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Broadband lasing and nonlinear conversion of radiation
from LiF : F,” and LiF : F, colour centre lasers

V V Fedorov, P G Zverev, T T Basiev

Abstract. Broadband LiF:F;" and LiF:F, colour centre la-
sers are studied theoretically and experimentally. The cavities
of these lasers ensure spatial wavelength selection. The lasers
generate nanosecond pulses in the near-infrared range with a
spectrum wider than 1300 em !, As a result of optimisation
of the optical layout and selection of proper nonlinear
crystals, the broadband laser radiation with a spectral width
of more than 1300 cm™' is efficiently and simultaneously
converted into the second harmonic in a nonlinear LilO3
crystal and into the fourth harmonic, in a nonlinear BBO
crystal.
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1. Introduction

A narrow spectral lasing line is a characteristic feature of
laser radiation. However, recently it has become necessary
to build sources of collimated high-intensity radiation with
a broad lasing spectrum or with a certain discrete spectral
set of lasing lines, which can be used for scientific and tech-
nological purposes. Usually, the competition of modes in
the active element with homogeneously broadened lumines-
cence bands narrows the output radiation spectrum, which
proves to be substantially narrower than a luminescence
band. A possible way to achieve broadband lasing is to use
cavities with spatial dispersion [1-3]. In such a laser, the
lasing modes with different wavelengths propagate in diffe-
rent parts of the active element, which removes the compe-
tition between the modes.

LiF crystals with F;y and F; colour centres have
attracted much interest as elements for broadband lasers
because they produce highly efficient tunable lasing in broad
spectral ranges (0.85—1.1 um for F5 colour centres and
1.04—1.28 um for F; colour centres [4, 5]).

In this paper, we studied a broadband LiF colour centre
laser that generates pulses with a spectral width close to that
of the luminescence spectrum. The laser also provides the
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efficient doubling and quadrupling of the frequency of
broadband infrared radiation.

2. Principle of operation of a broadband laser

The high concentration of active centres in the dye solution
in the cavity of a broadband dye laser [1] allows one to
achieve spatial dispersion by focusing the laser radiation in
a thin layer of the dye. In colour centre crystal lasers
operating at room temperature, the active element is usually
several centimetres long [4]. Hence, to achieve broadband
lasing, a special cavity is required with spatial dispersion
that extends over the entire length of the active element.
The schematic of such a laser is shown in Fig. 1. The laser
cavity consists of the input dichroic mirror /, the diffraction
grating 5, which operates in the autocollimation regime, the
intracavity lens 3, and the diaphragm 4. The laser operates
as follows: the beams propagating in the active element
parallel to the optical axis of the system are focused by lens
3, while the beams that propagate at a distance from the
optical axis are incident on the diffraction grating (after
passing through the lens) at different angles 6. As a result,
the autocollimation condition for each beam is satisfied at
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Figure 1. Optical schematic of the cavity of a broadband laser with a
frequency doubler: (/) input dichroic mirror; (2) active element; (3)
intracavity lens; (4) diaphragm; (5) diffraction grating operating in the
autocollimation regime; (6) nonlinear crystal; (7) frequency doubler
lens.
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different radiation wavelengths, which are determined by
the relation

2dsin 6 = mi, 0]

where d is the grating period; m is the diffraction order; 0 is
the autocollimation angle; A is the laser beam wavelength.
The diaphragm 4 removes the ‘skew’ beams propagating in
the active element at an angle to the optical axis of the
cavity. In such a cavity, the optical paths of the beams with
different wavelengths are spatially separated within the
active element, which eliminates their competition and per-
mits lasing with the spectral width close to that of lumines-
cence.

To provide broadband lasing of LiF : F5" and LiF : F;
lasers with a 1200-mm ™! diffraction grating operating in the
first diffraction order (m = 1) in the range from 4; = 0.87
um to A, = 1.1 pm and from 4; = 1.1 pm to 4, = 1.25 ym,
respectively, one should excite in the active element the
region of the width

Ax =~ ,Fc tan[@(lz) — 8(/11)], (2)

where F_ is the focal length of the intracavity lens. For
instance, to achieve broadband lasing of the LiF : F;" laser
in the 0.87—1.1-um range at F, = 50 mm, the width Ax of
the excited region within the active element should be
8.5 mm, while for the LiF : F; laser operating in the 1.1 —
1.25-um range, it should be 6.4 mm.

The dispersion dx/d. of wavelengths in the active ele-
ment is determined by the dispersion d6/dA of the diffrac-
tion grating:

dx _do

4= Fear ®
Using the intracavity lens with F, = 50 mm one has the
dispersion dx/d/ = 3.6 pm A~ for the LiF : F' laser and
4.1 pm A™! for the LiF : F5 laser.

To study the spectral resolution of a broadband laser, we
estimate the size of its fundamental TEMgo mode in the
Gaussian approximation [6]. Consider a cavity with equal
arms with respect to the intracavity lens (L; = L, = L)
(Fig. 1). The distribution of the fundamental-mode field in
this cavity is symmetric with respect to lens 3, and the
dimensions of the waists on the flat mirror (w,) and the
diffraction grating (w,) are the same:

» o Lif2F—L\7
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Dimensions of the mode on the lens (w;) and the
diaphragm (wy) are
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In order to select modes with different wavelengths,
diaphragm 4 is placed in the focal plane of lens 3. For a
cavity of a broadband laser with parameters close to those
of the real dimensions of the model (L =80 mm and
F, = 50 mm), we have (for A =1 um)

Wy = 113 pm, wp = 253 pm, wy = 141 pm. 6)

Figure 1 shows that it is preferable to place the active
medium close to mirror /, because there the size of the
fundamental-mode waist and, hence, the spectral overlap of
modes with different wavelengths are minimal, The spectral
resolution of a broadband laser can be estimated from
equation (3) as the ratio of the size 2wy, of the fundamental-
mode spot on the mirror to the wavelength dispersion
dx/dZ in the active element. Estimates of the spectral width
of the fundamental lasing mode for broadband LiF : F;
and LiF : F5 lasers yield

2
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Thus, lasing of the broadband lasers under study (the width
of the spectrum is 230 nm for the LiF : F;" laser and 150
nm for the LiF : F; laser) can be treated as simultanecous
lasing of 40 and 30 independent lasers, respectively.

3. Conversion of radiation from broadband
colour-centre crystal lasers into the visible
and UV range

In Ref. [7], frequency doubling of radiation with a spectral
width of about 10 nm was obtained in a nonlinear crystal
by compensating the angular matching dispersion using a
prism. The spectral width of the output radiation from the
LiF : F5" and LiF : F5 colour centre lasers exceeds 100 nm.
The frequency doubling in such a broad spectral range
requires special optimisation, i.e., the matching of the angu-
lar dispersion of the output from a broadband laser with
the angular matching dispersion of a nonlinear crystal.

One of the possible ways of optimising is to change the
angular magnification of lens 7 (Fig. 1). In the linear
approximation, the required angular magnification I' of
the optical system is given by the expression

_de/da
" da/d2’

®)

where do/d/. is the phase-matching angle dispersion at the
entrance to the nonlinear crystal; df8/dA is the dispersion of
the output radiation of the broadband laser. This scheme
operates efficiently only in crystals with phase-matching of
the ooe or eeo type.

The optimal nonlinear crystal was selected by calculating
the spectral dependence of the phase-matching angles for
different crystals [8]. It was assumed that the crystal is cut
for normal incidence of radiation at a wavelength corre-
sponding to the middle of the spectral range of lasing (at
0.965 pm for the LiF : F;" laser and at 1.14 um for the
LiF : F; laser).

Table 1 lists the calculated phase-matching angles «,
with respect to the optical axis of the crystal for wavelengths
of 965 and 1.14 pm, the angular matching dispersion do/d/
outside the crystal, the nonlinearity coefficient D.g, and the
widths of the spectral (AZ), angular (Aa), and temperature
(AT) phase-matching for some crystals.

