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Localized biexcitons in AlIGaN ternary alloy semiconductors
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Excitonic optical properties of Ga-rich Al;Ga, N ternary alloy epitaxial layers with aluminum compositions of
x =0.019, 0.038, 0.057, 0.077, and 0.092 have been studied by means of photoluminescence (PL), time-resolved
PL, and PL excitation spectroscopy. The luminescence line due to radiative recombination of biexcitons was

clearly observed for all of five samples. On the basis of two-photon absorption of biexcitons, a Stokes shift of

biexcitons and binding energy of biexcitons were determined quantitatively as a function of aluminum

composition. The biexciton localization due to alloy disorder resulted in a strong enhancement of the biexciton

binding energy.

Key Words: exciton, biexciton, localization, biexciton binding energy, Stokes shift, delocalization

1. [FC&HIC

MR ZE AL -5 R (InN, GaN, AIN) K& NZ DR
BRI, N Ry v T L= 0.7
~62 eV ThD I LDLIREN~AIERTH)
YETDRNT A A~DIGHP S LTS
BEIZ. GaN 1% In,Ga, N {E&h -5k 2 v 72
PERL—PREA LI TN D

$5}WMI%“C“E§)6 AlGa, N uzaajﬁ%ﬁ—( T, &
IA~TREESN D R fE IR A H N— LT D 2 &
HEEANFT NS Z~DISHNAHETH 5, FrIT
AlLGa, N BEFERD L H 72T A REy v 72
BRIZEBT DR 1%, KE R 76 =x v
X — R FRE LSO Z L b EmELOER)
FIRIERIE I R T 7 3 A A~D
JIEHDEIFRFCE 5,

S HIT, B ERhE #9%&% > DIIX
ARHNLHEE AR OIRIEIZH Y | Z DI
IEERIRE) 72 R M8 < 72 D BB AR I

X0 LHTEWVICKRE W, 205 O 3T
INA AEWEEFE FE ORI 2R3 0 | T3
ADEIRLEIE, KOEFmLICHFGFTLHZ &
DHIFFTX B,
L2y U, EEEOT A 2 hitd 7 2h 3R 2 i 3
ét&b IFERICB W TR RO 0 7 o
LtﬁEﬁTTkk&éoit\MQmm
(EEIE'EI#%MK TR EA L I LR T v
kaEB%#Tfﬁﬁtﬁxﬁﬁ%&@%ﬁ¥
FTIEREDORBEEZ T HZ ENEZX NS,
D=8, Z D JTEAL b 1 K OV 53 - D
TN IRNETHEL AT D UNER B D,
AR TIE, Al Mk B2 5 — 0
AlLGa N EMEEREEZ AT 7+ LIyt

A(PLYRIE., WER oM YCRIE, R USRI 75
ﬁﬂmmﬂm%ﬁw JETEE 43 D 3 e
IO WTEEEITH T,

NS e e Y e ey



30 (30)

2. RERAE

AL CTH W ALGa N B &b 8 FE X
MOCVD(metalorganic vapor phase epitaxy)iZiZ &
D77 AT IHMEIZ GaN Ny 7 7 E(lum) %
B S, ALGa N RS EBE (1 pm) %2 R S
b DTH D, ALAUEIE 1.9 %, 3.8 %, 5.7 %,
77 %, HR92%Th b,

BHAXT MLVOREIZIE Xe-Cl =F v~ L
— P FRIREE 308 nm, /L A1 2.5 ns, 0K
L JEHEL 100 Hz) &2 VY, i A2 S Lo flE
(Z1% Xe-Cl L — %Eﬂt@@;% L—¥E T,

RE B JEREIZIZE— R e v 7 Ti:ALO;
L— #&U%@ﬁiﬁ@éhk7iA%@%N
NVADE 3 EFAECGEIREERE 267 nm, /L A0E
200 fs, 0 i UJE#EL 250 kHz) % V7,

