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In the present work, an analysis of the dark and optical capacitance transients obtained from
Schottky Au:GaAs barriers implanted with boron has been carried out by means of the
isothermal transient spectroscopy (ITS) and differential and optical ITS techniques. Unlike
deep level transient spectroscopy, the use of these techniques allows one to easily

distinguish contributions to the transients different from those of the usual deep trap emission
kinetics. The results obtained show the artificial creation of the EL2, EL6, and EL5 ‘
defects by the boron implantation process. Moreover, the interaction mechanism between the
EL2 and other defects, which gives rise to the U band, has been analyzed. The existence

of a reorganization process of the defects involved has been observed, which prevents the
interaction as the temperature increases. The activation energy of this process has been

found to be dependent on the temperature of the annealing treatment after implantation, with
values of 0.51 and 0.26 eV for the as-implanted and 400 °C annealed samples, respectively.

The analysis of the optical data has corroborated the existence of such interactions involving all
the observed defects that affect their optical parameters.

I. INTRODUCTION

EL2 constitutes one of the more interesting defects in
GaAs.” From the technological point of view, it plays a
significant role in the availability of semi-insulating sub-
strates, this being fundamental to GaAs integrated circuit
(IC) technology. Physically, this defect presents a complex
behavior which is characterized by the existence of an op-
tical property, the photoquenching effect. This effect is
used to identify the presence of the defect. It is based on
the existence of a metastable state of the optically inactive
center, which is observed when the sample is illuminated
with photons in the energy range 0.9-1.4 eV at low tem-
peratures (below 120 K).

These features have caused a strong interest in the in-
vestigation of the nature of the EL2 center. In spite of the
high number of works devoted to the characterization of
the defect, its microscopic nature is still not well known.
There is, however, experimental evidence which indicates
that this defect has a complex structure that involves the
arsenic antisite, Asg, and surrounding sites.>*

In this framework, the study of the artificial creation of
the EL2 center by means of irradiation or implantation
processes has a strong interest. This allows one to obtain
significant information that enables a better understanding
of the nature of EL2. Since Jervis, Woodard, and Bastman’®
reported their data on the artificial creation of a level,
likely EL2, by Si implantation in GaAs, many papers have
been devoted to the possible artificial creation of this
center.>'® In these works, the analysis of the defects
present in the samples was done by standard electrical
techniques, such as DLTS (deep level transient
spectroscopy)!! or DLOS (deep level optical
spectroscopy).'? The reported data show the existence of
differences in the Arrhenius activation energies of the elec-
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tron emission rate and in the optical quenching spectra.
These differences are related to the characteristics of the
starting material, the implantation or irradiation process,
and the annealing treatment. This behavior points out the
complex nature of the EL2 defect and has led to the con-
cept of an EL2 family.!* According to this model, EL2
does not correspond to a unique defect, and its character-
istics depend on the presence and nature of other defects
surrounding the center (already present in the starting ma-
terial or induced during its processing).'*

Moreover, the DLTS spectra obtained from these sam-
ples are characterized by the presence of a broad peak at
temperatures lower than that corresponding to the EL2
one. This peak, labelled the U band, corresponds to non-
exponential transients. Its evolution with annealing tem-
perature suggests the existence of a direct relationship with
the EL2 peak. In order to explain this behavior, different
authors have assumed the existence of an interaction mech-
anism between the EL2 and a shallower level, identified as
EL6.1%1516 A gimilar mechanism has been suggested by
Makram-Ebeid and Boher,'’ for the case of electron-irra-
diated samples. However, the dependence of the amplitude
and shape of the U band on the sampling time used in the
DLTS measurement reveals the presence of problems in
the interpretation of the spectra, because DLTS is not well
suited for the analysis of these mechanisms.

In this paper, in order to clarify the existence of inter-
action mechanisms related to EL2 and their relationship
with the artificial creation of this center, a systematic study
of the defects introduced by boron implantation in n-type
Bridgman GaAs is reported. The interest in boron is due to
the fact that this element is often a residual isoelectronic
impurity in the gallium arsenide lattice. It has been re-
ported to produce complexes with a reduction of the free-
electron concentration similar to that observed for
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oxygen,'® but with less lattice damage. This has interest for
the creation of electrical isolation in integrated circuits and
optoelectronic devices.

