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Accumulated photon echoes have been used to investi

gate the mechanisms of optical dephasing |

in CaF; crystals activated by Nd** ions. Tunable picosecond laser Tadiation, which permits

the selective excitation of various Nd** optical centers in the 4/, — “Gs,,%Gp, transition, is used.
The optical phase relaxation times measured at temperatures from 9 to 50 K permit

determination of the homogeneous widths of the transitions between the low-lying */,,, Stark
level and three excited Gy,,2G 5, levels, and calculation of the constants of the inter-

Stark relaxation transitions in the ground and excited multiplets for the thombic N and M Ng@**
centers in CaF, crystals. An analysis of the temperature dependence of the homogeneous
linewidth of the transitions between low-lying Stark levels of the ground and excited states shows
that the mechanism of optical dephasing in the crystals investigated is described well by

direct relaxation processes with resonant inter-Stark absorption of one phonon in the ground and
excited states. At T=9 K, the homogeneous linewidth T, in CaF, crystals is almost an

order of magnitude smaller than T, in disordered CaF,-YF; crystals. This difference can be
attributed to the significantly greater spectral phonon density of states in disordered crystals.
© 1998 American Institute of Physics. [S1063-7761(98)01901-5]

1. INTRODUCTION

The investigation of fundamental optical dephasing pro-
cesses in organic and inorganic glasses and crystals activated
by trivalent rare-earth ions has been the subject of numerous
investigations,'? since understanding the relaxation pro-
cesses of excited states of impurity ions in a solid is not only
a very important scientific problem, but also a necessary con-
dition for creating efficient solid-state lasers. In the present
work the optical phase relaxation of Nd** ions in CaF, crys-
tals was investigated using accumulated photon echoes.**

The structure of the optical Nd** centers in CaF, crys-
tals was fully investigated in earlier studies. In Refs. 5-7 the
concentration method and selective laser excitation were suc-
cessfully employed to elucidate the composition of the Nd**
centers in-CaF, and to determine the positions of the Stark
sublevels for each type of center. In Refs. 8 and 9 the sym-
metry of the principal Nd** centers in CaF, crystals was
investigated using ESR. ,

Accumulated photon echoes permit direct measurement
of the phase relaxation kinetics and determination of the ho-
mogeneous linewidth I'y of a transition, which is not dis-
torted by the inhomogeneous broadening of the spectra I';;,.
In the present work we investigate the temperature depen-
dence of . the’ homogeneous linewidth of the *Iy,
—4Gsp,,2Gypy transition in'the dimeric and trimeric Nd**
cluster centers in the temperature range 9-50 K. The experi-
‘mental plot of I',(T) can be described within terms of direct
- relaxation transitions between Stark sublevels of the ground
and excited states, with the absorption and emission of one
phonon. '
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2. INHOMOGENEOQUS SPLITTING AND BROADENING OF
THE ABSORPTION LINES OF Nd®* IN CaF,
CRYSTALS

The CaF,:Nd’* crystals were grown by a modified
Bridgeman method in a metered fluorine atmosphere in the
absence of oxygen-bearing compounds.® The concentration
of NdF; was varied from 0.1 to 7 wt. %. In the cubic fluorite
structure Nd** jons can be distributed among sites of differ-
ing structure, which have different spectra.>~’ According to
Ref. 7, triply charged Nd** ‘ions replace doubly charged
Ca’* ions during growth in a fluorinating atmosphere, and
the crystal is saturated by interstitial fluorine ions to maintain
clectroneutrality. At very low Nd** concentrations, the
charge compensation can be nonlocal (it can be effected by
distant interstitial F;” ions) and can leave the original cubic
symmetry of the ligand field around each Nd** ion un-
changed. As the concentration of impurity Nd** ions and,
therefore, of the F; ions compensating them rises, they are
attracted to one another to form dipoles, and the symmetry of
the local environment of each Nd>* ion changes from cubic
to tetragonal (an L center forms, in which the F; ion occu-
pies a nearby interstitial site”). As the c’onccmratiqn is further
increased, the mutual atiraction of the Nd**-F; dipoles
leads to the formation of dimeric (Nd**—F;"), clusters or M
centers and tetrameric (Nd**-F;"), clusters or N centers
with rhombic symmetry. In these clusters two (or four) Nd**
ions feplace two (or four) Ca?* ions. In this case two or four
fluorine ions occuf)y nearby ’fi':c interstitial sites to achieve
local charge compensation. »

The relative concentration of particular optical centers in
CaF,:Nd** crystals depends primarily on the total concen-
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FIG. 1. Absorption spectra of the M and N Nd** centers in
CaF, crystals in the */5,—*G s ,>Gp, transition at T=9 K
for various concentrations of NdF;, wt. %: aj 0.1, b) 0.3, ¢)
1,d) 7.

