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Abstract. A novel differential technique of femtoseconds pump-probe laser beam to test energy
transport properties of nanomaterials, based on an electro-optic device, is presented. As op-
posed to the standard methods, ours allows the modulation of the probe-beam. As will be
shown, the differential method overcomes the drawbacks of the existing technologies for
nanomaterials. These drawbacks includes the time resolution of the collected data, the signal to
noise ratio and the time to record the reflectance data.

1. INTRODUCTION

The energy transport properties of materials have
been widely studied by means of the pump-probe
beam method with femtoseconds pulsed lasers [1-
4]. There are two main drawbacks in the traditional
techniques reported [1]: (1) the time resolution is
equal or lower than the pump-beam period; (2) when
rough samples are studied, scattered light cannot
be completely eliminated, which causes a low sig-
nal to noise ratio, which is a limiting factor even
when analyzing nanomaterials, in which several
transport processes take place in pico and nano-
seconds [2] so that very fast techniques are needed
to study them, e.g. femtoseconds methods. Some
methods [5-11] have been proposed to improve that,
however, they have resulted expensive and they do
not completely eliminate the drawbacks. In [12], the
proposed differential method eliminates the above

mentioned limitations, however it is slow because
the frequency modulation of the pump-beam is, at
the most 1 KHz (in the method reported in [1] is 1
MHz), so that the time to record the reflectance
data is very large. Accordingly, we propose a new
differential method that uses electro-optic devices
to substantially increase the frequency modulation
of the pump-beam.

2. THE DIFFERENTIAL METHOD

The experimental setup for the proposed differential
method is shown in Fig. 1. The main difference with
the construction described previously [12] is in the
design of the delay system together with its drivers.
This system can work at 1 MHz using adequate
acousto-optic modulators (AOMs, all beam split-
ters may be MT-80-IR, Electro-Optical Products
Corporation, with carrier frequency of 80 MHz, rise
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and fall times of 23 ns, switching frequency 1 MHz),
however, to use a low-frequency lock-in amplifier
(LIA) (for example, SR830, Stanford Research Sys-
tems) we restrict the frequency to 100 KHz, just to
illustrate it. We suggest the use of low noise detec-
tors (for example, FDS100-CAL, Thorlabs), and low-
pass filters with a cut off frequency of 150 KHz.

The total time delay of the probe-beam is achieved
by means of the x-stage (0 - 3 ns, resolution of 10
fs) and the delay oscillating system (delay of 10 fs
- 1ps, resolution of 0.1 fs, which corresponds to
3 - 300 m with a resolution of 30 nm). The delay
system is coupled with the x-stage and it uses op-
tical devices that do not deform the pulse shape.

2.1. The delay system

In Fig. 2 we show a diagram of the delay system.
The system is divided in two branches. The probe-
beam is divided by means of the input beam split-
ter. Both beams cross the AOMs (AOM1 and AOM2,
respectively), which work in anti-phase mode. The
corresponding drivers (for example MOD-80-2W,
Electro-Optical Products Corporation) are synchro-
nized with the TTL output of the LIA (for AOM1) and
the logic inversion of the TTL (for AOM2). Each beam
crosses a beam-splitter, the transmitted beams are
directed to the Hollow Retroreflectors (for example,
Broadband Hollow Retroreflector, model: UBBR2.5-
1S, Newport) and return to the beam-splitters. The
Hollow Retroreflectors are moved by mean of the
x-stages and the piezo-actuators (for example,
NF15AP25, Thorlabs, with driver MDT 694A,

Fig. 1. Experimental setup for the proposed pump-probe beam method.

Thorlabs). The beams cross an attenuator (A1 or
A2) (for example, M63-048, Edmund Optics) to
equalize their power. The /2 plates (for example,
WPH05M-780, Thorlabs) adjust the polarization
planes of both beams. The beams are added by
mean of the output beam-splitter. Finally, the out-
put polarizer ensures the polarization plane of the
output beam not to change with the delay change.

The optical path difference of Branch 1 and
Branch 2 (which causes the oscillating difference
between delays) can be adjusted moving the hollow
retroreflectors with a resolution of 25 nm. In Fig. 3
we show the graphs of the oscillating delay and the
control voltage of the AOMs (Supposing a larger
optical path in Branch 1).

As can be seen in Fig. 3, voltages of AOMs are
opposite in phase. The delay system works as fol-
lows: for the lapse of time 0 - 5 s the AOM1 is
open while AOM2 is close (no beam passes through
branch 2). The beam that crosses AOM1 goes to
branch 1 and the pulsed beam is delayed accord-
ing to the position of the Hollow Retroreflector 1.
After the beam splitter (output) the beam is part of
the probe beam. For the period of time 5 - 10 s the
AOM2 is open while AOM1 is closed (no beam
passes trough branch 1). The beam that crosses
AOM2 goes to branch 2 and the pulsed beam is
delayed according to the position of the Hollow Ret-
roreflector 2. After the beam spliter (output) the beam
is part of the probe beam, and so on. This alternat-
ing process in AOMs forms the oscillating delay of
the probe-beam (in Fig. 3 is called AC delay). The
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Fig. 2. Diagram of the delay system with opto-electronic devices.

Fig. 3. Graphs of the delay and the control voltage in the AOMs. The DC delay is caused by the x-stage
position, the AC delay is caused by the delay system.
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frequency of the oscillating delay depends on the
l]ck-in’s synchr]nizati]n which c]ntr]ls the AOMs
through the drivers.

3. DETERMINATION OF THE
REFLECTANCE DATA CURVE

We now describe a simpler algorithm to determine
the reflectance data curve DR(t). As described in
[12], data A(t) = DR(t) is enc]ded in the L]ck-in’s
output voltage B(t) (see[12] for details):
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Fig. 4. Theoretical graphs of A(t ) and B(t). Reflec-
tance data have been used with the permission of
the authors of Ref. [1].

Fig. 5. Graphs of the theoretical and recovered
A(t ).
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Once collected the measured data B(t
i
) and know-

ing that A(t
0
) = B(t

0
) = 0, the reflectance data set

A(t
i
) can be computed with a simple loop using Eqs.

(5) and (3).
We know present a numerical experiment for the

estimation of the reflectance data A(t
i
) as in the

experiment shown in [1], which represents the opti-
cal reflection of the surface under test, for example
the theoretical plot corresponding to photon wave-
length equal to 757 nm (see reference [1]). Fig. 4
shows the plots of the theoretical A(t

i
) and B(t

i
) with

m = 201. In this case t
i+1 

- t
i 
= 10 (fs) and =

100/2.35 (fs). Fig. 5 shows the plots of the theoreti-
cal and the recovered A(t

i
).

4. CONCLUSIONS

A new differential method for pump-probe beam ex-
amination of energy transport properties of
nanomaterials was developed. Unlike some tradi-
tional methods, in a differential method the time reso-
lution of the collected data is high, and it presents a
higher signal to noise ratio. Additionally, in this pro-
posal the modulation of the probe-beam is carried
out by means of opto-electronic devices, which in-
creases the modulation frequency compared with
the differential method reported in [12]. Conse-
quently, the time to measure each value to build the
reflectance graph is considerably reduced. We also
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proposed an algorithm to estimate the reflectance
data fr]m the L]ck-in’s ]utput v]ltage. Finally, ]ur
results could also be relevant to the growing and
important area of tribology [13-15], if a better un-
derstanding of the mechanisms, both at micro and
nanoscales, is to be achieved in that relevant area
of applied Materials Science.
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