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Boron Heavy Doping and Simultaneous Doping with Boron and Oxygen

fot Si Molecular Beam Epitaxy

Toru Tatsumi and Naoaki Aizakl

Fundamental Research Laboratories, NEC Corporation
4-l-1, Mlyazakl, Miyainae-ku, Kawdsakl 213, Japan

Recently lnterests of heavy doping of B wt th usual Knudsen
cel I have been growing f or Sl molecular beam egi taxy (MBE). l{e

have been using sintered BN plates comblned wi th BZO3 and B

doplng levet up to 7xl0l9 gm-3 was real izecl at cructble
temperature of 1350 oC.1) Ostrom and Allen used pure BZOg and
highest boron level was 3x1019 cm-3 at. cruclble temperature of
1f00 oC and they reported the evaporatlng molecule vras BzOg(g).2)
But hlgher doplng level dld not attalned because of the
temperature Ilmit of cruclble. Then we used llBo2 source,
HZO-absorbed BZOg powder, as evaporatlng material. Maxlmun

carrler concentratlon has reached 6x1020 cm-3 at cructble
temperature of 900 oC, Sti I I more, to obtain heavi ly doped and
wide band-gap materl al that ls lmportant for the wlde band-gap
emitter of Sl bipolar translstors, \{e tried simultaneous doping
with B and O. The Ultra-Violet (UV) irradiation during growth
was found to enhance O doping.

Exper i men ts were performed i n S t MBE sys tem

wh i ch has the spurazl I vl ewl ng por t a t ce I I
i rrad i at I on from a 500lll Hg-Xe I amp.

Flgut'e I shows carrier concentratlon dependence on cruclble
temperature, where the growth rate was 1O At" and the growth
tempera ture was 700 oC. Si f i I ms were doped from two d I f feren t
boron sources, slntered plates of BN comblned wi th BZ03, whlch
was already reportedl), and Hzo-absorbed Bzog powder. ll might
evaporate ln the form of HBOZ in the latter case. Figure 2 shows

the compar i son o f vapor pressure be tween BZOg and HBO2 . The
actlvation energy (Ea) for doplng from sintered BN plates wl th
BZOg \,,as 5.4 eV whlctr ls closc to Es of IleOg and ln the case oi
the BZOg powder, E6 was 1.6 eV whlch is close to that of HBOZ.

The vapor pressure of HBOZ ls 105 t, lmes larger than that of BZOg

at 900 oC. Then ttre hlgtrer doping could be realized at the lower
cruclble temperature.

Figure 3 shows ultra-violet reflection spectra of B doped
films from HZO-absorbed BZOg powder source wlth and wlthout UV

irradiation durlng growth. The growth rate was 0.5 iZr and the
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grovrth temPeratttre was 850 oC. 'l'lre carrler concentration $ras

1x1020 cm-3. In the case of doped fl lm, the peaks of transl tion
of ni-l-,s and, xa-xl strift toward longer wave length ln
comparl son wl th bulk Sl . Thls shl f t becomes I arger wt th UV

lrradiatlon. Accorrtlng wl th AES deptlr prof le measrrrement, o peak
was observed In the f llm grown wlth UV lrradiation but was not
observed wlthout UV lrrqdlatlon. Thls neans ttrat O atoms
evaporate wl th B, get into epl taxlal layer and change Si band
structure. UV irradiation may accelerate this reacilon, but lt
Has not determlned how electrlcal band-gap of Sl changed. Further
analysis is now ln progress. Ttrere was no UVilrradlation effect
on the carr i er concen t ra t i on change.

ln conclus'lon, hitllr doplng level of ll up to 6xl0 20 cm-3 was
real lzed ln St MBE utl I I zing HBOZ |source (ll20-absorbed BZOg
powder). oxygen doping was effectlvely at tained by uv
I rrad I a t I on.
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