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ANALYSIS OF ENERGY LOSSES IN THE ZIGZAG SLAB-LASERS
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Abstract. The article considers energy losses in a FabrgePlaser resonator and zigzag laser in form ofat fruncated prism. It refines the values of the
harmful losses of the zigzag laser three-mirroii@gtresonator, in which apart from material loss@s absorption and scattering in the matrix of #uotive
media, the losses on the radiation transferringotigh the non-ideal reflecting mirrors that providezigzag course of the beam in the cavity are dweiu
The dependences of the losses coefficient on #igndearameters of the three-mirror zigzag lasesoreator are also analyzed.
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ANALIZA STRAT ENERGII W LASERACH PASKOWYCH TYPU ZYG ZAK

Streszczenie: Artykut pgwiecony stratom energii w laserze z rezonatorem Fa&tegota i typu zygzak w formie ptaskiego graniastpakcietego. Zawiera
on skorygowane warfoi strat dla lasera typu zygzak z rezonatorem zajjeym trzy zwierciadta. Opr6cz materiatowych stratafesorpcg i rozpraszanie
w asrodku czynnym, uwzginiono réwnié straty spowodowane wyciekiem promieniowania praerealne zwierciadta. Przeanalizowano rownie
zaleznasci wspotczynnika strat od parametréw projektowyehonatora lasera zawiergiego trzy zwierciadta.

Stowa kluczowe zygzak laserowe, trzy-lustro rezonatora, stragreii

Introduction 2. Three-mirror zigzag laser cavity in form
of flat truncated prism

One possible way of solving the problem of lasetiation
sources miniaturization is the development of stneas, which Creation of a compact solid-state lasers is possitilee case of
ensure the effective interaction of active particend radiation using active elements in the form of flat truncgpeidm with zigzag
in the cavity. The main purpose of the optical tasavity course of an optical beam in the three-mirror gayiigzag laser)
is the implementation of positive feedback and assallt induced (Fig.2) [2, 3].
in the inside cavity radiation repeatedly passesuth the active
medium [1].

1. Energy losses in a laser with a Fabry-Perot

resonator )( y
QoA

The most common type of resonator is a system ofrhivrors

facing each other by reflecting surfaces (FabryePearavity) dL>r—1¢ L,
(Fig.1).
A B Fig. 2. Optical scheme of the three-mirror lasevitgand the beam course

’ in it (mirrors are indicated by bold lines): 1 aizd- highly reflecting mirrors,
3 — output mirror

" ,.: Highly reflecting mirrorsl and2 form an angle:, and provide a
zigzag course of radiation in the cavity. Outputf-transparent
Fig. 1. Optical layout of a Fabry—Perot cavity: and r, - the cavity mirrors reflection mirror 3 forms an angle with a mirror2 [4].
coefficients Radiation is propagating perpendicular to the miprturns
. . L back and is reflected by mirroisand2 as long as the angle of
In the optical Fabry—Perot resonator (Fig.1) we d&tinguish  j,ciqence at one of the mirror does not become. z&rohis point,

the hmain. typesd. of .eﬂergy Iosggs, dztermined bytg"@ the reflection of radiation and self-propagationitsf way to the
on the active medium inhomogeneities and non-reBaaiasorPLioN o 3 in the opposite direction take place until theease of

by the coefficientp and losses on the output radiation from . qiation through a mirror [4].

the resonator through a mirror. Mirrors (at leaseé @f them) are All rays parallel to the optical beam propagatingai zig-zag

made transparent as part of the generated radiatidhe active way in the cavity from the point of normal reflasti from the

medium must be derived from the resonator. If tieanreflection mirror 3 to the normal incidence on the mirrdy are almost the

coefficients by the intensity are equalrioandry, then efficiency g5 me jength. Expression relating the length of the trajectoriy

losses due to output radiation from the resonagorupit of length e, the radiation propagates in the active mediumsingle pass

are equal tok; =i|ni , whereL — the length of the beam from point A on the mirroB to point B on the mirro with angles
2L nro a ande and height is given by [4]:

passing from point A to point B (Fig.1). For a lageth a Fabry - 1

Perot cavity the length of the rdyin the active element is equal I=h{cos¢

to its lengthL (Fig.1). In order to maintain the lasing conditite

gain exceeding the total losses is necessary. Toedfigent The lengthl is the sum of the segmerits I,,..., Iy between

p of material losses and the gain coefficikrtre determined by the mjrrors1 and2 (Fig.2). Each segment is equal to the helgbf the

properties of the active medium. The desire to cedbe size of the active element at 0.&% <5° and 0.12¢ <25° in the first

