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The diffusion coefficient and carrier recombination time have been obtained by time-delayed four-wave mixing
with incoherent light for Cu,O ultrafine particles in the organosols at room temperature. The results, D=0. 011

cm?/s, Tr=1. 2 ns. The diffusion processes was discussed.
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1. Introduction

Recently time-delayed four-wave mixing with in-

coherent light (TDFWM-IL) was developed and at-
tracted much attention. Morita and Yajima® gave
the background of TDFWM-IL theoretically on the
basis of the two-level model and derived the conclu-
sion that when this technique was used to measure
the dephasing time and population relaxation time,
the time resolution was limited by the coherent time
of the excitation light field used rather than by its
overall duration. It opened up a new technique with
which ultrafast relaxation time could be measured
with nanosecond pulse lasers or even cw lasers.
The technique has been applied to measure the de-
phasing time'®, population relaxation time*® and
optical Kerr relaxation time®.
Population relaxation time can be usually obtained
by fitting the tail of the trace of the TDFWM-IL
signal with theory. However, because only small
portion in the tail of the signal is related to the pop-
ulation relaxation time, the error in fitting must be
large. Besides, diffusion, energy transfer and ther-
mal motion affect to the TDFWM-IL signal, and
shorten the decay time of the dynamic grating, the
population relaxation time such obtained is usually
different from the intrinsic one.

In this paper, we present a new method, which
allows us to extract the carrier recombination time
and diffusion coefficient from relative intensities of
two diffracted peaks and the constant background.
We demonstrate this technique with nanosecond
pulse laser for Cu,O ultrafine particles at 300 K and
338 K, respectively.

2. Theory

In four wave mixing with phase conjugation con-
figuration, I;, the forward pump beam (or I,, the
backward pump beam) and I;, the probe beam in-
terfere within the sample, generate a dynamic grat-
ing with period of A/2 sin(8/2) Cor A/2 cos(6/2)7,
where A is the wavelength of the light and 6 is the

angle between I, and I,. Backward pump beam (or
forward pump beam) is diffracted by this grating,
conjugation wave I, along the direction opposite to
the probe beam is thus produced. The intensity I,
(7) is measured as a function of delay time -t of I,
to I,. There are two peaks in the trace of I, (z)
around t=0 and t==-T", if T', the delay time of I; to
I,, is nonzero. Since the diffractive efficiency is de-
pendent not only on the carrier recombination but
also on the diffusion, the intensities of the two
peaks are generally inequal. Under the condition T
>t., T>T, and Ty, T1;>7., the shapes of the
peaks can be approximated by?'®®!?
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where the first order coherent function of the laser
is assumed to be exp (-t?/z.?), t.is the coherent

time of the light, T, is the dephasing time of the

sample, T;; and T, are the decay time constants of
the two dynamic gratings, respectively.

The decay time constants of the two gratings can
be expressed as™
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where D is diffusion coefficient and Tz is carrier re-
combination time. '

Letting I,=I,(r=00), I)n=1,(r=0)-I, and Iy,
=J,(z=-T)-I,, from Eqgs. (1-4), the diffusion co-
efficient and the carrier recombination time can be
determined by
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In short, the decay time of the grating is depen-
dent not only on the material but also on the period
of the transient grating. Since diffusion, energy
transfer and thermal motion contributes differently
to the two gratings, T}, is longer than T, so the
trace of the TDFWM-IL signal intensity I, (r)ex-
hibits two peaks with different intensities around t
=0 and v=-T, and the relative intensity of the two
peaks is generally different for materials. Under
the condition ©. KTy, T1z, the two peaks are all
symmetrical about =0 and t=-T with a constant
background, and the separation between the two
peaks is T'. Diffusion coefficient and carrier recom-
bination time can be obtained from the ratios of the
intensities of the constant background and to each
of the two peaks in TDFWM-IL signal.