Wavelength, nm

tration of NdF; introduced into the CaF, crystal during its
synthesis. Figure 1 presents the absorption spectra of neody-
mium ions between the low-lying Stark sublevels of the
*19,—%Gs;,2G,p, transition in a CaF, crystal at T=9K.
According to Refs. 5~7, absorption at these wavelengths cor-
responds to a transition between the ground *Ig, level and
the first three Stark sublevels of the 4Gy, ,>G, multiplets of
the M and N centers. It is clear from the figure that the
absorption associated with M centers dominates at an NdF;
concentration equal to 0.1%. Increasing the NdF, concentra-
tion from 0.1 to 1.0 wt. % results in an increase in the con-
centration of the tetrameric N centers in comparison with the
dimeric M centers.” When the NdF; concentration is in-
creased significantly (to more than 1 wt. %), the system
should be treated as a crystalline solid solution. In this case
NdF; is regarded not as an impurity, but as one of the com-
ponents of the solid solution.

Solid solutions are characterized by statistical disorder,
under which it becomes difficult to speak about order in
distant coordination spheres. A significant increase in the
concentration of NdF; to 7 wt. % is manifested by an in-
crease in the number of centers, and passage from inhomo-
geneous line splitting to inhomogeneous broadening of the
spectra (Fig. 1, curve d), where weakly structured broad
bands appear instead of sets of narrow lines. In this case, the
concentrations of the various components of the solid solu-
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tion are already comparable, and the M and N cluster centers
enlarge, possibly forming tetrameric, pentameric, and more
aggregated clusters. The symmetry of the new clusters can be
lower than that of the M and N cluster centers, and the
statistics of the Nd>* states in crystal fields of different sym-
metry and strength lead to considerable inhomogeneous
broadening of the lines (comparable to glasses), amounting
~30 cm™! (Fig. 1, curve d).

Figure 2 presents the absorption spectra of the
CaF,:Nd®* crystals investigated in the *Io,—*Gsy,2Gqp
transition between the low-lying Stark levels as the NdF;
concentration is varied from 0.1 to 1 wt. % at T=9 K, which
were recorded with a resolution of 0.22 cm™!. As seen from
the figure, the absorption spectra consist of two groups of
lines with A=579.4 and 579.0 nm. The minimum values of
the linewidth in Fig. 2 are determined by the spectral reso-
lution. It can be seen from the figure that varying the NdF;
concentration from 0.1 to 1 wt. % results in variation of the
specnﬁc concentrations of the M and N centers toward the
more aggregated N centers, while the relative splitting of the
absorption coefficients within each group of lines remains
constant. In the figure, each of these groups corresponds to
four lines with splitting for the M centers ranging from 0.9 to
4.3 cm™! (between the outermost lines) and splitting for the
N centers ranging from ~ 1.8 to 6 cm™!. The lack of similar
splitting in the absorption spectra in other transitions sug-
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FIG. 2. Fragments of the absorption spectra of the
M and N Nd** centers in CaF, crystals in the */g,
—4Gsy3,%Gyp, transition at T=9 K for various con-
centrations of NdF;, wt. %: a) 0.1, b) 0.3, ¢) 1.
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gests that the complex structure of each group of lines is a
consequence of the splitting of the 4G, Gypy excited state
of the Nd** ion in the dimeric and tetrameric cluster centers.
This conclusion is supported by Ref. 6, in which splitting of
the low-lying levels of the *Gs, ,2G+,, multiplet of the Na@**
jons in N and M centers was observed with a magnitude of
the order of ~1cm™! (the first three sublevels for the M
centers and the first two for the N centers). In Ref. 10 we
showed that the sphttmg of the levels can be attributed to a
coherent interaction of paired Nd** ions in M and N cluster
centers. Figure 3 presents energy diagrams of the Stark levels
of an Nd®* ion, which were obtained from the absorptlon
spectra of the crystals investigated. The positions of the lev-
els are consistent with the data presented in Refs. 5-7.

