LBL-1812
Submitted to . Preprint

J. Applied Physics | é,/

IDENTIFICA TION OF INTERSTITIAL VS VACANCY TYPE
DISLOCATION LOOPS IN ION IMPLANTED SILICON

Wei-Kuo Wu and Jack Washburn

September 1973

Prepe,red for the U. S. Atomic Energy Commission
under Contract W-7405-ENG-48

4 )
For Reference

Not to be taken from this room

\—

2181-THT



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



RV VG 2N " RIS S

-1- o LBL-1812

IDENTIFICATION ‘OF INTERSTITIAL VS VACANCY TYPE
DISLOCATION LOOTS IN ION IMPLANTED SILICON

Wei-Kuo Wu and Jack Washburn -
Inorganic Materials Research Division, Lavwrence Berkeley Laboratory and
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ABSTRACT
_A quick methodvof distingﬁishing between Qaeéney type and
interstitial type dislocation loops is described whichvis applicable
tb'foils near (111) orientation and loops in ﬁhé eize range which
giveé riee"to douﬁle—arc contraét. This methed‘etilizes the Kikuchi
. Line paetern and some general rules concerning eiect;on diffraction
contrast from small loops. With this method, small prismatic loops

in As' implanted silicon have been shown to be of interstitial type.
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1. INTRODUCTION
Be¢éuse of the growing-application of ion4implantatioh.to the
manufacture of semiconductor deviges, radiation”démage in these . v "

materials is of practical as well as theoreticaljinterest.-

" One of the known effects of the radiation damage which>accompénies
_ién implantation is theffbrﬁatién'of dislocation 1o§ps during post o o
imﬁlantaé;pn heat tréatment.' To better,understahd.the nature of the
ré&iati@ﬁ déﬁage and the changes ;hétvtake place bﬁlsubseqﬁent héating

vit'is neééssafy tofidentify’these 100p$'as éither‘vac#ncy dr inter-
stitial‘typé. | | » |
: Igfhas'been pointed gutl’?’3 that for large’iﬁclined'loops of
known sloﬁg (usually determined by slip trace ér_high angle.tilting
method), it”ié easy.to distinguish bétween thevtwé fypes By1tilting
'experiments that'cause the diffracﬁion contrésf~imagg to flip from
ihéide tb_outsidé of‘the dislocation line. Howevér; for'small loops

th15wmethod‘is not applicable. In this paper é véfy convenient method

of distiﬁgﬁishing bétweeﬁ sﬁall vacancy and'intérsfitial loops isv
described,,: ) . . . .V '  1_' v . | v %
FoéjAs+ (1x101‘ nﬁf)vimplanted silicon, fhefﬁéffect loops formed | |
after-anﬁeélingvat 800°C ére_approxiﬁately 100_A ih’diameter. Tﬁey
give rise to double-arc type diffraction éonfrast;?:fhe two beam
electron difff;cfion contrast*iﬁage has éﬁ §utv;f ébﬁtrastbline which
lies glgng one of the (110 ) directions in the lobp plane. - The
Bﬁrgérs vectofs for this kind of lobp are inclined to the loop plane,

-lying along the (110 ) direction that is pérpeddicular to the out of



contrast line. The details of double-arc contrast from dislocation_
loops in F.C.C., B.C.C. and D.C. crystals were first described by .

G. Thomas et al.7

" In this paper; some simple rules are presentedvconcerning contrast
from small loops which enable the determinationlofvloop type when the
Burgers vector of the loop 1s inclined to the'plene of the loop. Also
an easy method of determining the sign of tbe diffractibn vector,‘g,
fof foil orientation near [111) has been describeduusing the Kikuchi
‘line pattern. This oermits a quick and reliable.determination of the
interstitial or yacancy character of loops in any”specimen.that gives'
a Kikuchi line pattern.

Beceuce of relatively great foil thickness, the Kikuchi pattern
is.nsually'well developed for silicon electron microscope specimens.

