion with regard to the presence of stacking faults in the b.c.c.

lattice. Hirschhorn8Ahas given an excellent summary of possible dislocation . -

dissociations on {112}, {011} énd {310} ‘planes.

The b.c.c; lattice can be considered to be built.up of an ordered
sequence of six planes -—-ABCDEFAB--— based on {112}. Faults in this
stacking sequence can arise from a dissociation of dislocations. TwoA_

reactions have received detailed attention.
a a - a - . :
> [111] -» 3-[112] + r {111] , . (})

The first partial is pure edge and sessile; and the second partial °

_is pure screw and glissile. As [111] is the line of intersection of

three'{ilQ} planes, the second partial‘can'glide out of the original

plane of dissociation and create a dihedral stacking fault. .It should

. be noted that there is no energy change on the Burger's vector square



I
energy criterion. -

2[uT) » Z[ull+ @I s (2)
The two partials are pure serew and can once againAgiide out of the
original slip plane. Sleeswyk9 has considered an interestihg variant

of this reaction. If the originai dislocation is pure screw, further

dissociation into three partials can occur.

8 iy 8 T L B e . 8o
5 [1111 - ]+ 5 [+ 7 [111). _(za)
This results in a twofold symmetrical configuration of the three
partials with one in the center and two at equidistant positions on

different {112} planes.

- Other types of dissociation on (112) planes have also beenuconsidéred.
2[111] - F (1T + g (153] + g (1T1] | ENON
‘a - a = a a o
5 [111] > 7z [111] + 7 [113] + &7 [111] : (4)_

Faults on other planes [e.g., (011) by Cohen et al.,lo (310) by
Segallll] have also been £heoretically treated. Possible dissociations
have been listed here in detail so that an attem?t coﬁld be méde ﬁolcon—
sider the contrast frum.stacking'faultévarising through tﬁése reactions -
from a theoretical view point. There are few experimental observations
of stacking féults in b.c.c. metals. Hirsch and Sega.ll12 found that the

15

faults were on {310} planes in niobium. Nakayama et al. ~ have observed
stacking faults in tungsten quenched from above 2000°C and derived a value
of Yg.p, = 1h.5 ergs/cm? for impure tungsten. The work on alloys is

slightly more definitive. V'otatv:aLlLP has noted the existence of stacking

faults on {112}planes in foils of molybdenum-35%'rhenium.
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4. Contrast To Be Expected From Partial

' Dislocations and Stacking Faults

MOOrel5 has tried to account for the pattern in.a field ion‘micrograph

-'on the basis of pure geometry.. A sphere was imagined to cut'an infinitely

extended crystal and all the material outside the sphere removed. A computei
was used to plot in orthographic progectlon the positions of atoms that

are within a certain distance from the surface of the sphere. The resulting
pattern had a striking resemblance to the field ion image. Moore presented
e paper at the 1lth Field Emission Symposium in Cambridge (1964) extending
this approach to alloys and showed now the flexipility and the speed of the
computer aided the choice of various possibilities leading to an‘image.

fiom the alloy. This approach holds great promise and is'capable of being

‘extended to the surfaces of imperfect crystals., This has notlbeen done up

to the time of writing this review. Hence a qualitative approach will '
be adopted in the subsequent discussions.
‘When a perfect dislocation of Burger s vector b 1ntersects the crystal

surface on a particular net plane (é is the plane normal) a spiral will

- arise so long as g + b £ 0. This is similar to the visibility criterion
.in electron microscopy. The spiral is due to the component of the Burger s

‘vector normal to the plane. If the component is equal to multlple 1nter-

planar spacing, a series ofiinterleaved hellc01ds are expected.  To follow

Frank's terminology,l6 unlike the ideal crystal of n layers, the dislocated

- crystal consists of one layer'only in the form of a helicoid.‘iWhen the

dislocation is'of multiple strength, we have a crystal of several'interleaved '
helicoidal lyaers. ‘When it contains a number of dislocations, it consists

of a number (possibly one) of similar interleaved 'expanded Riemann surfaces.'
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Such information can be used for the determination of Burger's vector -

17

of a dislocation from field ion micrographs.

The extension of these concepté to partial dislocations is not easy.

