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Room temperature micro-Raman investigations of LO phonon and LO phonon-plasmon coupling is
used to study the As outgassing mechanism and the disordering effects induced by ion implantation
in Zn-doped GaAs with nominal doping levek 7 x 10'8 cm™3. The relative intensity of these two
peaks is measured right after rapid vacuum thermal annediR\gBA) between 200 and 450 °C,

or after ion implantations carried out at energies of 40 keV withdnd at 90 and 170 keV with

As’. These intensities provide information regarding the Schottky barrier formation near the sample
surface. Namely, the Raman signature of the depletion layer formation resulting from As desorption
is clearly observed in samples submitted to RVTA above 300 °C, and the depletion layer depths
measured in ion implanted GaAs:Zn are consistent with the damage profiles obtained through
Monte Carlo simulations. lon channeling effects, maximized for a tilt angle set to 45° during
implantation, are also investigated. These results show that the Raman spectroscopy is a versatile
tool to study the defects induced by postgrowth processes in multilayered heterostructures, with
probing range of about 100 nm in GaAs-based material20@4 American Institute of Physics

[DOI: 10.1063/1.1803615

I. INTRODUCTION involved in the Schottky barrier formation, and to measure
the range of the damage these mechanisms generate near the

Raman spectroscopy is a powerful nondestructive techsample surface. First, the evolution of the depletion layer

nique used to study the variation of crystallinity in 1ll-V depth observed in RVTA-processed samples is analyzed in

semiconductors after rapid thermal annealfifigecrystalliz-  terms of surface reconstruction and desorption effécts.

ing processed,ion beam etching,and ion implantatiod®  Second, we investigate unannealeti @hd As implanted

Many Raman scattering measurements performedt iand  materials with different ion beam energies, where tilt angles

p-type materials have put the emphasis on the longitudinalvere set to 7° and 45°, in order to minimize or to maximize

vibration of the carrier plasma which couples with the LO the ion channeling, respectively. These measurements are fi-

phonon via the macroscopic electric field to form a phonon-nally compared to the damage profile calculated usiRy

like LO phonon-plasmon coupling.OPC) mode. Such a 2003 Monte Carlo simulations.

mechanism has been studiedpitype GaAs as a function of

different carbor, silicon? beryllium?*° and zind* doping  Il. EXPERIMENTS

levels. These previous reports have shown that the relative The RVTA of unimplanted samples were performed dur-
integrated areas of the LO phonon bafids) and the LOPC ing 60 s at 10 mbar, with annealing temperatures varying

bands(l opc) can directly be connected to the free carrierqyeen 200 and 400 °C. lon implantations have been car-
concentration located in the Raman probed volume, thus al;

: : X ) > “fied out atT=20 °C using a Tandetron acceleratot. Were
lowing one to estimate the depletion layer depth in the V|C|n-|mp|amed with ion beam energies of 40 keV, and" Asns
ity of the sample surface. ’

were implanted into GaAs:Zn with incident energies of 90

In thi58 paper, we present micro-Raman investigation ofynq 170 keV. For each of these implantations, the tilt angles
p=7x10cm™ Zn-doped (100 GaAs substrates after ere set at 7° and 45° with a precision ®2°. To avoid

rapid vacuum thermal annealingRVTA) or after ion im-  4norphization, which occurs at lower thresholds for this
plantations. We show that this experimental technique Cafnplant temperatur®® the fluences were restricted to
provide both quantitative and qualitative information regard-113 jons/cn? and 162 ions/cn? for Pt and Ag, respec-

ing the defects induced by these two postgrowth processegyely.

