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Synchrotron Radiation Excited Silicon Epitaxy Using Disilane

Housei AKAZAWA and Yuichi UTSUMI
NTT LSI Laboratories

Synchrotron radiation (SR) excited chemical reactions provide new crystal growth
methods suitable for low-temperature Si epitaxy. The growth kinetics and film properties
were investigated by atomic layer epitaxy (ALE) and photochemical vapor deposition
(CVD) modes using Si,Hs. SR-ALE, isolating the surface growth channel mediated by
photon stimulated hydrogen desorption, achieves digital growth independent of gas
exposure time, SR irradiation time, and substrate temperature. On the other hand in
SR-CVD, photolysis of Si,Hg is predominant. In the nonirradiated region, Eley-Rideal
type reaction between the photofagments and the surface deposit Si adatoms in a
layer-by-layer fashion. In the irradiated region, however, multi-layer photolysis and
rebounding occurs within the condensed Si,Hg layer. The pertinent elementary processes
were identified by using the high-resolution time-of-flight mass spectroscopy. The
SR-CVD can grow a uniform and epitaxial Si film down to 200°C. The surface morphol-
ogy is controlled by the surfactant effect of hydrogen atoms.
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Fig.1 Three kinds of radiation effects in the bulk. (a)
SR-stimulated evaporation of a-SiO, (b)
SR-stimulated phase-transformation of MoOs,,
and (c) SR-stimulated recrystalization of micro-
crystalline Si.

31

Nize Kz (b) O MoO; bEREERILYITH D,
BHFEIC & D Mo-OfEaUlid 3, LL
FRSEIET- 1R/ N 72 MoO, TRUGIZELE U, 85
HERD Mo, JE 1358412 MoO, BN E LT 3%, &
NIE MO, HEDPLTETH A E, BOEAN
&, BT IR RE D BRIRE A IE T I R &
LlchictEZ oNb, TOLDIEBILHOEAL
a9 2 —RED M EAT (phase-transformation)
13 a- SiO, DEFEDLE S IFIFHIRTH 5, (¢) D
Pk Si(we-Si) OBAIE, Si-SikiadEhs
BTHHN S, MIIHEDHERIA & < FFHEIZ
FEIz b, LA L 730-780°C T3, BBEHHBZZ T
2L Si(p-Si) ~ & HESEME (recrystalization)
TEHIENRVEENIY, OIS %
MTILTH IO CLLETIHEWIZEITT 2D
T, BEHCEEEESRE LTV T 5,
NEDRIEHIE TN TERICE 2D 72 bDTH
D, WEHERRE LEROS I F 722 < OKBIR
OB IN TV S 2 EAMRIIE TIN5,
REETIE Y VS5 > (SigHe) HRAZEMOVE, Si
DI T Y4 F ¥ v JUBEAE & UTHRED LR
ALE (SR-ALE) &HEHDEMECVD (SR-CVD)
DOFERE & R ATIR L, SiEEORE >
WTHiiln s, BLTEOERE XL OREEE
BEISOWMRFIORTS, JORFEERDS &<
PEREDOHEA TV BEFHICIET 2 TH A 9%, R
REEAENT 2 2 &k, RGHIAEE L
IENEITE 2 AU3EET, oA XEH W
BT HARWHT EHESNNZE UBEk O Iz & > THY
EalfEaf~ons 2 EAmRE Lz,

2. REBROHBE
2.1 E—bLSAVERRES

REBSERR I, B kL — YRS AT
EEHICRE Lz, NTTOE—LS A ICT

Totz0 B2I2E— LT A4 DS ZROREKREZ R
T RICEBRAD O DB E SIC 35—z L
TAHH 96° TRET S &, KigDRIGEEE RIS



32

e/,
a1 G3

monochrometer

AKX BBEHZ1S  (19954)

reaction
chamber

sample

G2 G4 G5 /

] A A I | = == D/

/‘ = ==
/ | n
/ ©©
SiC mirror

P IP IP / \

110 220 110

/1] ]

TMP TMP TMP TMP TMP

1000

TMP ¥ TMP
\ 200

TMP
400 300 500 170 330 A

Fig.2 Schematic representations of beam line 1C in the Photon Factory. IP
means ion pump and TMP means turbomolecular pump. The numbers
indicate their evacuation speeds in liters per second.
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Fig.3 Schematic representation of the apparatus
consisted of four separated chambers.
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Fig.4 Timing chart of gas exposure and SR irradi-
ation for SR-ALE and SR-CVD growth. T, and
T, are the variable parameters (Ref. 32).
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Fig.5 TOFMS detector for monitoring surface and
gas-phase reactions (Ref. 11).
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Fig.6 System for the measuring TOF spectra (Ref.
13).
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Fig.7 The amount of Si adatoms delivered on
Ge(100) after exposure of Si:Hs gas.
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Fig.8 RHEED patterns observed from a Ge(100)
surface after (a) cleaning, (b) Si.Hs exposure to
a saturation dose, (c) 10 min SR-irradiation at
200°C, and (d) post-annealing at 500°C for 5
min.
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Fig.9 TOFMS spectra obtained at §,=80° from clean
Si(100) ((a) and (b)), from Si.:Hs chemisorbed
Si{(100) ((c) and (d)), and during SR-CVD with
a Si;H, pressure of 5.1 X 107 ¢ Torr ((e) and (f)).
The mass number is proportional to the square
root of the flight time. The bunch of the Si:H,"
signals is at the folded position of 15 ns in the
spectrum, which corresponds to a total flight
time of 639 ns. (b), (d), and (f) are high-
resolution spectra around the H* signal (Ref.
11).
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Fig.11 The dependence of the «-H* and H;" yields
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yields of H, obtained with a linear ramp rate of
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C.)(Ref. 11).
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Fig.12 SR-ALE growth rate versus substrate temper-
ature for two conditions.
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Fig.14 Schematic illustration of SR-ALE using Si:Hs.
Open and solid circles respectively indicate Si
and H atoms.
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Fig.15 Quadrupole mass spectra of decomposition
products from Si;Hs resulting from SR ioniza-
tion and electron impact ionization.
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Fig.16 Schematic illustration of SR-CVD using Si:Hs.
Open and solid circles respectively indicate Si
and H atoms.
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Fig.17 Representative in-plane thickness profiles of Si
“films grown by thermal-CVD (Ts=470°C and
Si:H; pressure of 1.3 X 107 Torr), SR-ALE (Ts
=350°C, Ti=20sec, T.=262sec), SR-CVD at
parallel and perpendicular SR incidence (Ts
=350°C and Si.H, pressure of 1.9 X 102 Torr).
The dotted line in (a) shows SR intensity
distribution. For the dashed line in (b}, see the
text (Ref. 32).
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Fig.18 In-plane thickness profiles of the Si overlayer
grown by SR-CVD at various temperature with
perpendicular SR incidence. (Si:Hs pressure of
1.9 X 1072 Torr)
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Fig.19 SR-CVD growth rate as a function of substrate
temperature. (Si:Hs pressure of 1.9 X 1072
Torr)
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Fig.21 Pressure dependence of the SR-CVD growth
rate at perpendicular SR incidence for irra-
diated (open circles) and nonirradiated (solid
circles) regions.
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Ts=210°C

Fig.23 XTEM images of the Si films grown by SR-ALE. (T,=20 sec and T.=262

sec)
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Ts=170°C

Fig.24 XTEM images of the Si films grown by SR-CVD. (Si;Hs pressure of 1.3

X107 Torr)
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