,

A partial dislocation intersecting a close packed plane will still be

invisible if g - Eé = 0 (for an exception in rhenium see section 7). ' Thus

an extended dislocation on the (111) plane can be missed on the net planes

of (111). However, a stacking fault on any one of (I11), (1I1) (11T) will

\N]

be visible on the (111) plane rings. In electron microscopy if g ;55 = %
then also the partialidislocation is:iﬁvisible_or gives very weak contrast.5
It will be interesting tc apply this rule to conéiast in field"ion micro-
SCODY. |

fhe fdrégoing considefations entirely ignore the real situation in

a specimen being studied by field ion microscopy. = The dislocations are

" emerging -at the surface, The surface is under an electrostatic stress.
' The specimen is finally subjected to the process of field evaporation.

. These three factors should be remembered in interpreting the image of a

defect. The last factor has been considered by Brandon18 in some detail.
The surface section taken by field evaporation does not remain émodth in
the case of a defect lattice. The variations in binding energy and,lattice

geometry at a lattice defect always resﬁlt_in some modification of the

‘surface section. The problem is somewhat analogous to that experienced

with chemical etching: the preferential removal of some atoms at the core

of the defect can lead to field enhancement effects on neighboring atoms

so that a field evaporation "etch pit" is formed at the defect. The’
successful interpretation of the field-ion image thus depends very mﬁch

on the correct estimate of the extent of cooperative evaporation.



'5. Streak Contrast

'Bright streaks are frequently observed in the field—ion images of

specimens- which have been subJected to certain treatments There was

'cons1derab1e discussion of the poss1ble causes for these image 1mper-

fections at the 11th Field Emission Sympos1um in ‘Cambridge. A subsequent
paper by Ranganathan et al5 catalogued the different types of streaks and
went some way towards interpreting their origins. The following summary.

draws heavily on this paper.

5.1 The Case of Tungsten-Rhenium Alloys

Ralph and Brandonh came acrossithe first reproducible observetions
of image streaking in their study of the tungsten-rhenium system Smali\
streaks were found in deformed tungsten-rhenium alloys (Fig. 2) which were
1nterpreted as being due to the step produced where a stacking fault or a
{112} plane inteérsects the crystal surface (Fig. 3). Preferential evapora-
tlon of atoms situated on the step was not thought likely since the atoms |
have the same coordination number and binding energy (though with a dlffer—

ent disposition of neighbours) as other atoms giving rise to image points,.

Atoms on the step should however give bright images due to field enhancement -

‘and focusing of field contours over the ridge formed by the fault;

Further consideration shows thet a strong field enhancement factor
does not exist on (3.1.0) planes. Th:e intersection of two faulted plancs =
the diagram corresponds to the deformatlon fault with the stacking sequence
AB CD CD EFA - merely produces a klnk on the (110) plane. While the atoms

at the kink may give slightly enhanced intensity, the effect will not be

©  the same as a step normal to the (110) plane. Such a step exists on planes

" inclined to (110) e.g., (11Z8). Also this deformation fault corresponds to-



S

the flrst dlssoc1at10n reaction described in Sectlon 3 Where 8 sess1le

[llEJ dlslocatlon forms the boundary for two fault planes. When through

vfleld evaporatlon a number of atam layers have been taken off most streaks

dlsappear.‘ They do thls in a gradual fashlon and; no spec1al effect that

will indicate the existence of a sessile dislocation has been seen.

5.2 Streaks Where an Unambiguous Identification is Possible:

a) Image Superposition b) Interfaces

Tmage superposition can lead to streaking. TFigure b whows streaking

- arising from image superposition round the jagged edge of a surface crater

. in tungsﬁen.,

Streaking at grain boundaries is fairly common. The presence of a

grain boundary is readily detectable in the field-ion image because planes

appear to be rotated out of their normal p051t10ns on the image about the

axis of misorientation. Thus there is little llkellhOOd of streaks due to
grain boundaries being confused with those generated by other mechanisms.

Both electronic and geometrical factors can lead to such streaking. Figure

-5 shows a streek arising from a geometrical step on the surface at a grain

boundary in tungsten. Holland19 has shown that localized electronic states

exist in the vicinity of planar defects including grain boundaries. Such

. electronic effects could well give rise to preferential jonization along -

the line of the boundary. Grain boundaries are also observed occasionally
with a dark band (Brandon et algo) lying along the boundary. These effects

could be connected.