laser by reducing the IengthW”l increase the loss faCtdI[, which approximationl Since the number of Segmé‘ﬂ]tﬂ}e |ength of the

may result in loss of generation. In addition, fmall values trajectoryl can be calculated by a simple relation [5]:

of L the quantity of energy extracted from the actiatiples

decreases. Consequently, to reduce the size of lashation [ =N [h. (2

sources it is necessary to find such a resonatoctate, in which

the length of the radiation passage in the actleenent! would

exceed the length of the resondtor

$/a
+cos@ +6)>" {cosp - k- 1 Tcosp - ka )}1} @

The effective length of the radiation passage ia #ttive
medium can be calculated by formula (2) with a carafively
small relative errob < 5% in the range of angles G < 5° and
0,1<¢ < 25°
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A beam of parallel rays propagating in the activement
retains its shape and length of radiation singksage in the cavity
greatly exceeds the transverse and longitudinakdgions of the
laser for certain values of structural parametéth@ construction.

3. Analysis of energy loss in a three-mirror zigzag
laser cavity

In the zigzag laser with an active element in thenf of flat
truncated prism compared to lasers with a FabrystPaavity in
addition to harmful losses by the absorption arattsdng in the

matrix of the active media and useful losses of laser radiation

through the output mirror with reflection coeffinie rj,

characterized by the quantity =%Inr&, wherel — length of the

3
trajectory along which radiation propagates in #igzag way in
resonator, there are additional losses while rexfiaeflecting from
the mirrorsl and2 with reflection coefficients; andr,located at a
small anglex to each other. In case of equality of coefficientand
r, denote them by. In this case, the total coefficient of harmful
losses is given by

1
In=+p,
r

o_2N-1
2 ©)
whereN — number of reflections. Provided that when & 1b°< 5°
and the angle between the output mirror and a miwith a
reflection coefficientr; 0,1°< ¢ < 25° the length of the trajectory
can be calculated by the approximate relation{Bgn the formula
(3) becomes:

._2N-1 1
= In=+p. 4
2Nh r P @
WhenN » 1 (4) is simplified to the form:
pD=1In1'+p. (5)
h r

When the values of the angle 0s18 < 5° the mirrorsl and2
are parallel to each other in first approximatiom dorm a Fabry—
Perot cavity with loss factor on the mirrors detiered exactly by
the formula (5).

For Nd:glass laser with a coefficient of materialsdes
p = 0,01cm® [6] for h = 1cm and = 0,998p* = 0,012cm* and only
20% higher than the coefficient of the materiabbsp.
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Fig. 3. The dependence of the loss coeffigiens anglep for different values
of the anglex forh = 1cmandr=0,998: 1 & =0,2° 2 -2 =2° 3—a =5°

The values of the coefficient* can be calculated with a
maximum relative errod < 5% (5) andd < 12,5% by the formula
(5) on the angles 0,¥a<5° and 0,1% ¢ <45° as shown in
Fig.3. The value of the loss factg* increases by 7% with
increasing anglep for constanth = 1cm andr = 0,998. This is
explained by the fact that with increasing angket a constant angle
a increases the number of reflectioNsand, consequently, losses
due to radiation transferring through the mirrdrsand 2 are
increasing.

While reducing the reflection coefficientloss factop* grows
significantly (Fig.4). At low values af coefficientp* become large
(for r = 0,87 loss factop* = 0,15cm?) and may exceed the value of
the gain, such as for the active media on the glaped with N&",
Wherep:0,0lcrﬁl, and the gain in the medium reachles
0,15cnT",

The height of the active elememt can be increased for
minimizing the loss coefficienp* (Fig. 4). For h>10cm loss
coefficient p* is increasing by only 1% atr=0,998.
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With decreasing value df p* will increase. Whenr = 0,96 and
h=0,1cmp* = 0,4082cm* and as a result is much higher than the
value of the gaitk = 0,15cm®. The increasing in height to minimize
losse9* would violate the principle of compactness of thger.
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Fig. 4. Dependence of loss facjgrvs the height h and the reflection coefficiewf r
mirrors 1 and 2

4. Conclusion

Analysis of energy losses in the zigzag laser énftitm of a flat
truncated prism shows that for decreasing the citiearmful losses
coefficient in the cavity* it is necessary to use mirrors, between
which the radiation propagates in the zigzag waith the highest
value of the reflection coefficient. However, ewsith the use of
highly reflecting covers the maximum possible retflen coefficient
isr~=~0,998. The height of the active element can besased for
minimizing the losses coefficiept, but in this case increasing size
of the laser.
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