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RODQLIKE_DEFECTS IN ION IMPLANTED SILICON
Wei-Kuo Wu and Jack Washburn

ABSTRACT

" Two kinds of rod-shaped defecﬁs‘formed during'poSt—implantation
annealing of silicon Which has been impinnted with boron‘inns.fo a.dose
k? X 1014/cm2) have been identified by contrast analysis of transmission
electron minrogréphs.

All rods initially have a 1nng nxis along 3(11Q>'directi0n. ‘From. the .
_éontrasf analysis, it has been concluded ;@;c nne sét»cnn best be described
as elnnggted imperfect (Frank) dislocétion loops or.dipnleévon'{lll}_planeé'
ﬁith Burgers ventor perpendicular to fhe.loop nlane. The second type |
| has  a hnbit‘plane near to {100} and a dispiacement vectqr'whiqh is
probably‘perpendiéular to the habit pléne._ Both kinds are intersﬁitial _

‘in nature.

*Présent Address: Hewlett Packérd Company, 11000 Wolfe Road, Cupertino,
California 95014 o : .
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INTRODUCTION
Long rod-like defects of the type observed in>ion implanted silicon
were first reported by Mazey, Barnes and Nelsoh for neon irradiated

chy 2)

silicon Later, they were found in boron and phosphorous(3) implanted

'_siiic§ﬂ. "Similar defects were also ébserved in high energy électron irradi- _
atéd silicbn(4). v : | . .

v. The-precise nature 6f these defects is still rather'mysterious;'they
»hAQézbeén déscribéd as precipitates, lines of boint defects or aé-elongatgd

(5)

Aloéps by‘the above authors. Mbst recently, Madden and Davidson studied
these defedts_in.boron irrgdiated silicon. Affer detailed analysis,'in
which theyfex;lﬁded all ﬁhe other pbssibilities; they concluded that the
rods ﬁhsfvbe elongated faulted dislocation lobps, extrinsic in charattér
with an.a/k<100> Bﬁrgers vector. They also cpncluded from the existence
of rod—like-defects after>implanting éilicon with various different ions_
that the defects are composed‘mostly of silicon atoms. |

In the preéent wérk, specimens from waferé of three different orienta-
tions were examiﬁed, <111>, <110> and <100> in order to permif identi-’
fiéation of Burgers vectors and habit plénes with more certainty thaﬁ in
pfevious investigétions. |

- The small dislocation loops which afe:also present:have been

Studied extensively iﬁ the past(2’6) and will not be considered heré,
Also excluded from thé preéenp discussion.éré réd defects that do not ;
~lie along <110>. These are formed during annealihg_by_trénsformatiOn’of

the "{111}" type defects and will be discussed elsewhere.

EXPERIMENTAL

"1. Specimen Preparation

N-type ‘silicon slices, 5§~cm, of <111> and <100> orienfation'Were
o : R T R PO T S .
irradiated at-room'temézrggurébwégh @bréh f;ns’at€10dav to a dose of

Al



 w—

2 x'lo;alémz.

Spécimens ofv3mm'in diametef for electron microscope obéerﬁation
wefe ultrasonicaliy cut from.the slices. They Qere'then annealed ih a
quartz tube furnéce with flowing‘drj_nitrogen‘passing through it..‘The
annealed Sbecimeﬁsvweré then chemicélly polished from the unimplaﬁféd

side in one parf‘solution_A (2.5gm iodiné and 1100ccCH CCOH)and two

3

i. . : 4
parts solution B (IHF + 3HN03). Polishing was stopped when-a small hole--

appeared at the center of the disc.

2. Electron Microscopy.

All the specimens were examined in the Philips 301 transmission’

electron microscope operating at 100 kV. A double tilting stage facilitated

- high angle tilting up to 60°.  All micrographs were taken under two beam

diffraction conditions with $>0. “"4g and -g ﬁicrographs were used so as
to show loops.in Both inside and outside,contrést,

All the ﬁicrographs were indexéd and énalyzed by,makingluse‘qf the
Kikuchi map as describéd‘previously(7).

RESULTS

1. Genéral Observations

Thé long rod-like defects appeared after aﬁnealing at 700°C. They
were observed to lie in all six <110> projected diréctions, but the ones
on the inciined <110> directions were ﬁsgally ghorter than_tﬁose parallel
to the surface for a <111> implanted foil (Fig. 1). No such obvious
difference in.length was.observed for <100> implantéd foils.