Fig. 2 presents the calculated dispersion curves for the
angle of incidence of the radiation from broadband
LiF : F;" and LiF : F; lasers on the nonlinear crystal (solid
curves) and the phase-matching angles in KDP, BBO,
LiNbO;, and LilOs crystals recalculated with allowance
for optimal angular magnification I'.
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Table 1. Parameters of nonlinear crystals (1-cm long) used for frequency doubling of broadband LiF:F; and LiF:F; lasers, and the calculated widths
of the spectral (A4), angular (Ax), and temperature (AT) phase-matchings [8].

der/dA/° pm™!
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Ai/nm Ax/mrad  AT/°C Degr/107 2 m V™!

KDP 41.4
LilO; 33.5
LiNbO; -

BBO 24.5

41.7 11 15
219 75 45
69.3 - 240
22.8 33 17

283
0.7
0.3
2.1

1.7 25.1
0.6 -
3.1 1.1
0.52 39.8

0.29
2.75
5.32
1.69-2.1

AO, Ax/°

5—

0.95 1.00

—

A/pm

1
1.05

1.10 1.15 1.20

Afum

Figure 2. Calculated dispersion dependences for the angle of incidence
© = 90° — A@ of the radiation from broadband LiF : F3 and LiF : Fy
lasers on the nonlinear crystal (1) and for the phase-matching angle
o = Aa + o for frequency doubling in the LilO3 (2), BBO (3), KDP
(4), and LiNbO; (5) crystals.

Among the nonlinear crystals considered, LiNbO; has
the largest nonlinearity coefficient (Dey = 5.32 % 107"
m V). This crystal exhibits a strong nonlinear dependence
of the phase-matching angle on the wavelength, which makes
it possible to obtain 90° phase-matching by decreasing the
wavelength to 1.05 um. Hence, this crystal is suitable only
for doubling the output frequency of the LiF : F, laser.
However, the strong nonlinearity leads to a substantial dis-
crepancy between the angular matching curves and the
wavelength dependence of the angle of incidence of the
radiation from a broadband laser on the nonlinear crystal
(angular mismatch). The dispersion dependence of the

phase-matching angle of the KDP crystal has a flat
maximum around 1.05 pm. As a result, strong angular mis-
match was observed for the LiF : F; laser.

The KDP crystal has the smallest nonlinearity coefficient
(Degr = 0.29 x 1072 m V') among the crystals we studied.
The spectral dependences of the phase-matching angles for
the LilO3; and BBO crystals are similar (Fig. 2) when the
angular magnifications I’ are optimal (I'ggo =0.8 and
I'Lijo, = 1.8 for the 0.87-1.1-um range, and I'ggo =04
and TI'yjo, =1 for the 1.1-1.25-pm range). The LilOs
crystal has a somewhat better angular matching and a
larger nonlinearity coefficient (D = 2.75x 1072 m V™)
compared to the BBO crystal (Dgy = (1.69 —2.1) x 1071
m V7}). Thus, among the crystals we examined the LilO;
crystal proved to be the best for frequency doubling of the
infrared radiation emitted by a broadband laser.

The broadband radiation produced in the visible region
can be converted into the UV range by doubling its freq-
uency once more. After the frequency doubling in a nonli-
near crystal with the ooe phase-matching, the polarisation
of the second-harmonic radiation lies in the diffraction
plane of the grating. For further conversion of the radiation
to the fourth harmonic, the polarization of the second har-
monic of the broadband radiation should be rotated 90°
using, for example, an optically active quartz crystal.

Table 2 lists the parameters of the KDP and BBO crystals
used for conversion of broadband radiation to the fourth
harmonic. These crystals have approximated the same spec-
tral dependences of the phase-matching angle. The width of
angular matching in KDP is twice as large as in BBO, but the
latter has a nonlinearity coefficient that is three times as large
as that of the former and ensures better angular matching. In
view of this, BBO is the most efficient nonlinear crystal for
generating the fourth harmonic from a broadband laser.

4. Experimental results

We studied broadband LiF : F5 and LiF : F; lasers whose
output radiation frequency was doubled and quadrupled.
The schematic of this laser is similar to that shown in
Fig. 1. Cylindrical lenses with focal lengths F, = 30 and
50 mm were used as the intracavity lens. The 1200-mm !
diffraction grating operated in the autocollimation regime
in the first diffraction order. The pump radiation was fo-
cused in the vertical plane by a cylindrical lens with

Table 2. Calculated parameters of nonlinear crystals (1-cm long) used for the fourth harmonic generation of a broadband LiF:F; laser, and the
widths of the spectral (A1), angular (Ax), and temperature (AT) phase-matchings [8].

Crystal %/° da/di/° pm-! AJ/nm Aa/mrad AT/°C Dy /1072 m V™!
KDP 76.6 30 0.13 1.6 12 0.45
BBO 474 41 0.07 0.16 5.4 1.29-1.62
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Figure 3. Dependences of the efficiency 5 of broadband lasing of LiF:F;f
and LiF:F, crystal lasers on the pump laser energy E.

F; =120 mm and was coupled to the cavity through a
dichroic mirror. The spectrum of the broadband radiation
was detected (per lasing pulse) by a BM-25 polychromator
coupled with a diode array or a digital camera. The averaged
lasing spectra were recorded with an MDR-23 monochro-
mator coupled with a photodiode, and a gated integrator.
The active elements used in the experiments were LiF crys-
tals 4-cm long cut at the Brewster angle. The high concen-
tration of stable laser-active F; and F," colour centres in
LiF crystals was produced upon irradiation of the crystals.

A pulsed 1.047-um Q-switched Nd3* : YLIF laser oper-
ating with a pulse repetition rate of 10-50 Hz was used to
excite the broadband LiF : F; laser. The absorption coeffi-
cient of the LiF : F; crystal at the pump wavelength was
Ko = 0.7 cm™'. In Ref. [9], it was shown that pumping by
a Nd** : YLIF laser (with a shorter wavelength), provides
the efficiency of the LiF : F; laser that is twice as high as
upon pumping by a Nd3* : YAG laser. The dependence of
the overall energy efficiency of the broadband LiF : F; laser
on the pump energy is shown in Fig. 3. The maximum effi-
ciency, equal to 16 %, was reached at a pump energy equal
to E=25ml] and transverse dimensions of the pumped
region equal to 8 mm x1 mm. Fig. 4a shows the experi-
mental spectrum of broadband lasing of the LiF : F5 laser
with a width of more than 0.15 pm in the near-infrared
range (1.08—-1.23 pm). The radiation of the broadband laser
represents a continuous fan of laser beams diverging in the
horizontal plane and propagating in accordance with the
autocollimation condition (1). By using cylindrical lenses,
we were able to compensate for the angular divergence of
these beams and to collimate the output radiation to a single
beam with a divergence of about 1 mrad.

As noted above, the generation of different frequencies
in the active element is spatially separated, so that, using
spatial modulation of the pump radiation, one can change
the broadband lasing spectrum [10]. We placed in front of
the input mirror a periodic mask (grid) with a shadow
region of 80 um and its repetition period of 400 um. In this
case, the output radiation represents a set of spectral lines
(Fig. 4b) with a period equal to that of the mask multiplied
by the spectral dispersion of lasing wavelengths in the active
element. The maximum number of equidistant lines
obtained with this mask was 15, covering the spectral range
from 1.095 to 1.23 pm.

To double the broadband lasing frequency, we used a
nonlinear LilO3 crystal 20-mm long with ends with anti-
reflection coatings, cut for frequency doubling at 1.064 pum.
Matching of the angular synchronism dispersion and the

0.45 0.50 0.55 0.60

A/um

Figure 4. Spectra of pulses generated by LiF:F; and LiF:F; lasers in the
broadband (a) and multifrequency (b) regimes, and the second-harmonic
spectra of the broadband lasers (c).

spectral dependence of the angle of incidence of radiation on
the nonlinear crystal was achieved using the spherical lens 7
with F,, = 50 mm. Selection of the proper angular mag-
nification of the lens provided a 12 % overall conversion
efficiency of broadband infrared radiation to the second
harmonic. The emission spectrum of the second harmonic in
the visible (green—yellow—red) spectral region (0.545-
0.615 um) is shown in Fig. 4c.

