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Abstract|We report on the e ect of rapid thermal annealing on GaAs xNx (x = 0.1%, 0.5% and 1.5%) layers grown
(RTA) on GaAs; xNx layers, grown by molecular beam epi- by molecular beam epitaxy (MBE) on GaAs substrate. The
taxy (MBE), using room temperature spectroscopic ellipsom  study will lead us to accurately determine the RTA e ect
etry (SE). A comparative study was carried out on a set of  on the samples, using the tting analytic line shapes to
GaAs «Nx as-grown and the RTA samples with small nitro-  he gielectric function imaginary part second derivatjves
gen content & = 0.1%, 0.5% and 1.5%). Thanks to the stan- by the way of the critical points parameters (broadenings

dard critical point model parameterization of the GaAs; xNx . 0 .
extracted dielectric functions, we have determined the RTA ci,pggae%e@ and amplitudesiy, Ap1, Ag, Ag) nitrogen

e ect, and its nitrogen dependence. We have found that RTA

a ects more samples with high nitrogen content. In addi-

tion, RTA is found to decrease theE; energy nitrogen blue- .

shift and increase the broadening parameters ok, E; + Dy, 2. Expe”ment

EQ and E; critical points.

The study is based on GaAsNy (x = 0.1%, 0.5% and

1.5%) samples grown on (001) GaAs substrate by MBE

equipped with a radio-frequency (RF) plasma as nitrogen

source. The samples consist of a GaAs bu er layer and

a 0.1{0.2 nm GaAs xNx layers grown at 45@. Rapid

. thermal annealing was performed for 90 s under dv

1. Introduction ambient at 680C. The crystal quality and the nitrogen con-

tent of the samples were determined from HRXRD mea-

Recently, the nitrogen containing GaAs alloys are inten-surements.

sively studied since these semiconductors have a promisingpectroscopic ellipsometry measurements were performed

potential for optoelectronic device applications due ®ith at room temperature using an automatic ellipsometer SO-

unique electronic and optical properties especially in thePRA GES5. The system uses a 75 W xenon lamp, a rotating

telecommunication wavelength range [1]{[3]. However, an polarizer, an autotracking analyzer, a double monochroma-

increase in nitrogen incorporation needed to achieve the detor, and a photomultiplier tube as detector. Data were col-

sired bandgap energy, has been found to cause a degradacted in the 1.6{5.5 eV energy range with a step of 5 meV,

tion in the material quality [4]{[6]. Post-growth treatmtsn  at incidence angle of 75 Spectroscopic ellipsometry de-

such as rapid thermal annealing (RTA), on GaAdlx termines the complex re ectance ratiode ned in terms

materials were largely studied using either photolumines-of the standard ellipsometric parametgrsand D as

cence (PL) [7], [8] or high-resolution X-ray diraction

(HRXRD) [9] in order to improve the material quality. r= ' _ ( tany)eiD; (1)

However, an undesirable e ect is often induced: a shift to- fs

ward the blue of the emission peak is observable as RTANhererp andrs are the re ection coe cients for light po-

proceeds. In previous works, spectroscopic ellipsometryarized parallel p) and perpendiculars| to the sample's
(SE) was used for the GaAsN material to investigate theplane of incidence, respectively.

nitrogen e ect on GaAs host matrix [10], [11]. Very re-

cently, Pulzara-Morat al. [12] studied the growth tem-

perature (from 420 to 60C) e ect of GaAsN on GaAs 3. Results and Discussion

substrate by photore ectance (PR) spectroscopy and phase

modulated ellipsometry (PME), and established the corre-The imaginary parte, of the pseudo-dielectric function
sponding growth mode. In a previous work [12], we have spectra covering the photon energies range of 1.6{5.5 eV
reported results relative to RTA e ect on the GaAgNy: for rapid thermal annealed GaAsNy (x = 0.1%, 0.5%

the accurate optical constants, and the decrease of thand 1.5%) samples compared to the reference sample GaAs
E; transition energy nitrogen dependence. (x = 0.0%) and shifted for clarity, are plotted in Fig. 1.
In this work, we study the rapid thermal annealing e ect us- The pseudo-dielectric function is obtained by assuming the
ing room temperature spectroscopic ellipsometry techeiqu samples as bulk, and can be obtained by using an analytical

Keywords| GaAsy xNx, optical constants, optoelectronic de-
vice, rapid thermal annealing, semiconductors, spectrogic el-
lipsometry.
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relation to the experimentally measured data. This can b&Ve have analyzed the RTA e ect on the dielectric func-
used as a rough estimation of the nitrogen incorporatiortion e(E) = e (E)+ i &(E) which is closely related to the

e ectin GaAs, xNx. However, the nitrogen induced e ect material band-structure. An accurate determination of the
on our samples has already been studied [11] which waénterband transition energies (or critical points { CP'sasv

in good agreement with previous reports [10]. In Fig. 1,
four peaks are clearly observed at 2.9, 3.1, 4.5 and 4.8 e
which correspond, respectively, to tke, E; + Dy, E; and (a)