3. ACCUMULATED PHOTON ECHOES IN CALCIUM
FLUORIDE CRYSTALS

Accumulated photon echoes 4 which are based on non-
linear resonant four-wave mixing, were used to measure the
phase relaxation time T2 The resonant excitation of Nd**
ions ‘was effected in the *1g5— %Gy, %Gy, transition using a
Rhodamine 6G dye laser that is tunable in the range 560
600 nm.-The dye laser,was' synchronously pumped by the
second-harmonic emission (\,=532 nm) of a YAG:Nd**
laser operating in an active mode locking regime with a fre-
quencyof 82 MHz -Compression of the pump laser pulses
using a fiber-grating compressor was employed to shorten
the duranon of the output pulses of the dye laser from 7=18
to 0.5 ps.. When. the duration of the output pulses ‘was
7=18:ps, the width of the spectrum of . the pulses was
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FIG. 3. Energy diagrams of the low- -lying Stark levels of the- 19,2 and
05,2, G multxplets ‘of Nd**-'ions in the' M and N centérs’in a CaF;
crystal.
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FIG. 4. Kinetics of the accumulated photon-echo signal (a)
upon excitation of M centers (A=579.36 nm) in a
CaF,:Nd**(0.3 wt. %) crystal at T=9K; b) sample of the
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Av=1cm™!, and for 7=0.5 ps it was Ay=40 cm™!. The
emission of the 20-100 mW dye laser was divided into or-
thogonally polarized pump beams and a probe beam in a 7:1
ratio. The probe pulses were delayed relative to the pump
pulses by a time ¢, ranging from O to 3.4 ns using an optical
delay line. The pump beam was modulated by an acousto-
optical modulator with a modulation frequency of 4 MHz.
The pump beam and the probe beam then converged at a 1.5°
angle and were focused onto the sample. The amplitude of
the photon echo pulses was recorded in the direction of the
probe beam using synchronous detection at the modulation
frequency of the pump beam. v

After excitation, the Nd>* ions undergo rapid radiation-
less relaxation through several multiplets to the metastable
*Fap level. The lifetime of the metastable *F 33 level in the
crystals investigated is long (hundreds of microseconds) in
comparison with the time between pairs of exciting pulses
(12 ns). This very relationship is responsible for accumula-
tion of the echo signal. In the experiment, the amplitude of
the accumulated photon-echo signal was investigated as a
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function of the delay between the probe pulses and pump
pulses. In the experimental geometry, the echo signal decays
according to Sxexp(—2t),/T,), where t,, is the delay be-
tween the probe and pump pulses, and T, is the phase relax-
ation time (T,= 1/(#T,)).?

Figure 4 presents the dependence of the accumulated
photon-echo signal on the delay ¢,, for a CaF, crystal con-
taining 0.3 wt. % NdF; at T=9K and an excitation wave-
length A =579.36 nm. This wavelength falls between the
two strongest absorption peaks assigned to the M centers
(Fig. 2). As we see from the figure, the kinetics of the accu-
mulated photon-echo signal exhibit pronounced amplitude
modulation. The oscillations with a period of 37 ps corre-
spond to the splitting between the absorption peaks of the M
centers (0.9 cm™!), which can be seen in the absorption’
spectrum (Fig. 2). Oscillations at a longer period correspond
to smaller splitting values and cannot be seen in the absorp-
tion spectrum due to the inhomogeneous broadening of the
lines and the limited spectral resolution of the monochro-
mator. As we showed in Ref. 10, such modulation of the
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TABLE 1. Phase relaxation times T, and homogeneous linewidths [T',
=(nT,y)"") of the *lgp—*Gyn, *Gyn, transitions of Nd** ions in the M
and N centers in a CaF, crystal.

Transition Wavelength,

(center) Ty, ps r,,GHz nm T,K
1-1"(M) 6300 0.05 579.43 9
1-1'(M) 1200 0.27 579.43 18
1-1'(N) <3500 0.09 579.09 9
1—1'(N) 1000 0.32 579.09 18
1-2"(M) 110 30 571.29 9
1—2(N) 150 2.1 577.00 9
1-+3"(M) 45 70 576.54 9
1=3'(N) 30 10 57591 9

accumulated photon-echo signal is due to fine splitting
(0.1-1cm™!) of the ground *Iy, and excited *Gsp,*Gan
multiplets as a result of the coherent exchange, magnetic
dipole—~dipole, and electric quadrupole—quadrupole interac-
tions of the Nd®* ions in the dimeric M and tetrameric N
centers. The beat contrast in the kinetics depended on the