3. Experimental Results and Discussion

The experimental setup for TDFWM-IL is shown
in Fig. 1. The light source was from the second har-
monic of a Q-switched Nd:YAG Laser with a pulse

YAG

Fig.1 Experimental setup for TDFWM-IL. BS, and BS; are
the beam splitters; BSs, the glass plate; DL, the delay
line; PM, photomultiplier; A;, A,, the apertures; S, the
sample; B, the boxcar; MC, the microcomputer; M,,
M., M,, the reflective mirrors; M, the monochrometer.

duration of 10 ns, a repetition rate of 10 Hz and a
coherent time of 28 ps. The output of the laser
pulse is split by the beam splitters BS, and BS, into
three beams, a weak probe beam and two equally
intense counterpropagation pump beams, which in-
cident upon the sample. In all measurements, the
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probe beam is incident at an angle 8 of 15° with re-
spect to the forward pump beam, the delay time T
between the beams I, and I, is 510 ps. The delay
time t of beam I, with respect to beam I, was
changed by the delay line. The phase-conjugation
signal was split by a glass plate BS; and detected
with a photomutiplier after passing through a box-
car averager, the signal was stored and processed in
a microcomputer. The signal intensity I, () was
measured as a function of the delay time 7. To
avoid the saturation effect we have to use a pump
beam energy lower than the saturation energy.
Therefore the signal intensity versus the pump
beam energy should be measured first to determine
the saturation limitation.

We have measured I,(r) for Cu,O ultrafine parti-
cles in the organosols at room temperature, as
shown in Fig. 2, where the dots represent the ex-
perimental curve while the solid line is a fitting
with Egs. (1) and (2). The trace of the TDFWM-
IL signal was well fitted as shown in Fig. 2 by Egs.
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Fig. 2 Normalized TDFWM-IL signal intensity as a func-
tion of delay time for Cu,O ultrafine particles at room tem-
perature.
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(1) and (2). This indicates that the experimental
curve is in agreement with the theory. By Egs. (5)
and (6) we have got Tpg=1. 2 ns and D=0. 011
cm?/s. As can be seen from Fig. 2, two symmetrical
peaks from large and small period gratings are ob-
served corresponding to the delay time =0 and t
=-510 ps, respectively, and the intensity of the t
=-510 ps peak is weaker than that of the t=10
peak. This phenomenon can not be attributed to
carrier diffusion because the size of the ultrafine
particles is much smaller than the periods of the
two gratings, carriers are effectively confined with-
in the particles. We attribute I,(-510 ps)/I,(0)<<1
to the Brownian movement, since the delocalization
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of the excited particle makes the small period grat-
ing suffer more serious deterioration than the large
period one.

Similarly I,(z) for Cu,0 ultrafine particles has al-
so been measured at 338 K, as shown in Fig. 3. In
the same way, the carrier recombination time and
diffusion coefficient were obtained to be 0. 91 ns
and 0. 016 cm?/s, respectively. The speed of Brow-
nian movement increases with temperature rise, so
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Fig. 3 Normalized TDFWM-IL signal intensity as a func-

tion of delay time for Cu,O ultrafine particles at 338 K.

the diffusion coefficient at high temperature is larg-
er than one at low temperature. Rate of nonradia-
tion transition increases with a rise in temperature.
Hence the carrier recombination time at high tem-
perature is smaller than one at low temperature.
These are in agreement with the experimental re-
sults.

In Figs. 2 and 3, the two peaks are symmetric
about t=0 and t=-T, respectively, with a con-
stant background and separated by T=510 ps, just
as the theory predicted. In addition, the TDFWM-
IL technique has been applied to measure the carri-
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er diffusion coefficient in CdS;:Cu. The obtained co-
efficient is in good agreement with that determined
by another method®. The experimental results in-
dicated that the technique is correct.

4. Conclusion

The diffusion coefficient and carrier recombina-
tion time can be derived from the relative intensities
of the constant background and the two peaks
around t=0 and t=-T in TDFWM-IL. The two
parameters have been got by this method for Cu,O
ultrafine particles in the organosols at 300 K and
338 K, respectively. These results are in agreement
with the dynamical behavior of the light-matter in-
teraction. Brownian movement accelerates decay of
the dynamic grating, and weaken the peak intensity
corresponding to the small period grating. The ex-
periments showed the validity of the theory.
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