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Structural and absorption properties of Te-implanted silicon layers after pulsed laser melting, equilibrium
furnace annealing and rapid thermal annealing were examined and compared. The advantage of laser annealing
in the formation of absorbing silicon-based layers is demonstrated. Silicon layers doped with Te up to concen-
trations of (3-5) x 10%° cm ™2 were formed via ion implantation and pulsed laser melting. It is found that 70-90%
of the embedded impurity atoms are in substitutional states in the silicon lattice. A significant increase of the
absorption (to 35-65%) in the wavelength range of 1100-2500 nm is obtained, which is useful for Si-based
photodiodes. The effect of energy density of the laser pulse on the structural and optical properties of Te-
hyperdoped silicon is discussed. The current-voltage characteristics and the photosensitivity of Te-doped sili-

con photodiodes are investigated.

1. Introduction

Silicon (Si) is the fundamental material of microelectronics, but it is
considered to have limited applications for optoelectronics. Due to the
relatively large band gap (1.12 eV) silicon is not able to absorb elec-
tromagnetic radiation of wavelength longer than 1100 nm. The conse-
quence is the transmission of light in silicon solar cells in the infrared
(IR) part of the solar spectrum at about 1.1-3 pm and an ineffective
functioning of silicon photodetectors at three main fiber-optic commu-
nications wavelength bands: S (1460-1.530 nm), C (1530-1565 nm) and
L (1565-1625 nm) [1]. To solve these problems, researchers are also
focusing on the creation of low-cost and efficient IR photodetectors
compatible with the silicon complementary metal-oxide-semiconductor
(CMOS) technology.

To date, it has been established that the highest absorption coeffi-
cient of light in the IR range at room temperature (~10% cm™ 1) is
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observed for chalcogen (sulfur, selenium, tellurium (Te))-hyperdoped
silicon [2]. The equilibrium chalcogen solubility in silicon is ~10®
cm 3. Chalcogens create deep levels within the forbidden gap at such a
level of concentrations. However, if the impurity concentration exceeds
the equilibrium solubility limit by 4-5 orders of magnitude, the impurity
levels form an impurity band. Then, photon absorption due to electron
transitions ‘valence band — impurity band’ and ‘impurity band - con-
duction band’ becomes possible [3]. Impurity doping higher than the
saturation threshold can be achieved by non-equilibrium methods, such
as ion implantation followed by furnace annealing [4,5], femto-, pico-,
nanosecond laser pulse [2] or flash lamp annealing [6].

In 1961, Shockley and Queisser showed that the theoretical effi-
ciency limit of silicon solar cells is 41% [7]. Later, the authors of Ref. [8]
showed that the theoretical efficiency limit of solar cells based on
modified silicon with an impurity band is 63%. Thus, the maximal ef-
ficiency of solar cells based on chalcogen-hyperdoped silicon can be
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significantly enhanced in comparison with that obtained in conventional
silicon ones.

Furthermore, it should be noted that further miniaturization of sili-
con devices demands ultrahigh concentrations of free electrons ~10%!
cm 3 [9]. At present, a high concentration of free electrons is obtained
by doping silicon with impurities that create shallow levels in the band
gap of silicon (P, As and Sb). These impurities have a small activation
energy (20-50 meV), a small diffusion coefficient, and a rather large
solubility limit in silicon. However, it is not possible to obtain a free
electron concentration above 5 x 102° cm ™2 even at the concentrations
of “shallow levels” impurities higher the solubility limit [10]. Recently,
it has been established that silicon doping with “deep-level” impurities
(for example, chalcogens) can provide free electron concentrations
above 10%° ¢m 3. This process is associated with the so-called ‘insu-
lator-metal’ transition implying overlap of the impurity band with the
conduction band [11]. In this case, the concentration of free electrons
increases linearly with increasing impurity concentration, while the
fraction of electrically activated impurity atoms (located in the silicon
lattice sites) remains almost unchanged [12]. In particular, according to
Refs. [13] p-n photodiodes based on Te-hyperdoped silicon (with Te
concentration ~10%! ¢m™3) exhibit remarkable photoresponse over a
broad spectral range at room temperature. Ref. [14] demonstrates that
Te-hyperdoped silicon remains stable after heat treatment at 500 °C for
10 min. Therefore, such a material is perspective for future development
of CMOS technology.