In this pape;, the method has been appliedbto specimen containing
loops that had already been identified as interstitial type by |

previously established procedures.
2. DIFFRACTION CONTRAST FROM SMALL 'LOOPS

‘The diffraction contrast technique for loop type determination was
first applied to loops formed during the deformation of magnesium
_ oxide.l Latter it was widely used in determining loop types in

- quenched aluminiumz’3 and neutron irradiated: molybdenum 10

This procedure has been described in detail by Groves and Kelly,l
Ruedl et al.9 and Mazey et al.3 The principle is shown in Fig. 1. It

- is- purely a geometrical problem to distinguish between the two types



once the'inclination of the loops relative'to'the:direction of the

diffractlon vector, g vector, and the conditions for inside and outside-

' contrast are known. The method is apparently not applicable to loops
that lie'parallel to the_plane of the foil.
-Weffoilow the FS/RH (perfect crystal) convention of P. B. Hirsch
11 '

et al.’ in defining Burgers vectors. (i.e. Aséume'the positive

direction along the dislocations is always into the paper for the

edge of the loop whlch is farthest to the right (Fig. -1).) Stated below’

are some general»rules for contrast from loops.-

1. (g-gj <-0 For outsidelcontrast'(keeping s alweys positive)
(E~g) >0 For’inside contrastl(keeping,s always positive)
‘2.2‘3'6 | >0 g For.vscancy type.
' bR <0 For interstitial type.

In assigning the plane normal fi, we adopt the.convention that it
always makes an obtuse angle with the beam direction.

These rules can be applied to loops that 1ie -on the f01l plane
.provided that'the,Burgers vector is inclined to_it.

'Following these’roles, the sense of the_Burgers vector of a loop
is determined if the E vector, is known. The plane;normalvis fixed
sccording,to the convention, ifvthe beam direction through the foil
is known. :Once the senses.of the Burgers vector:and the plane normal

are known, loop type is uniquely determined by the second rule.
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. Some confusion has arisen concerning how to ﬂhiquely determine the
g vector and the plane normal. Completely incorrect results in

loop type determination can be found in the litérature.12’13

3. METHOD OF CORRELATING THE g VECTOR WITH THE FOIL ORIENTATION

Thé"ﬁikuchi pattern gives the orieq;atioﬁ"uﬁambiguously and has
lohg been qsédras a convenient road ﬁap for findiﬁg poles and for
deté;miﬁéting the‘sense of s (the deviation parameper’%rom the exact
: 'Bragg cdndition). But no 6ne to the knéwledgequbthe‘authors has
ever pbintéd out the fact thét it also uniqﬁei& @érxelates'the'indices
of.g'vecfois to the foil orientaiion. A more comﬁiete discussion will
be pubiisﬁéd elsewhere.g | |

The}method we used for foil,orien;ations nga#'<111) was to'orient
a Thompsqh tetrahedron on the Kikuchi map with'[lil] pointing up and
1‘with its corners pointing away from the ¢112) poles. Then inde# all
E vectofs assuming the [lli] orientatién is poihﬁiﬁg upward. Or
equivalehfly, we.can revérse the Thompson tetréhedfbn and with its
corners pointing toward (112) poles index all;EIVQCtors as 1f [111]
is up..(Fig. 2) These'aré the only two possibility and if the f
conﬁgntions,énd rules~previousiy‘deséribed are foliowed both lead to

the same result,



4. SPECIMEN PREPARATION:

One {111} high resistivity p-type s1licon slice was implanted
with 2><1014/cm2 100 KeV phosphorus ions at room temperature and one
slice of-low_pax_{lll} p-type silicon was impiented.with 1x10° /cm
100 Kev,argenievions.at room temperature. uBoth'ihplantations were

: eérried out by the Fairchild'Cameravand Iﬁstromeot_Corporation.
hThe'implanted slices were then cut into disos-Z;Z mn in diameter.
ahd:annealed_in high vecuum (1‘0--6 Torr) for'haifﬁen hour to one-hour.
;They were then chemically thinned in one part‘A:solution (2.5 gfam.-
iodine ‘and 1100 cc CH COOH) and two parts solution B (1 HF + 3HNO )

3

for electron microscopy observations.

