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Abstract:

In situ detection and dynamics of laser-induced mel-
ting in different semiconductor crystals (CdTe, CdHgTe,
GaAs, InSb and SiC) were performed by the time-resolved
reflectivity (TRR). The samples were subjected to irradia-
tion with 20 ns pulses of KrF excimer or ruby laser with ener-
gy density varied in a wide range. The surface morphology
of the crystals was monitored using optical microscopy and
time dependences of the temperature of the crystal surface
as a function of laser pulse energy density was also calcula-
ted. The melting and ablation threshold values were deter-
mined and specific features of the laser-induced phase
transitions in the surface region of the semiconductors we-
re analyzed.
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1. Introduction

Laser techniques have been advantageously used to
monitor different processes in semiconductors and to
modify their properties, including the following proce-
dures: surface cleaning, recrystallization and surface re-
gion reconstruction, local annealing and doping, forma-
tion of interfaces, etc. [1]-[7]. However, some problems
on interaction of short laser pulses with semiconductors
are still open. It is particularly concerned with the dyna-
mics of laser-induced melting and determination of the
threshold values of energy density at which phase and
threshold processes start in the surface region of crystals.

In order to identify the laser-induced melting thres-
hold of different semiconductors and study the dynamics
of laser-induced phase transitions in the surface region
of crystals subjected to action of nanosecond pulses of
KrF excimer or ruby lasers, we used the time-resolved ref-
lectivity (TTR) technique. This method consists in direct
detection and in situ observation of the time evolution of
optical reflectivity of the surface region of a crystal illu-
minated with a CW probe laser beam under irradiation
with a nanosecond laser pulse [7]-[14]. In addition, the
morphology of crystals was monitored and time depen-
dences of the surface temperature of crystals were cal-
culated at different laser pulse energy densities.

The data on the threshold values of energy density of
nanosecond laser pulses have principal importance in ap-
plication of laser procedures in semiconductor surface
processing.

2. Experiment

2.1. Experimental procedures and measurement

details

The subjects for investigation were the semiconduc-
tors which have been widely used as materials for radia-
tion sensors: CdTe, CdHgTe, InSh, GaAs and SiC. The sam-
ples were grown by different methods and were subjected
to various preliminary surface treatments [4]-[9].

The pulsed radiation source was KrF excimer (A= 248
nm) or a ruby (A= 694 nm) laser. Single pulses of 20 ns
duration (FHWHM) were used. The energy density J of in-
cident laser pulses was varied in a wide range.

The in situ detection and dynamics of phase transi-
tions in the surface region of the semiconductors were
monitored by the TRR technique using a CW red (A= 633
nm) or green (A=532 nm) laser as a probe beam.
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Fig. 1. Diagram of the experimental setup of the time-resol-
ved reflectivity measurements.

The TRR experimental setup is shown in Fig. 1. The re-
flected probe laser beam was detected by a high-speed
photodetector and after amplifying the signal was traced
by a storage oscilloscope.

3. Results and discussion

3.1. TRR measurements

As seen from the oscillograms showing the dynamics
of the reflection coefficient R of a red probe laser beam
from the CdTe crystal surface under irradiation with KrF
excimer laser pulses of different energy densities (Fig. 2,
curves 1-3), irradiation with J>J_ ~ 50 mJ/cm? results in
an increase in R with following decaying with time. The
maximum of R(t) is independent of energy density that is
evidence of formation of a laser-melted surface layer with
higher reflectivity. The contribution of the long-time
component to the total relaxation of R(t) increases with
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rising J (Fig. 2, curves 1-3). This can be attributed to
melting and following crystallization of a deeper surface
layer when laser pulse energy density increases.
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Fig. 2. Dynamics of the reflectivity of the CdTe crystal sur-
face illuminated with a red probe laser beam under irradia-
tion with Krf excimer laser pulses of different energy den-
sities J.

The relaxation of R(t) occurs during the time much
longer than laser pulse action time (Fig. 2, curves 2-4).
This is associated to deterioration of the crystallinity,
amorphization and following crystallization of the surface
layer [14]. The irradiation of CdTe surface causes an in-
crease in the steady-state reflection coefficient and this
is a reason that R(t) does not decay to the initial value R,
(Fig. 2, curve 4).

One of difficulties in the TRR measurements was that
the absorption depth of a red probe beam was ~1.6 pm
however the absorption depth of KrF excimer laser radia-
tion was very shallow (~10 nm) and hence the melted sur-
face layer was very thin. It was reasonable to use a probe
laser with a shorter wavelength.