3. FMRLEE

4 112 Alg3sGagoeN IRERHERD 5 K IZH1T 5
PL A7 ML OJhE ST — BB RN 2 R,
A SEIRIT X Xe-Cl L—H Z iz, X 1 oA
T R EAETIREIEERX) D v — 7 R E THEAL
LTW5, b=V —8ER 0.011 kW/em?®
IZBUWT, PL AT hVIRNE 738 6(X) 2 K
BIThoTz, LovL, b= R X —EE OBk
NG SRS I QoY v IV S /NP
T2 IR BRI S, 11 kW/em? Tl XX
FEHMRNLEMNC I oTz, ZD L&, FIH{ X
D FE TR E (LS 78 7 — 55 FE (L )l2 % LT Ik
<l M LIFERIBITHER LTV A DITR L, %
Fekr XX OFHERE NI FIEL ST — T x LT
Ll &7 0 0 FERIBICER L T D Z R
bhotz, ZORNEH XX 13 Al #pktb 2 f
TAHREHZBWCHER SN,

¥ 2 12 Al o3sGagoeN IRALEED 8 K IZH51F 5
W3R PL A7 R V&4, PO AT |
S, LSV A A4 50 ps 525 500 ps £ TH
50 ps OIFRIFBETEIVHLIZ DO TH D, ¥ 2
X0 FEEHR XX IEhEE LT 559 50 ps 125
FEFRE DRI/, FIHR X L0 bR
LTWAHIZ ERbNDd, ZOLERNHE X LD
XX (X O B — R B BB 2 L T
BY. B X KO XX ORNFEMITTNEN
190 ps, 145 ps ThH o 7=,

25 OIEBIEN K O BIAE 5 2R\ B | F6E
XX IR TORTH D EEZLND Y,

Vol.56 No.1 (2005)

T v T T T T T
Aly.038Gag.962N

[kW/em?]
11

PL INTENSITY (arb. units)
T

0.90 |
i 028 |
0.051
0.011
C 1 N 1 N 1 N I ]
3.54 3.56 3.58 3.60
PHOTON ENERGY (eV)

Figure 1. Excitonic PL spectra at 5 K taken from an
A10A038Ga0962N epitaxial layer.
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Figure 2. Time-resolved PL spectra at 8§ K taken
from an A10'038Ga()‘962N epitaxial layer.
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Figure 3. PL decay-time constants of the X and XX
line (circles and squares, respectively) as a function
of Al composition.
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Figure 4. Energy separation, AE, between the X and
XX line as a function of Al composition. The inset
shows the spectral fitting of both the X and XX line
for the Alj33Gag 6N epitaxial layer.
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Figure 5. PLE spectra of excitons and biexcitons
(circles and squares, respectively) at 5 K taken from
an Al 033Gag 962N epitaxial layer.
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Figure 6. Biexciton binding energy Bxx and energy
separation AE (squares and circles, respectively) as
a function of Al composition.
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Figure 7. Ratio of biexciton binding energy relative
to exciton binding energy Bxx/Bx as a function of
Al composition in Al,Ga, N and AlGa,,As
epitaxial layers (circles and squares, respectively).
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Figure 8. (a) PL (solid line) and PLE (dashed line)
spectra at 5 K taken from an Al ¢33Gag 96;N epitaxial
layer. (b) PLE spectra of biexcitons.
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Figure 9. Stokes shift of excitons and biexcitons
(circles and squares, respectively) at 5 K as a
function of exciton linewidth in Al,Ga, N epitaxial
layers.
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Figure 10. Excitonic PL spectra from 5 K to 120 K
taken from an Al s7Gag 43N epitaxial layer.
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Figure 11. Energy separation, AE, between exciton
and biexciton emission line as a function of
temperature in Alg os7Gago43N epitaxial layer.
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Figure 12. Schematic representation of the

delocalization of excitons and biexcitons.
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Figure 13. Energy separation, AE, between exciton
and biexciton emission line as a function of
temperature in Al,Ga; N epitaxial layers with x =
0.019 (circles), x = 0.038 (inverse triangles), x =
0.057 (triangles), and x = 0.077 (squares).
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Figure 14. Localized and delocalized biexciton
binding energy (squares and circles, respectively) as
a function of Al composition in Al;Ga, N epitaxial
layers.
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function of exciton linewidth.
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