Fig. 5 presents fragments of the second-harmonic emis-
sion spectra recorded in the multifrequency lasing regime at
different pump pulse energies. The linewidth in the visible
range was 0.38 nm for the pump energy E =14 mJ and
1.4 nm for the pump energy E = 25 mJ. The increase in the
linewidth can be explained by the increase in the inversion
and gain, especially in the mask’s half-shadow region, and
by the increase in the SHG efficiency in the wings of the
spectral lines.

Tight focusing of radiation into the nonlinear crystal
provided not only the efficient frequency doubling but also

L L 1
0.560 0.565 0.570
Figure 5. Fragments of the second-harmonic spectra of multifrequency
lasing of the LiF:F; laser for pump pulse energies equal to 14 mJ (/)

and 25 mJ (2).
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generation of the sum frequencies from various spectral
regions of multifrequency lasing, which doubled the number
of lines in the second-harmonic lasing spectrum (Fig. 6).

LA\
)./lum

Figure 6. Emission spectrum of sum frequencies upon multifrequency
lasing of the LiF:F; laser.
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In this paper, we studied the emission from a broadband
laser based on a LiF crystal with stabilised F;~ colour
centres [11]. The laser was excited by second-harmonic radi-
ation (4 = 0.66 um) of a Nd*:YAG laser (2= 1.32 pm).
The maximum pump radiation energy was 15 mJ at a pulse
repetition rate of 10 Hz. The absorption coefficient of the
investigated crystals at the maximum of the F' band was
Ky =25-3 em™'. The optical scheme of the cavity of the
broadband laser was similar to that of the LiF : F; laser.
The intracavity lens had a focal length of 30 mm.

Upon exitation of the LiF : F; laser by the pump laser
at 0.66 pm with a pulse energy of 12 mJ, broadband lasing
in the 0.89—1.04-um region was observed (Fig. 4a). The
maximum efficiency of the broadband laser amounted to
20% at E =9 mJ (Fig. 3). Spatial modulation of the pump
radiation by a periodic mask resulted in the multifrequen-
cy lasing with the spectrum shown in Fig. 4b. The SHG
efficiency of radiation from a LiF : Ff laser in a LilOs
crystal was 12 %, and the broadband second-harmonic emis-
sion covered the blue-green spectral region from 0.45 to
0.51 pm.

The broadband second-harmonic spectrum of a LiF : F3
laser is shown in Fig. 4c.

We also generated fourth harmonic from the broadband
LiF : F; laser. To do this, we used the BBO (5 mm X 5 mm
%10 mm) and KDP (15 mm x15mm x30 mm) cristals. To
achieve the ooe phase-matching after doubling, we emp-
loyed a quartz 4/2-plate for 2 = 0.575 pm to rotate the pola-
risation plane. The broadband second-harmonic emission
was focused by a spherical lens with F,, = 70 mm into the
nonlinear crystal. The maximum conversion efficiency to the
fourth harmonic of visible light was obtained in the BBO
crystal and reached 7 %.

5. Conclusions

We demonstrated broadband and multifrequency lasing in
LiF crystals with F; and F, -colour centres combined along
with frequency doubling and quadrupling. The width of the
lasing spectra amounted to 0.13 um in the region from 1.1
to 1.23 pm for the LiF : F5 laser and 0.12 pm in the region
from 0.9 to 1.02 um for the LiF: F;f laser, while the

frequency conversion efficiency in these lasers was as high
as 16 and 20 %, respectively.

The matching of the spectral dependences of the angle of
incidence of broadband radiation on the nonlinear crystal
and of the phase-matching angle allowed us to achieve the
efficient SHG in a nonlinear LilOs crystal. Broadband and
multifrequency radiation was generated in the 0.55-
0.615 um region for the LiF : F; laser and in the 0.45-
0.51 pm region for the LiF : F;'- laser, with an overall
conversion efficiency of 12 %. Using the BBO crystal, we
converted broadband visible radiation to the UV range with
a 7-% efficiency.
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PACS 42.55.Rz; 42.60.Lh; 42.65. Ky

IIIupoxonosiocHasi reHepanus M HeJIMHeiiHOe Mpeo0pa3oBaHue
u3JIy4eHns Jjja3epoB Ha kpuctauiax LiF

¢ F, - n F, -nleHTpaMu OKpacku

B.B.®enopos, IL.I'.3eepes, T.T.bacnen

Teopemuuecku u IKCHEPUMEHMAALHO UCCACO08AHB WUPOKONOAOCHYle Aa3epbl Ha kpucmasrax LiF ¢ Fit- u F; -yenmpamu
OKpAacKu, pe3oHamopsl KOMOpslX 004addlom npocmpancmeennoil cesexyueii daun 604H. Iloayuena umnyavchan aasepan
2eHepayus HaHOCeKYHOHOIL Oaumeabrocmu 6 Gauxcnem HK ouanasone ¢ wupunoii cnekmpa 6osee 1300 cm~!. B pesysomame
ONMUMUBAYUY ONMUYECKOTI CXeMbl U 66160PA COOMBEMCMEYIOWUX HEAUHEHbIX KPUCMAAI08 NOAYHEHO 00HO8PeMeHHOe I dex-
MusHOe RPeOBpPA30saHUE WUPOKONOAOCHOZ0 U3AYUCHUA CO CneKmpatbHoil wupunoil 6oaee 1300 cm™! so smopyio zapmonuxy 6
00HOM Heaunetinom kpucmaine LilO3 u 6 uemsepmyro — 8 00Hom Kpucmaase BBO.

Karoueevie caosa: yenmpuol okpacku, enepayus 2apMOHUK, WUPOKONOAOCHAA 2EHEPaYUSL.

1. Beenenue

V3kas crekTpaJjibHas JINHUS TeHepaluy — OJHA U3 Xapax-
TEpHBIX YepT JiazepHOro u3iaydeHus. OAHAKO B MOCJEAHEE
BpeMsl U151 A HAyYHBIX ¥ TEXHUIECKUX LeJiel BO3HUKJIA He-
06X0AUMOCTb B CO3JaHMM UCTOYHUKOB Y3KOHANPAaBJIEHHOTO
BLICOKOMHTEHCUBHOTO M3JIy4E€HHs C IHUPOKHMM CIIEKTPOM re-
HepaLy WIHM ¢ ONPEACTCHHBIM TUCKPETHBIM CIEKTPaIbHBIM
Ha6opoM snHui resepanun. OObIMHO KOHKYPEHIMs MOX B
AKTHBHOM 3JIEMEHTE C OJHOPOIHO-YIIUPEHHBIMY [OJIOCAMH
JIFOMHUHECTIEHIMH IIPHUBOIUT K CY>KEHHIO CIIEKTPA BBIXOJHOTO
U3ITyYeHHs, KOTOPHIH OKAa3bIBAETCA 3HAYMTEIILHO YK TOJIO-
cBl moMuHecueHmd, OJHUM U3 BO3MOXHBIX METOJOB IIO-
JIyueHHs LIAPOKOIOJIOCHON I'eHepallii ABIAETCA UCIOb30-
BaHHE PE30HATOPOB C MPOCTPAHCTBEHHOM aucnepcuei [1 - 3].
B TaxkoM Jjia3epe MO/Ibl reHepalyH C Pa3HBIMM JJIMHAMH BOJH
PacIpPOCTPAHSIOTCS B Pa3JHYHBIX YaCTSX aKTHBHOTO 3iie-
MEHTA, YTO YCTPAHSAET KOHKYPEHIHIO MeXy HUMH.

Kpucramnet LiF ¢ F,t- u F,-uentpamu okpacku (110)
IPEACTABJSAIOT OONBLION MHTEPEC IS LIMPOKOIMOJIOCHBIX
JIa3€pOB, IMOCKOJILKY MO3BOJISIOT IONYy4YaTh BhICOKO3GdEK-
THBHYIO NIEpECTPANBAECMYIO T€HEPALNIO B IIMPOKHX CIIEKT-
panbubix auanazoHax (0.85-1.1 MKkM Dpu HCHOJIL30BaHMU
F;t-1O 1 1.04-1.28 Mxm s Fy-110 [4, 5)).