Fig. 3 shows the dynamics of TRR of CdTe crystals un-
derirradiation with a KrF laser pulse using a CW green pro-
be laser. The changes in R were about 6-7% in comparison
with 3-4% as in the case of a red probe laser. There was no
any change in the reflectivity at J < J,, (curve 1) and
asharpincrease in R(t) under pulsed laser irradiation with
J > J,, indicated melting of a thin surface layer (curves
2-4).
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fig. 3. Dynamics of the reflectivity of the CdTe crystal sur-
face illuminated with a green probe laser beam under irra-
diation with KrF excimer laser pulses of different energy
densities J.
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Pulsed laser processing of CdTe crystals with J =J,, re-
sulted in improvement of surface smoothness [8]. Irra-
diation of CdTe crystals with KrF laser pulses J > J, ~ 150
mJ/cm? modified the dynamics of TRR. The reflection co-
efficient R(t) increases and falls to a value lower than ini-
tial one (Fig. 3, curve 4). This is due to an increase in
roughness of the surface because of boiling, evaporation
and ablation of an overheated surface layer and following
solidification. Thus, the value J,, = 50 mJ/cm? and J, =
150 mJ/cm? can be considered as the melting and abla-
tion thresholds, respectively.
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Fig. 4. Dynamics of the reflectivity of the SiC crystal surface
illuminated with a green probe laser beam under irradiation
with KrF excimer laser pulses of energy densities J higher
than the melting (curve 1) and ablation (curve 2) thres-
hold.

The dynamics of the reflectivity of SiC crystals irradia-
ted with KrF laser pulses of energy densities J>J,,and J >
J, is shown in Fig. 4. A jump in R(t) is due to the begin-
ning of melting of the surface, however the decrease and
following increase in R up to the second maximum (curve
1) is associated with the interference of the probe beam
reflected from the surface and from the moving solid-li-
quid interface [14]. Curve 2 in Fig. 4 has the similar shape
as curve 4 in Fig. 3. Decrease in R(t) with time is associa-
ted with ablation of the SiC surface under laser irradiation
withJd>J,.

The TRR measurements were performed for CdTe,
CdHgTe, GaAs, InSh and SiC semiconductors and a ruby la-
ser as a pulsed laser source was also used. The following
values of the melting J,, and ablation J, thresholds have
been obtained:

e for CdTe and Cd,Hg, ,Te with x = 0.3-1, J, = 50
mJ/cm?, J, = 150 mJ/cm? (KrF excimer laser pulse)
and J, = 100 mJ/cm? (ruby laser pulse). In the case
of the solid solutions the melting thresholds vary
by 10-20% depending on x;

e for SiC J,, = 580 mJ/cm?, J, = 650 mJ/cm? (KrF
excimer laser pulse);

e forInSbJ, =100 mJ/cm? (KrF excimer laser pulse),
J,,= 140 mJ/cm? (ruby laser pulse);

e forGaAsJ, =400 mJ/cm? (ruby laser pulse).

3.2. Surface morphology study

The surface morphology of semiconductor crystals was
monitored by optical and atomic force microscopy [5, 8,
14]. Figs. 5 and 6 show the micrographs of the surface of
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Cd,Hg, Te (x ~ 0.3) and InSb crystals respectively, irra-
diated with ruby laser pulses of different energy densities.
Irradiation of samples with J > J,, resulted in melting of
a thin surface layer, followed by crystallization. The re-
crystallized material was in the form of local islands filling
the whole area of the laser interaction zone when the
energy density was increased Figs. 5(b, c) and 6(b, c).

L (a)

Fig. 5. Micrographs of the surface of CdHg, Te (x ~ 0.3)
crystals before (a) and after irradiation with ruby laser
pulses of energy density J = 160 mJ/cm? (b) and J = 180
mJ/cm? (c).

Fig. 6. Micrographs of the surface of InSb crystals before (a)
and after irradiation with ruby laser pulses of energy density
J=150 mJ/cm? (b) and J =160 mJ/cm? (c).

The melting thresholds determined from the surface
morphology investigations were a little higher than the
values obtained from the TRR measurements. However, la-
ser-induced changes in the dynamics of TRR of semicon-
ductors irradiated with nanosecond laser pulses with J >
J,, corresponded to the modifications of the morphology
and structure of the surface region of the irradiated crys-
tals [4], [5], [8].

3.3. Calculations of temperature
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Fig. 7. Time dependences of the temperature of the surface
of the (d Hg, Te (x~0.3) crystal under irradiation with Krf
excimer (a) and ruby (b) laser pulses with different energy
densities.

The TRR experimental data were in good agreement
with the calculations of the temperature of the semicon-
ductors subjected to pulsed laser irradiation. The simula-
tion was made by solving the time-dependent heat flow
equation [9]. As an example, the time distributions of the
surface temperature in Cd,Hg, ,Te crystals under irradia-
tion with KrF excimer (a) and ruby (b) laser pulses are
shown in Fig. 7. Curves 2 correspond to the energy den-
sities of KrF excimer (a) and ruby (b) laser pulses when
the melting of a surface layer of is attained.

4. Conclusion

The TRR is an effective technique to determine the
threshold energy densities during laser processing of se-
miconductors and for in situ study of the dynamics of
phase transitions in the surface region of semiconductors
subjected to nanosecond laser irradiation.
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