- 5.3 Characteristics of Streaksﬁin_Asymmetrid Tipé -

The Most Interesting Case

Asjmmetric tips show sdme of the most drastic cases of streaking.

- The asymmetry of the tip is very striking. The radii from the central

(110) to each of two neighbpuring_[llE} poles often differ by a factor

of 3. Sometimés the asymmetry is so pronounced that a measurement of

" the radii from the number of rings is not possible. Estimation from

the appearance of high index planes would lead to factors as high as ten.

There is a definite cr&stallographic nature to the asymmetry of the
specimens under consideration. The specimens have an elliptical cross-
section and in general fall into two categories as illustrated in Fig. 9.

Tungsten has a preferred orientation which results.in‘the tip axis in-

variably being [110]. In one type of asymmetry the major and minor axes

of the ellipse are [I12] and [1I1] respectively. In the second less

common type of asymmetry the major and minor axes can be specified as

_ [I10] and [001] respectivély. Since in both cases the streaks lie per=-

pendicular to %he major axis of the ellipse and also run parallel to the
axis of the wirev(as can be demonétrated by fileld evaporation)vthé planes
on Which the sﬁreaks lie can be specified accurétely."

It is found that‘streaks lie on {112} or (110} planes, and it is
significant that these are the élip planes for the b.c.c. system. -Ex=
amples of streaks lying on {112} and (110} planes are shown in Figs. 6'
and 7 respectively. | o

In the case of. f.c.c. metals (e.g., platinum and iridium) asymmetr&

and asSociated'streaking have also been observed. Although the body of .

"evidence is smaller in this caéé, the streaks have always been found to

lie on {110} planes (Fig. 8)o The {110} planes in f.c.c. metals play no
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special part in. deformation and the occurrence of streaks on theSe planes
remains to be explained satisfactorily.

. 5 , ‘ . .
As Muller L has observed, field evaporation of an asymmetric tip

 does not produce a completely symmetric tip, but the degree of asymmetry

is reduced. Similarly, when a tip containing streaks is field-evaporated,

"the streaks and thé associated distortion persist, although a few streaks

may be removed. As a general.rule, the number of streaks decreasés with
an increase in radius, strongly suggesting that the disturbance is con-

fined to the top few hundréd atom layers of the tip. An interesting ob—l
servation is that strgaks fend to split into two -halves when the radius
has been increased by field evaporation. Examples of such splitting are

visible in Fig. 6.

5.4 Distinction From Slip Bands

Slip bands are easily distinguished from streaks. The shear stress
éomponent of the électric field in the case of an asymmetric tip can lead
to‘slip (Eig. 10). A corrugated surface produced by slip should éssume a
émooth shape after field evaporation and this is at variance with the
persistence of streaks. The crystallography of streaks in f.c.c. metals

cannot be explained as well.

5.5 Contrast Theory-

Basically streaks appear to be a planar type of imperfection. They
are a gross structural feature in field.lon micrographs and are seldom

clearly resolvéd. The most likely explanation is that streaks are a

structural feature introduced during the process of specimen preparation.

While both the electropolishing process and the field necessary for

imaging can lead to the deformation of the specimen, the former is more
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important. With the use of a two-layer electrolyte, the detachment of

the bottom portion of “he wire at the end of the polishlng process could
lead to severe.stresses and deformation of the metal. A rough estimate

- shows that.the stress can reach values as high as lOlO dyneS'cmfgw The
asymmetry of the wedge shaped specimenbis again a iunction of the poliSh;
ing process. As conditions of polishing vary from specimen to specimen,
the random observation of streaks with no correlation with the state of

" the metal is not surprising. The effect of the imaging field on an
vasymmetric specimen is two;fold: the shear components of the field stress
may lead to the deformation of the specimen and the field variations over

“the elliptical surface can lead to a variable magnification in the image.

6. The Cross-Over Structure in Tungsten

A blanar defect structnre6 which has received considerable attention_.f
and can be interpreted wikth. some confidence is the so-called "cross-over
structure" in tungsten (Fig. 11). It is easily recognized and well—defined.
.There is no extra half piane corresponding to the (Qll)‘planes. These
net planes are seen to be drawn inwards. Similar microgrephs have appeared
“in earlier work on tungsten‘by Ranganathan22 and on platinum by Mv:iller.e3

Ryan and Suiter6 have added the further remarkable observation that the
'._effect.disappeared over a'hundred 1ayers:and then reappeared again in the -
same place. Thelr observations are described below.