EJ transitions. | | ‘ |
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E
5
<
-500
GaAs |, N, forx=0.1%
2.5 3.0 35 4.0 4.5 5.0
Energy [eV]
| (b)
0 - — T T T T
s s S 1000 f E, E+A, E, E,
Photon energy [eV]
RTA
Fig. 1. Pseudo-dielectric function imaginary parts of the RTA | 500
GaAs, xNy layers compared to GaAs. The spectra of the samples 3
with x= 0:1%, 0.5% and 1.5% are shifted for clarity by 5, each. f;w
N; 0 -
. . s-grown
We have reported in a previous work [13] on the srow
GaAs xNx optical constants, that we accurately extracted|
using the Newton-Raphson method applied to the four{ -500 |
phase model (amblent_ {oxide { Ga@@NX layer { Ga_As GaAs . N, forx—05%
substrate), together with a conventional SE analysis. The L

oxide in the model used there was assumed to be the GaA 2.5 3.0 35 4.0 4.5 5.0
native oxide. The procedure was performed for both as- Energy [eV]

grown and RTA samples withx(= 0.1%, 0.5% and 1.5%). ©
We presented the refractive indices) (and absorption 1000 |- E, E+A
coe cients (k) of the as-grown and RTA GaAsyNy
(x = 0.1%, 0.5% and 1.5%) layers resulting from the RTA l
best- t model analysis. We have found that, in the visible 500

energy range, it appears that a small decrease of the r¢
fractive index ) of about 0.4 and 0.15, respectively, for
samples withx = 0.1% and 0.5% is noted by annealing.

d(e)/dE

However, an opposite largest e ect (increase of the refrac- As-grown

tive index of about 0.7) is observed for the sample with
the highest nitrogen contenx € 1:5%). For the absorp- 500 F .
tion coe cients (k), the same behavior is observed in the G e

. . . . aAs |, N, forx=1.5%
high energy side; an improvement of the absorption coef- e
cient by the annealing treatment is clear for the 1.5% ni- 25 3.0 35 4.0 45 50
trogen sample. These behaviors versus annealing can a Energy [eV]
low us to conclude that RTA seems to aect more the
highest nitrogen containing Gaf\sNx material, leading  Fig. 2. Second derivative of the dielectric function imagi-
to an improvement of the complex refractive index reach-nary parts for as-grown and after RTA GaAgNy samples:
ing the values of diluted GaAsxNy alloys (under 1% of  (a) x= 0:1%; (b) 0.5%; (c) 1.5%. Scatters (solid lines) refer
nitrogen). to experimental (best- t calculated) spectra.
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performed by tting analytic line shapes to the numeri- nitrogen composition, reaching about 10 meV for tBg
cally calculated dielectric function imaginary part sedon corresponding to the 1.5% sample. Lautenschlageal.
derivatives. For small nitrogen content, like in GaAs at in [14] studied the e ect of temperature on the broadening
room temperature [14], the derivative spectra in the vicin-parameters of GaAs; they have noted a linear increase for
ity of the critical points E;, E; + Dy, E» and Eg) can be temperatures above 300K.

assumed as two-dimensional line-shapes:

2o yh o 016 f T T T T T T T T T T
- 191 AETI(E Eg+iG) 2 ; @) 015 | ]
0.14 | ]

where: Aj is the amplitude of the critical pointy; its
energyG;j is a broadening parameter, ahga phase angle.

In Fig. 2 [13], the best-t calculated’e,(E)=dE? spec-
tra (solid lines) from Eq. (2) are compared to the numer-

Broadening I' [eV]
(=}
)

0.11 .
ically second-derivatives extracted results (scattesigu

. . 0.10 | .
the Levenberg-Marquardt regression algorithm. In order
to improve the quality of the t, peaksj) were tted si- 0.09 - .
multaneously by takind\;, Ecj, G; andf; as free param- 0.08 L - P

eters. 0 02
We have found [13] that the best-t critical point energies
show a very small dependencelf+ Dy, E, and E8 upon
annealing, however, a notable e ect on thg interband  Fig. 3. The broadening paramete®s andGp, for theE;, E;+ Dy
transition is observed: RTA decreases Hhenitrogen de-  critical points, respectively, versus N molar fractio(x = 0.1, 0.5
pendence. From the t curvatures that match well with the and 1.5%) for RTA samples. The symbols represent the resillts
extracted experimental results, we can also deduce the RTA(NG Eq. (2) to the second derivative of the experimentéstra.

e ect on the critical points amplitude; and broadening The.f.ull line represgnts the square-root-like dependelﬁ@ dhe
parameterss;. Tables 1 and 2 show the best- t broadening agdltlonal 0dashedllln(fa represents the nearly linear isered G
parameters@, Go1, G and &) for the Eq, E1+ Dy, EJ above 0.4% N molar fractio.