The measurements of theol I opc ratio between 200 and One cm? resolution micro-Raman studies were carried
400 cm™* are obtained with the help of the data reported byoyt at room temperature in treéxy)z backscattering geom-
Irmer et al. for heavily dopedp-type GaAs with low carrier  etry, using a LABRAM-800 confocal system equipped with a
mobility.” Our results enable us to study the mechanismsjtrogen-cooled charge-coupled device detector and a
50X microscope lens. A514.5 nm Ar laser line focused on a
dElectronic mail: dbarba@physique.usherb.ca diameter spot of few microns and polarized perpendicular to
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FIG. 1. Raman signature of reference unannealed GaAs:Zn matréaid Anneal (OC)

vacuum annealed samples during 60 Sa50 °C(b), T=300 °C(c), T
=350 °C(d) and T=400 °C (e). The solid lines are the sum of the fitted L
: FIG. 2. Relative integrated area of the measured LO phonon and the LOPC
LOP hed | TO ph LO phonoguot . : . ! -
OPC (dashed lines TO phonon, and LO phonofiots bands mode (M) as a function of annealing temperature, with the corresponding
depletion depth(O) calculated from Eq(1). The data associated wifh

the (100 growth axis of the samples was used for excitation.=20 °C designate the unannealed material.
The laser power was kept at 30 mW to prevent sample heat-

Ing. 270-274 cmt, and the solid lines refer to the sum of TO
phonon, LO phonon, and LOPC bands. The corresponding
IIl. RESULTS AND DISCUSSION I o/l opcratios and depletion depths are estimated using Eq.
A. Raman analysis lei;agd reported as a function of the annealing temperature in
Since GaAs belongs to the point group of symméigy The observation of Raman signal at the TO frequency is

only the LO phonon and the LOPC excitation are dipoleassociated with disorder effects resulting from Zn doping and
allowed in thez(xy)z optical configuration. The depths ex- so-called forbidden TO-phonon scatteritigThe measured
plored by the Raman probe are 60 nm for confocal hole diwave numbers and bandwidths of TO phonon, LO phonon,
ameterh=0.5 mm, and of~100 nm forh=1.0 mm*®*’ and LOPC bands are close to those reported by lehat*
Our estimation of the depletion layer depth is based orin p=7.2x 10'® cm™® GaAs:Zn. The constant energy posi-
the Schottky model, assuming that the carrier concentratiotion of the TO phonon and LO phonon lines indicates low
abruptly rises to the bulk value at a distarcaway from the  contamination effects resulting from RVTA. On the other

sample surface. According to Ref. 11, this value can be dehand the LOPC energy softening observed in the samples

duced from Raman measurements using the relation annealed above 300° C denotes a significant reduction of the
S A carrier mobility in these materials due to the generation of
d= Eln(l + ;O> , (1)  defects within the structurg.

The vacuum heating of GaAs leads to surface recon-
where & corresponds to the penetration depth of the laseBtruction and outgassing effects, which promote the forma-
light with wavelengthh =514.5 nm, extracted from Ref. 16, tion of extended defects in the vicinity of the sample surface.
A is the measured ratio of the peak integrated intensityuch mechanisms have been studied by means of atomic
lLo/lLope andA, refers to the o/l opc areas ratio calcu- force microscopy? low-energy electron diffraction measure-
lated in pure GaAs, given in Ref. 11. ments, and Auger electron spectrosc@)gpyfhese previous
reports have allowed the authors to describe the surface re-
construction processes induced by thermal annealings per-
formed up to about 350 °C, showing that the As atoms are
Figure 1 shows the Raman spectra between 240 andisplaced outward and the Ga atoms inward with respect to
310 cni?! of unimplanted GaAs: Zn, for an unannealed refer-the bulk. AboveT=350 °C, it has been established that both
ence sample and for samples annealed at 250, 300, 350, aAd and Ga atoms desorb from the substrate. However, this
400 °C. This set of measurements was obtained by using process favors the generation of As vacancies in the upper
=1 mm, in order to probe the effects induced by RVTA in thelayers of the sample, due to the higher desorption rate of As
first 100 nm of the materials. The dotted lines denote thewvith respect to Ga between 300 and 600 ®This scenario
fitted forbidden TO and allowed LO phonons bands, ob-is consistent with the data reported in Fig. 2. Indeed, the
served at 269 and 290 ch respectively. The dashed lines decrease of the depletion depths from 10 nm in unannealed
identify the LOPC mode, with energy ranging sampleto 7.8 nminvacuum annealed samples at 250 °C can

B. Vacuum thermal annealed GaAs:Zn
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FIG. 4. Room temperature Raman spectra of Asplanted GaAs:Zn at

FIG. 3. Room temperature Raman spectra dfifiplanted GaAs:Zn at 90 keV with tilt angles set to 7¢a) and 45°(b).