5. EXPERIMENTS

A, pT Implanted Si after %-Hour Annealihg at 750°C:

~ For phoqphorous implanted silicon, there wefe'hany bar like defects
along(110) extending through the foil in the’ thln.area like those found in

boron ions;implanted silicon.s, In a dark field picture with s>0

top’and hottom»of the-foil can be determined by-the method'first pointed

out by G. Thomas et al 7 The Thompson tetrahedron could be either
'.oriented with [111] up or with [111] up in exactly the same way as
with the Kikuchi pattern as shown in Fig. 3.
From the sequence pictores in Fig. 4, it is‘clear that ho matter
‘which foilzo;ientation we assumed, once a self eohsistent system isv
used theathree sets'of'main double-arc‘dislocatiohé A, B, C,:are all

' iﬁterstitial'in nature as reported elsewhere.é’6
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The relétionships are as follows:

Table 1.
o Fodl o> o . A

loopsi orientation (g'b) . g b f - »b n 1qop type

A 111 outside 205-.31011] 111, 111, 111, 111 - interstitial
B 117 ~ inside 205--%[110]‘ 111, 111, 11T, 71T - interstitial
¢ . III. . outside 022 2101 1ii, 111, 131, 111 - interstitial
A 111 outside 202 ${T10] 111, 111, 171, 111 "-" interstitial
B 111 inside 202 %{oii] 111, 111, 171, T11 - interstitial
c - 111 outside 2320 g{IoI] 111, 111, 111, 111 -  interstitial

B. -As* (1X1014/cm2) Implanted Si After One'Houf Annealing at 800°C

The defect structure in A§+ implanted silicon has no bar-like
defects so that the Kikuchi map method must befuéed‘in determining
loop'type.'.All_loops proved to be of interstitialrtype as in P+'

implanted Si. (Fig. 5)

6. DISCUSSION AND SUMMARY -

A_sihple method for determining loop typé inquils near [111]
orientation has been described and it has been shown to give the same
résults as previously used more cumbersome methods By applYing it to

phosphous and arsenic'implanted silicon.



<Thé;advantages of this method over others;éréf:

(a) bhiy éﬁal1’ang1e ti1ting is neéeésary ﬁq khéw'the:sense.éf the

o Kikucﬁi pattern near (111). No high angléJt1lting3.or dark‘
7fieia-tOp—bottom'déterminationséﬂ7 are neédéé. | ”

(>) Only plus g and minus g bright fleld photographs are required.
This:me;hod is particularly useful in ioh;iﬁﬁléntétioﬁ studieé

with érieﬁtafion hear (111 ) Secﬁuse siliconiuégally giﬁes vefy clear

.Kikuchi,péttefhs‘ Even without a clear Kikuchi-pé£tern, the'sécond.

' Laue zone method™® can be used to reveal £h§ seise of the Kikuchi

pattern'which is allvthat is néeded.
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" FIGURE CAPTIONS

.Fig. 1. Relationship of diffraction contrast and'associated E, ﬁ 1 W

" The Burgers vectors defined here are following FS/RH (perfect
'crystal) ‘method as descrlbed in Ref 1
Fig, 2. Correlation of Kikuchi pattern with respect to g and n.

14 nvt) implanted Si annealed

Fig. 3.‘ Dark field picture of pt (2x10
at 750°C for’l/2-hr. Top-bottom (T—B) of bar-like defects and
- correlation of ‘the Kikuchi map with the {111} tetrahedron are

also shown.
14

Fig.-a(a—d); ,Sequent S.A.D. and bright field pictures of Pt (2x101* nve)
.implanted Si annealed at 750°C for 1/2 hr._w' K
: ‘Fig, S(a-c) ‘Sequent S, A D. and bright field pictures of As (lxlO14

nvt) -

implanted E31 annealed at 800°C for one hour._ -
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Fig. %a
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Fig. 5a
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Fig. 5c



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




-

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720