From many observations it has been found that these defects show the
.following characteristics: ‘their maximnm extent'in the<[211]‘direction is
generally less than BOA, the lattlce disturbance is usually evident for

distances in the [011] dlrection of the order of a hundred angstroms and

the spacing in the [011] direction between disturbed'regions is some
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200-400 K.V'Sometimes the defect has been observed‘oﬁ a-gfain bpundary
éFig._lE); .These'defécts have been found infdrawn’wires aévwell as wires
lthat have been1ﬁeated_tb 706;i300°C‘while under étressesvrahging up to
- fracture stréss. However the number of obServations i$.hot sﬁfficientlyv
.large to enable their 6rigin to be_associated_with any particular1condi-
tions of stress of temperature;
Ryan and Suiter interpreﬁvthe cross—ovef structure in terﬁs of the

diagram (Fig. 15&); They believe that it arises from an extended dis;
location on the (111) plané. The dislocation reaction is thought torbé

similar to that proposed by Cohen et al,lo o

2[OI) » § (ToI) + 3 (T2} + g [ToI]

If the disloqatibn extends by the movement of one of the.% [1017.
partials, faulting will occur on the (111) plané and the distrubance of
the field ion micrograph can arise from a number of effeéts due to the
' partial diélocations, the sﬁacking fault and the field evaporatioﬁ pPro=-
cess. The three partial dislocations are all of mixed character so that
instéad of having closed rings for‘the edges of the (Oll)'plaﬁes in the
vieinity of the extended dislocations a type of spiral will occur starting
‘and finishing on the ends of the stacking fault and péssing through each
partial dislocation. The shear displacemen£ across the sfaéking fault
will produce a distrubance in the image if there js an appreciable com~
ponent normal to the surface being examined. The extent of these éffects
may be exaggerated by the phenomenon of field evaporation. While the
fault energy on a {111} plane should be high, impurifies in the specimen
could have led to a segregation to the stgcking fault and a éonsequent

lowering in its energy.
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The author7 hasvmade similar observations,of‘cross—over structures
in tungsten (and iridium);' The~observatdonal details generally confirm :
those of Ryan and.Suiters It was further observed that the effect could
appear in a different place. Also in between such effects, there was a
residual contrast: in a particular case a single (Oil) plane was found
rto exhlblt a closure failure.

In the model proposed by Ryan and Sulter, an edge dislocation lying
on a {112} plane prefers to dissociate on a (110} plane and then the
partials spread out on a {111} plane; This sequence appears highly ime-
probable on energy considerations. Besides, there is no evidence for
the presence of the partial dislocations vith the given Burgers vectors.
The reason for preferrlng the particular mode of dislocation dissociation
appears to be that two of the partlal dlslocatlons could move on a [lll}

- plane - the fault plane demanded by observation. The author has observed
similar structures on both-{lll} and {100} planes. Hence a more general
explanatlon appeared desirable.

The regular and repeated occurrence of the defect seems.to favour an

interpretation on the basis of a dislocation network (Fig. 13b). 1In the

case of tungsten, such a network can be formed by'the‘reaction NN
a a =
5 [111] + = [I1I] -» a[010]

The locking in of the dislocations might explain their stability-in
the presence of the field. In this 1nterpretat10n, the disturbed structure |
‘Would correspond to the asymmetrical three-fold node formed by this reactlon.
Nets of this type observed in iron have been analyzed by Carrlngton et al h
In.tungsten, also, such networks have been noted and a feature of many of
these networks is the close spacing (~ lOOR) of the dislocations (F. O.
25 |

‘Jones



alle

- On the basis - of the network theory, away from the node, one should
expect contrast from three dlslocatlons w1th Burgers vectors (—) [111],
= [lll] and a[OlO] When these dlslocatlons intersect the (Oll) planeS'
(—) [111] and a[010] dislocations should give rise to spirals on the (011)
planes, while the (5) [lll] dislocation will not give rise to a spiral
' regardless of its edge or screw components The author believes that it
is possible to assoc1ate the closure fallure of the (011) plane with this
dislocation The splrals from the other two dislocations were not observed.

Further observatlons are necessary to check whether these dlslocatlons w1th

the associated spirals occur. Thesevobservatlons are awaited with interest.

