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1. Introduction.

Gads 1s an important material for microwave and optoelec-
tronlc device applications. Dopant implantation in Gads sub-
strates 1s a widely used technique for preparing electrically
active layers. However, p-type dopants are usually characte-
rired by a low electrical activation efficiency. The dual
implantation technique proves to promote the higher activa-
tion degree of the dopants (11. The influence of coimplanta-
ilon upcon the behaviour of p-type dopants In GaAs has been
Investigated earlier using the Hall-effect measurements
(1,2]. Another nondestructive method aimed to determine the
doping level of the material 1s Raman scattering (RS) by
phonon-plasmon coupled modes (LOPC) (3,4]1. This repert illus-
trates the use of RS for simultaneous moniforing the lattice
recovery and evaluating the electrical characteristics after
thermal annealing of Zn+-implanted Gads coimplanted with As®
and Ar' ions.

2. Experimental.‘

LEC-grown semilnsulating (10Q)-oriented GaAs single crys-
tals have been employed. The crystal parameters, ion implan-
tation, annealing and layer removing procedures have been
described earlier {21. The RS spectra have been measured at
300 K by an automatic set-up based on the DFS-52 spectrometer
The penetration depth of
bulk of GaAs at 300 K.
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sample with the spectra of 5.10'% em™ and 5.10'4 cem™@ znt
implanted crystals. The spectra of samples ammealed at
Ty = 500 “C practically coincide with the spectrum of unim-
planted crystals. This indicates that for the annealing tem-
perature higher than 500 °C the recovery of the crystal lat-
tlce occurs. In the unimplanted sample (Fig.!), only a sharp
Jongitudinal optical (LO) phonon line at 292 cm™’ is present.
in the Zn’ implanted samples, the 10 peak 1s broadened and
shirted towards Ilower Ifrequencies. In addition to the IO
veak, the forbldden in this geometry TO peak as well as three
broad bands located around 7O, 180 and 250 cm™' emerge. The
Jatier bands are known to originate from amorphous GaAs.

Now we will present the results ol the RS investigation of
dual implanted GaAs crystals for T = 700 °c. It 13 to be
noted that the RS spectra of all n’ 1mplanted as well as As”
or Art colmplanted samples (with the only exception for
50102 em™® as'/Zn® implanted crystals after 0.1 um layer
-removing) are similar to the unimplanted reference one. In

Loour opinion these data Indicate the activation efficlency of

The dopant and the carrier mobility to be low near the sur-
Tace of the crystal layers, explored by the Raman probe.

The RS spectrum for the As*/Zn™ implanted crystals at the
5:10'% em™® dose after 0.1 um layer removing 1s presented in
¥lg.2. One can observe that the L0 band undergoes a sudden
modification with a pronounced asymmetrical broadening. ILight
scattering by 10 phonon -plasmon couplpd modes seems to be the
reagon ror such a behaviour. The peculiarities of coupling
petween the LO phonon and plasmon modes are now well under-
stood in the 1light of earlier studies (see, for example,
{21). On the basis of the LOPC analysils, .one can conclude
ihat the band width Increase of the LO peak observed in Fig.Z
ie due to the presence of an overdamped single coupled mode
Jocated in the vicinity of pure LO Ifrequency. We also have. to
iake Into account surface space-charge effects. In the surfa-
ce region the free Parrig;a re~forced to move towards the

bulk leaving depleted m@&%wﬂﬂﬁﬁb 10 vibratlons are now

decoupled from the plagm@ﬁ te to a pure "unscree-
ned" LC signal.
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Table 1. "Best-fit" parameters obtained for the LOPC.
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(8] were performed for the LOPC contribution and ILorentzian
forms for unscreened L0 signal. The result for such an analy-
sis 1s given in Fig.2. The best fit results are the follo-
wing: w10=292‘cm", 1,04 cm™! for the 10 mode and u5=305
em™', I,=415 cm ' for the plasmon parameters. Using this o
value and the effective mass of holes m* = 0.378.m 141, the
Iree carrier density is deduced N, = 3.3:10'® em™. The eva-
luation of carrier mobility can be performed 1f one assumes
that the average scattering relaxation time T of the carrier
may be taken equal to (Pp)"1. The mobllity is then given by
u=e/(m*'Pp). In our case from the I value of 415 cm™' the
carrier mobility is deduced u = 59 ¢m?/(V.s).

The RS spectra for the 5.10'% em™2 implanted dose are pre-
sented in Fig.3 and Fig.4 for the 0.2 pm and 0.3 um layer
removing respectively. The best fit results obtained using
the above mentioned fitting procedure are presented in Table
1. As 1t 1s seen from this table the activation efficiency of
In-impurity implanted 1n GzAs single crystals 1s considerably
increased by As® co-implantation.” The maximal activation
efficiency has been registered for the 0.2 um depth. To
obtain more narrow impurity profiles, rapid thermal annealing
appears 1o be required. ' ,

Thus, RS proves to be a very valuable nondestruciive and
contactless technique for monitoring the lattice perfection
recovery and evaluating the electrical characteristics of ion
implanted GaAs layers. ‘
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