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Semiconducting S-FeSi, having a direct band gap of
about 0.85 eV at room temperature has attracted consider-
able attention because it can be grown epitaxially on Si
substrates. In this article, we present firstly the epitaxial
growth of B-FeSi, layers on Si(001) substrates by reactive
deposition epitaxy (RDE; deposition of Fe on a hot Si sub-
strate) . Then, aggregation of monocrystalline S-FeSi, by
annealing and by Si overlayer growth is presented. A §-
FeSi, film on Si(001) aggregated into islands after anneal-
ing at 850°C for 1 hour in ultrahigh vacuum (UHV). The
B-FeSi, islands aggregated further into a spherical shape in
Si crystals when a 1-um-thick Si overlayer was grown
epitaxially at 750°C by molecular beam epitaxy (MBE).
Cross-sectional transimission microscope (XTEM) obser-
vation revealed that the epitaxial relationship between the
two materials and monocrystalline nature were revealed af-

ter the annealing and the Si overgrowth.
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Fig. 1 Crystal structures, lattice mismatches and electrical resistivities of selected metallic silicides

and bandgap energies of semiconducting silicides.
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Fig. 2 Different crystal phases: (a) a-FeSi,, (b)
y-FeSi, and (c) B-FeSi, and its epitaxial
relationship to Si(001). The dashed lines in the
(100) projection of B-FeSi, indicate the area
corresponding to y-FeSi, if lattice distortion
would not occur.
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(a) Thermal Reaction Method
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Fig. 3 Models of (a) thermal reaction method, and
(b) RDE method.
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Fig. 4 XRD and RHEED patterns of 200 A-thick
B-FeSi, layers formed by thermal reaction
method at substrate temperatures (7}) of (a)
and (a’) room temperature, (b) and (b")
300°C, (¢) and (¢") 550°C and (d) and (d")
1100°C.
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Fig. 5 XRD and RHEED patterns of 200 A-thick
B-FeSi, layers formed by RDE at T, of (a) and
(a) 400°C, (b) and (b") 470°C, (c) and (¢")
550°C, (d) and (d") 700 and (e) and (&)
850°C. Fe deposition rate is fixed at 0.1 A/s for
all samples.

Fig. 6 RHEED patterns of 200 A-thick f-FeSi,
layers deposited at T, of 470°C (left) and 630
°C(right) with various Fe deposition rates of
(a) and (a") 0.1 A/s, (b) and (b") 0.5 A/s and
(¢) and (') 1.0 A/s

50 ( 50 ) AARS MR FERE

NI | -El ectronic Library Service



The Japanese Association for Crystal Gowh (JACG

B-FeSiy LIS OHEBH LGS, 700°CTiY, B-FeSi
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HREEEO01A/s DL X40°C) LD BV L EK
X, SiDIBAMEE IS, SidER L
D, Si & Fe D5 VALEND. ZOBEITIL,
Fe DEERE® KELSTHI L THED TV
AnMRIch % EFEIND (fo b 21X Fig. 6(a) &
()& K. —7, Fe DERBREIRBIEER
BXhiKEL -G, SiEREmT
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Fig. 7 (< MR {E EE470°C, Fe BB EJE 0.1 A/s
@ RDE ¥ € Si(001) #E M L Bl& L 7z B-FeSiy
(200 A) D E TEM BH, ¥ L 0% BETHE
¥ (TED) # /7§ . Fig. 7(a) 7> &, B-FeSip (¥
Si(001) L —MICE » TiT\ 50, TOERMAE
TOSiE W E O REIIL, THOBCEATHS
BETRITHEDS > COWHBFARLRS. Thb
3, SiEBCT A FAE LT ML, AR
BOBTFAECI VELICEEL TS, T,
ERRARL RS SA, ZhixsSi(00)m ET
90°[El#E L7z B-FeSiy, DV A VN TE T 51D T
BH5. Lonl, ZokdiREBCL»rbbLT
Fig. 7(b) DILKEE® B % &, B-FeSi, DREFH
BIEEIIZ-> X H LTED, O TED b 6-

Si001) Sub. 100nm

_ Si{001) Sub

Fig. 7 XTEM images and TED pattern of the RDE
grown 200 A-thick p-FeSi, layer at (a) low
magnification, and (b) high magnification of the
area marked by the arrow.
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$1(001) Sub