excitation wavelength and decreased with increasing tem- -

perature or increasing concentration of the Nd** ions. At the
same time, no variation of the decay time of the accumulated
photon-echo signal was noted in the present experiments (for
concentrations of NdF; equal to 0.3 and 1.0 wt. %). The
decrease in the oscillation amplitude as the impurity-ion con-
centration increases might result from variation of the fine
splittings in the centers that emerges as the inhomogeneous
linewidth increases. Variation of the splittings leads to varia-
tion of the oscillation periods and, as a result of averaging, to
a decrease in the oscillation amplitude. In addition, as can be
seen from Fig. 4, the high-frequency modulation depth de-
creased as the delay ¢, increased.

The echo kinetics measured in the experiment at T=9K
were not exponential. The reasons for this nonexponential
behavior were discussed in Refs. 11 and 12, and might be
associated with saturation effects at high laser pump power,
as well as with the simultaneous excitation of several optical
centers having different values of T,. To minimize the in-
fluence of saturation effects, we selected a low radiated
pump power of ~20 mW. In particular, we controlled and
monitored the excitation selectivity of the centers and the
transitions by varying the width of the laser excitation spec-
trum. -

The influence of the optical density can also lead to dis-
tortion of the initial stage of decay of accumulated photon
echoes.? Tt is difficult to determine the optical density of
CaF, crystals, since the spectral width of the absorption line
at T=9 K (Fig. 1) is less than the spectral resolution of the
monochromator. Taking into account all the facts just cited,
we measured the dephasing time T, in the final stage of
decay of the accumulated photon-echo signal. In addition, to
minimize the influence of oscillations and reduce the influ-
ence of optical density, the M and N centers were excited at
the edge of the absorption band of each center (Fig. 2). -

Table I lists T, and the linewidth I’ for transitions from
the ground-state 4] 4, multiplet to the low-lying Stark sublev-
els of the *Gsp,2Gp, multiplet. As can be seen from the
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“table, there is a sharp increade in linewidth in the transitions

to the high-lying Stark sublevels. For example, the linewidth

~ of the transition to the third Stark sublevel (7 GHz for the M

centers) is more than two orders of magnitude greater than
the width of the line corresponding to the transition between
the low-lying Stark sublevels (0.05 GHz for the M centers).
In addition, a slight difference is observed between the val-
ues of I', for the N and M centers.

The dependence of the decay time of the kinetics of the
4“I9p—*Gsp,2 G transition between the low-lying Stark
levels in a CaF,:Nd** crystal was investigated in this work
in the temperature range 9-50 K. Figures 5 and 6 show the
experimental kinetics of the accumulated photon echoes for
the excitation of M and N centers in a CaF, crystal (with
excitation wavelengths A=579.09 nm and A=579.43 nm
for the N and M centers, respectively) with a concentration
of NdF; equal to 0.3 wt. % at T=9 (a) and 18 K (b). Mea-
surements of the dephasing time and the values of the homo-
geneous width of the spectrum calculated from them are pre-
sented as a function of temperature for the N and M centers
in CaF, in Fig. 7. As is seen from the figure, the widths of
the N and M lines are similar over the measured temperature
range, and increase monotonically with increasing tempera-

" ture. At the same time, it should be noted that at T=10 K,

the homogeneous linewidth T’y for the *19n—*Gsn,’Gp
transition of Nd®* ions in CaF, crystals (I',~0.05 GHz) is
almost an order of magnitude less than I';, in the disordered
CaF,-YF;:Nd** crystals (I';,~0.05 GHz) that we investi-
gated in Ref. 12. '

4. MECHANISM OF OPTICAL DEPHASING IN CALCIUM
FLUORIDE CRYSTALS

To ascertain the mechanism of optical dephasing in these
media, we analyzed the temperature dependence of the ho-
mogeneous linewidth (Fig. 7) in direct relaxational transi-
tions between Stark sublevels involving the resonant absorp-
tion and emission of one phonon. In this approximation, the
equation for the homogeneous linewidth Iy of the *Igp
—*Gsp,2Gyp, transition between the low-lying Stark levels
of the ground and excited multiplets (Fig. 6) can be written
in the form'*