In order to avoid the problems that appear when
DLTS is applied to complex systems (systems with non-
exponential behavior or with the presence of more complex
phenomena than the direct emission to the bands in the
emission process), we have used an experimental technique
that is based on the analysis of the isothermal transients,
the dark and optical isothermal transient spectroscopies
(ITS and OITS techniques).'

Il. SAMPLES

Boron has sometimes been observed in a large concen-
tration in liquid-encapsulated-Czochralski (LEC) mate-
rial. Then, to avoid possible effects of residual boron con-
tamination, we have selected as starting material
horizontal Bridgman #-GaAs, Te doped with a free-elec-
tron concentration of about 8 X 10'® cm 3. Before the
implantation process, and in order to decrease the native
electron trap concentration in a 1-um-thick layer below the
surface, samples were capped with a 1000-A. chemical-va-
por-deposited (CVD) Si;N, layer and annealed at 870 °C
for 15 min. After removing the SizN, layer, the samples
were implanted with boron except for the control one. In
all the cases, the dose was 10! ions/cm? and the ion energy
was 100 keV. As previously reported® layers implanted
with this dose show a maximum of resistivity. Thus, for

this dose a maximum of the effects and mechanisms of -

compensation due to the implantation process, and related
to the defects induced by the process, are to be expected.
After the implantation, annealing treatments were carried
out in an open furnace, using the close-contact technique
under a H, flux for 15 min. The annealing temperature was
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in the range between 300 and 700 °C. Finally, Schottky
diodes were obtained by evaporating gold electrodes on the
surface. o

Hi. EXPERIMENTAL TECHNIQUE: ITS AND OITS .
TECHNIQUES

The characterization of the samples by the DLTS tech-
nique has allowed us to corroborate the existénce of a non-
exponential behavior in the capacitance transients, associ-
ated with the U band. The DLTS spectra also show the
presence of other peaks with an exponential shape (Fig.
1).2! In general, a nonexponential behavior can appear: (i)
when the trap density is large compared to the free-carrier
concentration, (i) when the edge region width is not neg-
ligible, (iii) when the emission rate is electric-field depen-
dent, (iv) due to the contribution of different exponential
transients, with closely spaced time constants, or, finally,
(v) dde to a more complex behavior of the emission kinet-
ics as, for example, the existence of interaction processes
between defects which, in general, will be temperature de-
pendent.

In our case, the presence in the DLTS spectra of ex-
ponential peaks suggests the origin of the nonexponential
behavior to be related to the intrinsic characteristics of the
defects involved. In such a case, the analysis by DLTS of
the capacitance transients has problems and may lead to
gross misinterpretation. So, DLTS assumes an exponential
behavior with a pre-exponential factor independent on the
temperature. However, this factor can be temperature de-
pendent, for example, due to a dependence of the defect
concentration or capture time on the temperature. In these
cases the analysis of the transients obtained at isothermal .
conditions has been reported to be more suited and accu-
rate for the study of this behavior.!%??
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Let S(¢) be the capacitance transient due to a deep
level and obtained when the polarity changes from forward
to reverse bias in darkness or under optical excitation. This
transient can be written in terms of a general time constant
distribution function G(v),

O =A(1 _ f‘” G(v) exp( — vt)dv) , (1)
0

where v=1/7 and A is proportional to the ratio of the
deep trap to shallow level concentrations N/Np. In the
case of a level interacting with the bands via Shockley—
Read and Hall statistics the transient is exponential. In this
case G(v) is given by a Dirac function, G(v) = &(v
— v,), where v is the total emission coefficient of the
level.

The ITS signal of a general transient S(¢) is defined as
ds(t)  [S(KYH -8k~ )]
d(nn—m nk :

Making the change of variables x =1In(z), y= — In(v),
the ITS signal is deduced to be given by

Y(t)=

=" Gwhtx—ya, (3)
where the A(x) and 5( y) functions are defined as
h(x)=exp[x —exp(x)],

G(y)=exp( —»)G [exp( —p)1.

