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ABSTRACT
We present two simple and effective approaches for widening of the tuning

region of the two-wavelength generation in two-channel laser cavity. The first is
based on the use of combination of interference wedge and linear neutral filter
and the second - on the use of active mirror. This widening is combined with near
equal intensities in both emissions. The use of the active mirror assures a real
simultaneous two-wavelength operation. We consider a Dye laser.

INTRODUCTION
The simultaneous operation of Dye and Ti:ALO; lasers at two

independently tunable wavelengths is of interest for many practical applications,
such as differential absorption measurement, including DIAL lidar atmospheric
pollutants monitoring, isotope separation system, in non-linear optics e.c.t. The
lasers of such type are intensively developed and frequently discussed in the
literature [1,2]. Recently, we have reported an improved high efficient two-
wavelength Dye and Ti:Al,Os lasers with a passive self-injection [2].

An essential problem, that arises the two- wavelength operation of the
Jasers with a homogeneously broadened active medium (e.g. Dye, Ti:ALO3), 1is
the narrow range of simultaneous generation at the two wavelengths. This
limitation is due to the well-known strong wave competition effect in this type of
active media [1]. It is of importance the development of effective solutions of this
problem.

In this work we present two simple and effective approaches for widening
of the tuning region of the two-wavelength generation. This widening 1s combined
with near equal intensities in both emissions. We provide a comparative study of
the proposed techniques by computer simulation. The experimental test for the
correcnest of the simulation is also given.

BASIC SCHEMES OF THE TWO-WAVELENGTH LASER.

We consider, as a basic scheme, a two-wavelength laser with two-channel
cavity configuration (Fig.1), introduced earlier by us [1-3]. In this scheme, an
interference wedge [1] IW is used as a selective element in one of the channels
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and simultaneously as a low-losses charmel-couplix‘}ggeleplgent. The wedge 1s with
a linewidth of the transmission ~ 1lnm FWHM and''transmission maxima Tiwi =
0,85 at spectral distance of ~ 36 nm. The first channel consists of the output
mirror M, , interference wedge IW, as a selector, and the full reflecting end

mirror M;. The mirror M,;, TW,

M M, pump as an intermediate reflector,
(ngx) W, (R=0.5) //'l M, (R=0.8) IW, as a selector, and the deaf

/4 | ] > : M. form th d
7 ] 7 [ »  IMUTOr 3, form the secon
F / /- |av] Offpg channel. The tuning of the first

wavelength A, is performed by
Fig.1 translation of the' W, in its
: plane (a sandwich type of
interference wedge is considered [1]). The tuning of the second wavelength A, is
performed by translation of TW5. The laser active medium AM is introduced in
the common part of the channels. To transform the described conventional type
selection two-wavelength scheme in high-efficient passive self-injection type
scheme [1] (PSIL laser), a partially transmissive mirror M, is introduced between
AM and IW,. In the investigation we use values of the laser parameters, given in
the picture. The active medium is ethanol solution of Rh6G (5.10* mol/l). The
pumping is by pulses from frequency doubled Nd:YAG laser (0,53 pm harmonic,
pulse length 15 ns FWHM trapezium approximation of the shape with rise front
of 7ns, plato - 3,5ns, and fall front - 16ns; pulse energy 0,25 mJ).

RATE EQUATION SYSTEM AND WAVELENGTH COMPETITION.
The action of the described two-wavelength laser is moddeled by adapting
of the rate equation System (1) [2], where N is the invertion population per unity
volume, N=3.10"cm™ is the total number of the dye molecules per unity volume,
B =ohyl co/VaL‘ (i =1, 2, f), where ah,is

dN N ol ey

o Wp(f).N;—N.) Bi.q; = —  the emission cross-section for  the
y ! & corresponding wavelength =1, 2 and the
le =B.q.NV, —q—1+k1.— background emission at the gain maximum
: T & (185107 em?) [2]. Here, I=1 cm and V,=
dq—2=Bz.qz‘N.V,, _12_+k2_ﬂ : 2,8.10% cm’ are the length and the working
1 5] volume of the active medium, respectively;

B

dqy g N L’=Scm is the optical length of the cavity

—L =B,g, NV, ——+k;— . ; !