B nacrosueii pabore ucciie1oBal IHPOKOIOIOCHBIH Jia-
3ep Ha kpuctajuiax LiF ¢ IO, mo3posstomuii nojy4aTh HM-
IyJIbCHI M3JIYYEHHS CO CNEKTPOM, GJIM3KHM IO IIMPHHE K
CIEKTPY TOJIOCHL JEOMHHECUEHUMH M peain3oBath dddek-
THBHOE YABOEHHME M yYeTBEPEHHE YacTOThI HIMPOKOIOJIOC-
noro UK uznyuenns.

2. ITpunnun paGoThl LIMPOKONOJIOCHOrO JIa3epa

B pe3oHaTOpe IHMPOKOHONIOCHOTO Jlazepa Ha KPAaCHTENe
[1] BBICOKAst KOHUEHTPaLU% aKTUBHBIX LIEHTPOB B PacTBOPE
KpacuTeJieil O3BOJISUIA OCYLIECTBIATE NPOCTPAHCTBEHHYIO

Hayunbiif HEHTp Jla3epHbIX MATEpHAIOB U TexHojorui MucturyTa 06-
med $usuku PAH, Poceus, 119991, Mocksa, yn. Basuiosa, 38; Tem.:
135-03-18, daxc: 135-02-70, 211. noyra: zverev@lst.gpi.ru

IToctynuia B pepakumio 14 noa6pa 2000 r.

JUCTIEPCHIO 3a CYeT (HOKYCHPOBKHU U3ITYYCHHs B TOHKHI CII0H
kpacutess. B nazepax Ha xpucraiuiax ¢ IO, paboTtaromux
Tp¥ KOMHATHO! TeMIIEpaType, JUIMHA aKTUBHOTO JIEMEHTA
O6GBIYHO COCTABJISIET HECKOJIbKO CAaHTUMETPOB [4]. [loaTomy
JUIS peaM3aliy IHPOKONOJIOCHOH IeHepaliMi He0OX0 MO
CO3MaHUe CHELMAJLHOrO PE30HATOpa C MPOCTPAHCTBEHHOMR
IUCTEpCHeEii IO BCeif [IMHe aKTUBHOrO 3eMenTa. [Ipunnu-
NHagbHAg CXeMa TaKoro Jiasepa NpeAcTaBieHa Ha puc.l. Pe-
30HATOP Jasepa o6pa3oBaH BXOAHBIM AMXPOMYHBIM 3€pKa-
oM I u qudpakuuoOHHOM pemieTkoit 5, paboTtaromieii B aB-
TOKOJUIMMALIMOHHOM pexuMe. B coctaB pe3oHaTopa Tak-
€ BXOJAT BHYTPHUPE3OHATOpHas JimH3a 3 u aumadparma 4.
Ipunnun paboTs! Nasepa 3aKI0YACTCs B CIETYIOIUEM: JIy-
Yd, pacnpoCTPAHSIOUIHECS B aKTUBHOM 3JIEMEHTE Iapaj-
JIeJIHO ONTHYECKOH OCH CHCTEMBI, (OKYCHPYIOTCS JIMH3OM
3; IpH 3TOM JiyuM, HAXOJAIIMECS HA HEKOTOPOM PacCTOSIHUI

Aa)2 /2
6
Al A
F; 2w
7
3 4 0
= S = 5
- 1,
F
< I >

Puc.1. TIpuHnunuanbHas ONTHIECKAsA CXEMa PE30HATOPA IHPOKOIIONOC
HOT'0 J1a3epa ¢ YABOMTENEM YaCTOTHI:

1 — BXOJHOE AMXPOUYHOE 3€PKalo; 2 — aKTHBHbIN 3JIEMEHT; 3 — BHYTpH-
pesoHaTopHas yuH3a; 4 — anadparma; 5 — oudpakuuoBHas petleTka,
paGoTaiolias B aBTOKOJVIMMAUMOHHOM PEXUME; 6 — HEJMHEHHDINH KpH-
CTaJuT; 7 — INH3a YABOUTEJIS YaCTOTBHI.
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OT ONTHYECKOI OCH, IIOCJIe MPOXOXAEHHUS JINH3BI MaJal0T Ha
IB(PakIUOHHYIO PEILeTKy IIOJ pa3jiuyHbIMH yriamu 0. B
pe3ybTaTe AJIA KaXOOro Jiyya yCJIOBHE aBTOKOJUIMMAILMH
OyneT BHIMOJHATHCS HA PA3IMYHBIX JUIMHAX BOJH U3JIyYeHHU ],
ONIpefIeIIEMBbIX COOTHOLLEHHEM

2dsin = mi, )]

rae d — nepuon Au(pPaxUHOHHOM peleTKy; m — HOPSIOK
muppaxuuy; 6 — yron aBTOKOJUIMMALUM; A — JJIMHA BOJIHBI
reHepanuy I AaHHoro Jiyva. Juadparma 4 ycTpaHsieT «ko-
Chley JIy4H, PacHpOCTPAHSAIOUIMECS B aKTHUBHOM 3JIEMEHTE
O HEKOTOPBIM YIJIOM K ONTHYECKOH ocH pe3oHaropa. B
TAKOM PE30HATOPE ONTHYECKHE TYTH U3Jy4eHUS C Pa3HBIMHA
JJIMHAMH BOJIH IPOCTPAHCTBEHHO PAa3HECEHBI B aKTHBHOM
3MEMEHTE, YTO YCTPAHSET UX KOHKYPEHIHUIO Mex Iy coboil n
MO3BOJISIET IONYYaTh FEHEPALHIO CO CIEKTPOM, OJIM3KUM 1O
IIAPHHE K CIEKTPY JIFOMUHECIIEHIHUN.

Jlnst Toro 4To6sl 06eCneUuTh MUPOKONOIOCHYIO FeHepa-
mmro nazepos Ha LiF:F;t u LiF:F;~ ¢ mudpakuuoHHOR pe-
mertkoit 1200 mTp./MM, paboTarolleif B nepBOM NOpSIKE
mubpaxuuu (m = 1) B tnana3zonax ot A; = 0.87 MkM 110 A3 =
1.1 Mmxm u o1 Ay = 1.1 MKkM 10 43 = 1.25 MKM COOTBETCTBEH-
HO, HeOOX0AUMO BO3OYIHUTh B aKTHBHOM 3JIEMEHTE 00J1acTh
LIHPHHOH

Ax = F;tan[0(42) — 0(4;)], 2

rae F, — poxycHOe paccTOsHUE BHYTPHPE3OHATOPHOM JIMH-
3el. Tak, ans obecrneueHUs HIMPOKOIIOJIOCHOH reHepanuu
LiF:F,"-nasepa B nnanasone e BonH 0.87—1.1 Mxm npu
F. = 50 MM mmpuna paboueii 006J1aCTH aKTHBHOT'O 3JIEMEHTA
Ax pomxna coctaBnath 8.5 MM, a s LiF:F; -nasepa, pa-
6oTaromero B aAuanasone 1.1-1.25 MxkM, oHa HOJDKHA paB-
HiThCA 6.4 MM.

Jlucnepcus IUIMH BOJIH B aKTHBHOM 3remeHTe dx/dA on-
penensercs aucnepcueit nudpaknuonHoi pemerku do/dA:

dx dé
a = Fc a . (3)

IIpH KCIONB30BAHUY BHYTPUPE3OHATOPHOMR JIMH3HI ¢ Fi = 50
MM gucnepenst dx/dA = 3.6 mxm/A nns LiF:F,t-nazepau4.1
mkm/A mns LiF:F,-nasepa.