So, the ITS signal is given by a convolution product, where
h(x) corresponds to the Y(x) signal of an exponential
transient. The shape of the ITS spectrum will be similar to
that of the G(y) function, modulated by the fact that the
h(x) function is not a Dirac function. The experimental
implementation of this method is easier than that of the
methods based on the Fourier transform®>?* or the method
of moments.”® ‘ o

Therefore, the ITS spectra allow us to characterize a
general transient. For an exponential transient, the ITS
spectrum has a characteristic shape: It exhibits a maximum
located at ¢ = 1/v, with an amplitude given by
A4 exp( — 1), and a full width at half-height of 1.06 decqglés
(for k—1). The numerical differentiation of Eq. (1).by
expression (2) using a value of k> 1 improves the signal-
to-noise performance; however, it increases the width of
the peak. The optimization of this parameter (1 <k<2)
allows one to separate time constants up to a ratio of 3 with
an optimum signal-to-noise ratio, and it is also possible to
separate the exponential and nonexponential contributions
of the different levels to the transient.'® Moreover, the anal-
ysis of the differential ITS (DITS) spectra allows the study
of the dépendence of the emission kinetics on the electric
field to be made.?

(4)

Iv. EXPERIMENTAL RESULTS

In order to characterize the samples, we have carried
out capacitance transient measurements in darkness and
under optical excitation conditions. The transients were
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FIG. 2. ITS spectrum from the as-implanted sample at 7" = 163 K, show-
ing two exponential peaks labeled A and B. -

measured from 10~* to 10 s. The lower limit is deter-
mined by the experimental system of measurement of the
capacitance, and the upper one is used in order to minimize
thermal drift effects.

A. Dark capacitance transients

The ITS spectra obtained from transients measured in
darkness at different temperatures show 3 peaks of quasiex-
ponential shape, labeled A, B, and C (Figs. 2 and 3).
Moreover, there also appears a broad nonexponential
band. This band corresponds to the U band found by pre-
vious DLTS measurements®! ( Fig. 3). From an Arrhenius
plot of these peaks, we have deduced the values of the
activation energy and effective thermal cross section of the
related levels, which are indicated in Table I. For the U

ITS
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FIG. 3. ITS spectra obtained from the sample annealed at 400°C at
different temperatures. The spectra show the exponential C peak and a
nonexponential peak (corresponding to the U band).
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TABLE I Signatures of the A, B, and C peaks observed in the ITS
spectra.

Activation energy Effective thermal cross

Peak (eV) section o, (X 10~ “cm?)
A 0.345 + 0.01 8

B 0.40 =+ 0.01 12

C 0.79 =+ 002 74

band, we have also observed the existence of a thermal-
activated shift of the band. However, its activation energy
has been found to depend on the annealing temperature of
the sample, with values of 0.49 and 0.67 eV for the as-
implanted and 400 °C annealed samples, respectively.

According to the values shown in Table I, A and C
peaks have been identified as the EL6 and EL2 levels,
r<=.spective1y.26’27 For the B peak, its parameters agree with
those reported for the levels of the E3 family. This corre-
sponds to an ensemble of levels whose reported signatures
are very similar to those of E3, as ELS, Pl, or PI’
defects.?®?8-3! Then, in order to make the complete identi-
fication of this defect, we have also to take into account the
dependence of the peak with the electric field, as well as its
optical behavior. These are reported in the next sections.

The evolution of the spectra with the temperature of
measurement is as follows:

(i) At temperatures below 200 K, the spectra only
show the A and B peaks (Fig. 2).

(ii) At temperatures higher than 200 K, the U band
appears.

(iii) At temperatures higher than 260 K, the spectra
only show the presence of both the U band and the EL2

(C) peaks (Fig. 3). The amplitude of both peaks depends
on the temperature: As the temperature increases, the am-
plitude of the U band decreases and the amplitude of the
EL2 peak increases. However, the total emitted charge re-
mains constant within our experimental accuracy. This
fact suggests the existence of an interaction mechanism
related to the EL2 center.

On the other hand, the evolution of the spectra with
the annealing temperature of the samples T, is similar to
that observed for the temperature of measurement 7": At a
given T, as T, increases the amplitude of the EL2 peak
increases in relation to that of the U band (Fig. 4). For
annealing temperatures higher than 500 °C only the EL2
peak appears.

The dependence of these peaks on the applied electric
field has been studied by means of the DITS technique. For
the A peak, the observed dependence is similar to that
reported for the EL6,%* and corroborates its identification
with this center. For the B peak, the dependence of time
constant on the electric field is smaller than that reported
in the literature for the E3 level (Fig. 5).%° This fact indi-
cates that the B peak corresponds to another level from the
E3 family. Finally, we have not observed any dependence
of the position of the EL2 peak on the electric field. This
has been due to the fact that the values used for the electric
field were lower than the threshold value for this level 3

B. Optical capacitance transients

In order to complete the identification of the defects, as
well as to clarify. the question about the origin of the U

FIG. 4. Normalized ITS spectra from sam-
ples (a) as implanted, (b) annealed at
400 °C, and (c) annealed at 475°C. T =292
K. .
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FIG. 5. Electric-field dependence of the emission coefficient from B level
at T'=174 K. Solid lines correspond to the reported for E3 at (a)
T=180 K and (b) T"=160 K (Ref. 33).

band and its relationship with the EL2, we have carried out
transient measurements under different optical and initial
conditions.

