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'ON THE POSSIBILITY OF NUCLEATING LOOPS WITH
BURGERS VECTOR (DC') BY THE CLUSTERING OF INTERSTITIALS

J. Grilhe,* K. Seshan, and J. Washburn’
Inﬁrganic Materials Reseérch Divisién, Lawrence Berkeiéy LaBoréféry and
Department of Materials Science and Engineering, College of Engineering;
UniVersity of California, Berkeley, California
g 94720
ABSTRACT
It is argued that interstitials could cluster go form loops with
Burgers vector (DC') = 1/6(114), especially if the extrinsic stacking
fault energy (SEE)f-YE’ is higher than the intrinsic YI. DC' is a perfect
dislocation loop superimposed on an intrinsic stackiﬁg"fault loop.
“A 1oop‘DC"shou1d be wiéelf ;élit 65 one plane only énd shouid-grow
to become‘liﬁear:and "rod-like" along a (110) direction. Defects with
thisvgeometry Have been observed in ion—implanted érystals of silicon

containing boron.

* ' ‘
Permanent address: Laboratorie de Metallurgie Physique, Faculty des
Sciences de Potiers, France. ' . T



It is well known that interstitials clusfer and form Frank 1§ops‘
with Burgers'ﬁeétor DS (Fig. 1a)._ This is equivalent to a perfect loop
DB enclosing an extrinsic sfacking féult,loop BG:.

D6 = DB + BS
17301117 = 1/2[011] + 1/6[211]
The extfinéic fault BS is equivalent to two intrinsic faults SA

and 8C as:

BS = SA + 8C

1/6(211] = 1/6[121] + 1/6[112]

]

This detailed ﬁiew of the Frank loop D is illgétrated in Fig. 1d.
If both the shéafs SA and'GC are eliminated the perfect loop DB results;
Fig. 1b.

However, if the extfinsic SFE is enough greater than the intrinsic,
1oops.of the ﬁype (DC") (Fig. 1lc) become stable relative to Frank 1o§ps
at a reasonabiy'sméil size. DC' has the maghitude of a perfect loop and

also contains an intrinsic fault:

DC'’ = DB + SA

© 1/6[114] = 1/2{011] + 1/6[121] B Fig. (le)

The difference in stacking fault energy required‘to make ﬁC' stable
relative to a Frank.loop may bé estimated by deterﬁihiné the_energy of
the loop DC' felatiﬁe to that of DS at some critical radius r.- |

Since

DC' = D§  + cs

1/6[114] 1/3[111]'+ 1/6[112]
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the self energy WDC' of the loop DC' is

Wper = Vs
and that of the Frank loop
= +
Wy = ¥ps
At some critical fadius rc
Wg = Wper

or

+ W, + ﬂrZYI

cs
Wp
TY2YE.

>
if YE YI

2
HbisT

cs 2

(after Hirth
: "& Lothe™)

" Using I''= yY/ub and R = rc/b (after'Saada)2 and r' = 3b where
o

FI it follows that

b = a/z<110>-and'Ar\= T, -
RAT = l—--ln R
- 4m

A plot of'AT vs R is shown in Fig. 2.

-3 . C
5%x10 7, i.e. YE_f YI

If AT is of the order of

7 2 : e _ B
~ 60 ergs/cm” in copper for instance, the trans-

formation of a Frank loop to a loop of DC' at a radius of about ~50b

(or ~ 1204) is possible and the critical radius to nucleate DC' would

be ~ 60A

On the splitting of DC':

A possible splitting of the loop DC' that leads to a reduction of

its self energy.is shown in Fig. 3. DC' splits on the (c¢) plane as

DC'!
1/6[114]

' YC' is the stair rod YS/AB

= by + «yC'

1/6[112] + 1/3[001]
which is 1/3[001].



This reaction is shown in énvinside view in Fig..ja and top view
in Fig. 3b. 'It is unlikely for DC' to split on the other two intersecting
{111} planes because of the larger Burgers vecfor required for the stair
rod dislocations. For éxample, if DC' were to splitbon the (a) plane
ac' fofms: | |

DC' = Do + ac'

1/6[114] = 1/6[121] + 1/6[013]
and likeWisexén :he (b) plane.

