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Boron-doped strained Sii.,Ge, epitaxia layers were
grown seledively in the exposed Si regions with oxide &
the isolation materia by ultra high vacuum chemicd
moleallar epitaxy (UHVCME) method. Rapid thermal
anneding was used to study the boron diffusion
charaderistics in the Si;,Ge/S layers. The results $ow
that the boron diffusion depth from the seledive eitaxial
growth (SEG) Si;Ge, region into the silicon substrate
depends on the boron concentration, the Ge profile in the
SEG area and the size of the SEG area Higher boron
concentration in the SEG Si.,Ge, film increases the
boron diffusion depth into the silicon. Besides, it was
found that the samples with graded Ge profile in the SEG
Si1.xGe, material have higher diffusion depth than those
with uniform Ge profile in the SEG Si,.,Ge, layers. In
addition, the boron diffusion depth increases with the
increase in the size of the SEG Si.,Ge, area The strains
in the SEG Si,.,Ge, films, the dhemicd forces and the
eledricd field induced by the Ge distributions in the SEG
Si.Ge film and in the Si,.,Ge/Si interface and the misfit
didocations induced in the SEG Si;,Ge, layers are the
main reasons for the phenomena observed.

Fig. 1 shows the caculated diffusion depths of SEG
SiggeGep14 Structures. The boron concentrations in the
SioscGey14 films are 1.4x10%cm™ and 7x10%cm?™. The
diffusion depth depends on the boron concentration. This
is caused by two reasons. One is that at high boron
concentration, the concentration gradient at the transition
region is higher, which provides higher driving force for
diffusion. Another reason is caused by the strain fador.

Fig. 2 (a) shows the diffusion depth of boron of the
graded Ge dtructure is larger than the uniform Ge
compaosition. This is because the dedricd field induced
by the chemicd potential gradient in the Ge graded
structure helps with the diffusion of the boron ions which
are positively charged. Hence, boron diffusivity in the
graded dtructure is larger than that with wiform Ge
composition. The cdculated baon diffusion coefficient
dependence on the aneding temperature is plotted in
Fig.2 (b).

Fig. 3 shows the diff usion depth dependence on the size
of the SEG diffusion source aea As previous reseach
indicated ¥, the dislocation is higher in large size SEG
areas than in small areas. Since samples with large SEG
area have higher disocaion density, the boron out-
diffusion will be enhanced. Thus, less boron out-diffusion
can be obtained by using small areaSEG Si;.,Ge, layer.
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Fig. 1. Diffusion Depth as a function of
anneding temperature for strained Siggs.
Geyoo layer on Si substrate.  Insert

figure shows the stress of the boron

doped Si;Ge, film.

140 T T T T T

—8—6%-14% Ge Graded, 1.4x10"°B, RTA 35sec _u
120 -—e— 14% Ge uniform, 1.4x10'°B, RTA 35sec

100 - .

-

80
60

-

20

Diffusion Depth (nm)

L L L L L
800 850 900 950 1000
RTA Temperature (°C)

(@

1E-10 T T T T T T T T T T T

& 6%-14% Ge Graded, 1.4x10° B
®  14% Ge Uniform, 1.4x10*° B

1E-11 |

1E-12 |

Diffusion Coefficient (cm?/sec)

1E-13 |

76 78 80 82 84 86 88 90 92 94 096

10000/T (1/K)

(b)

Fig. 2. (a) Diffusion depth as a function

of anneding temperatures for graded Ge
and uniform Ge Si;,Ge, layers on S

substrate, anneding time was35 seconds

(b) The cdculated baon diffusion
coefficient dependence on the anneding
temperature
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Fig. 3. Dependence of the diffusion
depth in Si on boron concentration in
the Si1.Ge, layer for different SEG Si;.
«Ge, diffusion source aeas in the cae
of graded Si;,Ge, films
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