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Abstract. A single-shot ultrabroadband spectrometer for studying by the method 
of coherent anti-Stokes Raman spectroscopy (CARS) is fully described. It allows 
simultaneous capturing of both Stokes laser and CARS signal spectra with a 
bandwidth of 1000 cm- 1 at every laser shot. 

1. Introduction 

Although the single-shot coherent anti-Stokes Raman spectroscopy has been supposed 
and demonstrated since 1976 [l] its application occurs rarely and mainly in gases 
[2-6]. The basic reason for this is the demand for simultaneous fulfillment of the 
phase-matching requirement for all spectra components of the Raman band. In [7] 
we proposed a new method for fulfillment of phase-matching condition in dispersive 
media. A suitable CARS spectrometer has to be constructed in order to apply this 
method. The general problems are as follows: 

(i) To build up a powerful, stable, single-mode Q-switched Nd:YAG laser; 
(ii) To construct a powerful dye laser, which to generate radiation with spectral 

bandwidth wider than the Raman band under investigation. It is desirable the 
intensity spectral distribution of this laser to have almost a rectangular shape; 

(iii) To record CARS spectrum simultaneously with the dye laser detection. Thus all 
fluctuations in the CARS signal due to dye laser spectrnm changes should be 
corrected. 

In this paper we have described the constructed spectrometer for single-shot ultra
broadband CARS spectroscopy of liquids. 

2. Description of the Spectrometer 

Figure 1 illustrates the spectrometer for ultrabroadband CARS. The main oscillator 
LO is a Nd:YAG laser with crystal dimensions 0 5 x 60 mm. A Pockels cell and a 
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Fig. 1. Block-scheme of the CARS spectrometer 
LO - Nd:YAG oscillator, LA 1,2 - Nd:YAG amplifiers, SHG 1,2 - second harmonic genera
tors, Fl-3 - colour glass filters, BFl,2 - Fresnel biprisms, CL - cylindrical lens, DO - dye 
laser oscillator, DA 1,2 - dye laser amplifiers, CP - conjugated prism pair, DM - dichroic mir
ror, M 1-10 - mirrors, SM 1,2 - split mirrors, L 1-5 - lens, T - telescope, D - diaphragm, 
MS(AS) - Stokes (anti-Stokes) monochromators, OSA - optical multichannel analyzer, 
DA5 I 2 - diode array, PC - personal computer 

Gian prism are used to switch Q-factor into the resonator. A diaphragm (00.l mm) 
produces single-mode operation of the main laser. Its output energy is up to 10 mJ 
at 1.064 nm. Then the laser radiation is amplified in the Nd:YAG rode (05 x 60 mm) 
LAl and frequency doubled by a KDP nonlinear crystal (o1 o2e2 interaction) SHG 1. 
The obtained green beam at .A1 = 532 nm, pulse duration 10 ns, and energy up to 5 mJ, 
and IR radiation are split by the dichroic mirror DM. The mirror reflects 97 % of the 
infrared radiation and transmits the green beam. The last beam acts as a pwnp source 
in the CARS process. The residual infrared radiation deflected from DM is directed 
to a second Nd:YAG amplifier LA2 (06x75 mm) then it is frequency doubled by 
SHG2 (KDP, o1e1e2 interaction). All laser LO, LAl,2 are close-coupled laser heads 
with pulsed lamps excitation. The laser power suppliers (up to 100 J per pulse at 1 Hz) 
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Fig. 2. The ultrabroadband dye laser with a prisrn
based "spatially-dispersive" resonator. Solid line - the 
rays with sorter wavelength in competition with the 
rays pictured by dashed line 

are produced by the Institute of Laser Technics, Sofia. The visible radiation, separated 
by filter F2, has an energy up to 12.5 mJ. A telescope T is used to expand the beam. 
The produced beam diameter matches the transverse size of the dye cells. The splitters 
SMl and SM2 reflect up to 6 mJ and 2 mJ, respectively. 

An ultrabroadband dye laser DO is used as a Stokes source [8]. The laser operates 
on the scheme of a non-selective "spatially-dispersive" resonator with two conjugated 
prism pairs - Fig. 2. The prisms P12 and P22 are made of SF104 glass [9] whereas 
prisms P11 and P21 are made of TFl glass [10]. In the gain medium, all generated 
spectral components are slightly shifted, thus the competition between them is sup
pressed. The intensity of the dye laser pump is spatially modulated by Fresnel biprism 
BFl [8]. The appropriate chosen distribution pump intensity is maximal at the edges 
of the laser medium. The spectra with a bandwidth 45 run FWHM (about llOO cm- 1 ), 

produced by the dye laser, are convenient for single pulse CARS of the widest Raman 
vibrations such as OH, CH vibrations. Attention is paid to avoid spectral narrowing 
when the Stokes radiation is amplified. Again this is achieved by a spatial shifting of 
the spectral components before their amplification. Thus almost unifonn amplification 
for all the wavelengths is obtained. 

