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Behavior of Ge d-doped Layer in Si(001) Observed by TOF-LEIS
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We have investigated a Ge §-doped layer in Si(001) formed by solid phase epitaxy (SPE) using time-of-flight low-ener-
gy ion scattering spectroscopy (TOF-LEIS). The Ge §-doped layer was formed by annealing a Si buffer layer deposited on
a Ge(1ML)/Si(001) surface. We found that Ge atoms diffuse from the 8-doped layer around the interface as a result of SPE
growth of the Si buffer layer. Incident angle dependence of Ge and Si intensities at various anncaling temperatures
showed that the Ge atoms begar to occupy $i lattice sites above 300 °C; indicating Ge-Si alloying near the interface region,
and that the diffusion of Ge atoms was promoted above 500 °C accompanied by the crystallization process of the Si buffer
layer. The thickness of the 8i,Ge, layer at 600 °C was estimated to be about 30 A, where the Si buffer layer was nearly

perfectly crystallized,
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Fig. 1 Polar angle dependence of Si and Ge signal intensities
along the {100] azimuth scattered from (a)
Ge(1ML)/8i(00L), (b) amorphous-Si/Ge(1ML)/$i(001)
and (c) crystaliized-Si/Ge(1ML)/Si(001).
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Fig.2 TOF spectra of {a) Ge/8i(001} and (b) amorphous-
$1/Ge/Si(001).
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Fig. 3 (a) Peak position and (b) full width at half-maximum of
Ge signal extracted from TOF spectra.
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Fig. 4 Transitions of (&) Ge and {b) Si signal intensities versus
annealing temperature.

HTHDEZX B Ge OHLHRAI500 “CUl L CHEHIZ 2
LT LMD, SIOBREECERL L. FrRr) S
FETS00 CLL L7 2 LMENRSBIZES LTS,
Zhiz, ZOREETTEL? 7 ASiIEOREILSE
SHROLERCDE - TRESNDZZERTRLTE

B, 600 Cizie s LHMRIAMIZIERT LTWAZ kb
BB,

B, FFRCBTIEHEABRRR LS GeFA¥ K
— R OHEER L EROMBEIC EBHER Y L&
BironwTlimtT 2. MBEIL X o TSIy 7y BaEEK
REEI L, BEEESHEEILRETSS, LT,
Ge@R—HikSiZAEPICHEBLURMICE TRFT S,
Nakagawa b OFER ™ T THE, BRERED 500 CH E
TRBREHRERFASARESNZ LI EENL BN, 0%
&Th, GeEWMEITI100 ANETHY, SiNv 77 B
DEEXZHEVDENEE, Gl RERNTS. B
MEEOBE, GeOEISiKFITRRL T -
MBI B0, ZORAKBWTMBER L A5
R & FRESTWS, S0ADSIAy 77 EEERRE
THEETD L, GeOREBRITITIFLA LR, REA
EO30 ABEOEBICENIEBZ L ENTES, Zh
i, Fad P B L Ge RN REMIET
SIOBFMEICA ST, Ge-SiORELRERBERMAT
S, REREAMFEhAZ bickdEL LN
A

0

4. % E B

TOF-LEIS # AW T Si(001) BT 2GFAr¥ K7
BOBEER T, Si/Ge (IML) /51 (001) SRR ED
RIEBWT, GeDFN¥ R—7RBIIHERMREICHE ST
WROL 5B ERTZ Ebh oz, Si(001) &R 1
DCGeD2RTE (ML) @ LICSI2HRBES LS 7
= AUBREREL, HRNEREE L, To—iEER
300 CieET S &, RAMETOSIOFRLIZE>T
Ge 28 Si D MBICHED Likd, RETETGeSI0A
EBEBRT S, $1500 Tl b L SiBOHRIERES
i oeRBichi o Tii#Esh, R, K78 )
BOGe DML BB RS, LT, HRREMTE
SETTE600 CRBWTEE, Geidii30 ADKER L -
THELTWAZ b,

X ®

1} I Falta, D. Bahr, G. Maretlik, B.H. Muller and M. Hoegen:
Appl. Phys. Lett. 68, 1394 (1996).

2) I Falta, T. Gog, G. Maretlik, B.H. Muller and M. Hoegen:
Phys. Rev. B 51, 7598 (1995},



398 #HHEE B8k ®75 (1997

3) M. Takahashi, 8. Nakatani, T. Takahashi, X. Zhang, M. 7) 8. Sugden, C.J. Sofield, T.C.Q. Noakes, R.A.A. Kubjak
Ando, S, Fukumitsu and Y. Shiraki: Jpn. J. Appl. Phys. 34, and C.F. McConville: Appl. Phys. Lett. 66, 2849 {1995),
2278 (1995). 8) I.F. Ziegler: “Helium Stopping Powers and Ranges in All

4) K. Sumitomo, K. Oura, I. Katayama, F. Sheji and T. Elemental Matter” (Pergamon, New York, 1997).
Hanawa: Nucl. Instrum. Methods B 33, 871 (1988). 9) K. Kawamoto, K. Inari, T. Mori and K. Oura: Ipn. I. Appl.

5) M. Katayama, E, Nomura, N. Kanekama, H. Soejima and Phys. 34, 4917 {1993).

M. Aono: Nucl. Instrum. Methods B 33, 857 (1988). 10) K. Nakagawa, A. Nishida, Y. Kimura and T. Shimada:

6) K. Kawamotc, T. Mori, 8. Kujime and K. Qura: Sutf, Sci. Jpn. | Appl. Phys. 33, L1331 (1994},

363, 156 (1995).



