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Introduction

Heavy metals degrade the performance of microchips. rron is a
particularly effective minority carrier lifetine killer t1l.
Nevertheless, neither silicon wafers nor devices can be
manufactured without processing equipment (e.9. waferingr ion
implanting) and consumables (photoresist) that are inexhaustible
sources of iron [2]..In order to reduce yield losses due to iron,
it ought to be either ionpletely absent in the fab environment and
in construction, auxiliary and consumable materials or it muat be
rendered harmless by means of defect engineering applying internal
gettering (IG).

IG is based on taiLored precipitation of Oi yielding SiO;32 in
sihgle crystalline silicon. Varying the initial values of Oi with
a subtle thermal treatment we studied the gettering capacity in B-
doped Cz-silicon. we have found a detrimental impact of iron on
the Oi-nucleation and on the growth of these nuclei.

E4rerinental

llatelials: As-polished, RCA-cleaned (Fe<L.3 1010 at.cm-2, silicon
wafers (150 mn/diarnetex, 675 Fm/thickness ' damage-free_ back silte) 'B-doped (7-22 Qcm), -5.75 10-17 at.cm-3<[oi]<8.75 1017 at.cm-3 cz
[100] and [Oi]<5 1016 at.cn-3 tt [100] reference. The wafers were
spiked with Fe(C]3) by spin-coating t3l at different stages of
thermal treatment:

Sanple A! before BMD cycle
Sample B! after SteP I
sample .' 

if;E6.iE"f,r16oi"Br"dditional 
drive-in

Thermal treatment, BIID cycle:

step I 780?c/3 h/1008 dry 02 - nucleation
Step II 1000eC/15h/100t dry 02 - growth

Analyses: FTIR, EDAX (ug-Ko) and DLTS (drive-in at (11o0oc/10min)
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Fig. 4 _ .EDAX spectrum of a spot ( < 10 nm, sample
at. cm-') with SiOx nuclei. Fe signal was not
precipitation spots after the BMD cycle.

Discussion

Results

Fig.1 Fe contamination thwarts precipitation of tOil (sample C).

ELg,2 Varying IFei J before nucleation (A) we found a criticalthreshold level of iron ( sample A) . Below this level theprecipitation has occured as anticipated,

Iig t 3 Introducing Fe af ter the nucleation ( sarnple B, C ) did not
hinder gettering: IG efficiency

A, IFei] > 1011
detected in every
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The formation of thermally unstabLe FeSi2 can compete with the
nucl-eati.on _process of Oi. AI1 the iron -cannot be gettered in
stable -{9Va^fite -(2FeO.SiO2) modification because Fesit is stabl"e
beLow 800 "C and it i.< masking the SiO* nuclei. At iemperatures
around 1000 oC FeSi2 decomposei and the Fe can be redissolved insilicon (Fig,s). At this temperature the diffusion of Fe is fasterthan its reaction rate r ith the SiO* particles [4].
flq F'9i is forming mainly an FeB complex. Both species areeffective deep level traps. Generally, an equilibrium minifold hasto be considered in order to interpret the influences of heavy
metaLs on nucleation and gettering (Fig.G). The precipitation canbe affected through the cornpetitiire -reiction bf i;terstitials(Sii) with the migratilg metal species, The rnajor reaction path isa basic function of the temperature and of the relative
concentrations of the active species.

Fig.6 Chetnical equilibrium manifold of heavy metals in B-dopedsilicon (M: heavy metal, Mfac: surface enricbment, k: rate ;onst)
Fig.5 Competitive reaction paths of iron in CZ silicon duringgettering
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Fig.3 Introducing Fe after the nucLeation (sample B, C) did not
hinder gettering: IG efficiency > 50t.
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l'iq.4 ^EDAX spectrum of a spot (.10 nm, sample A. tFetl ' 10ll
at.cnr-J1 with SiOl nuclei. Fe signal was not d€tected in every
precipitatlon sPots after the BMD cycle.
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