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Please make the following corrections on subject report. 
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ON PRECIPITATION OF PHOSPHOROUS IN TON IMPLAN'I'ED SILICON 

by 

K. Seshan and J. Washburn 

ABSTRACT 

Electron microscope observations on phosphorous ion implanted 

p-silicon after annealing at 800°C are reported. Heating for 1/2 hour 

after implantation of 2 x 1014 ions/cm2 at 20°C was found to produce 

dislocation loops and rod-like defects similar to those observed in 

baron implanted silicon. 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 ions 

per cm2 of the order of 1014 results in an amorphous layer. i ,2 On 

subsequent annealing recrystallization of this layer occurs and 

interstitials and vacancies aggregate into defects large enough to 

b d t t d b t ., 1 t· 3,4 Tb t e e ec e y ransmlSSlon e ec ron mlcroscopy. .e pres en 

experiments are part of a continuing study of the nature and effects 

of these defects. 

EXPERIMENTAL PROCEDURE 

Phosphorous ions were accelerated to 100 kV, mass selected and 

scanned over the surface of a polished p-type silicon wafer. The surface 

of the'wafer was (Ill) and it Was mounted in an orientation that 

minimi zed the probability of channelling. The wafer was maintained 

at 20°C during an implantation of 10
14 

to 2 x 10
14 

ions/cm2 ; This 
, 2 

dose has been sho.m to produce a continuous amorphous layer.~' 

Discs 2.3 rom in diameter were ultrasonir::ally cut from the 
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implanted wafer, dished from the non-implanted side, then chemically 

thinned l.mtil light transmission throUGh the center indicated that 

the specimens were thin enough for electron transmission. The foils 

were annealed in an atmosphere ofpurjfied helium. Observations were 

made in a 125 kV Hitachi electron microscope. 

RESULTS AND DISCUSSION 

Figure 1 shows a specimen that was implanted with 2 x 1014 

phosphorous ions/cm2 then heated to 800°C for 1/2 hour. In addition 

to dislocation loops there are n~e~ous rod-shaped defects that lie 

along <110> directions. Similar rod-shaped defects have been observed 

in boron implanted silicon5 ,6 and in silicon implanted with phosphorous 

at, 200°C. 7 These rod defects have previously been reported to be absent 

when phosphorous is implanted at 20o C: 5 ,7 
, " 

-'l'he diffraction contrast effects exhibited by these rods are 

similar to those described by Davidson and Booker. 8 Dark field (Fig. 2) 

and weak beam dark field9 (Fig. 3) observations suggest that the 

defects cannot be simple dislocation dipoles. The type of black-white 

contrast which appears for rods that lie parallel to the foil surface 

is similar to that which is observed for the rod-shaped precipitates 

in AI-Mg2Si. 10. rhe present ~od-shaped defects also resemble the 

rod-shaped precipitates that wer:,e previously observed in boron and 

h h "ff" t t"d "1" 11,12 P osp orous dl USlon rea e Sllcon. 

It is found that rod-like defects are ahsentfrom n-type silicon 

: ,13 
of the same dose and heat treatment" This indicates that boron, already 

't 

: : 
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present, has an important influence on the formation of linear defects. 

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

12 2 
10 per cm. This alone is insufficient to cause a high density of 

defects observed. 

Therefore, it is concluded that these rod defects also involve 

the precipitation of phosphorous. 
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FIGURE CAPTIONS 

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

with 2 x 1014 p ions/cm2 . The foil is oriented for a two-beam 

case. The three <110> and <112> directions are drawn, projected 

to the plane of the 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 (Ill) plane show split, bead 

and oscillatory contrast. Reference to the Thomson tetrahedron 

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

Fig. 3. Weak bea~ d~rk fi~ld ~ma~e of t~~ same area . The 
greatly reduced image widths confirm that some form 
of' dopant precipitation is involved 
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Fig. 1 
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Fig. 2 
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Fig . 3 
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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 
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