Aithough the wi&th of the rod-like defects was smail, when the'g l
vector was changed from +g to -g, some of them were cleérly resolQed as

(8)

loops or dipoles showing inside and outside contrast characteristic



. 3.“ |
of dislotation loops.(?ig. 2);»iFiguré 2 showé that»patallel defects
_ofteh show differeﬁt diffractibn cbﬂtrastafor.a giyen.diifféctiot
condition. For e#ample;VA‘showé inside whiie a shows‘oﬁtsidefcqntrast
and vice vérsa. Both these defects went ‘out of cohtrast completely
when the diffractiﬁg vector was.parallelbtp the rod ditection.

1

2. Contrast Analysis

a) Determination of‘Burgers:Vectors.

In ordgr to determine the Burgers vector ﬁnaﬁbiguously by.contrast
analyéis, obsépVation of the same_défect for man&_different low index
E vectors is necessary. <lbd> oriented foils were used‘in-addition‘to
<111> foilsténd.tﬁé selection of different E vectors was facilitated
:by.a high angle.tilting stage which cquld be totated up to 60° in an&
directioﬁ.

A typical example is shbwn in Fig. 3. Figures 3a through d were

tagéﬂﬁnéét [001] orientation. The foil was then rotated to [011] and
'[011]* ériehtétion with the diffracting E Qectors as indicated (Fig.

v3e and f). It is éeéﬁ that lihear defecté a and d are showing Very weak
contrast in [001] orientation, ﬁhile A, Arand D are showing strbng inside
and outside contrast. When the foil is tilted aﬁay from [001] to either
[0I1] or [Oll]_Orientatioﬁ, a.énd dlalso show strong contrast. It is
noted that A and A show diffefent‘contrast in Fig. 3a and b. This might

, . : ) / ‘

_'be due to the fact that one is interstitial type and one is vacancy type

* Micrographs taken near [Oil] drientation with [OZZ]‘diffractiﬁg vectors
were not included in this figure.  However, the observed diffracting
" contrast is tabulated in Table 1. '



L : | L
or that they have different inclihations. The different contrast of A
and A is also shown in Figs. 3e and f, where defect A shows the éamé
strong contrast when the g is reﬁersed in direction (typicél of a nearly
edge—-on view) while defect A shows very weak residual contrast (8). The
reverse is ébserved in [011] orientation.

A contrasf analysis showing contrast observed for different g veéctors
for each of these linear defects is shown in Table I. Fdr examplé, only
a Burgers vector along the [111] direction is consistent with all the
observed contrast changes for loop A;- Other Burgers vectors such as
[001] or [110] can not satisfy the obéerved cqntrast.either in [011]
or [011] orientationm. Similarly, only (111] and [111] satisfies all
observed contfast for 1oop$ A and D respectively.

A VerY‘weak contrast for defects a and d in [001] orientati&n for
all different diffracting E vectors suggests thét the Burgers vector is
near to being parallel to the beam direction, e.g., [001]. The &ontrasf
observed in [011] and [011] orientations for defect a and d ié also
consistent with a Burgers vector near [001].

The existence of linear defects with Burgers vectors near <iOO>
with a habit.plane perpendicuiar to the Burgeré vector is also consistent
with'the contrast observations_for the defects along the inclined'<110>
directions, e.g.; b, ¢, e and f in Fig; 3. These defects all show about
-the same kind of contrast when the g is reversed in.direction (typical
of a nearly edge—op view) in Fig. 3a to ¢. They shéw very'wéak.éontrast
or are invisibie when the § vectors are parallel to the ﬁrdjected_rod
directions in Fig. 3d. complete contrast observations fbr'these défecté

are also shown in Tabie 1.
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b) Determination of Habit:flanés and Loop Types
‘3Thé_loop:planevf§f lobé A, A and D wés'inferred4fromithc;orientaﬁion
whefé'it showed "edgeFOn‘behéviﬁr”. _It.was.concluded thﬁt"loop A, A ané
D observed in tﬁi; case weré é1l elongated faulted Frank-disldcation
ioops or dipoles with {lll}vhabit blanes and interstitial character.