Hns uccieNOBaHUS CHEKTPAJNIbHOTO pa3pelleHus MUpPO-
KONOJIOCHOTO Jia3epa OIEHHM pa3Mep ero ocHoBHOM TEMqo-
MOJBI B TayCCOBOM NpubxeHun [6]. PaccMoTpuM pezoHa-
TOp ¢ OAMHAKOBBIMHM IUIE4aMH OTHOCHTEJILHO BHYTPUPE30-
HaTopHo# aun3sl (L) = L = L) (puc.1). Pacnipenenenue no-
JIst OCHOBHOM MOJIbI B HEM OyIeT CHMMETPUYHO OTHOCHTEJb-
HO JIHH3BI 3, 2 pa3MepEI IEPETAKEK HA IIOCKOM 3€PKaIe (W)
1 gudpakiinoHHOM pereTke (wg) OyAyT PaBHBI APYT APYrY:

_N\I2
___w2=L_}“(_2.£_L) . C))

2
Y g T L

Pasmepsl Moanl Ha JuH3e (wy) U Ouadparme (wy) OyayT
PABHBI COOTBETCTBEHHO

1/2 _ 2
-2 ] - [ o

__4F?
(2F — L)L

JIns cenexuuy MO C Pa3jIMYHBIME JJIMHAMHA BOJIH B (o-
KaJIbHYIO ILUIOCKOCTh JIMH3HL 3 momelnaercsa Juadparma 4.
JIJia pe3oHaTopa IIMPOKOMOJIOCHOTO Jia3epa ¢ NMapaMeTpa-

MH, OJIM3KUMHE K peajibHBEIM pasMepaM maxera (L = 80 mm,
F, = 50 mM), npu A = 1 MxM uMeeM

Wy = 113 MM, wr = 253 MkM, wg = 141 MKM. (6)

3 puc.] BuaHO, YTO aKTHBHYIO Cpely Jiazepa Jyuille paco-
JlaraTh PAOM C 3€pKajioM I, T.K. B 3TOM MecCTe pasmep Iie-
PETSKKH OCHOBHOI MOJBL, @ CIIEJOBATENILHO, H CIHEKTPAJIb-
HOE MEPEeKPhITHE MOA C PA3HBIMU JUIMHAMM BOJIH OYIYT MH-
HUMaJbHbL. CreKTpallbHOE pa3pelleHNe IUPOXOMOJIOCHOTO
J1azepa MOXeT ObITh OLIEHEHO U3 YpaBHeHHUs (3) Kak OTHOILIE-
HHe pa3Mepa NSTHa OCHOBHOW MOJBI Ha 3epKalie 2wy, K JAUC-
NEPCHH [UIMH BOJIH B aKTUBHOM 3neMenTe dx/dA. Ouenku
CIEKTPAJILHON LUNUPUHBI OCHOBHOM MOJB! eHEpAldH JUIs
IHPOKONONOCHBIX Jasepos Ha LiF:F;t n LiF:F;~ natot

)
FD

2w

7,5-%63}&,

61;; = 8/1[-‘2— = ~ S5A. @)
Taxum o6pa3oM, TeHEPAIMIO UCCIIEAYEMBIX LIMPOKOIIOJIOC-
HBIX JIa3epoB (IIMpHHA CeKTpa pasHa 230 uM mns LiF:Ft-
na3epa u 150 am ana LiF:F,"-na3epa) MOXHO paccMaTpu-
BaTh Kak OAHOBPEeMEHHY!O reHepauuto 40 u 30 He3aBUCUMEBIX

J1a3€poOB COOTBETCTBCHHO.

3. IIpeoOpa3oBanue U3ayqeHHs
IIMPOKONOJIOCHBIX J1a3epoB Ha L[O
B BHANMBIA 1 Y@ IHaNa3oHbI CleKTpa

B pab6orte [7] 6b1a peanu3zosaHa cxema yABOECHHS YaCTO-
TBI H3JIyYEHHU S CO CIEKTPaIbHOM IupuHOH oxoJio 10 HM B o1
HOM HEJIMHEHHOM KpHCTaJIe IIPU KOMIIEHCALMH JUCIEPCHH
yrioBoro cuHxponusma npusmoit. [llupura nosnoc reHepa-
haicicd F2+- u F,~-110 B xpuctanne LiF npespiuaer 100 kM. V-
BOEHHE TaKOT'O IIMPOKOT 0 CIEKTPAJIbHOrO INana3oHa Tpeby-
€T CIIeNMaJIbHOM ONTUMHU3ALMH, T. €. COTJIACOBAHUS YIJIOBOM
JHUCIEPCHH BBIXOJHOT O M3JIYYEHHS LIUPOKOIOJIOCHOTO Jlase-
pPa ¥ AUCTIEPCHH YIJIOBOTO CHHXPOHHU3MA HEJUHENHOr0 KpH-
cTajuia. :

OnyH U3 BOZMOXHBIX CIIOCOO0B ONTUMM3ALNY 3aKIIHOYA-
€TCsl B U3MEHEHUH YIJIOBOIO YBEJIMYEHHs JIUH3E! 7 (puc.l). B
JMHEHHOM NpubKeHnH TpedyeMblit koaddunueHT yrioso-
ro yBeauueHns I ONTHYeCKOH CHCTEMBI MOXHO HOJIYYHTD U3
COOTHOIIIEHHS

_d6/dA
= da/ar’

rae doa/dA — gucnepcus yriia CHHXPOHM3Ma Ha BXOJE B He-
nuHeinb kpuctanwy; d/dA — qucnepcust BBIXOJHOTO U3JTy-
UeHHs IIAPOKOMOJIOCHOTO Jlasepa. PaccMaTpuBaeMas cxema
addexkTUBHO paboTAET TOJNBKO B KPUCTAJUIAX C CHHXPOHH3-
MOM THIIA OOE H €€0.

Jns BEIOOpa ONTHMANIBHOTO HEJIMHEHHOrO KpHCTasia
[IPOBOJUIIMCH PACYETHI CHEKTPAJILHBIX 3aBUCUMOCTEN YIIOB
CHHXPOHHM3MA /IS pa3nuyHbix Kpuctayios [8]. [Ipeanonara-
JIOCh, YTO KPHCTAJUI BBIPe3aH AJIA HOPMAJNBHOIO MaJcHUS

r ®)

- U3JIYYCHHUSI HA OJIMHE BOJIHBI, COOTBCTCTB)’IOIHeﬁ cepenune

CHEKTPaNbHOTO AUana3oHa reepauyu (4o = 0.965 MM mis
LiF:F,"-nasepa u 1.140 Mxm 1nis1 LiF:F,"-nasepa).

B Ta6:.1 npencraBieHb! pacueTHBIE YIIIbI CHHXPOHHU3MA
09 IO OTHOIICHHIO K ONTHYECKOM OCH KPHUCTAJNA IS [UIHH
BoJIH 0.965 u 1.140 MKM, yritoBas QUCTIEPCHS CHHXPOHH3MA
BHe kpucrayua da/dA, xoadduunent Henuneiinoctu Dey 1
LIMPHHBI ceKTpasibHOro (AA), yrioeoro (Ao) u Temmepa-
TypHOro (A7) CHHXpOHU3MOB JJIsl HEKOTOPBIX KPUCTAJUIOB.
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Ta6n.1. [TapameTps! HENMMHEHHBIX KPHCTAIUIOB (JUIMHOM 1 cM) JUIst yABOEHHUS 4aCTOThI LUMPOKOIIONIOCHBIX JIA3¢POB Ha LiF:F,* n LiF:F,” u pacueTHEIE
ILIMPHHBI ciekTpabhoro (A4), yriosoro (Aa )  TemnepaTypHoro (AT) cHHXpOHH3MOB [8].

oo (yrio. rpaf.)

da/dA (yri. rpan./MKm)

Al A ATCC)  De (10712 /B
Kpuerain =) 065 i 1.14 v 0.965 Micm 1.14 Mxm (eav) @ (Mpaz) Q) r (107 4/B)
KDP 414 417 T 15 28.3 1.7 25.1 0.29
LilO; 335 279 75 45 0.7 0.6 - 275
LiNbO; - 69.3 - 240 03 3.1 1.1 5.32
BBO 2.5 2.3 33 17 2.1 0.52 39.8 1.69-2.1

A®, Ao (yra.rpan.)