In Fig. 6 are plotted the OITS spectra corresponding
to the phototransients obtained at 284.2 K and an illumi-
nation energy of 1.3 eV for different intensities of illumi-
nation. As is shown, at the higher illumination intensity a
peak of exponential shape is obtained whose characteristics
are similar to those reported for the EL2 level.. As the
illumination intensity decreases the time constant related
to the photoionization of this level increases. Then, the
broad band corresponding to the thermal emission of the U
band appears. These results suggest that the U band does

017S (au)

0.015

0.010

0.005(

FIG. 6. Normalized OITS spectra obtained from the sample annealed at
400 °C with an illumination energy of 1.3 eV and different intensities:
¢1>¢2>¢3>¢4=0; T=2842K.
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FIG. 7. OITS spectra obtained for different values of the occupancy factor
of A and B levels: (a) A and B full of electrons; (b) A empty and B full;
and (c) A and B empty.

not have an optical response. Under illumination, the
charge which in darkness is thermally emitted from the U
band is directly photoionized from the EL2 defect when
the probability of this last process is larger than that of
thermal emission from the U band.

The optical response of the different levels has been
determined by the analysis of the optical transients ob-
tained at low temperature (about 100 K) and with differ-
ent values of the occupancy factor of the A and B levels.
This has been achieved by changing the polarity of the
diode from forward to reverse bias before illuminating at
higher temperature (about 140 K), and maintaining this
temperature for a time long enough to obtain the thermal
emission of the A or both A and B levels. In this way, we
have obtained different spectra corresponding to the tran-
sients measured with different initial conditions: (i) all the
levels full of electrons, (ii) A level empty, and (iii) both A
and B levels empty (Fig. 7).

The spectra obtained under these conditions and for
energies higher than 0.9 eV show a positive and a negative
peak, independently of the occupancy factor of A and B
levels. Both peaks have a quasiexponential shape. The neg-
ative peak indicates the presence in the transients of an
exponential component that decreases in time. This corre-
sponds to the optical quenching associated with the EL2
level, and gives evidence of the presence of this level from
the optical point of view. The amplitude of the positive
OITS peak depends on the occupancy factor of A and B
levels, but its position and the amplitude and position of
the negative peak depend only on the photon energy.

The OITS spectra corresponding to the contribution of
A and B levels to the optical transients have been obtained
by subtracting the spectra obtained with different occu-
pancy factors. They show a quasiexponential behavior.
However, for the higher illumination energies they have a
width smaller than that corresponding to the exponential
case (Fig. 8). As discussed later, this fact gives evidence of
the existence of an interaction mechanism in the optical
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FIG. 8. Dotted lines are the differential OITS spectra from (a) A and (b)
B levels at T=108 K and Av = 1.3 eV. Solid lines correspond to the
OITS signal of an exponential transient.

transients between these defects and the EL2. Moreover,
the area of these differential peaks does not depend on the
photon energy. This indicates that both levels have a nég-
ligible optical hole cross section. This behavior points out
that these levels have a high value of their Frank—Condon
shift dgc, and has allowed us to complete the identification
of the defects, as indicated in Table II. So, for the A peak
this behavior corroborates its identification with the EL6
level, characterized by a high valué of dpc. The level re-
lated to the B peak can be identified as the ELS one, which
is the defect from the E3 family that exhibits such behav-
ior. -

Finally, for the transients obtained with A and B levels
previously emptied one should expect to obtain only the
optical response of the EL2 level. Then, the ratio between
the positive and the negative peak amplitude should be
unity. However, this is “only true for photon energies
smaller than 1.1 eV. For higher energies, this ratio in-
creases greatly. :

V. DISCUSSION

It has to be remarked that, taking into account the
values used to bias the samples, the region studied has
always been enclosed in the 1-um-thick surface layer. In

TABLE Il Identification of the different peaks, together with their
Frank-Condon shift dgc.