7. Stacking Faults in H.C.P. Metals

‘The normal stacking sequence forvh.crp. metals_is(ABAB.;.. A fault
involves three or more planes in the ABC order characteristic of f.c.c.
All sfacking-faults in hexagonal crystals are on basal planes; so any
given partial dislocation is confined to a basal plane.

. Mﬁlier26 has sﬁudied Re, Zr; Co, Zn, and Be. However only rhenium
has received detailed attention. The basal plane has been observed by
using single crystals grown in the c direction. Mﬁller observed that net'
plane edges near the (OOOl) plane alternated in intensity due to the
“stacklng\sequence. Hence a stacklng fault can be 1dent1f1ed by its dis~
turbance of thisvalternating effect. (The intensity alteration is specta=-
cular and a complete explanation is not yeth avarlable.) ’

Miller 21 ‘has also published hydrogen ion 1mages of cobalt. Extensive -
vstudles of this metal should be of great 1nterest as cdbalt exhlblts a '

phase transformation from h.c.p. to f.c.c. and has a low stacking fault

. energy.

- i
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8. Domain Boundaries

Vo ?The-field ion micrographs from ordered alloys resemble those of -
i;?‘metals in regularlty and allow detailed interpretation. 29,30. In an
o ordered alloy domain boundarles are expeoted whenever two domains which
" are out of phase meet. The domain boundary is a kind of stacking fault
: in the superlattlce and may end on a lattice dlslocatxon of the disordered
.'2‘:structure whlch becames a partial dislocation of the superlattlce. South~
worth and Ralph3 have presented examples of domain boundaries in cobalte~ ‘
platlnum. Figure 14 shows a translational domain boundary crossing thég
jz‘(OOl) region). Its interface plane is (010) which provides the lowest
.f venergy conditioh, The boundary is identified as the antiphase structure
*fitbrodﬁces g.charécteristic bright spot/vacant site contrast feature at
fﬁz'£he‘bouﬁdéry;'be’adjacént domains.chobsé different cube axes of the
:l“;{p;rent gré&n for their (tetragonal) c axis, then a rotational domain

":.:fboundary reéulté_when the domains meet. The paper by Southworth and

."VfRalphBO reports an example where the interface was lying on a {111} plane. .
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. FIGURE CAPTIONS
':iirigf>l§: illustration'6f & Shockley Partial with Burgers vector - %[lél]‘-
e  (in edge orientation) with associated'stacking fault in face-

. cérﬂ:eréd_ vcﬁbic. The plane of the figure is (IO1l) and the dis-
”location runs normal to this plane. ‘Only one plane hasvbeen
jshoWn.'
:i Fig. 1b ‘A Frank partial with associated stacking fault in face-centered
o cubié; - . b
.ff'fig. 2 ATungsfen - %% rhenium showing bright lines (Ralph and Brandonhj.
?i:Afigl 3 .(iIO) projection of a b.c.c. lattice containing a stacking fault
‘and_shcwing that a.step is produced on £he surface (Ralph and ‘
_ ”Bféndonh); |
°;7;'Figf:§l".s?reaks éfising from image supérposition round the jagged edges‘:4
‘ of & surface-crater in tungsten (Courteéy K.-M.’Bo§kett) Ref. 5. "
.ﬁgf»fig; 5;; Stfeﬁk arising from a geometrical step on the surface ét a graip{ |
. ‘  ; ', boundary'in tungsten, Ref. 5. (
.41?Fié;,6v ‘Streaké lying on fllé] planes in tungsten, Ref. 5.
' fié. 7} ' Cold-worked neutron-irradiated tungsten. The streaks lie on
4!'-(110} planes. (Courtesy K. M.p Bowkett) Ref. 5.
i»’Fig. 8 Asymmetric iridium specimen. Streaks lie on (110} planes.
- Fig. 9 = Stereograms illustrating the crystallography of the two types of
elliptical asymmetry found in tungsten (Ranganathan et al5)e
" Fig. 10 Slip bands in platinum. | s
’ Fig;,ll‘ Field ion micrograph of characteristic defect structure in tungsten.
i%ffiﬁig. 12 The defect structure at évboundary in tungsten. The sequence

brings'outvthe appearance and disappearance of the structure.

. w70 7o (Courtesy Hi F. Ryan and J. SuiterS). .
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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 infringe 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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