The habit planés for defects ; and d werefdifficuLﬁ po~dete£mine in-
this ofientatiqn;.since a tiltiﬁg of nearly 90° would prpbébly be
'réquiféd té make them édge—on. However, some défects like é, did
show inside énd.outside;contrast in.both,IOIl] and [dll] ofientétions as
shown in Fig. 4;. The similar appearing rods in Fig. 3 aré toé narrow
’to'bé resoived. in av(lll> foil; the spacing of defect ¢, in Fig. 5, ﬁas
- observed to increaée as tiited ffomj<lll>_to<112> orientqtién (éompére.
:the spacing of.defeét c in Fig. 2 and. 3. This makes either {lll}'or.
{110} unlikely as its habit plane because for either of these»planeé'
v‘thefe éﬁouid'havé been>a decrease iq the appareﬁt spacing of the defect wﬁen
‘tilted from <111> to §112$. The observed behavior'i$ consistent’ with
the idea that rod defects of this kind are lying on or near the {100}

planes. .

DISCUSSION AND CONCLUSION

From the_aboVé,résults, it was concluded that' there are at least
two:kinds of rod-like défgéts.' Tﬁey are all interstitiél'in ﬁat;re. One
kind is 6ﬁ the {lll}lplanés with Burgers vectors a/x<111? perpendiCUlaf

~to the loop plane. The other kind'is.on or‘nééf {100} with Bufgers 
véctor approximately a/x<100> perpendicular to the habit plane;_ The
magnitudes of the Burgets vectors-arevimpossible tovdeterﬁine from the

contrast analysis due .to the rnarrow spaéings of the defects.

[ N
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‘ Thin foil annealing experiments to be reported elsewhere'suggest

‘that the rod-like defects of h{IOO}" fype contain some boron atoms.
\
The temperature dependence bf their‘shrinkage rate corresponds to that of
boron diffusion in silicon. The defects of "{111}" type,annéal'out
with a higher apparent activation energy which is close to that pbserved
for silicon self diffusion in thé same temperature range.(g)
The forméﬁion of two different kinds of rod-like defects suggests

that boron interstitials or a combination of boron and silicoﬁ

interstitials are precipitated on or nearly on {100} and that silicon

interstitials can form elongated Frank loops on {111} planes.
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ABLE I. Diffraction Contrast of Rod-like Defects With Different g Vectors.

'.8-

-
f=[oo1] . &=[ol1] &= [o11]

Defect - e . + | '
No. .[220] [220] [Zoo] [oko]l. ~ [o22] [022] b n Type
A o N 1 0 E-0 R C [III) 0 [1ma] Interstitial
i I N o I R E~0 [121]  [IT1) Interstitial
D N o I I R E-0 © [Taf) © [MI1 . Interstitial
a R N R R 0 o0 fool] .~ [oo1] © Interstitial
b E-0  E-0.  E-0 R HE0O N . - z[100]
e E-0 E-0 R B0 - 1 - T . tfor0] #[olo}] = . Interstitiel
a N R ® R 0 o. o [00I] [001] =~ . Interstitiel
c E0 E0O R B0 I . I ’ - #[o10] #[olo] Interstitial
f B0 EO EO R - N H-0 ~ © x[100]
0  Outside Contran
I Inside Contrast 5 NN
R Residual Contragt; g.b,=,0; g.bxu # O
N No Contrast; g.b = 0, g.bxu = 0
E-0 Edge-On | o
H-0 Head-On
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FIGURE CAPTIONS

1. Typical crystal defects.formed aftér-post—implantation_anneal—

" ing in boron ion implanted silicon in a [111] orientation. More

Fig.

Fig.

- Fig.

Fig.

than'two differentvg vectors were stfoﬁgly-eﬁcited, so that all'siﬁ
different sets of rod—like defects along <li0> are shpﬁn..

2. Two différent kinds>bf rod-lige defects; A ahd a’pafallel to
each;othgr, but showing'opposite diffracting contrast.>

3. ﬁiffraction contrast of rod-iike défects iﬁ.diffefent orienta~
tions. (é) through (d) ére near <001>‘orieﬁtation. (e) and (f)
'aré near <011> oriéntatién. |

‘4. Diffraction contrast of rod;like‘defects as in Fig. 3. Note
théf defect aAéhows inside and oﬁtsidé,contrast.in both {101] and
[011] orientation. This ekciudeé the possibilitytof'its being on
a {111} habit plane. The tiny spots iﬁ tﬁe background are due to
use of a deoiide éfch after the.ﬁhin foil was made;

5. The weak bean dark field diffraction contrast of defects as
observed at different orientations._ (l),and'kZ) are near [111]
orientation, (3).and (é) are near [211]. Note that .the spacing
for rod-like defect ¢ increases‘as tilted from [111] to [le]v

orientation.
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Fig. 2 XBB 763-3111
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Fig. 3 XBB 763-3109
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