" dec
Peak Defect (eV)
A EL6 ' 0.6*
B EL5 0.48°
C EL2 0.12¢
2See Ref. 35.
%See Ref. 36.
“See Ref. 12.
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this region native traps were removed before implantation.
So, all the defects observed correspond to defects created
during the different processing steps. The optical results
show the presence of EL2 already after implantation
(without annealing), which gives evidence of the artificial
creation of this center by the implantation process.

On the other hand, the relationship found between the
U-band and the EL2 peaks in the dark transients corrob-
orates the existence of an interaction mechanism related to
the EL2 level, as reported by different authors.!%!>17 Ac-
cording to these works, the emission of the electrons from
the EL2 level can take place directly to the conduction
band (giving rise to the exponential peak C) or through
another defect previously ionized, likely via a hopping
mechanism thermally activated. In such a case, as the
probability of transition of the electrons from the EL2 to
the other defect depends on the distance between them, a
broad band (U band) corresponding to a time constant
distribution will appear.

Moreover, the evolution of the amplitude of the EL2
peak and the U band with the temperature indicates that a
certain portion of the EL2 defect does not interact with the
other defect. This portion increases with the temperature.
This can be explained assuming the existence of a reorga-
nization process of the involved defects which rules out the
interaction. Taking into account the high stability of the
EL2 center under thermal treatments, we have assumed
that the reorganization process corresponds to a dissocia-
tion of the complex partner of the EL2 in the interaction

EL2 + (XY)=EL2 +X + Y.

The evaluation of the equilibrium constant of this reaction
from the experimental spectra has allowed us to deduce
this process to be thermally activated (Fig. 9). The acti-
vation energy of this process diminishes as the annealing
temperature increases. The values estimated for the as-im-
planted and the 400 °C-annealed samples are 0.51 and 0.26
eV, respectively. This evolution suggests this process to be
dependent on the presence of other defects surrounding the
involved centers. So, the probability of dissociation in-
creases as the concentration of these defects decreases by
thermal annealing. Moreover, the behavior found for the
different annealing temperatures indicates that this disso-
ciation is a reversible process for temperatures below the
maximum temperature of measurement (348 K). How-
ever, for higher temperatures (of the order of the temper-
atures used in the annealing processes, higher than 300 °C)
it becomes irreversible.

As the other defects found, EL6 and ELS5, are shal-
lower than EL2, and in agreement with the previous works
reported, we have assumed that the EL2 is interacting with
a shallower defect. The time constant distribution that ap-
pears from this interaction process can be described taking
into account the following features: (i) the probability of a
thermally activated hopping transition between the defects,
given by

e,=eyexp( — E/kT)exp( — 2r/T), (5)
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FIG. 9. Arrhenius plot of the equilibrium constant associated with the
reorganization process from the sample annealed at 400 °C.

where E is the barrier height between both localized de-
fects, r is the distance between them, and I is a parameter
related to their wave function overlapping,37 and (ii) the
existence of a distance distribution between both defects,
which has been considered to be like a donor-acceptor-pair
distribution.

From these assumptions, straightforward calculations
allow us to deduce the following expression for the time
constant distribution of the emission process from the EL2
defect:

T2
T(ry—1)°
(6)
N is the concentration of the defect interacting with the
EL2, 7, is the time constant related to the direct emission
of the EL2 to the conduction band (given by its emission
coefficient), and A(7) is

G(1) == NT3#2(7) ex (_ENFW( ))
=32 Pl —% T

Ty
(73 — )10 exp(E/KkT)’

where o= 1/¢g.

From expressions (2) to (4) it is possible to calculate
the ITS signal related to this process. This model allows us
to simulate, in a qualitative way, the broad time constant
distribution related to the U band if we consider a Gauss-
ian profile distribution of the defects, related to the implan-
tation process. Taking into account the thermal activated
reorganization process of the defects involved in the inter-
action it is possible to obtain the sharp increase of the
amplitude of the EL2 peak and the decrease of that of the

h(7)=In 7
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FIG. 10. Theoretical spectrum obtained at T =298 K (dotted line) and
T =320 K (solid line), assuming a Gaussian profile of the defects with
concentrations between 5 X 10 and 5 X 107 cm 3.