dt PR ;Cé+ T°af and ¢, is the light velocity. The terms
System (1) k, (N/Af )= 6,43.107 [2] give the rate of
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photons produced in the laser mode volume by the spontaneous emission; =3 ns
and 1 =L'c,/y are respectively the lifetime of the upper laser level and of a

photon in the cavity, where 7=—é[lnR1Re +2-m(1-T, )] describes losses in the

cavity. Here, R°=R, .T,2W1 for the conventional cavity (R,=0, Rs= R4 = 0,99). For

the PSIL laser Re=l(\/7€; + T]WI’.\/E;)/(l + Ty Ry Rs )}2 . The system is solved

numerically using Runge-Kutta4 method.

The calculated dependencies of the output energy for A, (Eoun) and for A,
(Eouz), When the A, is fixed at the gain maximum and A, is tuned, are presented in
Fig.2. The strong competition between the two generations and respectively the
limitation of the tuning region for simultaneous near equal intensities generation is

Conventional laser ’ PSIL laser
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Fig.2

evident. The calculated curves are in good qualitative agreement with the
experimental data and particularly with the given by us [1] experimental curves
for two-wavelength tuning region for homogeneous broadened active medium.
The needed additional losses (1-Ty) in the first channel (for 1), as a function of
)\, for producing near equal intensities for the emissions at both wavelength can
be also determinated from Fig2. In this Figure the calculated wavelength
dependence of the needed transmitivity Ts of the neutral density filter in the first
channel is given.

PRINSIPLE OF THE PROPOSED APPROACHES FOR TUNING
REGION WIDENING.
As a solution of the problem we introduce:

i. A technique of synchronously corrected losses in one of the channels with the
tuning using a combined system based on appropriate transmissive filter and
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interference wedge. We employ the fact that the tuning with the interference
wedge is linear with its translation [4] and the needed additional losses for
correction in the first channel are also near linear (see the computing in Fig.2).
Thus, with single translation of an incorporated in a common support interference
wedge and appropriate linear transmission dependence filter we can obtain the
needed effects.
ii. The second system is based on the use of an active-reflection mirror [3] in the
channels. The active mirror consists of end-reflecting mirror in the channel of the
tunable wavelength A, and with the same active medium AM, as AM, pumped by
part (b%) of the pump radiation (Fig.1 with dashed lines). When A, is tuned, we
vary the pump of the second

dNy —Wp, (I)‘Nt(l)_ NS B i Ny 'f\ctlve medmm. in manner to
dt ; T increase the gain in the second
dN, =Wp2(t),N,(2) —B(z).qz.Nz Ny channeI. to compensate The
dt T decreasing of  cross-section
‘%l_zBl N, ——q‘—+k1l\]— o(A2). The action of this
! to A scheme is described by the
a9, _ BygyNiV, +B(2)qu.N2.Va(2) __qi+klﬂ System (2), where the notations
@ Te2 Af  are the same as in the System
wr BrayNiV, _q_f+kf'l‘/_ (1). The added equation for
dt Tef of dN,/dt concerns the inversion
System (2) population N, in the additional

active medium AM, The

calculated dependencies of the needed pump for the second active medium as a
function of the wavelength to maintain the approximately equal generated energy
for A, and A, are given in Fig.3. In the calculation A; in the first channel is
stopped at the gain maximum. In practice, the pumping of the second medium can
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be achieved by polarization division of the initial pump power between AM and
AM, and using a rotated polarizing active element before the separated Glan
prism. Very important result is that for the introduced by us technique with
compensating active mirror temporally both emissions are completely overlapped
also when A, is tuned far at

For PSIL laser with compensation by filter the gain maximum (~ 16 nm);
945~ hq1™ 580 nm , Xy= 596 nm wp@®,s* M is stopped at the gain
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active mirror presents another
very important opportunity.
By choosing of suitable losses in both channel and temporally division of the
pump pulse, as it is described in Ref.[5], and appropriate delayed pumping of the
AM, by respect of the pumping of AM we can stopped the generation at A; in a
desired moment. Thus, if the dye laser operates at “spiking” regime [6] we can
select in A -channel only the first subnanosecond “spike”.
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