5 LiF:F3t
0 ~
-5 ;1'7
/' L I 1 1 1
0.85 0.90 0.95 1.00 1.05 A (Mxm)
A®, Ao (yri.rpas.) .
.-/..

LiF:F,”

1 1 H 1
1.10 1.15 1.20 A (Mxm)

Puc.2. PacueTHble QUCIEPCHOHHbIC 3aBUCHMOCTH yrjia mnajeHus @ =
90° — A@ u3nyuenns mmpokononocHsix LiF:Fyt- u LiF:F,"-nasepos Ha
HeMHeRHbIH KpucTan (/) 1 yria CHHXpOHH3Ma o = Ao + ot ANIS yBO-
eHs 4acToTh B KpucTamnax LilO; (2), BBO (3), KDP (4) u LiNbO; (5).

Ha puc.2 mpuBeneHs! pacyeTHbIE OUCIMEPCHOHHBIE 3aBUCH-
MOCTH yria nafenns usJyuenus LiF:F,t- u LiF:F; -na3epos
Ha HeNMMHEMHBIH KpUCTaul (CIUIOLIHbIE KPMBBIE) U pacyeT-
HBIE KpUBbIE YIJla CHHXpOHH3Ma B Kpucramiax KDP, BBO,
LiNbOs;, LilO;, nepecunTaHble ¢ y4€TOM ONTHMAaJIbHOIO
ko3¢duupenTa yriaoporo ypenuueHus I

W3 paccMOTpeHHBIX HEIMHEHHBIX KPUCTAJUIOB HAnOOMIb-
HUM K03(UIMEHTOM HEIHHEHHOCTH o0JiafiaeT KPHUCTal
LiNbO3 (Degr = 5.32-10712 m/B). DTOT KpHcTamn HMECT
CH/IBHO HEJIMHEMHYIO 3aBUCHMOCTS YIJla CHHXPOHH3MA OT JITH-
HBI BOJIHBI, YTO TIO3BOJISIET peaiu3oBaTh 90-rpalyCcHBIH CHH-
XPOHH3M IPH YMEHBIIEHUH ATHHEI BOJHBI 10 1.05 Mxm. Io-
3TOMY 3TOT KPUCTAJUT HOJXOIUT TOJIBKO [UJist yIBOCHHA Yac-
TOThI renepanuu LiF:F,”-na3epa, OAHAKO CUiIbHAS HEJIMHEH-
HOCTBL TIPUBOJMUT K 3aMETHOMY PAaCXOXACHHIO MEXIY KpH-
BBIMHU YTJIOBOTO CHHXPOHHM3MA M 3aBHCHUMOCTBIO yIJla naje-
HMS M3JIyYeHUs LIMPOKOMOJIOCHOrO Jjlazepa Ha HEJMHEHHBIN
KPMCTAJUI OT A (YIJIOBOMY paccoriacoBaduro). Jlucnepcuon-
Has 3aBHCHMOCTH YIJla CHHXpoHu3Ma kpuctayia KDP o6-
JIaflaeT TMOJIOrMM MakcuMyMoM B obsactu 1.05 MxM. B pe-
synbrate 4s LiF:F,"-nasepa HaGromaeTcsa cuibHOE yrio-
BOE PACCOracOBaHHUE.

Kpucrann KDP uMeer HanMeHbLIMHA kK03 PUIUEHT He-
smueitnocTn (Do = 0.29-10712 Mm/B) cpemu paccMaTpusae-

MBIX kpucTasuioB. CuekTpabHble 3aBUCUIMOCTH YIJIOB CHHX-
ponmsma s xpucramios LilO3; u BBO umeror 61uskyro
¢dopmy (puc.2) npu ONTEMANBHBIX K03(GHUIMEHTaX yrIOBO-
ro yenuuenust I' (I'ggo = 0.8 1 I'Ljio, = 1.8 mns nuanaszona
0.87—1.1 MxM; I'ppo = 0.4 1 I'Lijo, = 1 And auanasona 1.1-
1.25 mxm). Kpucramn LilO3 uMeeT HECKONBKO JIydIllee yr-
JIOBOE COTJIACOBaHME, a TaKkxe Oosblmii Ko3hdunnueHT He-
nunseitnocty (Deg = 2.75-107'2 M/B) N0 CpaBHEHHIO C KPHC-
tanioM BBO (Degr = (1.69 — 2.1)-10~'2 m/B). Takum obpa-
30M, CpeJid paccMOTpeHHbIX MaTepuaoB LilOj sBisercs Ha-
MITYYIIHM HEJIHHEHHBIM KPUCTAIUIOM UIS Y ABOECHUS YaCTOTHI
UK u3iy4eHus MHIPOKONONIOCHOTO JIa3epa.

Iosy4us IMPOKOMOJIOCHOE H3JIy4YeHHE B BHOUMOH 06-
JIACTH CHEKTPa, MOXHO Ipeobpa3oBaTh ero B Y® auanason
IyTEM MOCJIEAYIONIErO yABOEHHUs 4acTOTHI. ITocie ynBoenus
YaCcTOTH B HEJWHEHHOM KPHUCTAJUIE C 00E-CHHXPOHH3MOM
HOJIAPU3ANUs U3JyIeHUsI BTOPOi TapMOHUKH OyZeT NexaTh
B ILTOCKOCTH OR(GPAKIHU PelIeTKH. JIJ1s MOCIEMYIOIET o 1pe-
00pa3oBaHus H3JIyYCHHs B YETBEPTYIO FaPMOHUKY HeoOXxo-
[uMO TOBEpHYTH Ha 90° mosjsipu3aiuio BTOPOH TapMOHH-
KH IIMPOKOMOJIOCHOTO M3JIy4eHHS, ¢ IIOMOIIBIO, HAIIPUMED,
KpHMCTaJIa KBaplia, O0JIaarolero ONTHYECKON aKTHBHO-
CTBIO.

B Ta61.2 npeacrasnens napamerps! kpuctamuos KDP u
BBO, ucrnosib3yeMbix Ui npeoOpa3oBaHus IIHPOKOIOIOC-
HOTO M3JIy4€eHHUsi B Y€TBEPTYro rapmonuky. Kpucrannst KDP
1 BBO uMeroT npuMepHO OJMHAKOBBIE CIEKTPANbHEIE 3aBH-
CHMOCTH yIJia cuHxponusma. lllupusa yrioBoro CHHXpOHH3-
Ma B KDP B zBa pasa Gonslite, yveM B kpuctayuie BBO, oa-
Haxo kpucta/uli BBO umeer B Tpu pa3a OoJbIIHNii HEIHHEH-
HbIi K03dduIMeHT U 0becTeyrBacT JIy4lliee YIJIOBOE COIJIa-
copanue. B cBasu ¢ atum BBO sBisercs naubosee addek-
TUBHBIM HEJIMHEHHBIM KPUCTAJUIOM JUIS MOJIYYEeHHs YeTBEP-
TO¥ rapMOHHKH IIMPOKOTIONIOCHOTO Jla3epa.

Ta6n.2. PacyeTHble TApaMETPhl HEMMHEHHBIX KPUCTAILIOB (JuinHO# 1 cM)
IS TIOJIyYEHUs YEeTBEPTOH FapMOHHMKH IHHPOKOIIOJIOCHOTO fa3epa Ha
LiF:F;” 1 IIMpHHbI CHCKTpaabHoro (AA), yriosoro (Ax) u TemnepaTypHo-
ro (AT) cuHxpoHn3MoB [8].

