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Abstract. It is shown that the use of a doubly resonant ca-
vity provides a considerable increase in the intracavity SHG
efficiency in microlasers in the case of small nonlinearity
parameters.

Advances in laser miniaturisation put forward a problem of
designing miniature laser frequency converters. Conven-
tional schemes used to increase the efficiency of nonlinear
optical processes are either inefficient, when applied to mic-
rolasers, or cannot be realised in small-size laser systems.

Consider, for example, frequency doubling. In conventio-
nal schemes, when limitations on the length of a cavity and a
nonlinear element are absent, the SHG efficiency is achieved
either by placing a nonlinear crystal inside a laser cavity [1 — 3]
or by injecting laser radiation with frequency w into an exter-
nal cavity, which has a high Q factor for radiation with
frequency w [4, 5] or frequencies w and 2w [6, 7].

Of considerable interest from the standpoint of miniatur-
isation are the schemes with nonlinear crystals inside a laser
cavity [1-3], particularly schemes with frequency self-dou-
bling in an active medium itself [8—-10]. It is common to
use only one cavity with a high Q factor (the cavity of a laser
itself at the frequency ) in such schemes, and the cavity for
the second harmonic is absent because the corresponding
transmission of cavity mirrors (or one of them) is close to
unity.

Unfortunately, it is impossible to obtain a high SHG effi-
ciency in microlasers under such conditions. One can over-
come this problem (see below) by using a doubly resonant
cavity with a high Q factor, i.e., a cavity whose Q factor is
high at both frequencies w and 2w.

Consider a microlaser with frequency self-doubling in an
active element with selective mirrors on its faces. One of the
mirrors is assumed to be totally reflecting for both frequen-
cies w and 2w. The reflectivities of the second mirror at
these frequencies are r,, and r,,,. For simplicity, we ignore dis-
tributed linear loss for the second harmonic.

The dynamics of lasing in a system with a doubly resonant
cavity can be described by the following system of rate equa-
tions:
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Here, ¢ =2¢, — ¢,; ajn = (11,2/15)1/2 are dimensionless
amplitudes of intracavity fields at the fundamental frequency
and the second harmonic, respectively; ¢, , are their phases;
I,, are the intensities of these fields; /; is the saturation
intensity of an active medium; k, , are coefficients of linear
loss in the doubly resonant cavity; T, is the cavity round-trip
time; & = y/*1, is the nonlinearity parameter;  is the non-
linearity factor; / is the length of an active (nonlinear)
element; 7 is the inverse-population relaxation time; N is
the ratio of the inverse population to the threshold value; and
1 + 5 is the ratio of the pump power to the threshold value.
Equations (1) —(4) are written under the assumption that the
detuning of the fundamental frequency from the gain line
centre is small and that the natural cavity frequencies
and w,,, which correspond to the fundamental frequency and
the second harmonic, satisfy the condition w,. = 2w..

The intracavity SHG in a laser with a doubly resonant ca-
vity was theoretically studied in Refs [11—13], where station-
ary lasing regimes and their stability were analysed. However,
a detailed analysis of the effect of the Q factor of a doubly
resonant cavity on the intracavity SHG was not carried out.

System of equations (1) —(4) has two stationary solutions.
In accordance with (3), one solution takes place for cosyy = 0,
and the other one is obtained for a? = 243. In the first case,
the intracavity field amplitudes are determined by the formu-
las
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where 4 = ¢/kk,; B=1+ A. In the second case, we have
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ay = (11 2%, ) (2 +k1) , ai =2a;. (6)

The second solution is always stable and exists for
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In the domain of parameters specified by inequalities (7),
the first solution [formulas (5)] is unstable. Solutions (5) and
(6) have a common stability boundary on which, as follows
from the analysis, bistability exists. Bistable regimes will be
analysed elsewhere.