The present work is devoted to Te-hyperdoped silicon layers fabri-
cated by ion implantation followed by furnace, rapid thermal and pulsed
laser annealing. Our investigation focuses on the effect of different re-
gimes of thermal treatment on structural and optical properties of Te-
hyperdoped silicon layers. Additionally photodiode test structures are
produced for studying the photoresponse of the Te-hyperdoped silicon
layers.

2. Experimental

A double-side polished silicon (Si) (111) p-type wafer with an elec-
trical resistivity of 10 Q cm was implanted with 200 keV Te™ with a
fluence of 1 x 10'® ions/cm? at room temperature. The vacuum level in
an ion accelerate chamber during ion implantation was 10~ Torr. The
implanted samples were annealed in a resistance furnace at 900 °C for
30 min and in a rapid thermal annealing (RTA) system (JetFirst 100) at
1200°C for 3 min in Ar atmoshere. Also pulsed laser annealing (PLA) of
the implanted layers was carried out with an in-situ optical diagnostics
of the phase transformations described in Ref. [15]. The as-implanted
wafers were irradiated by a single pulse of a ruby laser (0.69 pm) in
ambient air. Pulse energy densities W were set at 1.5, 2.0 and 2.5 J/cm?.

The surface morphology of the implanted and annealed samples was
studied using the scanning electron microscope Hitachi S-4800. Addi-
tionally, elemental composition was studied using the Brucker energy
dispersive X-ray (EDX) analysis system. For more detailed analysis, Te
depth distribution profiles, substitutional fraction of incorporated Te in
Si lattice and crystallinity of the implanted and annealed Si samples
were analyzed by Rutherford backscattering spectrometry in random
(RBS/R) and channeling directions (RBS/C) using 1.4 MeV He" ions.
The impurity concentration profiles were extracted from the RBS/R
spectra with the help of the code SIMNRA [16] and compared with the
calculated ones using the BEAM2HD code [17]. To investigate the
crystalline quality of the modified silicon layers, Raman spectroscopy
(RS) measurements were performed in backscattering geometry with a
Ramanor U1000 (Jobin Yvon) spectrometer using a 532-nm laser beam
as the excitation source at room temperature. Optical spectra (trans-
mission and reflectance) were studied at room temperature in the
spectral range of 250-2500 nm by means of Lambda 1050 spectrometer.
Absorption spectra were calculated by the formula

A=100%-R-T. (€D)]
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3. Results and discussion
3.1. In-situ optical diagnostics during PLA

The as-implanted samples were irradiated with a single pulse of the
ruby laser. The pulse was of nearly Gaussian temporal shape with the full
width at a half maximum (FWHM) being 75 ns (Fig. 1a). The lifetime of
the molten phase was determined by the method of time-resolved
reflectivity (Fig. 1 b, ¢, d). For the realization of this method, the colli-
mated beam of the second harmonic of a Nd-laser (A = 0.53 pm) was
focused on the centre of the laser irradiated zone at an incidence angle of
40°. Its intensity in the spot (~1 mm) was much lower than that of the
annealing ruby laser pulse to avoid thermal destructive effects. The in-
tensity of the beam reflected from the sample was detected by a pho-
tomultiplier. It is known that a relatively weak increase of the reflected
beam intensity is observed during laser annealing at energy densities of
the ruby laser pulse lower than 1 J/em? [15]. It is caused by the tem-
perature dependence of the optical parameters of crystalline Si. An ul-
trathin layer of the liquid phase appears on the sample surface at W =1
J/cm? (melting threshold). Its thickness is less than the thickness of the
skin layer (~10 nm). A significant increase of the reflection coefficient
(2.5 times at A = 0.53 pm) is registered when overcoming a laser energy
density of W = 1 J/cm?, which can be attributed to the existence of
molten Si. Thus, the life-time of the liquid phase is determined by
registration of the duration of the increased reflected signal. As can be
seen from Fig. 1 b-d the life-time of the liquid phase enhances with
increasing energy density. The time of phase transformation is equal to
190, 270 and 370 ns at laser melting induced by pulses with energy
densities of 1.5 J/cm?, 2.0 and 2.5 J/cm?, respectively.
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Fig. 1. Oscillograms of the photodetector output signals recording the ruby

laser pulse (a) and the reflectivity (R) at 0.53 pm for the implanted Si during
PLA at W 1.5 (b), 2.0 (c) and 2.5 J/cm? (d).
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3.2. Structural and element composition

Fig. 2 shows the SEM micrographs of the implanted Si samples before
and after different treatments. The surface of the as-implanted sample
does not exhibit any structural peculiarities (Fig. 2a). The furnace
annealing at 900 °C results in the formation of dark droplets assigned to
Te segregation on the sample surface (Fig. 2b). The surface after RTA is
rough and tuberous. A smooth surface morphology without any Te ag-
glomerates on the surface is observed for the implanted samples after
PLA (Fig. 2d, e, f). Only the sample after PLA at the highest energy
density (W = 2.5 J/cm?) exhibits insignificant surface irregularities.

