Vol. 26  Supplement

26
2005 6 CHINESE JOURNAL OF SEMICONDUCTORS June, 2005
MBE InGaNAs
*
( . 100083)
: , MBE InGaNAs
,In-Ga N-As spinodal N In In—N , InGaNAs
9 PI4
. InGaNAs; ; spinodal
PACC. 8140; 6855; 9850E
: TN304. 054 : 0253-4177(2005)S0-0036-03
NAs
14
1 |, RTPL j
1'0- InGaNAs QW /% 900 annealed
,InGaNAs GaAs 1.3 Z osl i
> i ; H
~1.55um Z 06 S
E o4f S
N As J ' as-grown
02 Pl
In InGaAs/ 1050 1100 1150 1200 1250
Wavelength/nm
GaAs ) N
1 900°C 5s InGaNAS/GaAs PL
Fig.1 PL spectra of as-grown InGaNAs/GaAs quan-
tum well and after annealed at 900°C for 5s
2
1 In,. 5 Gay ;-No. ot Asg o9 /GaAs 3
PL VG-80H MKII
MBE N GaAs(001) InGaNAs MBE ,
’ 900°C 5s. . . As s
InGaNAs/GaAs PL ) I vV
, s PL Ga—As,
) In—As,Ga—N,In—N ,
X b b
PL InGa-
* ( :90201026) :2002AA312080)
2004-09-27 ,2004-11-08 ©2005



MBE

InGaNAs 37

spinodal [1J. Spinodal

(In x=

y = 0.01 ~ 0.02)

1. Spl’n
O. 3 it O. 47 N
In‘,Ga] I’Ny AS]

B spinodal

InGaNAs Helmholtz

[1]:
f(xsy) = xyplon + (1 — y) pihaas +
(1 — ) yplan + (1 —2) (1 — 3) plsons +
21 — ) yanvcan T 2y (1 — yanaccn +
(1 —2) (1 — Yanaccs T
(1 —2)y(1 — ¥)aciascan T
RT[zlnx + (1 — 2)In(1 — 2) +

ylny + (1 — W In(1 — )]+ up @b)
s s
valence-force-field s R T
. Up
s up = v X
(eq *clg)(c“—|—c1g)(a*as)2, @ a
1 a,
InGaNAs  GaAs 5 C11 5 C12
azf(.r,y‘)azf(x,y) BN ATk M 0
dx*dy* [ dxdy ]
spinodal T..
2
, (~450°C)H
(625~900°C) , spi-
nodal . ) VAs
s , spinodal
, spinodal . 3
700°C .InGaNAs In
InGaAs PL )
PL . InGaAs
PL In-Ga S
,InGaNAs In-
GaAs, In-Ga ,
N-As
Spinodal ,
0x 0y

2000

1900
1800

1700

T/K

1600}
1500
1400} 0.01

]300 1 1 1 1
0.30 0.32 0.34 0.36 0.38 0.40

Indium content

2 InGaNAs spinodal
Fig. 2 Calculated characteristic spinodal decomposition
temperatures of InGaNAs alloys with different indium

and nitrogen contents

1180
1178F
1176
_E} 1172
R p
o
=
1 1 1 1 1 1 1
0 5 10 15 20 25 30
Time/min
3 In InGaNAs  InGaAs 700°C
PL
Fig. 3 Annecaling temperature dependence of PL peak

InGaAs/GaAs and InGaNAs/GaAs

wavelength of

quantum wells with the same indium content

In N ’

¥, f(x — %(‘)\x vy — %aw — flray) (D)

Y1572 1 =177,. Y=
Y2 s 2) .
of = L x TS (5yye
2 dx
I flxsy) s 1 7 flx,y) 2
Toxdy oxdy + 5 X Tondy oy)* (3
dx Oy
20X 50y
(72f(.’r,y)
7(7133/ (1)
0~1000°C 0.
’ 8.T é\y ’
, spinod-

al



38

26

,spinodal
In N

In—N

In ,
. Ab initio
InGaNAs
[3] .
PL

spinodal

,In
spinodal
, N
N In
N Ga

InGaNAs/GaAs
InGaNAs

] N In

[1]

Lz]

[3]

Asomoza R,Elyukhin V A,Pena-Sierra R. Spinodal decompo-
sition range of In,Ga;—, N,As;—, alloys. Appl Phys Lett,
2002,81:1785

Pan Z,Li L. H,Zhang W ,et al. Effect of rapid thermal annea-
ling on GalnNAs/GaAs quantum wells grown by plasma-as-
sisted molecular-beam epitaxy. Appl Phys Lett,2000,77(9) .
28

Kim K,Zunger A. Spatial correlations in GalnAsN alloys and
their effects on band-gap enhancement and electron localiza-

tion. Phys Rev Lett,2001,86:2609

Thermal Annealing Induced Structure Change in MBE Grown InGaNAs
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Abstract: A miscibility gap exists in the InGaNAs/GaAs system resulting in spinodal-like decomposition of the alloy; that is,

there exists a range of composition and temperatures in which the solid solutions are unstable. During thermal annealing, spinod-

al decomposition is thermally activated and it is energetically favorable for InGaNAs alloys homogeneously grown by MBE for

1. 3um emission to decompose into In-N- and Ga-As-rich regions according to our theoretical analysis based on the regular solu-

tion model.
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