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1. The purpose of this article is to describe the principles and certain
results of an experimental realization of a method of active Raman-scattering
(RS) spectroscopy with the ald of a quasicontinuously tunable parametric light

generator (PLG).

The use of a pair of intense oscillations with tunable frequencies (vo and
,2 ~— see Fig. 1) makes 1t possible to excite a selected vibrational transi-
tlon (optical mode)of frequency Q0. By observing the scattering of a probing

light beam (freguency vpr

- see Fig. 1) from this mode one can greatly improve

the signal/noise ratio at the output of the RS spectrometer and to measure the
scattering line shape (especially in the study of broad lines) and the scatter-
ing cross section, with an accuracy exceeding the accuracy attained in the in-
vestigation of spontaneous Raman scattering. Strong mode excitation uncovered
new possibilities in the investigation of anharmonic effects (combination modes,

etc.). With the aid of a quasicontinuous PLG it
is convenlent also to carry out measurements in
accordance with the inverted-scattering scheme

- a promising scheme which so far has not found
wide use only because there are no suitable tun-
able radiation sources [10].

2. The spectroscopic information obtained
with stimulated RS is scanty. The principal rea-
son for this is the strong competition of the
lines, the broadening of the spectrum due to non-
linear mechanisms, etc. It is therefore of inter-
est to search for a method combining the exten-
sive spectroscopic capabiltiies of the spontane-
ous Raman scattering with the advantages of the
method of stimulated Raman scattering, such as
obtaining high-intensity scattered light, coher-
ent excitation of optical phonons in a consider-
able volume, etec.

This problem was discussed in a number of
papers (see, e.g., [1 - 6]). A procedure for
scattering a probing beam by coherent optical
phonons execited during the course of the stimu-
lated Raman scattering was proposed and realized
in [1, 7, 8] (see also [91).

The spectroscopic possibilities are greater
when the phonons are excited by a biharmonic
light signal below the threshold of stimulated
Raman scattering. Specially selected line doub-
lets were previously used for this purpose [2,
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Fig. 1. Diagram explaining
the principle of active
scattered-light spectro-
scopy with the aid of a
parametric generator. Here
Vo and 2vg = Vpr are the

frequencles of the laser
and of its second harmonic;
vi and vy (v + vy, = 2v,)
are the smoothly tunable
fregquencies of the PLG; Qo
18 the Raman shift. Curve

1 - Stokes signal of prob-
ing scattering at

[vo = vi,2| # Qo3 curve 2 -
signal at |ve - vi 2| = Q0.
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Fig. 2. Block diagram of experimental setup. The multi-frequency gene-
rator for the active-spectroscopy scheme is a quasi-cw laser using alumi-
num-yttrium garnet, its second harmonic, and a parametric laser using a
lithium-niobate crystal, excited by this second harmonic. M - triple
monochromator, SHG - second-harmonic generator.

Fig., 3. Experimental plot of the normalized intensity of Stokes scat-
tering of the probing beam at the mode A1g (Qo = 1086 cm™') in a cal-

cite crystal at T = 300°K on the angle 8 between the optical axes of the
crystal and the pump beams.

3, 5, 6]. It would be ideal, of course, to have a smoothly tunable multi-fre-
quency generator operating in the cw or quasi-cw regime.

3. These are precisely the properties possessed by the multi-frequency
radiation source employed by us. It consists of a quasi-cw laser based on YAG
with Nd®* (A, = 1064 nm, pulse power Py = 1 MW, frequency up to 100 Hz), a
second-harmonic generator (SHG) using an LiNbOs crystal (P = 100 kW), which ex-~
cltes a two-resonator PLG using a LiNbO; crystal (P1,2 = 2 kW); the tuning re-
gion is 0.9 - 1.25 . The second harmonic of the laser 1s used also as the
probing signal.

When, for example, the frequency detuning v; - vy (v - v;) 1s close to Q,
the chosen mode is excited; if at the same time the momentum conservation law is
also satisfied

Ak, , = (k - ky ;) - (kpr - ks,pr) =0 (1)

then the intensity of the scattering of the probing beam increases sharply (see
[1]). If the widths of the lines that build up the oscillations are smaller
than the width of the spontaneous Raman-scattering line, 1t is possible to meas-
ure the shape of the spontaneous line directly. In the scheme in which the fre-
quencies vi and vy are used, at I, >> I, the buildup of the molecular oscilla-
tions 1s accompanied by a resonant increase of the intensity of the wave vi, and
it becomes possible to measure simultaneously the parameters of the RS line also
in accordance with the inverted-scattering scheme.