EDX analysis (not shown here) reveals the presence of Te impurities
in all implanted and annealed samples except the one after RTA.
Apparently, the tuberous surface of this sample is caused by Te evapo-
ration. The RBS analysis was used for a more detailed analysis of the
depth distribution of implanted Te atoms. Fig. 3 shows the RBS spectra
measured in random (R) and channeling (C) regimes. As can be seen
from the figure, furnace annealing results in a significant Te diffusion
towards the surface. PLA results in tellurium redistribution towards both
the surface and into the substrate. No Te atoms were found in the sample
after RTA which is consistent with EDX data (not shown here). We
calculated the diffusion length of Te in Si for the thermal annealing
regimes applied here. According to Ref. [18] the Te diffusion coefficient
in Si in the temperature range of 900-1310 °C is described by the
expression

(2)

33£0.1)eV
Dr.=(0.940.3)cm’s ™! exp { — ﬁ] ,

kgT

where kgT = 0.098 eV and 0.123 eV for 900 °C and 1200 °C, respec-
tively. In the discussed regimes of solid-phase epitaxial recrystallization,
the diffusional length is [ = /Dr.(T)-t. With the time t of the heat
treatment, diffusion lengths of 20 nm and 190 nm for furnace annealing
and RTA, respectively, are obtained. One can see that the estimated
diffusional length in the case of RTA practically exceeds the full depth
distribution of the implanted Te atoms (see Fig. 4).

Fig. 4 shows the Te concentration profiles obtained via fitting of
experimental RBS/R spectra by simulated ones using the SIMNRA code.
This figure also plots the concentration profile simulated using the
BEAM2HD code. For the as-implanted sample, one can see a good
agreement between theory (Te concentration profile simulated by
BEAM2HD code) and experimental data for both the position of the
maximum concentration and the value of the concentration as a function

2] o A,
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of depth. In the case of the as-implanted sample, the maximum Te
concentration is ~1 x 10*! em ™ occurring at a depth of about 90 nm.
After furnace annealing, the maximum of the Te concentration shifts to
about 60 nm and reaches a value of 9 x 10%° em ™3, It should be noted
that, as a result of the Te diffusion during annealing the surface Te
concentration reaches up to 1 x 102! em ™. After laser annealing at W =
1.5 J/cm?, an impurity plateau with a concentration of about 5 x 102
cm 2 is formed in the depth range from the surface up to a depth of 190
nm. In the case of the samples after PLA at 2.0 and 2.5 J/cm?, the Te
concentration in the plateau region is lower (3 x 10%° ¢cm—3) due to the
impurity diffusion towards the bulk material. As can be seen from Fig. 4,
the depth of the Te distribution extends deeper into the substrate with
increasing W. This can be explained by the increase of the recrystalli-
zation time due to the thicker initially molten layer (see Fig. 1). The total
Te concentrations resulting from the depth profiles in Fig. 4 are given in
Table 1. The reference value before annealing was found to be 1.0 x
10'® cm™2. Table 1 shows that the total Te amount is rather unchanged,
taking into account the uncertainty of ion implantation and ion beam
analysis. Although, there is a slight tendency that the total number of Te
atoms decreases with increasing laser energy density.

The RBS minimum yield y is given as the ratio between the yield
measured in channeling and random direction, integrated over a certain
depth range. Values y> and 5™ (determined from the Si and Te signal of
the implanted layer, respectively) were used to evaluate the degree of
crystallinity of the implanted Si layer and the fraction of substitutional
Te. The fraction f of impurity atoms on substitutional sites was calcu-
lated by the formula from Ref. [19]:

f= "%, 3

The obtained values of %' and f are given in Table 1 for the samples
after furnace annealing and PLA. The value of y is equal to 24—21% for
the implanted samples after PLA in contrast to 67% for the sample after
furnace annealing at 900 °C. It can be seen that y5' decreases with
increasing energy density in the laser pulse. For comparison, the values
of 5 are <5% and 100% for a perfect Si crystal and fully amorphous
material, respectively [19]. Thus, the degree of crystallinity of hyper-
doped Si is the best after laser annealing at the maximum energy density
of W = 2.5 J/cm? applied here. Based on the data from the RBS/C
spectra, laser annealing also results in a significant incorporation of the
Te atoms on Si lattice sites. The degree of impurity incorporation is very
high (91-74%). In the case of furnace annealing at 900 °C, this value is
much lower and amounts to 24% only. PLA with the smaller energy