Kpn- o da/dA AL Ao AT Dese
cramn (yrn.rpan.) (yriorpam./mkm) (uM) (Mpam) (°C) (10712 m/B)
KDP 76.6 30 0.13 1.6 1.2 0.45
BBO 474 41 0.07 016 54 1.29-1.62

4. DKcrnepuMeHTaJbHbIe Pe3yJIbTaThI

B nauuO# paGoTe MCCeROBAJNICS MIMPOKOIOIOCHBIR JIa-
3ep Ha kpuctaite LiF ¢ F,"- u F,”-110 c ynBoenuem u yyer-
BEpEHMEM YacTOTHI reHepannu. Cxema LIHPOKONOIOCHOTO
nasepa Oblla aHAJIOTHYHA TIpeCTaBIeHHOM Ha puc.l. B xa-
YeCTBEC BHYTPHPE3OHATOPHOM JIMH3BI HMCHOJB3OBANHCH LiH-
JIMHAPHYECKHE JIMH3BI ¢ POKycHBIM paccrositueM F = 30 u
50 mm. dudpakumonnas pemerka (1200 wrp./MMm) paborana
B aBTOKOJUTMMALMOHHOM peXuMe B 1-M mopsake audpax-
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n (%)
20

LiF:F;"

10

0 10 20 E (mOx)

Puc.3. 3aBucuMocTH 3¢ (eKTHBHOCTH 1 LLIMPOKOMOJIOCHON reHepaluy jra-
3epos Ha kpuctamnax LiF:F,” n LiF:F; oT sHepruy E u3syeHus JlasepoB
HaKavKH.

u. M3myyenne naxauxu GoKyCHPOBAIOCH B BEPTHKAIBHOM
TUTOCKOCTH C TIOMOIUBIO IUIMHAPHAYECKOI JH3EI ¢ Fy = 120
MM H BBOAMJIOCH B PE3OHATOP 4Yepe3 AUXPOMYHOE 3€PKaJo.
CIeXTp HIMPOKOTOJIOCHOTO M3JIy4eH s PETHCTPHPOBAc (32
OIIVH UMIIYJILC TeHEpalnn) nonuxpomaropom BM-25 u ju-
Helikoit hoToamonos uim nudpopoii horokamepoii. Ycpen-
HEHHBIE CIEKTPhI ICHEpAaWH 3aNUCHIBATHCh C IOMOUIBIO
Monoxpomaropa MIP-23, dortoauona u crpobHpyeMoro
HHTErpaTopa. B sxcmepuMeHTax B Ka4eCTBE aKTHBHOIO 3JI¢-
MEHTa MCTI0JIb30BaIUCh kpucTasuisl LiF nymHo# 4 ¢M, BRIpe-
3anHple oA yriiom Bproctepa. Ilpu pamuaunnonsoit o6pa-
6oT1ke B kpucrasviax LiF co3naBanach BEICOKasi KOHIEHTPA-
1Mst JIa3ePHOAKTHBHBIX CTabminbubIX Fy - 1 Fyt-10.

Jns Bo3OyxaeHus mpoxonosnocHoro LiF:F, -nasepa
npuMeHsaca umnyibeHpii Nd3*:YLiFs-nmasep (4 = 1.047
MKM), paboTarommii B pexxuMe MOIYJISIAY JOOPOTHOCTH €
4acTOTON MOBTOpeHHs UMmyibcoB 10-50 I'm. Kpucramn
LiF:F,” umen ko2 $HUIMEHT IOrIOMEHNs Ha JJIMHE BOJIHEL
Haxauky K g47 = 0.7 cm~!. B pabote [9] 66110 MOXA32HO, 4TO
npu Haxauxe Nd>+:YLiF,-naszepoM ¢ MeHbl1ei ATHHOH BOJI-
ue1 KITJ LiF:F,-nazepa B ABa pa3a BBILIE, Y€M IPH HaKay-
ke usnyvenmeM Nd*T:YAG-nazepa. 3aBucumocts ob61iero
sHepreruydeckoro KIIJ mmpoxomnosocHOro Jasepa Ha
LiF:F,” oT 3Hepruu Haxayku NpeACTaBiieHa Ha puc.3. Mak-
cumansubiit KITJ, paBustii 16 %, 6B HOJIyueH IPH SHEPTHH
Hakauku E = 25 M/Ix u nonepedssx pa3Mepax HaKayuBae-
Moit obnacti § x 1 mMm. Ha puc.4,a moxaszaH skcneprMeH-
TaJbHBIA CIIEKTP IIHPOKOIOJIOCHOH reepanuu LiF:F, -na-
3epa wupuHon Oosee 0.15 mxMm B 6mmxnem MK nuanasone
(1.08—1.23 MxkmM). HsnydyeHue IMMPOKOIOJOCHOTO Jiasepa
npeactrasssier co6oi HENPEPHIBHLIA Beep PAaCXOJSIMXCS B
TOPHU3OHTANBHON IUIOCKOCTH JIa3ePHBIX IYYKOB, PaclpoCT-
PaHSIOMINXCS B COOTBETCTBHH C YCJIOBHEM aBTOKOJUIMMANI
(1). C moMo111bI0 NMAHHAPHYECKHX JINH3 HAM YAAJIOCh CKOM-
MEHCUPOBATh 3TY YIJIOBYIO PacXOIMMOCTh M CKOJUTUMHPO-
BATb BBIXOJHOE U3JIYYCHUS B OTHOM IIy4KE C PACXOAUMOCTRIO
okoJio 1 mpaa.

Kak oTMeuanocs Bblilie, FeHepanus pa3inyHbIX YaCTOT B
AKTUBHOM 3JIEMEHTE IPOCTPAHCTBEHHO Pa3HECEHA, IO3TOMY,
HCIOJIb3YSl MPOCTPAHCTBEHHYIO MOAYJIAIMIO U3JIyYeHHS Ha-
Ka4KH, MOXXHO M3MEHSATH CIIEKTD LIMPOKOIIOJIOCHO’ TeHepa-
uu Jaszepa [10]. B skcepuMenTe nepe BXOAHBIM 3¢pKaioM
pe3oHaTopa yCTaHaBIMBAIACh NMEpHOAMYECKass Macka (ceT-
Ka) ¢ pasMepoM o0OyacT TeHH 80 MKM U IIEPHOJIOM €€ IO-
Bropenus 400 Mxm. B 3TOM ciyyae BBIXOZHOE HM3JIy4eHHE
IPEACTaBIIAIO OO0 HabOp creKTpaNbHbIX JHHHMIH (pHC.4,6)
C TEPUOJOM, PABHBIM IEPUOAY MACKH, YMHOXEHHOMY Ha
CIIEKTPaIbHYIO TUCHEPCHIO JJIMH BOJIH F€HEpallMi B aKTHB-

1.2 A (Mxm)

LiF:F; LiF:F;
6
L A ‘A
0.9 1.0 1.1 1.2 4 (Mxm)
LiF:F5
é
i
0.45 0.50 0.55 0.60 A (mxm)

Puc.4. CreKTph! IMITYJICOB FeHepalyy Jla3epos Ha kpucraiax LiF:F;
u LiF:F,” B I1#pOKOMONIOCHOM (@) B MHOTOYaCTOTHOM (0) pexuMax, a
TaKXe CIEKTPBI BTOPOi FrapMOHHUKH IIMPOKOTIONIOCHBIX J1a3epoB (6).

HOM 3JIeMeHTe. MaKcCHManbHOe YUCIIO SKBUAUCTAHTHBIX JIH-
HH, TIOJIyYEHHBIX ¢ JaHHOW MacKoii, paBHAIOCH 15, 4TO OX-
BATBHIBAJIO CIIEKTPaIbHBIH Auana3zoH o1 1.095 no 1.23 mxm.

Jnst yaBOEHHMS YacTOTHI IIMPOKONOJIOCHOM TeHepanun
UCTONb30BajICs Henuuedusni kpucramn LilOz mnuxo# 20
MM C IIPOCBETJICHHBIMH TOPLIAMHM, BBIPE3aHHBIA I yABOE-
HUS 4acTOTH u3nayvenus ¢ A = 1.064 mxm. Cornacosanue
JACIIEPCHH YITIOBOIO CHHXPOHU3MA U CIIEKTPaIbHOMN 3aBUCH-
MOCTH yrJjia IAfeHus NU3JIyYeHns Ha HEJIMHEHHBIH KpUCTaLI
OCYIIECTBIISAJIOCH C IIOMOIIIBIO ChepuiecKoii THH3bI 7 ¢ Fy, =
50 mm. IToaGop yriioBoro yBeanyeHus JIMH3BI HO3BOJIMII TIO-
JIyYHTh HHTETPAIBHYIO 3¢ ek THBHOCTD NpeoGpa3oBaHus K-
poxomnosiocHoro UK uziyyenus Bo Bropyro rapMoHuxy 12 %.
CrieKTp M3JIyYeHHS BTOPOIl TApMOHMKH, ITOJIyYeHHEIN B BU-
IUMOH (3eNeHo-xenTo-kpacHoi) obnacru cnexrpa (0.545—
0.615 MxM), npencrasieH Ha puc.4,6.