N O
W™ exp(AE p/kT)—1  exp(AE3/kT)—1
0 0
+ Wll2l + Wl'3l
exp(AE i/ /kT)—1  exp(AE;13: /kT)—1
+ ! 1
Ty 1

0 ooy
where W, WY, W?,z, , and W,,, are amplitude param-

eters that characterize the rates of radiationless relaxation
between levels 1 and 2 and between levels 1 and 3 of the
ground *7g;, multiplet and between levels 1’ ‘and 2’:and
between levels 1/ and 3’ of the excited *Gj,2Grp, multip-
let; AE;; is the energy gap between the corresponding Stark
sublevels (Fig. 3); and T, is the relaxation time of the popu-
lation of the excited level. It was shown in Ref. 15 that the
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FIG. 5. Kinetics of the accumulated photon-echo signal upon
excitation of the M centers (A=579.43nm) in a
CaF,:Nd**(0.3 wt. %) crystal at T=9K (a) and T=18 K (b).
The solid lines correspond to exponential decay of the accumu-
lated photon-echo signal; T,=6.3 ns (a) and T,=1.2 s (b).
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multiphonon relaxation rate (27T,)”! varies only slightly
between liquid helium and liquid nitrogen temperatures. For
this reason, we assume that the multiphonon relaxation rate
(27T,)~! is the same for the first three Stark sublevels of
the *Gs,,2G, multiplet. Thus, in Eq. (1) the temperature-
dependent terms describe only processes involving the ab-
sorption of a phonon.

2000 3000

We confined ourselves to transitions between three low-
lying Stark sublevels, whose transition rates can dominate
the relaxation process at 7<<50 K. In analyzing Eq. (1) we
also neglected transitions within the system of the fine-
structure splitting of the M and N centers with AE<1 em™!,
since the phonon density of states at energies
hv=AE<1cm™! is low. While we only consider processes

041

Echo amplitude

FIG. 6. Kinetics of the accumulated photon-echo signal upon
excitation of the N centers (A=579.09nm) in a
CaF,:Nd** (0.3 wt. %) crystal at T=9 K (a) and T= 18 K (b).
The solid lines correspond to exponential decay of the accumu-
lated photon-echo signal; T,=3.5 ns (a) and T,=1.0 ns (b).

Delay time ty,, ps
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FIG. 7. Temperature dependence of the homogeneous linewidth T, of the
34— *Gsn . 2Gyp, transition between low-lying Stark sublevels of the M
and N Nd** centers (O and 4, respectively) in a CaF, crystal. The solid

curves are theoretical plots obtained without (a) and with (b) consideration
of W9,.

involving the absorption of a single phonon when a low- '

lying Stark sublevel of the *Gs5), ,2Gqp, state is excited, we
should take processes that entail phonon emission when
high-lying Stark sublevels of this compound are excited into
account. For example, for the 1 -2 transition to the second
Stark component, we can write

o= Wi, + Wis
' exp(AE;/kT)—1 = exp(AE3/kT)—1

W3, exp(AE 1. [kT)
eXp(AElrzl /kT)— 1

Ws, 1
+ + :
CXp(AE213I/kT)"1 27TT1

@

Here, along with terms that describe processes involving the
absorption of a single phonon, the third term describes the
spontaneous and stimulated emission of one phonon in the
2'—1' transition. The expression for the homogeneous line-
width T3, upon excitation of the third Stark component (the
1'—3' transition, Fig. 3) has the form

W L W
exp(AE ,/kT)—1  exp(AE;3/kT)—1

U=

W), exp(AE 3 [kT)
exp(AEl/3//kT)- 1

Wg,z, exp(AE,:3: /kT) 1
exp(AE2:3:/kT)—l 27TT1-

@)

In Egs. (1), (2), and (3), the energy gaps and the amplitude
terms are symmetric under interchange of the level indices:
W;;=Wj;. This greatly simplifies the solution of the prob-
lem. Because of the exponentially small term
1/[exp(AE/KT)—1] at T=9K (kT=6.3 cm™"), Egs. (2) and
(3) can be simplified for Stark splittings AE>30 cm -1 (Fig.
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3). In particular, all terms except the third in (2) and the third
and fourth in (3) can be neglected. In this approximation,
I' 5/ is equal to W?,z,, since the ratio between the exponen-
tial terms in the third term in (2) for T=9 K and the energy
gaps given is 1.