nd E; critical points, for as-grown and RTA N . . .
a 9 2 3 tical points, for as-grown and G_aAs( X Figure 3 represents the increase of the broadening param-
(x= 0:1%, 0.5% and 1.5%) samples. A clear increase of i for the RTA | it
the broadening parameters upon annealing is noted for each ersGy, Gp for the sampies Versus nitrogen con-
tentx. Both G and Gy, show_a root-square-like depen-
dence orx, following y= a+ b~ X and the corresponding
constant prefactora andb, obtained using the Levenberg-

Marquardt regression algorithm, are given in Table 3. We

04 06 08 1.0 12 14 16 18
N content x [%]

Table 1
The broadening parameters for the, E; + Dy, Eg andE,
critical points, for as-grown samples GaAgNy: x= 0:1,
0.5 and 1.5% (errors obtained from the tting procedure
are given in parentheses)

Table 3
Values for the constant prefactos ¢ndb) for th%
square-root-like dependence @f andGy; (y= a+ b X)

E[r;i/r]gy x= 0:1% x= 0:5% x= 1:5% and € andd) for the linear t (y= cx+ d) corresponding
G 0.088 (0.002) | 0.109 (0.002)| 0.120 (0.002) to the Eq, _E1+ D critical pomt.s (errors obtained from the
or 0.087 (0.003)| 0.097 (0.005)| 0.136 (0.007) tting procedure are given in parentheses)

e 0.122 (0.008) | 0.134 (0.007)| 0.182 (0.008) Param{ V] b [eV] ¢ [eV] d [eV]
G 0.164 (0.003) | 0.165 (0.003) | 0.187 (0.004) eter
G, |0.085 (0.004) 0.373 (0.046) 1.9 (0.2)| 0.103 (0.002
Table 2 Gpi | 0.064 (0.008) 0.672 (0.076) 3.5 (0.2)| 0.095 (0.002

The broadening parameters for the, E; + Dy, Eg andE,
critical points, for RTA samples GaAsyNy: x= 0:1, 0.5
and 1.5% (errors obtained from the tting procedure are

found that our results are in good agreements with the
work of Tishet al. [15] for GaAs xNx samples grown by

given in parentheses)
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metal organic vapor phase epitaxy (MOVPE). For N content

Energy below 0.4%, we note a strong increase of the b_roadening
[eV] x= 0:1% x= 0:5% x= 1:5% parameterss;, Gp; of about 10 meV per 0.1% nitrogen.
G 0.095 (0.001)) | 0.113 (0.002)| 0.129 (0.003) Howeyer, for hlgh_er nitrogen content, the broad_enmg lin-
or 0.089 (0.003) | 0.102 (0.005) | 0.149 (0.009) early increasesy(= cx+ d), ar_1d the (_:orrespondlng con-

stant prefactors and d, obtained using the Levenberg-
S 0.129 (0.009) | 0.150 (0.009) | 0.192 (0.009) Marquardt regression algorithm, are given in Table 3. For
& 0.165 (0.003) | 0.170 (0.003)| 0.190 (0.003) our MBE-grown GaAsg yNyx samples, the same trend of
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Fig. 4. GaAs Ny critical points amplitudes (af\;, (b) Apa,
(c) A8, and (d) A, versus nitrogen content (x = 0:1%, 0.5%
and 1.5%) results of tting Eq. (2) to the second derivative o
the experimental spectra for as-grown and RTA sampless hne
guides for eyes.
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the G, Gp; dependence versus nitrogen contgris ob-
served. We note that the linearly increase of (&g
(c= 3:5 eV) is more than that o5 (c= 1:9 eV). This
e ect was interpreted as the consequence of an assembly
of several closely spaced critical points of g+ Dy [15].

In Fig. 4 the critical points amplitudes\, Ap;, A8, andAy)
versus nitrogen content resulting from tting Eq. (2) to

the second derivative of the experimental spectra for as-
grown and RTA samples, are shown. The most notable ef-
fect in these representations is the increase of the ardplitu
of all the critical points A1, Apg, A8, andA,) after anneal-

ing for the highest nitrogen containing sampie=(1:5%).

We remind that the used dielectric functi@E) in the
standard critical point model is given by:

N h ) i
eE)= a C A€lin(E Ej+iG) ;
j=1

®3)

where the amplitudd\; is proportional toe(E).

These behaviors versus annealing can allow us to conclude,
like for the complex refractive index [13], that RTA seems
to a ect more the highest nitrogen containing GaAgNy
material. Consequently, the material degradation due to
high nitrogen content can be improved by RTA.

4. Conclusion

We have presented an analysis of the RTA eect on
GaAs xNy layers using room temperature SE. The study
was performed on a set of as-grown and RTA (€3@or

90 s) GaAs xNy (x= 0:1%, 0.5% and 1.5%) samples. We
have found that RTA post-growth treatment a ects more
the high containing nitrogen samples, leading to optical
parameters close to those of GaAs in terms of the stan-
dard critical point model applied to the complex dielectric
function: a decrease of thi; transition energy nitrogen
dependence, an increase of the critical points amplitude.
This behavior is interpreted as a better alloy uniformity
and nitrogen reorganization in the GaAgNy layers.
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