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Local vibrational modes based on Si implanted in GaAs were studied by laser

Raman spectroscopy.

From the dependence of intensities of the local modes due to Si

at As sites and pairs of Si at Ga sites and As sites on annealing temperature, Si are
considered to occupy As sites with annealing at a temperature lower than 550°C and Ga

sites at higher than 550°C accompanying generation of carriers.

Depth profiles of

the local mode intensities and carrier concentration obtained after annealing at 850°
C indicate that Si at As sites prevent generation of carriers and Si at Ga sites have
no contribution to generation of carriers if they form pairs with nearest neighbor Si

at As sites.

§1. Introduction

Mechanism of electrical activation of impuri-
ties implanted into gallium arsenide has not been
made clear especially in the case of amphoteric

impurities such as silicon.(l’z)

It is necessary
at least to know lattice sites of the impurities
in order to make clear the mechanism. Impurities
such as P, Al, and Si in GaAs are known to acti-

(3-8) Vibration-

vate localized vibrational modes.
al energy of the mode for the light impurity is
extremely localized and generally extends over
less than one lattice constant. Local modes,
therefore, provide important informations on
impurity-site distributions and local environment
of the implanted species.

Many studies on infrared absorption have

reported local vibrational modes of Si in GaAs.(B-

2 Depth profile of implanted Si in lattice
sites, however, has not been obtained and hence no
apparent correlation with electrical activation by
annealing has been shown by the measurement of
infrared absorption. Sensitivity of infrared
absorption method is not high enough to discuss
change of the local mode through the depth. On
the other hand, Raman spectroscopy using a laser
beam of a relatively shorter wavelength such as
Ar+ laser is very useful to measure depth profile
of local mode intensity because a depth measured
by the method is as small as several hundred

9

angstroms.

177

In this paper, the depth profiles of the
local vibrational modes from implanted Si in GaAs
and the carrier concentration measured by laser
Raman spectroscopy will be reported. In addition,
correlation between the local modes and longitudi-
nal optical phonons appearing with annealing will

be shown.

§2. Experiment
The samples were Cr-doped semi-insulating
(100)GaAs implanted with Si ions to a dose ranging

from 110 to 1x10*®m™2 at 175Kev followed by
annealing at a temperature between 200 and 550°C
with no surface encapsulant and at 850°C with CVD
SiO2 film. Some samples were etched with a solu-
tion of 200 H,0:5 NH,OH:1 H,0
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the depth profile of the local mode intensity and

at 24°C to study
the carrier concentration. The Raman spectra were
measured in a quasi-backscattering geometry with a
514.5nm line of an Ar+ laser whose penetration
depth into GaAs is estimated to be less than 100
nm. In the configuration, the direction of propa-
gation of the incident beam was at an angle of
about 40° with respect to the normal against the
sample surface. The electric vector of the ineci-
dent beam was polarized in the plane of incidence
(H) and the scattered light was unanalyzed (U) or

perpendicular to the plane of incidence (V).



§3. Results and Discussion
Figure 1 shows Raman spectra from GaAs im-
15 and l><1016

A strong

planted with Si ions to doses 2x10
em 2 followed by annealing at 550°C.

peak at 292cmf1 and a weak peak at 268cm_1 are the
L0 and TO phonons at the I' point, respectively.
A broad shoulder from 300 to 480cnrl

peak from 510 to 540(::11-l are based on the second

(10)

and a broad

order Raman scattering.
390cm

of Si, is local modes of lattice site Si in GaAs.

A sharp peak at about

l, whose intensity increases with the dose

Figure 2 shows Raman spectra of the local
modes from Si implanted GaAs before and after
The local mode

appeared only after anmealing at a

annealing at various temperatures.
at 390cnfl
temperature higher than 200°C at which the 1O
phonon intensity started to increase due to

(11)

recrystallization of damaged structure. The

intensity of the local mode at 390cm_'l increased
with annealing temperature from 200 to 550°C and
was nearly constant after annealing above 550°C.
It means that the implanted silicon atoms occupy
the substitutional sites with structural recovery
Electrical activation, however,

It is well

due to annealing.
has not been obtained at the point.
known that annealing above 800°C is required to
obtain the enough activation of implanted Si. We
studied, therefore, changes of the local vibra-
tional mode with annealing at a temperature
between 550 and 850°C. Figure 3 shows Raman
spectra in the spectral range in which the local
modes appear with amnealing. In order to elimi-
nated the influence of second order Raman spectra
(1) Raman measurements were performed under HV
configuration, that is, the incident and scattered
lights were polarized to horizontal and vertical
to the incident plane, respectively.