Hence, using the data in Table I we at once obtain the
radiationless re]axatlon constants Wl'2' 3 GHz (for the M
centers) and Wl.2.—-2 1 GHz (for the N centers). For this
same reason from (3) we obtain the expression
F,3;—W3, l,+W 150 For subsequent evaluations we need
the relationship between W3, y» and w? 3127+ According to the
theory of electron—phonon interactions, W;; is proportional
to the product of the square of the matrix element of the
electron—phonon interaction and the spectral phonon density
of states. In the Debye approximation, the latter is propor-
tional to the cube of the frequency of the phonon participat-
ing in the interaction. On this basis we can estimate the ratio
Wg,z,/W2,1,=(AEzl3:/AE,:3,)3, which is equal to 0.02
and 0.06 for the M and N centers, respectively. As a result of
the evaluations made, in (3) we can neglect the term contain-
ing ngz' and determine the constants Wg,l,=l“ 13+ » Which
are 7 and 10 GHz for the M and N centers, respectively. The
ratios between the resulting values are Wg, ! Wg'1'=2-3
(4.3) for the M (N) centers. A comparison of these ratios
with the ratio (AE3: s /AE,s,+)*=2.7 (4.3) exhibits good
agreement with the Debye approximation.

The significant difference between AE 2, (~35cm™)
and AE; (~150 cm™!) for the ground-state *I,, multiplet
causes the second term in (1) to be negligible in comparison
with the first at 7<<20 K. It should be noted that the deter-
mination of W9, from (1) at T=9K is very sensitive to the
accuracy of the measurements. First, the maximum delay
between the pump pulses and probe pulses in the experimen-
tal system is 7,,=3.4 ns, and this complicates the determi-
nation of a damping decrement of an accumulated photon-
echo signal that is comparable to this time. Second, the
values of T, obtained in Ref. 16 were 7.2 ns and 3.3 ns for
the M and N centers in a CaF,:Nd** crystal, respectively;
therefore, a difference between two similar values (for ex-
ample, T;(M)=7.2 ns and TZ(M) =6.3 ns, see Table I)
must be taken to calculate W9,~ (T, — (2#T)~!). Conse-
quently, we used the results of kinetic measurements of the
decay of the accumulated photon-echo signal at T=18 K,
where T,(M)= 1.2 ns, to calculate W9,. The value of I';/
in these experiments was 0.27 (0.30 GHz) for the M (N)
centers. As a result, W9, calculated from Eq. (1) was 3.4 and
5.9 GHz for the M and N centers, respectively.

In Fig. 7 (curve a) the solid line shows the dependence
of I'(T) obtained from Eq. (1) for the M centers in a
CaF,:Nd** crystal with exact consideration of the transitions
to the second and third Stark levels of the excited state and to
the second level of the ground state, but without considering
the relaxation processes associated with phonon absorption
between levels 1 and 3 of the ground state (W13—0) The

“figure reveals a sharp i increase in the difference between the

experimental points and the theoretical curve at 7>30 K.
This difference may be associated with neglect of relaxation
processes between levels 1 and 3 of the ground state, which
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* becomes unjustified as the temperature rises. In order to take

 these processes into account, we determined W, by assum-
ing that the phonon density of states has a Debye distribu-
tion. This assumption enables us to determine the relation-
ship between W3, and W3, as W9 =W (AE;/AE,,)?
(W9,=260 (270) GHz for the M (N) centers). A theoretical
curve that takes these parameters into account is depicted in
Fig. 7 (curve b). The experimental values clearly correspond
to a direct relaxational dephasing process in the temperature
range considered.

Thus, the mechanism of optical dephasing in multicenter
ordered crystals over the range T=10-50 K is described
well by a single-phonon resonant relaxation process. We pre-
viously showed that the temperature dependence of optical
dephasing in disordered CaF,-YF; crystals is also described
by single-phonon processes.'> The tenfold difference be-
tween the relaxation  rate in disordered
CaF,—-YF;(10%):Nd>* crystals with [',=0.5 GHz and in or-
dered CaF,:Nd®* crystals (I',=0.05 GHz) at T=9 K can be
associated with the difference between the probabilities W?j
(Eq. (1)). In Ref. 17 we measured the absorption spectra of
these crystals in the far infrared (10-100cm™)), and
showed that the absorption coefficient in the frequency range
corresponding  to  direct  single-phonon transitions
(10-100 cm™") increases by about an order of magnitude
upon passage from an ordered crystal of fluorite, CaF,, to
disordered crystals of yttrofluorite, CaF,~YF;(12 wt. %). As-
suming that there is a correlation between the IR absorption
coefficient and the density of the phonon states participating
in direct single-phonon transitions (which was previously
demonstrated for amorphous semiconductors'®), we can thus
explain the indicated difference between the values of the
probabilities Wf-’j-, and therefore between I'; and the relax-
ation rates in ordered and disordered media.

