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Ultra high vacuum chemical vapor deposition (UHV-CVD) using
Sie Ho , SiHr r or SiHe Cla has many advantageq suc_h as low tempera-
ture -processing, SiGe alloy growth 1 ) and selective epitaxial
J""rttr- I SEG t i-i" 'f n these advant-ages , SE.G has become an impoitant
i""ftt-"1-dgv fo" fabricating structure of ultra larg_e 99ale inte-
iraCed "Lr",rits 

(ULSIts).-Successful achievenent of SEG has been
i"p"rted for SiHa'CIa system.3 ) However,. the growth rate with this
S iila CIa system was very low . S ia He or S iHr UHV-CVD systems have
betler- growth rate but controlled SEG has yet to be achieved. We

report -her" that the SEG usinEl Sia Ho UHV-CVD system. could be
coittroled by the amount of suppl ied gas . n I We also obtain preeise
growth control of Si/Sir - ' Ge, -layers and B doping profiles in Si
using fast gas flow switching

Our nbw UHV-CVD has stainless steel growth chamber with
base pressure 6x10- 1 0 Tom, water cooling iacketr - and nozzles for
Sie He I GeHr and doping gases. As shown in Figure t r Growth
chlmber has 10001/sec turbo molecular pump and last gas valves
very near the chamber to obtain t""-t gas f low swit_ch1ng.,_ Source
gases were pure Sia Ho , GeHa and t% Be Ho diluted by .Ha . The
pressure duling elrowth 6 was. about 10- 4 Torr. A 6-inch ( 100 ) Si
iafer covered wittr 20004 SiOa patterns can be loaded in the
irowttr chanber. sEG condition wis observed by reflection hiSh
6n""gy electron diffraction (RHEED) .

fn our cold-wal} type UHV-CVD systemr Poly-Si nucleation on
SiOa surface did not begin immediately. There was initial short
period during which SEG was achieved. This short period was
inrr""*ely pr5portional to Sia He flow rate , which means the
amount dt Sia tte supplied in this initial period is constant.
There was a critical amount of supplied Sia Ho beyond which SEG

will break down and its selectivity. Figure 2 shows temperature
dependence of a critical _ gas a,mount. So far as Sie He was
subpfied under the critical gas amount in Figure 2, perfect SEG

Si- 6ould obtain at various flow rate and growth rate.
Figure 3 of a cross sectional transmi:*sJot. electlg8

microg"aitt image shows a part of 30 Perlgqs 1204 Si and 69A
Sis.,rGer. tt sirained layer superlattice. This filn was made by
the r"y of periodic GeHr supply of 4secm uldgTo fixed Sia Ho flow
rate oi 4sc6m. Thin layers, -of the order of 70tr" can be readily
grown by gas supply control . In addition I the superlattice has
good crystal quality without dislocation.

Figure Z shows a Secondary Ioq Mass Spectrometry ( SIMS )
prof ile "f periodically B doping- in Si ePi-taxi?l 

- 
layer. Ba Ho was

'""ppf ied pe;iodically ind changed f rom 0.03 to 9.9 sccm round by

""i ita ,rtrd"" f ixed Sie Ho f low rate of 20 sccm. The SIMS prof ile
shows that steeply controlted B concentration can be obtained !y
B; H. flow swidching. Further, B concentration was lineally
increased with Ba He flow rate at fixed Sia Ho flow rate.

We have demonstrated the SEG, the profi Ie control of
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Si/ Sir - * Ge* and B-doping in Si by the gas supply control using
the newly designed UI{V-CVD system. As shown in these results, the
SEG and the pro f i Ie contro I coul-d be contro led by the amount o fsupply gas and gas flow switching respectively,
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F ig. 1 Sclremat ic d iagram of UHV-CVD.

Fig.2 Tsmperature dependence of critical gas
anount . then S idl6 gas ms supp I i ed over cr i t-
ical gin anount at various flow, polycrystal-
I i ne S i nuc let ion started on S i02.
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F ig.3 Cross sect iona I TEI i nagp gf _! i ard
S iGe surpr latt ice. Th ickrBss of S i is
12oA ana that of SiGe is ffl4. Subst-
rate temperature is 5S/'C.
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