According to the assignment of local vibra-
tional modes in infrared absorption spectra which

(5,6) the local vibrational fre-

measured at 77K,
quencies of Si at Ga site (SiGa)’ As site (SiAs)’
=81
a

1, respectively.

and nearest-neighbor Si, pairs are 384, 399

and 393cm

As
To interpolate the

frequencies of the local mode in Fig. 3 which were
measured at room temperature to those at 77K,
temperature dependence of Raman frequencies were
measured between room temperature and 77K. The

frequencies based on the local modes and the LO
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Raman spectra of the local modes and the

L0 phonon from Si implanted GaAs before (a) and
after annealing at 200°C (b), 300°C (c), 550°C

(d), and 850°C (e).
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phonon decreased linearly at -0.018cm_1/K with

increase in temperature. The linear dependence of | T

Sits  SicaSias  Siga

]
GaAs:Si

the LO phonon frequency has been ensured by Chang
et al. below SOK.(IZ) Assuming that frequencies
of the LO phonon and the local modes have a tem-
perature dependence -0.018cm_1/K below room tem-
perature, three peaks at 380, 396 and 391cnf1 in

Fig. 3 are shown to be identical to the modes due

850°C

A,

550°C

1
, i e ; 380 360
that Si take arsenic sites with annealing at a R A MAN SHIFT (cm.1)

relatively lower temperature while concentration

to SlGa’ SIAS

respectively.

and the SiGa—Si pairs at 77K,

As
It is clear from Fig. 3 that the intensity of
the SiAs mode remains nearly constant after an-

nealing above 550°C as previously described while

RAMAN INTENSITY(arb units)

that of the Si_, -Si mode increases with anneal-
Ga As

1
ing temperature up to 850°C. The results means AOO

of 8i in gallium sites increases with annealing at » F
1in g u HEheds g Fig. 3. Assignment of the local vibrational modes

a temperature higher than 550°C. That is, carrier .
P g ’ in the Raman spectra measured after annealing

concentration increases with that of Si in gallium at 550 and 850°C.

sites. Intensity of the SiGa mode was too weak to
be discussed its change.
Role of Si at various sites on electrical

activation can be made clear by comparing depth

—

1 I I T T T T 102‘

LOCAL MODE s
OE; SiaSiss

profiles of local mode intensities and carrier

concentration. Figure 4 shows depth profiles of

relative intensities of the SlAs and SlGa--S1AS 10_1 _102qn
modes to the LO phonon of the semi-insulating GaAs lE
before implantation, carrier concentration, and %F' '3
concentration of Si calculated according to the 2

10 M10°%

LSS theory in the case that Si-implanted GaAs was
annealed at 850°C for 15 min. The plotted data of

local mode intensities are those obtained at the

=
{3
w

plotted positions. Therefore the peak position,

where the intensity of the 81, mode is maximum, _

CARRIER
CONCENTRATION

is in slightly deeper region because penetration

S 5
CONCENTRATIO

depth of the incident laser beam is about several
hundred angstroms. The carrier concentration was

estimated by measuring relative intensity of the

NORMALIZED LOCAL MODE INTENSITY

LO phonon because the relation between the rela-

o

1 1 1
tive intensity of the LO phonon and carrier D .E P T H ( fT.]?
concentration for n-GaAs is determined definitely }J
by experiment. The theoretical profile of Si was Fig. 4. Depth profiles of the relative intensi-
calculated by assuming the simple diffusion mecha- elsa &F tha SiAs s SiGa"SiAS modes to the LO

nism in which the diffusion coefficient of Si in phonon of the semi-insulating GaAs before

-13 2 (13)
GaAs at 850°C was taken as 1x10 cm/sec. implantation, carrier concentrations, and

The carrier concentration decreases near the . . :
€ concentration of Si caluculated according to

surface and a dip is observed at a position where the LSS theory.
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the intensity of the Si, mode has a maximum. The

As
carrier concentration increases again with
decrease in the SiAs intensity. It means that Si
at arsenic sites prevent generation of carriers.

The intensity of the Si

-Si mode decreases also

Ga As
with increase in the carrier concentration
although its depth profile has no peak near the
surface. The result indicates that silicon pairs
in gallium and arsenic sites have at least no
contribution to generation of carriers although it
means increase in Si in gallium sites accompanying
increase in carriers. The reason that the curve
of the SiGa—SiAs pair mode is rather flat is spec-
ulated that it is determined by the diffusion of
gallium vacancy(la) from the suface with anneal-
ing.

In addition to the influence of SiAs and
SiGa_SiAs pairs other effects such as point de-

fects introduced by implantation(ls)
(18)

and redistri-
bution of Cr are considered to have some roles
in forming the profile of carrier concentration.
Although it is necessary to analyze in detail
profiles of the local modes and carrier concentra-
tion in the deeper region where effects of defects
introduced at the surface and redistribution of Cr
can be neglected, intensities of the local modes

are too weak to be discussed.

84, Conclusion
Local vibrational modes of substitutional Si
in GaAs on Raman spectra were observed for the
first time. Local mode based on Si at arsenic
sites SiAs
annealing at relatively low temperatures.

appeared with structural recovery by
On the
other, local mode due to silicon pairs at gallium
and arsenic sites SiGa—SiAS appeared only after
annealing at temperatures higher than 550°C.

Intensity of the Si —SiAS pair mode increased

Ga

with annealing temperature while that ef the SiAS

mode remained constant. Increase in carrier
concentration occured also after annealing at
higher than 550°C. The results means that im-
planted Si occupy arsenic sites by annealing at
relatively low temperatures and occupy gallium
sites at relatively high temperatures.

It was made clear from the depth profiles of
the local modes and carrier concentration that Si

at arsenic sites prevent generation of carriers
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and those at gallium sites have no contribution
to generation of carriers if they form pairs with

Si at arsenic sites. However, increase in pairs

of 81 at gallium and arsenic sites accompanying
increase in carrier concentration indicates that
Si at gallium sites without forming pairs with
those at arsenic sites are sources of carriers.
The authors wish to thank Dr. H. Nishi,
Fujitsu Laboratories Limited, for his supply of

the samples and helpful discussions.
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