5. CONCLUSIONS

Picosecond accumulated photon echoes have been used
to investigate the temperature dependence of the homoge-
neous width of the spectrum of the *Ig,— %G5y, ,2 Gy tran-
sition of Nd** ions in ordered CaF, crystals in the range
9-50 K with selective excitation of rhombic M and N cen-
ters. The homogeneous linewidths of the transitions between
the low-lying Stark level of the ground %/, multiplet and
three levels of the excited *Gs,2G4, multiplet have been
measured, permitting calculation of the force constants of the
relaxational single-phonon inter-Stark transitions in the
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gr&uhd and excited multipf‘ets. Ai{:‘é}u:ﬂysis of temperature

dependence has shown that optical dephasing in the ground
and excited states of the ordered crystals investigated is de- -
scribed well by direct relaxation processes that involve reso-
nant inter-Stark absorption of one phonon. At T=9K, the
homogeneous linewidth I, in the disordered crystals is al-
most an order of magnitude greater than the analogous value
in the ordered crystals. This difference can be accounted for
by a significantly higher spectral phonon density of states in
the disordered crystals. : ‘
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' ONITHYECKASA DXO-CIEKTPOCKOIINSA 1 ®A30BAS PEJIAKCAIIVISA
VIOHOB Nd** B KPUCTAJLIAX CaF,

T. T. Bacues, A. A. Kapacux, B. B. ®edopos

Huemumym obwet gusuxu Poccutickoli axademuu Rayx
117942, Mocksa, Poccus

K. B. Bep Cmuze*

Microelectronics Research Center lowa State University Ames, 50011 USA

Moctynuna B pepaxumio 18 urons 1997 r.

MeToa aKKyMYANPOBAHHOTO GOTOHHOTIO 3Xa HCMIONL30BAH [UIS UCCIENOBAHUS MEXAHU3MOB
onTHYecKoit aea3nposku B kpuctamnax CaFz, akTuBupoBanHeIX uoHamu Nd**. Hcnonssosa-
JIOCh TIepeCTpAauBaeMOe THKOCEKYHIHOE a3epHOE HANyYeHHe, TIO3BOMAIOLIEE CeTeKTHBHO Bo30Y-
XIaTh pauIMYHble ONTHdecKue UeHTps! Nd** Ha nepexone *Iy/; — *Gs g, 2Gy/y. Wamepensbie
npy Temnepatypax ot 9 a0 50 K spemeHa ontudeckoii (a30Bo# penakcaly NO3BOTMIH onpene-
THTh OXHOPOIHBIE IIKPUHEI TIEPEXONOB MEXIY HIDKHUM * Iy /2 ¥ TPEMsL BO3GYKAEHHBIMA 4Gs /25
G, /2 WITAPKOBCKHMH YPOBHSAMU M PACCHUTATH KOHCTAHTBI PeTaKCalMOHHBIX MEXIITAPKOBCKMX
[IEPEXOI0B B OCHOBHOM Y BO3OY:KACHHOM MynbTHIUIETaX Wit pombugeckux N- u M -ueHTpOB
‘yonos Nd3* B xpucrammax CaF,. AHanu3 TeMmepaTypHO#H 3aBUCHMOCTH OTHOPOSHOMN WHMpH-
HBI IMHUM IEPEXOAA MEXAY HIKHUMH LITAPKOBCKMMM YPOBHAMHU OCHOBHOIO 1 BO3GYXIEHHOTO
COCTOAHMIA MOKA3AT, YTO B HCCASAYEMBIX KPUCTAUTAX MEXAHU3M ONTHYECKOH Aeha3npoBKYU X0-
POLIO ONMCHIBAETCS MPSIMBIMU PETAKCALMOHHBIMHU NPOLIECCaMY C PE3OHAHCHBIM MEXINTAPKOB-
CKYM TOTIOIEHUEM OHOrO (JOHOHA B OCHOBHOM ¥ B036yxaeHHOM coctositusix. Hlpu T =9 K
BEJHYMHB! ONHOPOAHOrO ywupenus 'y B Kpuctautax CaF; mouTn Ha DOPSAIOK MEHbIIE BeJM-
ynnel [, B pasyniopsaoyedHsix kpuctainax CaF;-YF;. JlaHHoe pasmuuve oOBbACHAETCH CTOND
e 3HAUNTEABLHBIM TIPEBhIlIEHHEM CIIEKTPANBHON INOTHOCTH GOHOHHKEIX COCTOSTHHMMI B pasyno-
PALOYCHHBIX KPHCTALTAX.

