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Laser — induced donor centers in p-InSb
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Abstract. The laser — induced donor centers in p-Insb have been studied by magneto-concen-
tration effect (MCE). The distribution of donor centers in the nonequilibrium temperature
field in InSb was obtained by redistribution of the interstitial In atoms (/,) and vacanciens
Vin under laser action. Comparison of the theoretical calculation and experimental data
showed that depth & of the position of p-n junction increased with temperature, and that
relatively large value of & at used value of laser intensity (P ~ 3.5 MW/cm?) is connected with
presence of liquid phase during laser annealing process. Obtained results correlate with Atomic
Force Microscopy (AFM) measurements. Experiments were performed on p-InSb samples in
the temperature range 180-290 K. Temperature gradient was provided by YAG: Nd laser
illumination (A = 0.53 pum, 7 = 15 ns). The laser donor centers (LDC) of two kinds were found:
one is nonstable and annealed at room temperature with relaxation constant ~ 5's, and the
other is stable, annealed at temperature 670 K. The threshold of LDC formationis 1.5 MW/cm?2.

The activation energy of the stable donor centers is 1,1 eV. Investigation of the surface mor-
phology by AFM in dependence on the intensity of laser radiation showed a good agreement
with obtained results.

Keywords: donor center, InSb, laser, Welker effect, interstitial atom, vacancy, temperature
gradient.
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1. Introduction ent. Vasiliev et al. [9] related it to the melting and succes-
sive oxidation of the surface of InSb while Bogatyrev and

Modification of the electrical and optical parameters of ~ Kachurin [8] explained the phenomenon in terms of struc-
a semiconductors by laser radiation is utilized in micro- tural modification, but the kind of modification is not

and optoelectronics production to create an irregular ~ SPecified. ) . . o
structure p-n junction [1], buried insulating [2] and con- The purpose of thls research is further investigation
ducting layers and also electric contacts [3,4] as well as pfthe nature of LDC in InSb as well as properties of LDC
technological origination of the centers of precipitation itself. ) .
[5]. It is known that the energy dissipation process occurs Ou.r explanatlor} of the nature .Of LD.C 18 ba.ls'ed on the
in the framework of the thermal model [6]. However, the following model. High concentration of interstitial In and
results are different in dependence on experimental con- P atoms (/n, /sp) and vacancies (Vi , Vsp) are gene-
ditions, namely: wavelength (A), pulse duration (z,) and rated in p-InSb because of heating of the surface layer
power density (P) of the laser radiation. For example, ca.used.by laser radla}t}on.. This dgfgcts drift in the bulk
concentration of the defects can be increased or de-  With different velocities in conditions of strong non-
creased, the surface can be smoothed or destroyed (as eqiulibrium thermal processes, becau§e the forces applied
usual, changes are started at the surface). Therefore, to defects is proportional to a gradient of temperature
study of the mechanism of the laser radiation defectsis of  [2]- /in, s and the vacancies V', Vsp have different dif-
fundamental importance. qu1og coefficients [10], that'dlsturbs the equilibrium dis-
Improvements of the p-InSb surface by a high-energy trlbgtlon of Iy, and vacancies Vp, near the surface of a
ruby laser was found in [7]. Similar results were obtained semiconductor. In terms of that Iy, is a donor and V1, is
in cases when YAG:Nd [8] and weakly absorbed CO, an acceptor [11], gnd of the fact that the movement of
laser radiation [9] were used . The explanations of the ~Interstitial In is directed against the temperature fr(?nt
observed phenomena given by authors were quite differ- [:12]’ rledlstrlbutlon in space of I, takes place, forming
the n-layer.
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2. Theory

Our calculation of Iy, distribution by depth of were per-
formed using the non-stationary diffusion equa-
tion:

ON
S

where N is the concentration of interstitial In, F is the
force exerted on I, in presence of temperature gradient
F = -(Q*/T)-0TIdx, where Q" is the transport heat, E,, is
the activation energy, x is the coordinate directed from
the surface to the bulk of the semiconductor. From the
microscopic theory for vacancies we can obtain formula
Q- =akT, where a = 3.5 [2]. The calculations are made
for the semiconductor samples placed in the temperature
field T = ATe™~e + T;. Let’s introduce undimensional
variable coordinate & = x/x, and time T = tD/x,’. Then
equation (1) becomes
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with 7=ATe4+ T,. In our calculations we take 7, =300 K,
E,=12¢eV,AT=500K (Fig. 1a) and AT = 400 K (Fig.

N
1b). Boundary condition N +—= Gai =0 con-
06 T 0§,

serves the total number of I1,, Ig,. As initial condition we
take interstitial In distributed at the vicinity of surface.
As it is shown in Fig.1, the depth (J) of Iy, distribution
increases with the lattice temperature, and is character-
ised by the maximum N(d)j¢= 5= N pax in the volume of a
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semiconductor. The calculation of d at maximum value
of intensity of the laser radiation I, = 10 MW/cm? gives
the value of 0.5 pm.