15.0 kV x10.0k SE (U) 5.00 pm

1.00 pm

12.0 kV x40.0k SE (U)V 1.00 pm

Fig. 2. SEM images of Te-implanted Si surfaces before (a) and after furnace annealing at 900 °C for 30 min (b), after rapid thermal annealing at 1200 °C for 3 min (c),
after laser annealing by pulses with energy densities of 1.5 (d), 2.0 (e), 2.5 (f) J/em?.
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Fig. 3. RBS spectra of the Te-implanted and annealed Si samples before and after different heat treatments. Random spectra are shown as solid lines and spectra

registered in channeling regime as dashed lines.
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Fig. 4. Simulated and experimental Te concentration depth profiles for the
implanted Si samples before and after different treatments.

Table 1

RBS minimum yield of the Si lattice, ¥, substitutional fraction of Te atoms, f,
and total amount of Te atoms per unit area, Ny, for Te-implanted Si after furnace
and pulse laser annealing.

Parameters Samples
Annealing 900 wW=15J/ wW=20J/ W=25J/
°C cm? cm? cm?

1L, % 67 24 23 21

f, % 24 91 90 74

Ny, em ™2 1.2 x 10'° 1.0 x 10% 0.9 x 10'° 0.8 x 10'®

densities W results in more impurities being incorporated in substitu-
tional lattice sites. In case of the most intense laser pulse with W = 2.5
J/em?, the lower Te concentration and longer duration of the

recrystallization process are most likely responsible for the higher
quality of the Si crystal in this case (see Table 1). In the range of the
sensitivity of the RBS method (~0.01 at %) we did not register any
substitutional fraction of Te atoms in Si (Fig. 3) after RTA, i. e. this
fraction could be at the level of an equilibrium solubility ~10'® cm™3
[20].

Fig. 5 shows the Raman spectra for the as-implanted and annealed
samples. The initial Si wafer exhibits a narrow symmetric band at 520
em™! attributed to optical phonon in Si. The implantation results in
vanishing of this band as a result of full amorphization of the implanted
layer. After furnace annealing, this band is registered in the RS spectrum
as a consequence of restoration of the Si crystal structure. Furthermore,

1
490 500 510 520 530

Intensity, arb. units

T
520
Raman shift, cm™

T
510

Fig. 5. Raman spectra of the Si substrate (1), Te-implanted silicon before (2)
and after PLA at W 1.5 (3), 2.0 (4), 2.5 (5) J/cm?, after furnace annealing at
900 °C for 30 min (6), after rapid thermal annealing at 1200 °C for 3 min (7).
(For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)
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according to the position of this band, crystal perfection is better after
RTA at 1200 °C than after furnace annealing at 900 °C. This is obviously
due to the absence of impurities in the Si matrix and due to the higher
temperature during annealing. Laser treatment also results in the
restoration of Si with some peculiarities. In the case of the sample after
PLA at W = 1.5 J/cm?, the optical phonon Si band can be deconvoluted
by two bands: a weak band at 511 cm ™! and a more intense one at 519.7
cm™ L. The manifestation of these bands indicates the existence of two
regions with a different level of residual stress in the recrystallized Si
layer. These two regions can be caused by a different recrystallization
velocity due to a different dopant level and/or by differences in the
remaining doping level itself (see Fig. 4). The increase of the laser energy
density up to 2.0 and 2.5 J/cm? results in high-energy shift of the weak
band, i.e. the two peaks start to merge back into one peak. This coincides
with the more homogeneous Te distribution and lower concentration
obtained in these cases (Fig. 4). Thus, the Raman spectra confirm that
PLA results in the recrystallization of the implanted layers. However, a
complete restoration of the crystalline structure of the implanted and
annealed layer is not obtained. This is most likely related to the high
concentration of Te incorporated into the Si lattice.