4, Figure 2 shows the experimental setup. The measurements were performed
at the line Qo = 1086 cm™! of type Alg in calecite. Thé probing radiation and

the pump radiation were introduced into the crystal at an angle corresponding to
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satisfaction of the condition (1). (The probing wave in the calcite is extra-
ordinary, the pump waves are ordinary; o = 8°10', 6 = 29°,)

Figure 3 shows the experimental dependence of the scattering power normal-

ized to the spontaneous Raman scattering power, n = Pcoh/Pspont’ on the angle

0 between the optical axis of the crystal and the pump beam; this dependence was
compared with the calculated one:

Ak, (6)z
9n3 ct bog \sm 2
LTSI TV [N .y
Teheor g @ ’)ws o/ P n(hBa ) NAw, /(Ak,(0)2/2)?
[
. '(Awsp) sin?(Ak,(0)2/2) | 4n S, , (2)
2

Ao, 7 (Ak,(6)z/2)? 8Q/n2 S

pr

Here 0o 1is the scattering cross section, N the molecular-number density, z the
effective interaction length, I, and I,,» the wave intensities, Aw:,2 the widths
of the PLG lines, Awsp the width of the spontaneous Raman scattering line, &R

the solid angle within which the spontaneous Raman scattering is registered, and
Se and Spr - the areas of the beams.

Substance Pump radistion Probe & scattered radiation |[Coherent length
RS line(Q,) __AHI' o Az, Apr’ am A hantig? M Leon = (Ak)~! em
Calcite 1048 ordin. 1080.30rd | 1064.0 ordin. 1097 ordin. 0.23
284 cm~! 1064,0 ordin. | 1097 ora.| 532,0 ordin. 540,2 ordin, 0.083
Quartz 1034.4 ordin. | 1086.80rd | 1064.0 ordin. 1115.2 ordin. 0.84
466 cm~! 1034.4 extraord. | 1086.8extr] 1064.0 extraord.|  1115,2 extraord. 0.52
Benzene 962.4 1064 532.0 561.6 0.0025
#92 cn~! 1010.6 1233 | 1064.0 962,4 0,064
Carbon disulfide | 994.6 1064.0 532.0 551.2 0.002
656 cm=! 1028 11025 1064 994,6 0.081
Hydrogen 868.0 1360.4 1064.0 736.3 310
4155 cm-! p = 100atm| 1064.0 736.3 532.0 682.9 3
Methane 2915 cm~! 921.2 1260,6 1064,0 812.2 #10
p = 30 atm 812.2 1064.0 532.0 631.8 5.6

At T, = 5.4 x 10® W/em?, I; = 0.8 x 10° W/cm?, Ak; = 0, (Awsp/Awl) = 0.1,
SO/Spr = 0.25, 62 = 0.20 sr and z = 1.4 em, formula (2) yields Niheor = 2.7 %
10® (the values of ¢ and N were taken from [11]). The experimental value is
nexp = 3 x 10%. A special check was made on the nonlinearity of the dependence
of the intensity of the probing scattering on the intensity of each of the three
interacting waves.

Under our experimental conditions it i1s possible to observe coherent scat-
tering on lines for which G/Awsp is smaller by 2 - 3 orders of magnitude than
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for the investigated calcite line. The sensitivity can be increased further by
narrowing down the line and increasing the power of the PLG; this also increases
the resolution.

5. The maximum effect is reached along the synchronism direction {(Ak = 0).
However, the requirements with respect to the accuracy with which the beams are
set are in many cases not too stringent. The table lists the values of the co-

herent scattering length Lcoh = (Ak)~! far from the exact synchronism for dif-

ferent media and different frequencies of the pump and of the probing signal. It

is seen that in gases Lcoh > 10 em and in general there are no problems con-

nected with the exact synchronism. In strongly dispersive media, Lcoh vl oem

is reached by having the pump and probing-signal frequencies close. Of course,
the possibility of using exact synchronism remains in all cases.

The choice of a green probing beam with wavelength Xpr = 532 nm is con-
venient because it makes it possible to use the recording apparatus of the com-
mercial Raman spectrograph with the argon laser serving for the excitation of the

RS spectra.
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As is well known, transport phenomena in amorphous (vitrecus) semiconduc-
tors differ significantly from those in crystals: in particular, they exhibit
an anomalously small "Hall" mobility, a nonlinear S-shaped current-voltage char-
acteristic, and a conductivity activation energy that decreases continuously
with decreasing temperature [1]. According to recently developed concepts, the
physical properties of amorphous semiconductors are determined by the presence
in them of random potential fluctuations whose scale 1s comparable with the
width of the forbidden band [2, 3]. A similar potential relief exists, as is
well known, also in crystalline semiconductors if they are strongly compensated
by randomly distributed charged impurities. By varying the degree of doping and
compensation 1t is possible, as shown in [4], to produce a controllable model of
amorphous semiconductors, for in this case changes take place both in the ampli-
tude and dimensions of the reglons of the potential fluctuations and 1n the posi-
tion of the Fermi level.

We note, however, that if fluctuations are produced as a result of a Pois-
son distribution of point defects and impurities, a rigid connection is
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