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Annihilation Effect of High Concentration Oxygen Atoms on Secondary Defects

in As+-Implanted Si

M. Tanura and M. Horiuchi-
Centra.l Reserch Laboratory, Hitachi Ltd., Tokyo 185, Japan

For source and drai-n fornatlon in MOS clevi.ces, high dose As+ ion inplanta-
tlon tbrough Si02 filns has generally been enployed. During this inplantation
plocess, knoked-on oxygen atons into Si subtrates strongly interact with the
defects introduced by As- inplantation. This interaction i-ncreases r,rj-th increas-
ing As+ ioll dose or increasing screen oxide filns under devj-ce fabricatlon con-
dj-tions. E.rentually, the disorders afte:: annealing through-oxide Asr-inplanted
sanples severely f?nain in inplanted layers for conventional source and drain
fornation processl.l , I{owever, 1n the present experinent, i"t was found that,
under certain conditi-ons, a high eoncentration of oxygen atons has an annihilation
effect on secondary defects in hlgh dose Ast-inplanted (1OO) Si.

When high dose As+-inplanted (1OO) Si is annealed at tenperatures between
600 and pOOoC, seeondary defects renaj.n at two different depths as shor.rn in Fig.
1. One type of defect (type t) exlsts at the As+ ion range, R,.,, and arises as a
result of the precipitates due to the high concentration As atbns at R,,. The
other type (lype 2) remains at the interface between the origj-naI anorfihous layer
forned by As'-inpLantation and the underlying Si substrates. Table 1 sunnarizes
the resufts of such secondary defect fornation and the characterj-stic change in
the defect type by annealing under the present experinental conflitions.^ It is
noteuorthy that in through-oxide sanples implanted with 2 x lOro As-/cnz, type 1

defects are annihi-lated and conpletely disappear after annealing at '1000'C. - -
SIMS neasurenents revealed that high conceniration oxygen atons aboye 1 *,g2O1cr'3
are introduced into the region fron the SiO2/Si interface to the Asti.on range
depth. Therefore, it can be expected thai the fornation of As-rlch preR+pitation
uiII be retarded by As-0 bonding as recently suggested by Celler et aL.a/ and
stable defects will not be forned in the As- ion range after anaealing.

In order to verify this defect annihilation result, a double inplantation
experinent vas perforngd using^As+ and 0+ ions. First, As+ io4s 

"ere 
inplanted

with a dose of .2 x 10ro As- /cmt into bare Si at 80 kev (R;/-80I), fqllowLd by
22 keV oxygen (Ro^/*80A) ion inplantation uith doses betwe'en 5 x 10t: and 5 x 1Ol)
O'fcna. Typical'cross sectional TEI,I (XTm,l) anal pLan view Ttrl'l results are shor,m
in Fig. 2 after annealing for 15 nin at 950'C. As clearly seen fron the figure,
the residual defest structures. and^depth distrlbutions vary depending on oxygen
dose. At a dose of 5 x lOr) O-f cma, only type 2 defects renaj-n. This suggests
again that the existence of high concentration oxygen atons effectlvely acts to
anni-hilate type I defects by saturating the arsenic bonds with oxygen. Moreover,
hlgh tenperature heat treatnent resulted in conplete elinination of alL defects
in doubly 2 x 1016 As+/cn2 and 5 x tO15 O+/crr2 i.nplanted" |ayers as shown in Fig.
31 although the defects did not disappear for the 2 x 10ro As'/cnz implanted
sanples with Lolier. oxygen doses.
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Table 1 Summary of the characteristic change of
residual defect types by annealing under the pre-
sent inplantation and annealing conditions.
I and 2 correspond to the defect iype in Fig. I,
respectively. All the implantati-on was carried
out at 80 keV.

Fig. 3 Plan view TEM mierographs
of defect remaining and disappear-
ance after 1000oC, L5 min anneal-
ing of Fig. 2(b) and (.) samples.
(a) Fig. 2(b) sanple and (b)-Fig.
2(c) sample.

Fig. 1 XTEM micrcgraph
showing two different
defect typeg_remaine{ in 80
kev, 5 x- io15 As+ / cnz im-
planted ( fOO ) bare Si fol-
lowed by 800 o 

C , L5 ni-n an-
nealing.

Fig. 2 PIan view TEM (upper part) and corres-.@'g 
XTEM (lower part) nicrographs showing

defect structure vari-ations with ?? ke{ r i4plant-
ed oxygen doses in 80 keV, 2 x 10ro As'/cma im-
planted (f00) bare Si followed^by 950"C, 15,min,
annealing. (a) 5 *,lot? o'fcnz, (n) I x 1014 o'
/"^' and (c ) 5 x 1012 o" / cma implantatj-on.
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