U band as the temperature increases, reproducing the ‘ex-
perimental spectra (Fig. 10). '

From these measurements it is not possible to deter-
mine which is the defect interacting with the EL2. How-
ever, the optical measurements carried out give experimen-
tal evidence of both EL6 and ELS5 defects interacting with
the EL2. So, the characteristics of the positive peak of the
OITS spectra indicate two possibilities: (i) The optical
time constant of these levels is very similar to that of the
EL2, or (ii) there is an interaction process between the
EL2 and these defects, and the photoionization of the EL6
and ELS5 defects occurs through the EL2, previously ion-
ized. However, the differential OITS peaks corresponding
to the optical response of the EL6 and ELS5 defects show
for the higher illumination energies a width smaller than
that of an exponential peak (Fig. 8). Such a behavior can-
not be explained with the first possibility. On the contrary,
it can be simulated assuming the existence of an interaction
between the defects.*® In order to account for this interac-
tion we have assumed the following expressions:

an
Yy —my = ) — ymy — ey

+ any(Ny — ny — n¥), (8a)
dnf
== (8b)
dn2 0 0 *
?z p2(N2 —_ n2) - Eully — anz(Nl —n—n ).

(8¢c)

N, is the total concentration of the EL2 level, and 7, and
n¥ are the electron concentrations in its fundamental and
metastable states, respectively. N, and n, are the total and
electron concentrations of the level interacting with the
EL2, e;; and e;; are the optical emission coeflicients of the
electrons and holes in the different levels, and e°* is the
probability of transition of electrons from the fundamental
to the metastable state of the EL2. Finally, a represents the
probability of transition of electrons from the defect inter-
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FIG. 11. Dotted lines are the theoretical OITS differential spectra for (a)
A and (b) B levels. Solid lines correspond to the OITS signal of an
exponential transient.

acting with EL2 to the EL2 level, by an interaction mech-
anism similar to that mentioned above.

In Figs. 11(a) and 11(b) are plotted the theoretical
differential spectra obtained from the generalization of
Eqgs. (8) for two levels (A and B) interacting with the
EL2. In these figures we have considered for the different
parameters the values corresponding to the EL6, ELS, and
EL2 centers. If the probability of transition « is high
enough when compared to the photoionization probability
of the A and B defects, the photoemission of the electrons
in these centers takes place essentially through the EL2,
previously ionized. As it is shown in these figures, in such
a case it is possible to simulate the observed behavior. The
dependence of the full width at half-height of the experi-
mental spectra with the illumination energy suggests an
enhancement of this interaction as the illumination energy
increases.

Finally, we have already indicated how the OITS spec-
tra obtained with both A and B levels previously emptied
show an increase of the amplitude of the positive peak in
relation to that of the negative one as the illumination
energy increases. In this case, only the optical response
from the EL2 defect would be expected. This behavior
cannot be explained from the increase of the ratio between
the electron and hole optical cross sections of the EL2.
Essentially, two possibilities can explain this behavior: (i)
the existence of an optically induced regeneration of the
metastable state of the center, as suggested by different
authors®** and (ii) the contribution of other levels, ener-
getically located below the midgap. In relation to the sec-
ond possibility, the implantation process is expected to in-
duce nondetected acceptor levels in relatively high
concentration (in order to justify the compensation of the
material by boron implantation). However, if this possibil-
ity is the correct one, the optical response of these levels
should have the same time constant as the EL2, or they
would also interact with the EL2 complex. Anyway, a
more detailed analysis needs to be done in order to eluci-
date between these possibilities.
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Vi. SUMMARY

In conclusion, the thermal and optical characterization
of GaAs samples implanted with boron by the ITS and
OITS techniques has allowed us to identify the main de-
fects in the upper half of the gap as EL6, ELS5, and EL2.
These defects have been artificially created by the implan-
tation process. Moreover, we have corroborated and ana-
lyzed the existence of an interaction related to the EL2
which gives rise to the U band. On the other hand, from
the measurements carried out under optical excitation we
have observed how both EL6 and ELS5 defects interact with
the EL2. This supports the idea that one of these defects, or
maybe both of them, is the defect interacting with the EL2
giving rise to the U band.

Likewise, the analysis performed has corroborated the
ability of the ITS and OITS techniques for the character-
ization of systems with complex behavior. So, these tech-
niques have been proved to be more powerful than the
standard ones (DLTS, DLOS) for the study of nonexpo-
nential transients from an electrical and optical point of
view, especially when more complex temperature depen-
dencies than those related to the emission coefficients are
involved in the transients. The results obtained point out
the complex nature of the defects artificially created by the
implantation process, as well as the strong dependence of
their characteristics on the defect environment.
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