40 keV with tilt angles set to 7¢a) and 45°(b).

be connected to the displacement of the As donors towarly @ LO phonon softening of 2 crhresulting from ion in-
the sample surface. On the other hand, the presence of Aorporation within the structure. This energsy.sh|fE is very
vacancies excess, resulting from preponderant As desorptid©Se (0 the value reported by Ashokal% al” in nFj? im-
during RVTA performed between 300 and 400 °C, agreedlanted GaAs at 70 keV with fluence of tGons/cnt.

with the increase of depletion depths from 7.6 to 10.2 nm in € depletion depths deduced from the measured
this temperature rang&ig. 2). I o/l opcratios are reported in the third and fifth columns of

Table | with a few nanometers accuracy. These experimental
values compare well with therim calculations, giving the
average penetration depRy of implanted ions in GaAs for
Figures 3 and 4 illustrate measurements obtained in theorresponding ion beam energy and tilt angle, in fourth and
240-320 crit spectral range using confocal hola  sixth columns of Table I. Although theriM simulations do
=0.5 mm and Fig. 5 witth=1.0 mm, so that most of the not include ion channeling effectdwhich increase the lon-
damage induced by the different ion implantations is locatedjitudinal path of implanted ions within the tardétdiscrep-
in the Raman probed volume. Figure@3and 3b) corre-  ancies of less than 8 nm are observed between measurements
spond to P implanted materials at 40 keV, with tilt angles and calculations. We note that the depletion layer depths are
equal to 7°(a) and 45°(b), whereas Figs.(@) and 4b) and  slightly smaller than expected for the 45° implant angle, thus
Figs. Ha) and %b) report on Raman spectra recorded in"As showing the negligible contribution of channeled ions to the
implanted material at 90 and 170 keV, respectively. Theexperimental data. These remarks suggest that the formation
solid line designates the fitted spectra, which includes thef a large depletion layer below the sample surface is mainly
contribution of TO phonon band at 265 cmLO phonon  connected to the range of defects arising from nuclear colli-
band at 289 cnt, and LOPC mode around 285 ¢hn sions between host atoms and incident ions, rather than to the
All these Raman spectra exhibit a drastic enhancemergpatial distribution of implanted ions. According to electrical
of the | o/ I+ ratio by a factor of up to 10 with respect to the conductivity measurements of ZnS*, and N implanted
unimplanted sampleg-ig. 1). Such an increase is associated GaAs?? such a feature is due to the trapping of free carriers
with impurity-induced Raman scatteriﬁ%and accompanied by atoms displaced from their original site. We conjecture

C. lon implanted GaAs:Zn
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V. CONCLUSION

Raman experiments carried out in the 240-320%m
spectral range were used to investigate the defects generated
by As outgassing in vacuum thermal annealpeype
GaAs:Zn between 250 and 450 °C. We have shown that the
measurements of depletion layer depths agree with the ex-
pected changes of local free carrier density resulting from As
atom displacements and desorption during RVTA.

We have also studied the crystal disorder associated with
P* and AsS implantations performed at different ion beam
energies and tilt angles ip=7x 10® cm™® GaAs:Zn. The
spectral signature of LO phonon and LOPC mode have al-
lowed us to probe the damaged layers located up to 90 nm
within the substrate. Our results make the Raman technique a
simple and accurate technique to measure the range of de-
fects induced by nuclear collisions during low-energy ion
implantation.

Raman intensity (arb. units)
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