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Abstract : A thin AIN layer formed by interface reaction epitaxy (IRE-AIN) on a B-SisN4/Si(111) structure acting as a double buffer
layer was used for the growth of GaN or AIN by plasma assisted molecular beam epitaxy (PA-MBE). The B-SisN4/Si is also grown
using IRE with Si and nitrogen atoms supplied by the indirect exposure from an induction coupling plasma discharge of nitrogen gas.
The IRE-AIN was formed by a solid state IRE between Al irradiated atoms and N atoms in the B-SisN4 layer. The thickness of
IRE-AIN and B-SisNy films was measured by X-ray photoelectron spectroscopy (XPS) and the surface reconstruction structure and
morphology was observed using reflection high energy electron diffraction (RHEED) and atomic force microscopy (AFM).

Surface reconstruction of the B-SisN4 film with 8x8 and 8/3x8/3 was prepared when the nitridation temperature of Si was at
830 °C and 300 °C with 830 °C anneling, respectively. The intensity of the Al 2p signal increased linearly with increasing nitridation
time under Si 7x7 reconstruction. The surface morphology of AIN formed only on the edge of the step when nitridation was
performed on a Si(111) 1x1 surface, whereas AIN was formed on the terrace when nitridation was performed on a 7x7 surface. Al
polarity AIN was grown on the 8x8 reconstruction of $-SisN4 and N polarity AIN was grown on a 8/3x8/3 site. The polarity of
successive growth of GaN on the double butter layer of AIN/B-SisN44/Si was the same polarity as the buffer layer. The surface
morphology of Ga polarity GaN showed 3D islands when compared with N polarity GaN, because Ga atoms easily incorporate with
the (0001) face rather than the (10-11) face on the surface of Ga polarity GaN
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Fig. 1. (a)the mechanism of AIN formation on
the B-SizN4 layer; (b) RHEED patterns; (c)
epitaxial relationship.
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Fig. 2. (a) the thickness of B-Si;N, layer as a

function of nitridation time. (b) XPS spectra of
Si 2p of B-Si3N4/Si; nitridation time was 3 min.
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Fig. 3 The evolution of RHEED pattern as a
function of substrate temperature(a-c): (a) 300
°C, (b) 420 °C and (c) 700 °C. Clear 8/3x8/3
pattern was observed with increasing the
nitridation time from (c) 30 sec to (d) 1 min.
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Fig. 4. AFM images of B-Si;Ny; nitridation was
performed at (a) 700 °C and (b, ¢) 300 °C for (a,
b) 1 min and (c) 30 sec.

2.3.AIN®D IRE EEE
23.1.K [ HHE K 8x8B-SisN4 T IRE

N+N*Z W TR A 2 L S B 72D AIN O
TER &% XPS @ Al 2p HIEIZ LV EHI L7z, Si D%
[ A R 1L 856 CCLLF € 7x7HiEdR L OBl LT 1x1
Wiz & HZ LML TEY, RHEED TZ0Oix
BOHERTE D, Si Htk o2 R0 2% 1 S AL 0 &

WMZ K o TEAEH% OB-SisNs ORI & AIN DOFE /S
H—UNRELS R D, Z 0BG 42 XPSICTRIE%
179 & Fig. 4R 3 X 91T St 7x7 sk (GEA IR &
700 C) TZAL LB T AL 2% L AIN JE AR
BERBRIZICEML TV Z ERMRTE 5. £
L Si 1x1 fEKCGEHIRE 730 C) CEiLEIT -T2
BRI Si 77 FEIRIC LR AINFE R E A D 72 <, B

WZHML TWARnWZ bbb, ZHUESiEmIZE
FOEIEER L OFO LIRS AIN KE
WCERLTHY, 1x1 sk TITE s LR E S,
AINJERRENRD L TWDHZ LR L TND.

w0 75
Binding Energy [eV]

Fig. 5. (a) Al 2p spectra and (b) the intensity
ratio of (Taiep/Isii) of AIN formation on the
B-Si3Ny layer as a function of nitridation time;
nitridation was performed at 700 °C and 730 °C;
surface reconstruction was Si 7x7 and 1x1,
respectively.
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Fig. 6. AFM images of B-SizN4 and AIN island
on the B-Si;Ny layer; nitridation was performed
under the 7x7 surface reconstruction of Si and
1x1 surface reconstruction .
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Fig. 7. RHEED patterns and AFM image of
IRE-AIN; nitridation was performed at 300°C for
(a, ¢) 30 sec and (b) 1 min.
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