
Compact optical Setup for forward-box
degenerate four-wave mixing measurement

著者 岩井  伸一郎
journal or
publication title

Review of scientific instruments

volume 70
number 11
page range 4178-4179
year 1999
URL http://hdl.handle.net/10097/46242

doi: 10.1063/1.1150048

brought to you by COREView metadata, citation and similar papers at core.ac.uk

https://core.ac.uk/display/235734917?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


REVIEW OF SCIENTIFIC INSTRUMENTS VOLUME 70, NUMBER 11 NOVEMBER 1999
Compact optical setup for forward-box degenerate four-wave
mixing measurement

Toshio Fukaya,a) Shinichiro Iwai, and Shigeo Murata
National Institute of Materials and Chemical Research (NIMC), 1-1 Higashi, Tsukuba 305-8565, Japan

~Received 22 February 1999; accepted for publication 6 August 1999!

We have devised compact optics for the forward-box configuration in degenerate four-wave mixing
spectroscopy. The core of the optical setup is the successive use of a pair of polarization-based beam
splitters that divide the laser beam into four parallel beams. This setup is compact, easy to assemble,
and adaptable for laser light over a wide spectral range. Selection of the combination of beam
polarization produces two types of transient grating: either a polarization grating or an intensity
grating. © 1999 American Institute of Physics.@S0034-6748~99!02711-2#
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Degenerate four-wave mixing~DFWM! is widely used
for applications such as measuring dynamic photoexcita
and determining its rate constant as an essential laser s
troscopy technique.1,2 The orthodox optical setup for DFWM
is a forward-box configuration.3

The usual optics of the forward-box configuration co
sists of multiple beam splitters and mirrors separating a la
beam wave front into three waves. After being delayed
propriately, these waves are combined at one spot. Use
partially reflecting mirror as a beam splitter causes pow
loss in rear surface reflection and often creates stray li
Many optical components are required to realize the forwa
box configuration and optical components are very diffic
to coordinate because optics must be three dimensional
are complicated. If the optical setup becomes larger, be
quality deteriorates over long distances and the DFWM s
nal becomes difficult to find. Setting up a mask filter
eliminate stray light requires observation of the beam pat
the dark from the sample to the sensor. Tunable lasers
ultrashort pulses are currently used in laser spectroscopy4 As
the laser pulse duration becomes shorter, beam energy
sity becomes higher and partially reflecting mirrors adapta
to such pulses become extremely difficult to fabricate ove
wide spectral range.

We devised a compact optical DFWM setup~Fig. 1!
whose major innovation is the use of calcite crystals as
placers to divide the laser beam into two parallel beams
are mutually cross polarized. The length of the calcite cry
determines the distance between displaced beams. Bec
calcite dispersion is small, the distance changes slightly o
a wide spectral range. This change does not affect meas
ment, because the size of holes in the mask is slig
smaller than that of the laser beams. A calcite crystal 30
long typically separates a beam to a distance of 3.3 mm
is transparent from 350 to 2300 nm and semitransparen
to 215 nm. The amplitude ratio of horizontal and vertic
polarization components of input light determines the pow
ratio of the two output beams. This is controlled by adjust
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the rotation angle of a half-wave or quarter-wave plate. S
cessive use of two combinations of wave plate and cal
crystal produces four parallel beams having a square sp
configuration. The intensity ratio of any three of the fo
beams is controlled individually by adjusting the rotatio
angles of the two wave plates.

According to our measurement in the visible region u
ing a displacer 30 mm long, the extraordinary ray has
advanced phase of 3.3 mm compared to the ordinary
~Fig. 1, inset!. Simple geometrical calculation using the da
of refractive indices 1.6584 for the ordinary ray and 1.48
for the extraordinary ray yields a phase difference of 3.29
mm.

The four parallel beams are focused onto one spot a
passing through optical delays. Where the DFWM signal
pears is determined easily by selecting one beam as a m
tor. During measurement, the monitor beam is steered
from the mixing and guided to a light intensity sensor. T
DFWM signal appears at the same position where the m
tor beam was pointed. The holes of the mask that are pla
after the focusing lens have a 1.0 or 0.8 mm diameter, but
resulting diffraction is negligible. Furthermore the diffracte
light can be removed by using masks, because diffrac
light and DFWM signal light propagate in different direc
tions.

Of the four linearly polarized beams, two are horizo

dFIG. 1. Compact optical DFWM setup. The inset shows the beam displ
ment and phase difference between extraordinary and ordinary rays
30-mm-long calcite crystal.
8 © 1999 American Institute of Physics
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FIG. 2. Time delay plots of DFWM signal and transmitted light of pro
beam measured using 613 nm 150 fs laser pulses. The sample is To
sharp-cut filter glass at 630 nm:~a! scanningT1 mode; ~b! scanningT2
mode.

FIG. 3. Same plots as in Fig. 2 but measured using 613 nm 8 ns laser pu
~a! scanningT1 mode;~b! scanningT2 mode.
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tally polarized and two are vertically polarized. If two beam
with different polarization are selected for pumping, net p
larization is modulated spatially, forming a polarization gra
ing. If two beams of the same polarization are used, the
intensity is modulated spatially, forming an intensity gratin
In these cases, the longitudinal relaxation time~T1! and
transverse relaxation time~T2! are measurable.

In examples of measurement~Figs. 2 and 3!, the sample
glass is a Toshiba sharp-cut filter at 630 nm 3 mm thi
Figures 2~a! and 2~b! are measured using 613 nm optic
parametric amplifier light pumped by 400 nm second h
monic generation light of a 150 fs pulse Ti:sapphire las
Figures 3~a! and 3~b! are measured using 613 nm optic
parametric oscillator light pumped by 355 nm third harmon
generation light of an 8 ns pulse Nd:YAG laser. Figure 3~a!
is scanned by theT1 mode and Fig. 3~b! by theT2 mode. A
long duration of 8 ns leads the long plain part at the foot
the delay curve in Fig. 3~a! and the slow delay curve in Fig
3~b!. The relaxation time of Fig. 3~a! is longer than that of
Fig. 2~a! due to the long coherent length of the 8 ns pu
laser.

Whether the sample is located at the common beam
cus is determined from target translation along the nea
collinear axis of beam propagation and the peak detectio
refracted light intensity. In this so-calledZ-scan measure
ment ~Fig. 4!, incoming light beyond the focus point indi
cates the noise level. Scattered light from the sample
stray light from the surfaces of optical components ca
noise. Minimizing the number of optical components a
adequately setting the mask filter reduce noise considera
DFWM signals from a transparent high refractive index gla
1.0 mm thick having nonlinearity on the order of 10212 esu,
for example, are easily detected by a conventional photo
ode such as a Hamamatsu S2281-01 with a C2719 ampl
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FIG. 4. Z-scan plots of DFWM signal and transmitted light of probe bea
measured using 613 nm 150 fs laser pulses.
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