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The Growth Mechanism of ‘“Surfactant-mediated Growth”’

Shinji HIGUCHI

The mechanism of a new film growth method, “Surfactant-mediated Growth (SMG)”, has been investigated

in detail for the growth of germanium on silicon. Only a trace amount of tellurium (0.1 ML) is needed to ob-

tain the smooth epitaxial Ge layers and Te adatoms can be evaporated off by post-annealing at 450°C without

any change in the Ge film morphology. The activation energy of the Ge surface diffusion in SMG is very

small and tends to increase as the amount of the surfactant decreases. Energy values for the films with 1.0

ML surfactant are almost the same with the activation energies of site exchange between Ge and surfactant

atoms (Te, Sb). These results can be understood in terms of the kinetic suppression of islanding due to the

reduced surface diffusion of Ge atoms by adsorption with surfactant atoms and the site exchange between Ge

and surfactant atoms, taking place at the adsorption site of surfactant atoms. The simulations of cluster sizes

during the Ge growth based on the present mechanism agreed well with the results obtained.
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a : Thickness Monitor

b : Substrate
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d : Molecular Beam Source
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Schematic diagram of the UHV chamber
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Fig. 2 RHEED and LEED (54 eV) patterns from 3 nm thick Ge
samples. (a), (c) and (e) for Ge film on Te(1.0 ML)/Si(001);

(b) and (d) Ge film on Si(001)-2x1.

(a) and (b) are taken

from [010] azimuth, (e) is taken from [110] azimuth.
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Fig. 3 LEED patterns from the Ge film on Te(1.0 ML)/Si(001); (a) 54 eV, (b) 71 eV,
(c) 102 eV, (d) 123 V.
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S 20nm_
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Fig. 4 TEM images of cross sectional 3 nm thick Ge samples (a) on Te(1.0
ML)/Si(001), (b) on Si(001)-2x1.
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Fig. 5

High resolution TEM images of cross sectional 3 nm thick Ge samples (a) on

Te(1.0 ML)/Si(001), (b) on Si(001)-2x 1.
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Fig. 8 Planar view of 3 nm thick Ge samples on (a), (b) Te(1.0 ML)/ Si(001) and (c),
(d) Si(001)-2x1.
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Fig. 7 Variations of lattice constant during Ge
growth on Si(001) with and without Te.
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Fig. 9 Schematic diagram of SMG.
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Fig. 10 RHEED patterns in [110] azimuth of Ge
layer with (a) 0.0 ML, (b) 0.05 ML, (c) 0.1
ML, (d) 0.2 ML, (e) 0.6 ML, (f) 1.0 ML
Te.
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Fig. 12 Variations of Si photoelectron intensity

during Ge growth.
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Y annealed at 450°C

Fig. 15 (a), (b), (d) after post-annealing of with Te sample at 450°C.
(c) before annealing. For a full explanation see text.
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Fig. 16 Terrace area versus substrate
temperature. Inserted values are amount
of surfactants and activation energies of

Ge surface diffusion.
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Table 1 Activation energies of Ge surface diffusion and those of site exchange between Ge adatom and surfactant
atom
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N5, Fig. 21 WHEANZ=~T, ZDZ & Fig. 22 i
RLT Si KETFO “BrdoRIREGER" MHEEFE TR
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EENEVCBEITIIAE L, PRVEEITE S e ER
BRoTwadz keI —%T%,

5. % & &

Te. Sb #HL 72 Ge/Si @ SMG (22T, DA
B =X L EPOICHKRE Lic, TOBERUTORSWMIC
oY (o
a) Ge EEILHEOESIL R V¥ — (BERFREE

1.0 ML oB4) BEERT &L Ge KT OMERED

FEE b x L ¥F—ic—H L, REFRFREELRD S

BIHEICE., CORERBIEHILT VX -2 K

T2,

b) RERFRESY Ge RTOMEMRELEELLT V¥
AU XA —=2 12X B7 5 RE—4 A XtE» RHEED,
XPS DBEIEMRIC—ET %,

c) RERTF% Sb, ERKIRE 450°C OB EHIT KT,
Ge MBEBRERT 20IHENRLELR Sb BREEZR
BHERIBRESERREET2ETAERCTEIAL
Too SOFMEEENERMEICITE-T LI,
CHhEDERME, SMG D25 =X ANERBERER

Fic k3 Ge RFORELHIH TH Y, ZDORERT

W& s Ge O ERIT/A D 2 L ERANCHITR

-7z, £, Te #AVGEHEICIE Ge oK 2L

BB LR, MBMETEREIRDI I ENTEI,

oz bz SMG OIEATE TORE G L0

THB, —J. SMG BERBREAHT 20D,

“V-Shaped defects” #HT 2 &\ » ERE L Bk

B, THEHSLDIZIRAT Y 7, FL7ikT5

FRFERB S AFIHT2FE, AL RER 7 2% IRWIC

CHLDMBIBREIRBEZIENEZLNEN, Kiak

FEERBRETHZEFNAETHSH, H->T, 2Ok

HREEA R X EMLCLT, BRI LTI0F

BRAVGERETH B,

L L, BERERTOF T, fk, & LOHBER
DEBEHD 5\ X ERTREE (BEE. 23y FIk,
CVD %) Luvoievbid “WHEN FETTbhTE
fend, SMG i b8 FHEOBEM b LLTS
BOREIPIGEIN S,

6. it &

AFFICBIL T, BREARFRL O CICIHRAERE LT
T ferdNTe B A kB FF9eRT H. J. Osten &
BEEOMRE TN — FERICEB o LES, £, IH
BRB AT EEHE S L — FYREB L OPAZR
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