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Manipulation of Microstructures of in-situ Phosphorus-Doped Poly Silicon
Films Deposited on Silicon Substrate Using Two Step Growth
of Reduced Pressure Chemical Vapor Deposition
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Abstract

For the well-controlled growing in-situ heavily phosphorus doped polycrystalline Si films directly on Si
wafer by reduced pressure chemical vapor deposition, a study is made of the two step growth, When
in-situ heavily phosphorus doped Si films were deposited directly on Si (100) wafer, crystal structure in
the film is not unique, that is, the single crystal to polycrystalline phase transition occurs at a certain
thickness, However, the well-controlled polycrystalline Si films deposited by two step growth grew
directly on Si wafers. Moreover, the two step growth, which employs crystallization of amorphous silicon
layer grown at low temperature, reveals crucial advantages in manipulating polycrystal structures of in-
situ phosphorous doped silicon.
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Fig. 1. Schematic representation of two

step growth.
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Fig. 2. Bright field cross sectional TEM mic-
rographs obtained from (a) an Si
buffer layer as-deposited at 500 T,
(b) an Si buffer layer annealed at 700
€, (¢) an Si buffer layer annealed at
800 T.
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Fig. 3. Plan view SEM micrographs showing
surface morphologies of (a) a film
deposited at 700 € on just wet
cleaned wafer. (b) a film deposited at
700 € by two step growth, (¢) a film
deposited at 700 T by two step
growth with intermediate annealing
at 800 ¢C.
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Fig. 4. Three dimensional AFM images ob-

tained from (a) a film deposited at

700 € on just wet cleaned wafer. (b)

a film deposited at 700 T by two step

growth, (c) a film deposited at 700 T

by two step growth with intermediate

annealing at 800 C.

2 2X2E WA =W 29 5@ AHs 2ol 37
g daE B o o4 FHos YRsx gu
Ao wets g Al AdoERE 33 WY
3} 4ol Asel 4FsA W} &, o A%E
Aol 34 QoM st o) M2 e Bge] Ygo)
YAso AP YUt Auche Y4B 4L
Pl was 2e Wgolold WA 437 #

9

200 nm -

18 5. TEM 9HAIoHY © (a) 4483 fols ¢
o 700 ColA FadE WY (b) oldA=R
700 ColAM FaE 9 (¢) oldAZ 700
cAlA F3= 3 800 oM F7t dx2E
A3 upet,

Fig. 5. Bright field cross sectional TEM mic-
rographs obtained from (a) a film
deposited at 700 € on just wet
cleaned wafer, (b) a film deposited at
700 € by two step growth, (¢) a film
deposited at 700 T by two step
growth with intermediate annealing
at 800 .
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Fig. 6. High resolution X-TEM images of (a)
and (b) magnify atomic scale ar-
rangements at the interface of film
and substrate for the samples Fig.
5(a) and Fig. 5(c). respectively.
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Fig. 7. Depth profiles of phosphorus con-
centration measured from (a) a
film deposited at 700 C on just wet
cleaned wafer, (b) a film deposited
at 700 T by two step growth.
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