Fig. 8 XTEM images and TED pattern after the
annealing at (a) low magnification, and (b) high
magnification of the area marked by the arrow.
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p-Si/B-FeSiy/n-Si(001) & 7 A ~F v B h A F
THHY . B-FeSiy/Si k-~ SiMBE HE % 1T 5 B
iZit, Fig. 7(a) D L 57¢ TEM V<L TBZEIh
LR icFEEIZEFE LL /s, £ 2T, RDER
BB D B-FeSiy, ZE & FHIT5HMT, ZOR
¥4 UHV fCEKREE850°C ¥ T, 1K
DT =—N%&{T-1c. Fig. 817 = —1EDRF}
DOWiH TEM 3 L O TED 8% 7"3. Fig. 7(a)
B LOFig. 8(),b) X b, 7=—=11Tkbhp
FeSip (3E S BRCBEL TV B Ehbh5b.
B DB FeSi DIEE (L RDEFE EH D25 D
WOARETHD, FOEXHHSiERACHED
Wica LTwb. 20X 5 R E b,
Si & B-FeSi, [EDER = L ¥ — ik X B -
Tk D, 2 0DMEEIORFAEIC L HEH= X
AF—HUNIL T B X5, BEC X D EMmEY
INEL I R THD EEZDRDD. DX
5 Ie R DM, 7 =— D B-FeSi, RN,
Fig. 8 DJE T NHEME (AFM) &0 H b bh b
BOEDCHEHETH Y, RDEEREHROEH &3
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Fig. 9 Top views and cross-sectional profiles along the
white lines observed with AFM for (a) the as-grown
sample, and (b) the annealed sample.
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RIEFE TS & L CEE 7 Si/B-FeSiy/Si i
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Si(001) ¥ &~ D Si MBE £ % T - 7=. Fig. 10
iz, FEWIRE A 300°C, 470°C, 650°C, 750°C, 850°C
AL X T 1000 A EE D Si % MBE R E L 7-
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A/s CETE LT Fig. 10(a)it, HEDOLDRL
7= SiMBE F{E#i® RHEED & CTH 5. Bl T
BIA LY —27ThDH, Fig. 8(a) ® TEM &5
MR XNI- X oL, 7 =—%0D B-FeSi, EEiL
BDTEHTH D Z Edbrsb. EREE300°C
T, EBEE L7 SifEiX RHEED 82267 %
NT s ATHHD, EFRRES ELDICE S
KECHEERMEL WA Z Evbh s, EREE
% 750°CLA ke B =854, RHEED (3 BIIg
e 2X1/1X2 &7 KA A4 VEEPBEATWA.
D EDE, B-FeSiy/Si(001) fEE L~ SiH
LR BT, 750°CUL EOEREBENALETH
iz b, E£FEDBIL, p-Si/B-FeSiy/n-Si(001)
FINA~T e lBEEROLD, 22358
(HBOy) & Si o [FKFHB A X % p-Si © MBE B
ExEL TS, ZDL X, p-SiEPICEEREHE
DIRERI L 5T 5 7o b FEMRIRE700°C LA
ERRETH B, SEOEERTHL IS
FeSip/Si(001) B E~D Si = ¥ & F v 4 L
LB ERBEIL, ZOo&EBEHBLELTWS.
H R EFE750°C T/E X 1000 A © Si &% MBE

& after the annealing

O 650°C

Fig. 10 Sequential RHEED patterns of a 1000 A-thick
Si overlayer grown by MBE at 7, of (a) 300°C, (c)
470°C, (d) 650°C, (e) 750°C and (f) 850°C. (a) is
the RHEED pattern of a sample after the annealing.
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E L7-2¥ o Wi TEM EE % Fig. 11(a) IR
3. ZORL D, 850°CTH7 =—LECRLI
7o BIRD B-FeSiy L HE LTI LICBEL, & —
AR > T B T Ebnd. i, Sik
B-FeSiy, DRE TOEIR T F AL X —H L 5D,
EREENSNEL b LI bIER LR
ThhHrEELLNRD. SiffticEDAENRT
e B-FeSiy BEEE L TUB 0, £ 2Tk, B
FeSiy ¥ EX W BIr X 5 Y 6 Si B Y kEpvo
Tuw5b. Lih - T, B-FeSiy/SiH#E E~o Si
O MBE KE1L, ETSiERENLLHBEH, ©
D, BFeSi, #EB5 L OCHETTHEEZELLN
5. i, SiF v TROEEZILICEL LT,
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Fig. 11 Cross sectional TEM and SEM images of the
sample after growing (a) the 1000 A-thick, and (b)
the 1 um-thick Si overlayer at T of 750°C, respec-
tively. (c) is the high magnification TEM image of
a B-FeSi, ball.
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