The Stokes radiation is output from the dispersive cavity end of the dye oscillator [8]. 
The spatial shift between the components with frequencies 2800 cm- 1 and 3800 cm- 1 

is 2 mm at the dye oscillator output - Ml in Fig. 2. The ultrabroadband radiation is 
amplified in DAI. The pump beam and cylindrical lens CL µave produced a rectangular 
active zone in this amplifier. The conjugated prism pair CP has additionally shifted the 
spectral components. The prisms are made of SF104 heavy flint glass [9], with apexes 
of 64 degrees. They operate in the regime of minimal deviation at 640 run. Also at 
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this regime the rays follow at almost Brewster's angle onto the prisms so the Fresnel's 
reflection losses are negligible. The second Fresnel biprism BF2, made of glass with 
an obtuse angle of 174 degrees, produces rectangular active area in DA2. The pump 
intensity is maximal at the gain zone ends, where the wavelengths from the wings 
of the dye emission spectrum pass. Thus even the small spectral narrowing from the 
amplification in DAI (due to the fact that the pump intensity is maximal at the DAI 
center) is compensated. At the DA2 exit the Stokes source energy attains up to 0.5 mJ 
with a bandwidth of approximately 1000 cm- 1 FWHM. The dye laser and amplifiers 
utilize slow flowing solutions (2 ml/s) of DCM in methanol with concentrations of 
8 x I 0- 4 mol/l and 10-3 mo!/ !, respectively. The frequency repetion rate of the lasers 
is about I Hz at this flow speed. 

The lengths of the optical paths of the w1 and w2 beams are adjusted so that the timing 
between both pulses should be better than 2 ns at the input CARS lens - LI. Two
beams CARS scheme is used. The Stokes and pump beams are focused by a 200 mm 
achromatic lens Ll, and are recolimated' by L2 (f = 250 mm). The liquid studied is 
placed into a 5 cm long cell. In order to avoid effects of simulated Raman scattering and 
optical breakdown neutral density filters are inserted in the w1 leg. Whereas the Stokes 
laser divergence is greater than that of the CARS pump beam, it is necessary to use an 
additional positive lens LS (f = 1.33 m) to coincide their foci into the san1ple. Usually 
for this purpose a telescope is utilized, but then undesired results (such as changes in 
the spatial distance between the different wavelengths) may occur. The estimated and 
measured waists at the common intersection of both beams are 100 µm. The phase
matching angle in liquid water varies from 2 degrees at 2800 cm- 1 to 3 degrees at 
3600 cm- 1 (>'1 = 532 nm). Hence, the maximal interaction length between both beams 
is estimated to be nearly 4 mm. For all studied liquids the anti-Stokes generation can 
easily be seen on a white sheet of paper. 

The CARS signal is separated by a filter (BG 25) and a diaphragm, then it is atten
uated by neutral density filters and focused onto the entrance slit of a polychromator 
MAS (f = 250 1mn, equipped with I200 l/mm grating). The detector is an optical 
multichannel analyzer OSA 500 (B&M Spectronik). Simultaneously with the detection 
in the anti-Stokes area, the dye laser spectra are recorded by a spectrum analyzer on 
the base of a polychromator MS (MDR2, Russia, 600 I/ mm) and a 512-channel diode 
array DA5I2. The DA512 controller is mounted on a PC slot. The CARS spectrum is 
stored in the OSA console memory, while the Stokes spectrum is recorded on the PC 
disk. Then the anti-Stokes spectrum is transferred to a personal computer PC. Both an
alyzers are calibrated by the emission spectra of Ne and Hg lamps. The dispersions of 
the detectors are 0.0545 run/channel for OSA 500 and O.Ill56 nm/ channel for DA512, 
which in tenns of Raman shift means about .2.6 cm- 1 I channel for both detectors. 

3. Conclusion 

We have presented a single-shot ultrabroadband CARS spectrometer. Using this spec
trometer we recorded CARS spectra of the OH stretching vibration of liquid water and 
CH stretching vibration of methanol [11]. Thus the capabilities of the spectrometer in 
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the study of wide (about 1000 cm- 1
) Raman lines are demonstrated. This spectrometer 

offers broad fields of application in the molecular spectroscopy. 
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