Crystal growth and characterization for a nano-hetero-interface of quantum
well structure formed by group III nitride semiconductors on silicon substrates
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For the first year report of this project the aim of the research and results are presented. In order to grow high quality hexagonal
GaN on Si substrates the production of atomic nitrogen using two discharge modes of the induction coupling (ICP) discharge was
investigated. Using the two ICP discharge modes a new mode-change migration enhanced epitaxial (MC-MEE) growth method was
developed. The MC-MEE uses the discharge mode change between low bright (LB) discharge (the excitation of N, molecules) and
high bright (HB) one (the dissociation of N, molecules to N atoms). As an intermediate layer between Si and GaN a template
2H-AIN was formed by formation of vy phase of Al on Si and the nitridation of Si surface before the AIN template growth using
MC-MEE. The sequence of the LB and HB nitrogen flux irradiation was effective to control of active nitrogen species for growth of
GaN and AIN. The control of activated nitrogen flux against Ga or Al flux was found to be essential for the growth of high quality
crystal of 2H-GaN and 2H-AIN epitaxial films. Growth of 2H-GaN on Si(111) was confirmed in sifu using reflection high energy

electron diffraction.
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Fig. 1 (a) A schematic drawing of the RF nitrogen source.
Three operation sections of I, II and III are shown; (I)
production of N* and N,* within a discharge tube, (II)
effusion of the N* and N,* through orifice holes and (III)
elimination and deflection of charged particles. (b) OES
of bright mode measured by Hamamatu Photonics
PMA-11 spectrometer. Atomic lines are shown.
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Fig. 2 (a) Orifice brightness at LB discharge mode, (b) HB mode,
(c) Specrtum for LB mode and (d) for HB mode.
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Fig. 3 Time sequence of Ga flux and N excitation modes for
MC-MEE growth mode.
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Fig. 15 After deposition of 2.7 ML Al, 300 times MC-MEE
of (a) Al open for 1sec N open for 1 sec and intermission
for 1sec and (c) Al open for 1sec intermission for Isec
and N open for 1 sec, (b) and (d) are corresponding
EF-SEM images.

4.7.2 2H-AIN/ y Al/ B SisN /Si(111)

Fig. 16 I 9 X 912, AIBEENCS i @A
Z{b L, BSizNgx8 HEAEMRIE, TD%y
Al DEE L FREE, K 2MLEEED Al 25 L7
RHEED /% Fig.17 lZ7” 7.
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Fig. 16 RHEED patterns of (a) Si(111) 7x7 (b) B
Si3N4 8x8

[11-20] (b) 1.8 ML Al
(a) 1.35 ML Al

R

(c) 2.5 ML Al (d) 20 ML Al

BN

Fig. 17 RHEE patterns of Al deposition from 1.8 ML to

20 ML after nitraid formation.

Fig. 18 TR X 9 ITHIFED BSiyN, o> Al #E
OIS LT, RET D AIN O HIE T
ETCVHZENBEIND. REDENLT 41
Vb B oTEY, IOICHEMICEREZITS
TW5%. Fig. 19 IZEREZREISETHRESE
T2AF T 7 —OHFRER (a) & i JE L
(b) DERSY D FESEM 27~ L, N& A 1 OHIZA
HZRMOMNDPBIEE S, Al L EHROLNER
DENT BRI LTNDZ &R0
7=, A —/Li% 100nm & RT .

4 82H-GaNATOIEEX Y ILEE

2H-AIN 7 7 b — MR #%, 750°C DR IR E
F CREMIRE % 1 C MC-MEE i 1800 [T
2H-GaN % i & S 7=, RHEED /X % — > |% Fig.20
WRT R DIZR Y, REED XRD 2 X 5 Rl
£ 1 2H-GaN(0002)D &'— 27 DB NBE S, A
A Sl FEHR Ficae—Lr v MEAE2RL
TWAERTNY, Z OFHEMEIX 16 arcmin 235

HILTWA.
[11-20]

Al 1.35ML [1-100]
'
IIIIIIIIIII
R B

Al 2.25ML

Fig. 18 RHEE patterns of AIN templates grown by 300
times MC-MEE after deposition from 1.8 ML to 20 ML
Al as shown in Fig. 17. (c) shows Al polarity of 2x6 and
(d) shows N polarity of 3x3 reconstraction.

Al 20ML

Fig. 19 FE-SEM photographs of 2H-AIN observed
the center (a) and near edge(b) of a wafer. The scale
shows 100 nm.

Fig. 20 RHEED patterns from 2H-GaN.
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