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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.
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. A1l recipients of LBL-493

“Inorganic Materials Research Division and Technical Information

Division

LBL-493, '""On Precipitation of Phosphorous in Ion Implantéd
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Please make the following corrections on subject report.

The micron markers on Figs. 1, 2 and 3 should show 1000 A.
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ON PRECIPITATION OF PHOSPHOROQUS IN.iON IMPLANTED SILICON
| by |
K. Seshan and J. Washburn
ABSTRACf .
Eiectron microscopé obséfvations.on phoéphoroﬁs ion implantéd
p-silicon after annealing at 800°C are reportéd; Heating for 1/2 hour

1k

after implantation of 2 x 10 ions/cm2 at 20°C was found to produce

dislocation loops and rod—like.defecfé similar fo those observed in
baron implanted silicon.v It was concluded that the rod-shaped
defects are associated with phosphorous precipitation.
" INTRODUCTION

Ion implantation in silicon is accompanied by damage along the
path of each implanted ion which above a critical number of ion§'
per cmelof the order of 101h results in.an amorphous layer.i’2 On
subsequent annealing recrystallization of this.layer occurs and
interstitials and vacanciés_éggrégate into defects large enough to

3,k The present

be defected by transmission electron microscopy.
experiments are part of a continuing study of the nature and effects
of these defects. |
| - EXPERIMENTAL PROCEDURE

Phqsphorqus ions were accelerated to 100 kV, mass selected and
scanned over the surface of a polished p-type siliconvwafer. The surface
‘of the wafer was_(lli) énd.it was mounted in an orientatidn that
minimized\the probability of Eha§nelling. The wafer wés maintained “

at 20°C during an implantation of l_O:,Lh to 2 x 101h ions/cm2; This

-
<9

dose has been shown to produce a continucus amorphous layer.

Discs 2.3 mm in diameter were ultrasonically cut from the



o

implaﬁfed'ﬁafef, dished from-ihe.nén—implanted éide: then éhemically
thinnéd until lighﬁvtransmissioh thrqugh.the center indicated that
the spépiﬁens wére thin enough forféléctronvtraﬂsmiésion. The fqils
weré'aﬁnéaiéd;in ah'étmOSpheré of'purifiéd heliuﬁ:‘ Obsérvations wére
made in a 125 kV Hitachi electron micfc;cobé. , |

RESULTS AND DISCUSSION ‘

Figure 1 shows a specimenIthat_Was'implantéa with 2 x iOlh

phosphorou's ions/cm2 theh héatedito 806°C:qu 1/2 hqﬁr; In additioﬁ*

to dislocation 1oopsvthere are nﬁﬁerous rod—shapéd‘defects that lie

along <110>_directions._ Similaf rod-éhapéd'defeéts'have been obsefvedr
in boron implanted si;icoﬁs’6‘and in Silicon'implantéd with phosphofbus
at.QOOQC;T ‘These rod defects haveﬂpréviously beeﬁ fgpoftéd to be absent
when ﬁhosphoroué is'imﬁléntédbd#-26°¢;5’7 | |
tjhe diffréction coﬁtraét'éffecté:exhibited'by.theée rods are
ﬂéimila; tovthose‘deséfibed by bavidéon ﬁhd Bodkef.8 'Dark fieid.(Fig: é)

and weak.beam_dark fieldg'(Fig; 3) observations‘suggest_thax,the

defecfsvcaﬁnot be simple dislocation éipoles; ‘The typevéf black—ﬁhite.

contrast which appears for fods that‘lie paréliel to thé f6ii surfacé

is'similéf to that which is observed‘for the.rbd}éhaped pfecipitatés*

in Al—Mgzsi.lO‘ The presénﬁﬂyqd—shaped defegts also reSemBié the

. rod—shéped pfecipiﬁateé‘that_wepevbreviously bﬁserved in bbron 3“@._;

'phosphordus diffuéion ﬁreaﬁéd éiliqoq.ll’l2 | |

| it is fbuna that rod;liké'defects are abSent’from.n—type-silicon
, R _ . ,

of the same dose and heat treatment.  This indicates that boron, alreddy
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present, has an impdrtant influence on the formation of linear defects.

However, the dose of boron in the 1 micron implantation‘layer is about

12

10 per cmg. This alone is insufficient to cause a high density of

-

defects observed.

Thereforé,_it is conclﬁded that these rod defécts also involve
the precipitation of phosphorous. | .
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FIGURE CAPTIONS

Fié. 1. Bright field image of a p-type silicon sample irradiated

| with 2 = lOlh P ions/cme. The foil is oriented for a two-beam
case. The three <110> and <112> directions are drawn, projected
to the plane of thé foil. It will be seen that the linear
defects lie along the two sets of crystallographic directions.

Fig. 2._ Dark field image of the same area. Notice that the defects
lying along directions not in the (111) plane show split, bead
and oscillatory contrast. Reference to the Thomson tetrahedron

in the bright field shows these are along the three <112> directions.

Fig. 3. Weak beam dark field image of the same area . The
greatly reduced image widths confirm that some form
of dopant precipitation is involved
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