Ha puc.5 mpuBeneHb! (parMeHTBI CHEKTPa M3JIYYCHHS
BTOPOIt TapMOHUKH B MHOTOYaCTOTHOM PEXHMME IIPU H3Me-
HEHUH 3HEPTHU B UMIyJIbce Hakadku. lllupusa muaun B BH-
JuMOM auarna3ose cocraBuia (.38 HM U1 SHEPTrUM HaKauKU
E=14mIx n 1.4 sm — s E = 25 m/Ix. VBenuuenue mu-

1

L 1 L 1 L
0.555 0.560 0.565 0.570 A (Mxm)

Puc.5. ®parMeHTH! CIEKTPOB BTOPOI FapPMOHMKH MHOTOYACTOTHOI Te-
Hepauun LiF:F;"-nasepa npu sHepruu B uMmyibce Hakauxu 14 (I) n 25

mIx (2).
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Puc.6. CnexTp reHepaldi CYMMapHBIX 4aCTOT P MHOTOYaCTOTHOM re-
Hepanuu LiF:F; -nasepa.

PHHBI CIIEKTPa MOXHO OOBACHUTH POCTOM HHBEPCHH U KO3}~
dbunmenTa ycuneHus, 0coOeHHO B 00JIaCTH MMONYTEHN MAaCKH,
H yBeauueHHeM 3¢ deKTHBHOCTH yABOCHH 4aCTOTHL HA KPBLIb-
AX CIIEKTPaJIbHbIX JIMHUM.

Ipu xectkoit (HOKYCHPOBKE B HEIMHEHHBLIA KpHCTaUI
OBLIO pPealn30BaHO He TOJBKO 3PdexTHBHOE yABOEHHUE Yac-
TOTHI M3JIyYeHHUS, HO U TE€HEPAIMsg CYMMAapHBIX YacTOT OT
PAa3JIMYHBIX CIEKTPAJIbHBIX Y4AaCTKOB NPH MHOTOYACTOTHOM
reepali, YTO NMPUBOJWIO K YABOCHHIO YMCJIA JIMHMA B
CIEKTpE TeHepalii BTOPOit rTapMOHUKH (puc.6).

B Hacrosei paboTe Takke HCCIEAOBAIaCh TeHEepanus
IMMPOKOMOJIOCHOTO Jiadepa Ha kpucrauie LiF co crabunmnsn-
posannbiMu F,"-11O [11] npu Bo36yxaeHUM H3TyYeHHEM
BTOpO# rapmonuku (4 = 0.66 MkM) oT Nd*+:YAG-nazepa
(A = 1.32 MxM). MakcuMaibHas S9HEPT U U3JIyYeHH s HAKaYKQ
cocTapisina 15 mJIK IpH 4acTOTE ClleSOBaHAS UMITY16COB 10
I'u. Koa¢duumeHT MOrIomeH s Heeile1yeMBIX KpUCTALIOB B
makcumyme monockl Fyt-110 Kog =2.5-3 em™!'. Ontu-
Yeckas CXeMa PE30HATOPA IIMPOKONOJIOCHOTO Jasepa Oblia
ananoruyna cxeme LiF:F, -na3zepa. Mcnonb3osanace BHYT-
pUpe3oHaTOpHAas JHMH3A ¢ F = 30 MM.

[Ipu BO30YXOEHUH HCCIIELYEMOTO Jla3epa H3jyYeHHeM
naszepa Hakauky (A = 0.66 MKM) ¢ sHepruell B uMmyJbce 12
mJIx 6bUTa IIOJTyYeHa IMMPOKONoJiocHas renepaiys LiF:Fif -
nasepa B obnactu 0.89 — 1.04 MxM (puc.4,a). MakcuMabHbIA
KIIJ mmpokononocHoro nasepa cocrasun 20 % npu E =
9 mAx (puc.3). [IpocTpaHcTBEHHAsA MOLYIANUSA U3JTYyYCHUA
HAKAYKH EPUOUIECKON MACKOH TTO3BOMMIIA MTOJYYHTH MHO-
TOYACTOTHYIO TEHEPAILMIO CO CIIEKTPOM, NPENCTABIEHHBIM Ha
puc.4,6. Ilpu yapoennn sacToTsl u3ayvenus LiF :F;"-nasepa
B kpuctajuie LilO3 65110 MOJyYeHO MUPOKOMOIOCHOE H3ITY-
yeHue B cuHe-3¢yeHol o6nactr cnekTpa 0.45-0.51 MM ¢
uHTerpaibpHoil 3ddexTuBHOCTBIO IMpeobpasopanus 12 %.
[IIupOKONOIOCHBIH CEKTP BTOPOH IapMOHUKH H3JIyYEHUS
LiF:F,"-nasepa npeacrasiien Ha puc.4,6.

B pa6ote Taxxe Gbula IOJTyYeHa YETBEPTas FApMOHUKA
nmrpokonosocHoro LiF:F, -nasepa. s 3TOT0 HCIOIL30BA-

sck kpuctajuisl BBO (5 x 7 x 10 mm) u KDP (15 x 15 x 30
MM). [l peanu3aly OO€-CHHXPOHH3MA IOCNE YABOECHUS
YaCTOTHI JJI IOBOPOTA NOJIAPU3ALIUM UCTIOIb30BAJIACh KBAD-
nesas miactuHa A/2 mig A = 0.575 mxm. IlnpoxonosocHoe
H3JIyueHHe BTOPOM rapMOHMKH (POKyCHPOBANIOCH cepuyec-
KOit JnH30i ¢ Fy, = 70 MM B HeuHeHHbI KpucTasl. Mak-
cuMasibHas 3Q(PeXTUBHOCTh IpeoOpa3oBaHus B YETBEPTYIO
TapMOHHMKY BHAMMOrO H3JIydeHHs Oblia HOIyueHa B KpH-
crayuie BBO u gocturana 7 %.

5. BreiBoBI

B pesysbTaTe NMPOBENEHHBIX HCCIEAOBAHMM MPOAEMOH-
CTPUpOBAaHA BO3MOXHOCTH MOJIy4eHHs IIMPOKONOJIOCHOR U
MHOTO4aCTOTHOM reHepanuy jiazepoB Ha kpucramie LiF c
F; - n F;"-11O ¢ ynBoeHueM 1 yyeTBepenneM yacTorsl. Hln-
pHUHA cekTpoB reHepanuu aocturana 0.13 mxm (1.10-1.23
mxm) Ans LiF:F;-nasepa u 0.12 mxm (0.9~1.02 Mrm) s
LiF:F; -nasepa, a 3¢dexTuBHOCTE MpeobpasoBaHus 4acTo-
THI 3THX JIA3€POB cocTaBisuia 10 16 u 20 % COOTBETCTBEHHO.

CorJlacoBaHue CIIeKTPaJIbHBIX 3aBUCHMOCTEH yriia maje-
HHsSl IIAPOKOINOJIOCHOTO H3JIyY€HHS Ha HEJIMHCHHBIA Kpuc-
TaJI ¥ yrjia CHHXPOHU3MA TIO3BOJIIIIO OCYLIECTBUTH 3dek-
THBHOE yIBOEHHE YAaCTOThI TAKOTO M3JIyYeHHd B OJHOM He-
nuaeirHoM xpuctate LilOs. [TomyueHo MMUPOKONOIOCHOE U
MHOT04aCTOTHOE u3jyderue B obnactu 0.55-0.615 mxm a4
LiF:F,"-nasepa u B obnactu 0.45-0.51 Mxm 1st LiF:F,"-
Na3epa ¢ HHTErpajbHOil 3hHEeKTUBHOCTBIO NpeobpasoBanus
12 %. Ilpu nomowu kpucraia BBO peanuzoBano mpeo6-
pa3oBaHMe IIMPOKOIOIIOCHOTO BUANMOIO M3jy4eHus 8 Y
nuana3oH ¢ addexruBHOCTBIO 7 %0.
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