3. Experimental

Experiments were performed for p-InSb sample with con-
centration of noncompensated acceptors about 1012 cm™3.
Typical size of the samples 5.0x2.0x0.04 mm? were cho-
sen based on the following speculation: length, to pro-
vide uniform illumination of the sample, and appropri-
ate thickness d are a little more than bipolar diffusion
length of nonequilibrium charge carriers (L), L =30 mm
at 200 K) to determine the depth at which the p-n junc-
tion is located using the Welker effect [13]. Illuminated
surface of the sample was chemically treated using etch-
ing with CP-4A to obtain the minimal surface recombi-
nation velocity Sy, = 10° cm/s, while opposite surface
was mechanically polished to obtain Sy, = 103 cm/s.
The samples with surfaces treated asymmetrically were
chosen to increase method sensitivity connected with
thickness of bipolar part of the sample. According to [14],
the maximum of the dependence of conductivity on thick-
ness of the sample d takes placeat d=1.4 L.

The technique of current — voltage characteristics
(CVC)in both transversal magnetic field (B, = 0.1 T) and
electric field (up to E, = 200 V/cm) was used to study
kinetics of the annealing of LDC. The depth of the p-n
junction was estimated from gauss-ampere characteris-
tics (GAC) in transversal magnetic field up to 0.3T. As a
light source YAG:Nd laser working in Q-switch regime
(A =1.06 pm, z, = 15 ns, W = 0.1 J) was used. InSb
samples were irradiated at the air. Changes of the sur-
face morphology were investigated by Atomic Force Mi-
croscope. The investigation of the LDC start point Py,
and surface melting start point P, are situated about 1.5
MW/cm? and 3.5 MW/cm?, accordingly.
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Fig.1. Distribution of I, concentration as a function of the reduced coordinates: a) at 7 = 800 K;

b) at T = 700 K.
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4. Results and discussion

The illuminated surface of the InSb samples becomes of
n-type with light intensity of the YAG:Nd-laser radia-
tion more than 1.5 MW/cm? that corresponds to the acti-
vation threshold of I1,. We observed at least two types of
centres: the first is stable up to 670 K, and the second one
is non-stable at room temperature. The decay time of the
non-stable centres relaxation was about 5 s. The estima-
tion of the activation energy of the stable centres gives a
value E, = 1.1 eV that correlates well with value of en-
ergy activation of the In self-diffusion. It is known [10]
that V7, is annealed more rapidly than Vg, in the high
temperature region (7'= 400 K) with the result that equi-
librium of Iy, V7, is broken down. These defects are sepa-
rated due to the temperature gradient caused by strongly
absorbed laser radiation. Due to opposite charges of these
vacancies the polarized state is «frozen» in conditions of
fast cooling, which makes p-n junction. The depth of the
p-njunction must be dependent on the wavelength, inten-
sity of the laser radiation of the thermal diffusion length,
and of the thermal drift which is proportional to grad T
and transport heat of In atoms Q*[2]. We supposed that
threshold character of the effect is caused by increasing
of the non-uniform crystal heat up to value of the grad T
sufficient for migration of the Ip,.

An estimation of the p-n junction depth is carried out
using GAC from the deviation of the sample conductivity
(Fig. 2, points A).

The accumulation effect (repeated irradiation by the
laser pulses) is caused by formation of potential barrier
of p-n junction. The availability of the p-n junction close
to surface in the conditions of the Welker effect is equal
to absence of the surface recombination S = 0. In this
case the change of the crystal conductivity is caused by
its effective thickness d; (thickness of i-layer), conse-
quently, by the depth of p-n junction. Because of some
exceeding of the thickness d of the using InSb crystal
comparing to L, the shift of the p-n junction in the volume
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Fig.2. GAC of p-InSb sample: (1) before laser irradiation, (2)
after laser irradiation of intensity P = 10 MW/cm?.
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was observed with increasing of the laser intensity (Fig.
2, points A). This leads to increasing of the sample con-
ductivity with following saturation of this dependence
(Fig. 3). According to [13] the maximum deviation of the
conductivity take place at d; 01.4 L that allows to esti-
mate the depth value of p-n junction that is about 618 um
at initial thickness d ~ 50 pm.

Morphologic investigation of the surface of p-InSb
samples by AFM depending on the intensity of laser ra-
diation showed that the changes in the morphology of the
surface appearing in drops which were observed by
Vasiliev et al [9] at the irradiation of the surface of InSb
by CO, laser (A =10.6 um, #, = 150 ns), and the increase
of roughness of the surface, appears at the intensity more
than 3.5 MW/cm?.