The splitting of DC' at the earliest stage is.Shown in Fig. 3b.
.Further growth should occur at the four sides that are not widely split
where jogs afé;éaéily ﬁucleated. Therefore, DC' should grow to become
elongated or rod-like extended along a (110} direction; it should
also tend to‘Shfink from the ends and not be expected to pinch off
into rows of circular loops during annéaling. |

Linear défécts with these characteristics have béen feported by
several workers.3_8 A typical areé in a 111 siiicoﬁ crystal implanﬁgd
with P+'ions and‘annealed is shown in Fig. 4. The Qidtﬁ'of the defects
should COrresﬁoﬁd to the smallest size L¢ (Fig. 3b) at which sPlifﬁiﬁg
starts.  In p-type silicon, using weak beam images, this size is estimated
to be 35158, | |

The linearly éxtended loop DC' also appears cénsistent.with the
following experiﬁental-faqts conéerning the’afod;liké" defects is jon-
implanted silicon: |

| 1. Along eacﬁ (110) set there are at least two differeht‘
Burgers vectors: .one type showing inside and the othef

showing outside electron diffraction contrast for the same diffracting

condition, Fig. 4.
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This is eohsistent with the fact that along each.(110) direction
there are twe:pessible {DC') type loops, DC' aﬁd CD' (Fig. 1). Tﬁey are
equivalent and make equal angles of 19° with the [001]’&irection.'

2. During annealing some'df the 1inear defec;e euddenlylchange
Burgers vector and rotate awey from the (110) or gfqe in width. This is
consistent with the fact that the faultee loop DC' can unfault to become -
a peffect-dielOQetion dipole DB as: |

DCt T+ Ad = DB:

‘1/6[114] + 1/6[121] = 1/2[011]

3. Madden.and‘DaQidsons.and Wu (8) On'tﬁe baeie ef extensive contrast
_expefiﬁents reeorted that tﬁe 1inear'defeets were interstitial, faulted
and best:deSCribed by a Burgefs vector of the type 1/k[001]. The loop
DC' is interetifial ana faulted. 1Its Bﬁégers vector 126[114] makes a

small angle of 19° with the [001] direction. Further DC' should split as:

DC’ = DY + ycC'

1/6[114]1 = 1/6[112] + 1/3[001]
Since determination of habit plane and Burgers vector is difficult for
narrow rod shaped defects, particularly if stacking faults on non-

parallel planeS_are involved, it is not certain that these contrast

experiments arelih conflict with this proposal.



CONCLUSIONS

If the e#trinsic'stacking fault energy is enoUgh ﬁigher than the
intrinsic if.ﬁé§ be possiblé to nucleate loopé of Bufgérs vector
«pc') = 1/6&114) directly. .Such loops should grow té'become "rod-like"
and would be stable rélativé to Frank loops above a réasonably smaii'v
size. The pfoperties of SQCh defects appear to be éqnsistént with the
behavior of sdﬁé rod-like defects oBserved in ion—iﬁplanted silicon.

Since.such.linear defects haye rarely been.obééfved'without the
presence of borpn,7’8 boron possibly increases thé'ekfrinsic SFE of
silicon over the intrinsic or in some way facilitates_ihe nucleation of

DC' or interferes with the nucleation of DS.
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FIGURE CAPTIONS
Fig. 1. The Thomson tetrahedron notation used in this paper. The point
C' is obtained by adding the vector C§ to CS or SA to DB i.e.

DC' = DB -+ SA = DB+BC'

1/6[114] = 1/2[011] + 1/6([121)
Likewise, D' is obtained by adding YA to DB. Vectors of the
: type.(bC'> have the same magnitude as peffect vectors of the
type {bA). Notice also that DC'_and cD' ére/equivalent._ Also
shqwﬁ.is.an interstitial Frank loop D8 (g),.é perfect loop
- DB(b) and a DC' loop (g). (d) and (e) showvtﬁe detailed
descriﬁtioné of DS and DC' resﬁectively. o
Fig. 2, Shows the difference in staéking fault energy (AI') required to
| make DC' stable relating to a Frank 106p as_é.function‘of radius R.
Fig. 3. (§) Sths the splittiqg of the interstitiaijfaulted loop DC'
on fhe'(c) plane. (b) The same in top view. ‘Notice that DC'
is épiit widely on the (c) plane only. (g)w.shows how DC'
w111 gfow to become long and rod-like. The incoming
intefstitial prefers to incorporate at the jogs along the less
widely split edges. Lc is the width at ﬁhich DC' first begins .to
spliﬁ; Note that upon growth Lc does not chahge. DC! shoula
aléo”shrink from the ends or unfault fo Become a perfect disf

location dipole DB'.
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Fig.r4. A d;fk—field image of an area in P" ion imp;anted-silidon showing
linear Aefects.and Frank disloéétion loops after a 15 min
anneal at 800°C. The linear defects lie alo#g_the six 110
directions AB, BC,_ef¢. of the Thompson tétraﬁedron. Notice

that defects can be found along the same direction, e.g., BD

which show 1nsidévor outside imAges. The defects inclined to the

foii'plane ABC(111) also show different kinds of oscillating

contraét even though they-bélong to the same (110) set.
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