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Homoepitaxial growth of Ill-nitride semiconductors
on GaN single crystals by MBE
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GaN, AlGaN epilayers and GaN/Aly15GaggsN multiple quantum wells (MQWs) were grown on GaN
single crystals by molecular beam epitaxy. The crystalline quality of the GaN and AlGaN epilayers was
investigated by X-ray diffraction and photoluminescence spectroscopy. The crystalline quality and surface
flatness of epilayers on GaN(0001) single crystals were superior to those on GaN (0001) single crystals.

The homoepitaxial GaN layers on GaN (0001) single crystals always showed higher residual carrier

concentration and have a bad influence on intentional doping of Mg(p-dopant) and Si(n-dopant).
Low temperature photoluminescence spectra of the GaN/AljsGaggsN MQW exhibited intense
QW-related emission peaks. The variation of QW transition energy versus the well thickness (from 2 ML

to 18 ML:1 ML=2.59 A) indicates the presence of built-in electric field in the wurtzite GaN/ Aly 5GaggsN
heterostructure.

Key Words : MBE, GaN, AlGaN, GaN/AlGaN multiple quantum wells, GaN single crystal

1. [XCHIC Overgrown)H 07 72 & O#AAL Jk ML IZ BE 9~ 2 0

£z, BNgkER

T, MREYF-EERETEEE L Licm
BEEEH A, FH ekt ¥ A 4 — N (Light
Emitting Diode: LED)X°%64h L — W & A A4 — |
(Laser Diode: LD)23BH¥E - Bidnfb S 472 [1—3],
INHRNFTORRIZIE, V7 7 A 7 5k
AT A FEEM 2 ED~T v R FEITH
WHNTWD, L2rLenb, GaN &~T o
FER & DIEFEEGEDREWNTZDIZ, RS
oz B X %3 VIR O B s s
AL(10°~10° /e FEAELTLE S, Zh b
TFERRICRE S FET L0T, HITHK
£ % Fl H U 7= ELO(Epitaxial Lateral

TN L I EINTW5H[4,5],
HENKEZ WD, T X F 3 v LRI K

DRALTTLEY, T, 270t X THK
NENRLTNE WS -RIENRAET 5,

InGaN 2 LED TlE, &+ U 72 In #lA%
DHEENZIVAELDIRT v v b/ MEIZFE
SJRTELTWD O CHBI 2D SHThH
HEHNFIIRESEE LN ERARESN
TW5H[6], FDORERLE LT, BRI O X )
PRI RS AT OISR ¥ U T ABEIT S 2
ENHTF NG, TR LT LD TiE, &
BHRNLNET N AFMERD SELOTEE

IR TR e e



122 (216)

RRIRE L 72 5[6], L72A3> T, GaN Hifh b
WE~ODHREZEEZF Uy LEEICL-THE
WA 2D S22 &0 LD #ifEE k&<
BT R A N R VAo NP SN o ¢ AP E- 3
VAN

GaN Hififidh 2 Htk & L THW A hof] i,

MDY 7 7 A TR EE D HE I,
GaN [T EMEN B D 12 DR DT R A ARG
WHREL 2B L THD, T, ~ZRmn
Bons7-H L —VFOERENES ICER T
XHZLTHD,

AF L TIL, RF-MBE (2 X % GaN B
R E~DOFRETEZ X v GaN R,
AlGaN = Jtiidn I O Al R 3 L OV GaN/AlGaN
ZEE T HAEDOERIZ OV THET 5,

2. ERERFI§

GaN, AlGaN #fE¥s O GaN/AlGaN £ & &
TRy T B ¥ % v —(Molecular
Beam Epitaxy:MBE)Z£ (& 2 Fl W\ TRk R 21T -
7o MEERICIZERSRE., VIERIZITER Y
Z X< & Rz,

FEMIZ N 72 GaN B df V3 7 I R Rk
£ (Pressure-Controlled Solution Growth: PC-SG)
FEICE o THERENZLDOT, EiBinh %K
(X TEM #IE £ 0 10° f#/em® LLF CTdH 5H[7], K
LR d K 912 GaN B IIANATEOIIR A
LTEY, R EHRm E OS2 -
T 5%, GaN [EfE s kT L CIERIFRZ2 M f
HiETHDHOT, FEdmihTmIck L TR %
2 FEFH O & B> T 5, RN (000 1)
I CH Y HWEIZO00)EH Th D Z & 2R
L CTW5[8], FERATLE & LT GaN Hifg L &
TR FE D 72 I FK (RS « HEliE=1 : 3)IC
V= F U %ITo7-, GaN HfESR % kR
IBE 870°C T 30 /M O BLPR & i L /=14,
Mk A 1T > 72, GaN & AlGaN oD R 1
0.5 um T 5, GaN/AlGaN % i & 1 H i iE
I%.GaN 58 & AlGaN [EEE E (AL 15%.
& S0A)% 50 FAMIFR S B/t & e o T
2o

X #BRIEYT(X-ray diffraction: XRD){HIE 2 135
Sy FRRE 4 fih 4 55 X BRI 9T 25 (Philips X Pert
MRD)% H\ 7=,

7 # bV I % v X (Photoluminescence:
PL)JIE T, b A YR & LT He-Cd L —4
(325 nm)% GaN 2, UV-Ar' L —(257
nm)% AlGaN #5155 1 OV GaN/AlGaN £ & & 1-
A& I 2, PL A2 Kk VX 50 cm 43
D S R R NI S|

Vol.52 No.2 (2002)

(a) Photograph of GaN single crystal

rough face : (0001)

e

smooth face : (000?)

(b) Schematic description of
GaN single crystal

Figure 1 GaN single crystal grown

by PC-SG method
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Figure 2 X-ray diffraction scans
for (0002) reflection
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Figure 3 Photoluminescence spectra at 4.2 K
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Figure 4 Plan-view SEM images of
homoepitaxial GaN layers
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Sample FWf:l:’is(;i; ))(RD cor;l)?oxsli{i;)n X PL Pe:(VI;Inergy FWEnl\;I ‘;))f PL #conl;l;olfiLtion X
’ (%) (%)
GaN Single Crystal 35~45 - - - -
GaN (0001) 53 - 3.4715 4.3 -
GaN (0001) 39 — 3.4702 1.5 —
AlGaN (0001) 162 20 3.8131 75 21
AlGaN (0001) 310 21 3.7693 95 18
#bowing parameter : b(AIN)=1.3 = 0.2 eV (ref.[7])
Table 1 FWHM of (0002) omega/2theta X-ray peak, chemical compositions calculated from the

relaxed lattice parameters, positions of the dominant PL peak, FWHM of PL and chemical
compositions calculated from the PL peaks for the epilayers on GaN GaN single crystals
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Figure 5  Photoluminescence results of
GaN/AlGaN  MQW  with
various QW thickness
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