On the basis of the formulas presented above, we analysed
the dependencies of the SHG efficiency ¢ = P,/P on k, (P, is
the output power of the second harmonic and P is the pump
power). This dependence is shown in Fig. 1 for different k;
and P/Py, (Py, is the threshold power of a Nd 3+ . LINbO,
microlaser considered here for 1% loss at the fundamental
frequency). The calculations were made for a Nd*':
LiNbO; laser with ¢ = 1077, which corresponds to an active
element 0.5 mm long. The pumping efficiency was assumed
to be 50%.
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Figure 1. Dependence of the SHG efficiency ¢ on the transmission coeffi-
cient k, = 1 — ry,, of a doubly resonant cavity at the second harmonic for
the loss coefficient at the fundamental frequency &y = 0.1 (1, 2) and 0.5%
(3,4) and pump powers P = 1.5Py, (1,3) and 10Py, (2, 4).

One can see from the figure that the use of a cavity with a
high Q factor at the frequency 2w allows us to increase the
second-harmonic intensity by a factor as large as several doz-
ens (when a cavity at the frequency 2w #,,, = 0 is absent and
¢ < 0.1). This increase is caused by the fact that when a cavity
for the second harmonic is absent, lasing at the frequency 2w
takes place in nonoptimal conditions, and, therefore, the sec-
ond-harmonic efficiency is low. An optimum choice of the Q
factor at the frequency 2w enables one to increase the effi-
ciency of intracavity SHG.

Note that in the case of small ¢, an increase in efficiency
can be obtained only for the cavities having a rather high Q
factor for the fundamental frequency. Under actual condi-
tions, the Q factor is limited by loss mechanisms that can-
not be completely eliminated (distributed loss in an active ele-
ment, mirror loss, loss caused by the presence of interfaces in
a cavity). If the limiting loss k| exceeds ¢, i.e., the condition of
optimum lasing k; = ¢ [14] is not fulfilled, the use of a cavity
with a high Q factor for the second harmonic provides a con-
siderable increase in the SHG efficiency.

Thus, the use of a doubly resonant cavity for intracavity
SHG in microlasers results in a considerable increase in
the SHG intensity. Optimum characteristics of concrete fre-
quency converters on the basis of microlasers with a
doubly resonant cavity can be calculated using the formulas
obtained above.

Acknowledgements. This work was supported by the Russian
Foundation for Basic Research, Grants Nos 99-02-16054 and
00-02-16041.

References

1. Dmitriev V G, Tarasov L V Prikladnaya Nelineinaya Optika
(Applied Nonlinear Optics) (Moscow: Radio i Svyaz’, 1982)

2. Geusic J E, Levinstein H G, Singh S, Smith R G, Uitert L G

Appl. Phys. Lett. 12 306 (1968)

Fan T Y, Dixon G J, Byer R L Opt. Lett. 11 204 (1986)

4. Akhmanov S A, Dmitriev V G, Modenov V P Radiotekhn. Elek-
tron. 10 649 (1965)

5. Kozlovsky W J, Nabors C D, Byer R L Opt. Lett. 12 1014 (1987)

6. Akhmanov S A, Khokhlov R V Nonlinear Optics (New York:
Gordon and Breach, 1972)

7.  Sizmann A, Horowicz R J, Wagner G, Leuchs G Opt. Commun.
80 138 (1990)

8. Dmitriev V G, Raevskii E V, Rubinina N M, Rashkovich L N,
Silichev O O, Fomichev A A Pis'ma Zh. Tekh. Fiz. 5 1400 (1979)

9. ChenY F, Wang S C, Kao C F, Hang T M IEEE Photon. Tech-
nol. Lett. 8 1313 (1996)

10. Kravtsov N V, Laptev G D, Morozov E Yu, Naumova I I, Fir-
sov V V Kvantovaya Elektron. (Moscow) 29 95 (1999) [Quantum
Electron. 29 933 (1999)]

11.  Dmitriev V G, Zenkin V A, Kornienko N E, Ryzhkov A 1, Striz-
hevskii V L Kvantovaya Elektron. (Moscow) 5 2416 (1978) [Sov. J.
Quantum. Electron. 8 1356 (1978)]

12.  Gorbachev V N, Polzik E S Zh. Eksp. Teor. Fiz. 96 1984 (1989)
[Sov. Phys. JETP 69 1119 (1989)]

13. Walls D F, Collet M J, Lane A S Phys. Rev. A 42 4366 (1990)

14.  Smith R G IEEE J. Quantum Electron. 6 215 (1970)

hed


http://www.turpion.org/info/lnkpdf?tur_a=qe&tur_y=1999&tur_v=29&tur_n=11&tur_c=1643