3.3. Optical absorption investigation

Fig. 6 shows the absorption spectra of the implanted and annealed
samples in the spectral range below the fundamental absorption edge of
Si (1000-2500) nm. In this range there is a minor optical absorption of
the Si substrate due to the p-type doping. The amorphous as-implanted
layer causes a weak absorption tail below the fundamental absorption
edge. The absorption is almost back to the level of the un-implanted
substrate after furnace annealing and RTA. This is consistent with the
previous results which revealed almost perfectly recrystallized Si layers
and Te evaporation in case of RTA as well as insignificant fraction of Te
atoms in the Si lattice in case of furnace annealing. Contrary, a signifi-
cant increase of the absorption at the wavelengths above 1100 nm is
observed after PLA. The absorption increases from few percent in the
pristine sample up to 35-65% in the implanted and pulse laser annealed
samples. Additionally, this absorption increases with increasing wave-
length. This is unlikely to be due to the absorption on defects in the Si
lattice. Damaged or amorphous Si does not exhibit a strong absorption
near Si fundamental absorption edge, and the absorption decreases
rapidly with increasing wavelength [21]. Thus, the high absorption of
the implanted layers after PLA can only be attributed to the high con-
centration of Te atoms incorporated into the Si lattice and formation of
an impurity band in the Si band gap.

80

70

60
504

40 1.5 Jlem?

Absorption (%)

30 1200°C, 3 min
20 900°C, 30 min
10 as-implanted pristine

0 T T T T T
1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)

Fig. 6. Absorption spectra of pristine silicon and of Te-implanted silicon before
and after annealing in different regimes. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of
this article.)
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Chalcogens, such as Te and Se, are double donors in silicon. Te atoms
introduce deep-donor states at E. — 0.20 eV and E. — 0.41 eV in the upper
half of the Si band gap [18,22]. At high donor concentrations, their wave
functions start to overlap resulting in broadening of the donor levels into
an impurity band. The critical dopant concentration Ny for donor centres
being close to one another and forming an impurity sub-band can be
calculated from Ref. [23]:

3
No= <£> , @)
(47

where C is a constant with the value of 0.25, ay is the Bohr radius
approximated by

q2

@ = 8repe Ey )
here q is the electron charge, g is the vacuum permittivity, ¢, is the
permittivity of Si and Eq4 is the Te dopant ionization energy which is
reported to be 0.14 eV [24]. Also, different values of E4 as 0.199 eV and
0.158 eV are stated in the literature [20,22,25] for a single Te atom and
for a Te dimer, respectively. As single substitutional Te atoms are double
donors, their critical concentration for the Mott transition in hyper-
doped Si can be estimated to be in the range of 2-3 x 10%° cm ™3, Ac-
cording to the results of Fig. 4 and Table 1 the substitutional fraction of
Te atoms exceeds this crystal level of concentration.

3.4. Electrical characterization and photosensitivity

The Te-hyperdoped Si samples were used to fabricate p-n photodi-
odes. Fig. 7 schematically presents the produced test structure. The top
ring-shaped nickel electrodes were formed by magnetron sputtering
followed by photolithography and plasma-chemical etching using SFg.
The Al contact was used as a bottom side electrode.

Fig. 7 c depicts the room-temperature current-voltage (I-V) charac-
teristics of the test structures under dark condition at forward (Al elec-
trode is positive one) and reverse (Al electrode is negative one) bias.
Laser annealing causes significant enhancement of the conductivity in
comparison with the as-implanted sample. Under a reverse bias applied
voltage, a difference in the results for samples irradiated at different
energy density of laser pulses is revealed. The sample irradiated at W =
1.5 J/cm? exhibits the best conductivity at voltages |U|<4 V. At |U|>4
V, the conductivity is higher for the spot irradiated at W = 2.0 J/cm?2.

According to Fig. 8, the conductivity of Te-hyperdoped Si layers in-
creases under the illumination. The incident light spot of a halogen lamp

2.0
.o 2 Jlem?
N
E 3 2.5 J/cm?
< 3 1.5
a —_
£
Al =1.04 1.5 Jiem?
a
NI
YN 0.5 -
L i 4 200 nm
g el R ‘*TE—hyper— )
= doped Si _-as-implanted
P A ——— A
p-Si 4mm -14-12-10 -8 6 -4 2 0 2 4
(Al | U (V)
b C