There appears to be in interval P =1.5-3.5 MW/cm?
the degree of dissociation of A-B pairs in a metasable
state of liquid phase has not been sufficiently yet [15] to
attain high level crystalline defectivity after recrystalli-
sation, Fig.4; a) pointed tops are observed in Fig.4; b) at
the intensity more than 6.0 MW/cm?, which evaporates
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Fig.3. Change of sample conductivity as a function of laser in-
tensity.
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Fig.4. Morphology of the p-InSb surface after laser irradiation of
P = 6.0 MW/cm?.
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probably at liquid InSb and with following considerable
dissociation of A-B atoms of InSb [16]. The latter corre-
lated with decrease of current on CVC at such value Pin
conditions of E-H fields, and carriers drift to the illumi-
nated surface. The evaluation of the InSb melting thresh-
old P,, which has been obtained for the case of adiabatic
heating with following parameters: p = 5.76 g-cm™;
c=0.21Jg "K' k=10 cm’ (p, c, k are specific density
specific heat and absorption coefficient respectively). The
results are shown in Fig. 3, points A. p = 5.76 g-cm™;
¢=0.21J-g'K!; k=10°cm. Inis not inconceivable the
contribution of antistructural defect Sby, in the structure
of LDC.

Conclusion

A new mechanism of p-n junction creation in p-InSb,
namely, redistribution of the I}, and V;, in the presence
of the temperature gradient was proposed. Nonstable
LDC at room temperature and stable LDS up to 670 K
near the surface of p-InSb with decay time ~5 s were ob-
served. The usage of the magnetoconcentration effect for
estimation of the p-n junction depth was proposed.

References

I. 1.Y. Mada and N. Inoue. P-n junction formation using laser-
induced donors in Si // Appl. Phys. Lett., 48, pp.1205-1207
(1986)

2. A. Medvid’, I. Madzhulis, J. Kaupuzs and J. Blums:Formation
of buried layer in Si by laser radiation. // J. Appl. Phys., 79,
pp.9118-9127(1996)

3. S.V. Baranetz, S.P. Dikiy, L.L. Fedorenko, E.B. Kaganovich
and S.V. Svechnikov. Thermal stable laser produced low-
ohmical contact to nanometer p-GaAs layers of barrier struc-
tures for the fast optoelectronics devices. // Proc. SPIE Conf.

34

10.

11.

12.

13.

14.

15.

16.

Advance Optical Material and Devices, 2968, pp. 701-705
(1996)

A. Medvid’, M. Knite, J. Kaupuzs and V. Frishfelds. J.
Kaupuzs and V. Frishfelds. Mechanism of recording and
erasing of optical information by laser radiation on
Si0,(Co+Si)-Si0,-Si multilayer structure.// Appl. Phys. Sc.,
115, p.393-397(1997).

J. Blums, A. Medvid’. The generation of donor centers using
double frequency of YAG:Nd laser. // Phys. Stat. Sol. (a),
147, pp. 91-94 (1995)

C.R.Meyer, M.R. Kruer, and F.J.Bartoli. Optical heating in
semiconductors.Laser damage in Ge, Si, InSb, and GaAs. //
Appl. Phys. 51 (10), pp. 5513-5522 (1980)

L.L. Fedorenko, S.S. Bolgov and V.K. Malutenko. Activa-
tion of the InSb photoconductivity by laser illumination. //
Ukr. Phys. J., 20, p. 2040-2044 (1975).

V.A. Bogatyryov and G.A. Kachurin. Low ohmic contact
formation in InSb by pulse laser radiation // Phys. Tech.
Semicond 11, pp.100-103 (1977)

A.G. Vasiliev, V.I. Konov, A.B. Korshunov, A.A. Orlicovsky,
V.N. Tokachov and N.I. Chaplin, in the Laser processing and
diagnostics, Eds. D. Banerle, Springer-Verlag, Berlin, New-
York, Tokyo, p. 67-72 (1984)

M.G. Shumskiy, V.T. Bublik, S.S. Gorelik and M.A. Gurevich.
Temperature dependence of the medium square range of
the atom’s displacement in sublattice of some A3B5 com-
pounds.// Crystallography, 16, N4, pp. 779-783 (1971).

O. Madelung, in the Physics of III-V Compounds, Eds.John
Wiley and Sons, Inc., New York-London-Sydney, 1964

J. Kaupuzs, A. Medvid’. Distribution of the impurity atoms
in crystall under inhomogeneity temperature field.// Ukr. Phys.
J., 40 (9), pp.1015-1019 (1995).

H. Welker. Zur theorie der Galvanomagnetischen effecte bei
gemischen leitung. // Z. Naturforsch., 6a, pp. 184-191(1951),
I. Levitas, J. Pozela (Ed.) and K. Stalyeraitis in the Semicon-
ductor Transducers, 2 (Mosklas, Vilnus), pp.75-95 (1980).
S.Yu.Karpov, Yu.V. Kovalchuk, Yu.V. Pogorelskiy. Semi-
conductors melting at pulse laser action. // Phys. Tech.
Semicond., 20, pp.1945-1969 (1986).

Yu.G.Poltavtzev. Structure of the semiconductors melts.
Moscow, Mir, 176p. (1984)

SQO0, 3(1), 2000