Fig. 7. Top view (a) and cross-section (b) schemes of the Te-hyperdoped
photodiode test structure. Part (c) shows the current voltage characteristics
measured at room temperature under dark condition.
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(3000 K) was used to study the photoresponse. The illumination was
carried out using the full spectrum of the lamp and using only the IR
spectral range (>1 pm) with a virgin Si wafer as a cut filter. The pho-
toresponse was characterized by the ratio of currents measured under
illumination condition (I;) and under dark condition (Ip). The best
photoresponse is registered for the laser-annealed sample at W = 2.0 J/
cm? and reverse bias applied voltage less than 4 V. Under the reverse
bias applied voltage in the range of (—4; —12) the sample irradiated at
W = 2.5 J/cm? exhibits the best photosensitivity. It corresponds to the
better restoration of the crystalline structure of the implanted and
annealed layer with the increase of laser energy density up to 2.0 and
2.5 J/cm? as shown in Fig. 5 and discussed above. Fig. 4 depicts a
sharper decrease of the Te concentration at depths deeper than 200 nm
for the sample annealed with the energy density of 2.0 J/cm?. The im-
purity concentration at this depth is insufficient to form the impurity
band as estimated earlier. Instead, deep levels inherently reduce the
non-radiative carrier lifetime and increase the probability for Shockley-
Read-Hall recombination [26]. Both of these effects are considered
detrimental to semiconductor device performance.

Further efforts must be paid to increase the photodetector efficiency.
This can be achieved by designing optimal top and back electrodes to
enhance carrier-collection efficiency as well as by application of an
antireflection coating. In addition, top side or both sides passivation (by
SiO; layers) with a back surface point contact must be used to reduce the
carrier surface recombination. The diode characteristics and device
responsivity depend strongly on the processing conditions including
doping levels of the substrate and implanted layer, laser energy intensity
and regimes of thermal treatment.

Moreover, in order to convert the absorbed subband gap photons
effectively into electronic carriers at room temperature, the intermedi-
ate band, introduced by hyperdoping, must be isolated from both the
valence band and conduction band. The higher tellurium concentration
Ny corresponds to a broader impurity band [27].

1
_ N
dreyer

AEp (6)

When the impurity band is broad enough that it practically merges at
room temperature with the conduction band, electrons are no longer
delocalized on the donor levels and become free carriers. In this case the
ratio of thermal-to-optical carrier generation is sufficiently high to
screen a measurable photocurrent arising from the transition from the
impurity band to the conduction bond. It causes a strong increase of a
dark current in detectors.

4. Conclusions

In summary, different types of thermal treatment were tested to form
Te-hyperdoped silicon layers with good crystallinity and absorptive
properties. RTA at the chosen regime (1200 °C, 3 min) results in full
impurity loss and destruction of the Si surface. Equilibrium furnace
annealing (900 °C, 30 min) leads to a relatively high degree of recrys-
tallization, but also to high diffusion of Te atoms towards the surface and
surface Te agglomeration. Consequently, in the case of this sample, the
IR absorption increase was only 4% compared to virgin crystalline
silicon.

It is shown that strongest effects are obtained with PLA, whereby the
structural and absorption properties depend on the energy density of the
laser pulses W (1.5-2.5 J/cmz). Based on the RBS/C and Raman spec-
troscopy data, it can be concluded that the degree of recrystallization
was improved with W. On the other side, the ratio of substitutional Te
atoms at the Si lattice sites to the total amount of embedded Te atoms
decreases from 91% to 74% with the increase of W from 1.5 to 2.5 J/
cm?. Additionally, the maximum depth of the Te distribution also in-
creases with W, which can be related to the longer time of melting. The
laser pulse treatment results in an increase of the IR absorption up to
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Fig. 8. Ratio of currents measured under illumination and dark conditions
versus the applied voltage. The illumination was carried out using the full
spectrum of the halogen lamp (a) and (b) using only the IR light passed through
virgin Si substrate.

35-65%, which tends to increase with increasing energy density.

Laser annealing of Te-implanted silicon layers results in an
enhancement of the electrical conductivity. The samples irradiated at W
= 1.5 J/cm? and W = 2.0 J/cm? are characterized by the highest con-
ductivity at reverse bias applied voltage |U| < 4 V and |U| > 4V,
respectively. The best photoresponse is registered for the sample after
laser annealing at W = 2.0 J/cm? and at reverse applied bias voltage |U]|
< 4 V. The sample irradiated at W = 2.5 J/cm? exhibits the best
photosensitivity under the reverse applied bias voltage at the range of
(—4; —12). Thus, both factors (dopant activation and degree of recrys-
tallization) play an important role on IR absorption and photoresponse.
The revealed peculiarities are undoubtedly of interest in the manufac-
ture of Si-based IR photodectors.
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