1. BBEJEHUE

Uccnenopaniio GyHIAMEHTAIBHEBIX TIPOLIECCOB ONTHYECKON Neda3npoBKH B OpraHuye-
CKMX ¥ HEOPraHWYECKHX CTEKNIaX U KPUCTAUIaX, aKTUBMPOBAHHBIX TPEXBATCHTHBIMH PEAKO-
3eMeIEHBIMUA MOHAMM, TTOCBSLIEH GONbIIOM psIX paboT [1, 2], MOCKOMBEKY HOHUMaHUE TIpoLec-
COB peTaKCaliH BO3OYKIEHHOIO COCTOSIHUA NPUMECHBIX MOHOB B TBEPIOM Tele SIBISETCS He
TOJIBKO BaXHEHLIEH HayqHOl 3adayeil, HO 1 HEOOXOMUMBIM YCTIOBUEM UL CO3MaHMA dbdex-
TUBHEIX TBEPAOTENBHBIX JIa3€pOB. B fanHON paboTe MpH MOMOIM METORA aKKyMYJIMPOBaH-
Horo ¢oToHHOro 3xa (AD3I) {3, 4] ucciaenoBaics Npouecc ONTUYECKOH (Pa3oBoi penaxcauvm
uoHoB Nd** B xkpucramiax CaF,. .

CprKTypa onTyeckyx 1eHTpos unoHos Nd** B kpucranmiax CaF, MHTEHCHBHO uccne-y'_.
moBanach paHee. B paGorax [5-7] npu moMomm Konucmpauuoxmoro MEeTONa M Mcro;za ce-’
JIEKTHBHOIO JIA3¢PHOTO BO3GYXIEHUS yAaIoCh BEIACHUTh EHTPOBOM COCTAB uonon HCOlIPIVIa
8 CaF, 1 onpexeauTs NOIOXEHUE IITAPKOBCKHUX JIONYPOBHEH IS KAXIOro THMMa NEHTPOB.

*K. W. Ver Steeg
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B paborax [8,9] ¢ nomousio DIIP uccnenoBanach CUMMETPHs OCHOBHBIX LIEHTPOB HOHOB
HeoguMa B kpuctawie CaF,.

Merox ADD no3BONAET NMPAMO U3MEPATH KMHETHKY $a30BOi penaKcalymu U ompeze-
JISITh ONHOPORHYIO IUMPUHY TUHUHU Tiepexosia ', He HCKaXEHHYIO HEOMHOPOIHBIM YIIMPEHHEM
cnexTpoB I';,. B 1aHHO# paGoTte MBI UCCAEA0BANY TEMIIEPATYPHYIO 3aBUCMOCTh OJHOPORHOI
IUMPHHBL TMHUNA Nepexona 41, /2 = 4Gs /2 g, /2 B IAPHBIX W YETBEPHBIX THUIIAX LIEHTPOB HOHA
HeoanMa B Auana3oHe TeMrnepatyp 9-50 K. ITomyyeHHYI0 3KCTIepUMEHTANBHYIO 3aBUCUMOCTD
I, (T) yaanoce onucath B paMKax MpsiMbIX PelaKCALIMOHHEIX [IEPEXOI0B MEXIY IUTAPKOBCKHU -
MM [TOLYPOBHAMY OCHOBHOIO U BO30YXICHHOIO COCTOSIHMIA C MOIVIOIIEHUEM H MCIIYCKAHMEM
onHoro ()oHOHa.

2. HEOJHOPOJXHOE PACIIEIUIEHUE W YIIUPEHUE JIMHWIT HOTJIOMEHAA UOHA
Nd** B KPUCTAJLJIAX CaF,

Kpuctannsl CaF,:Nd** 6bi1u BhIpaieHs! Apy MOMOIIM MOIH(BUIMPOBAHHOIO MeToJa
BpurkMaHa B 103MpOoBaHHO# atMocdepe dropa B OTCYTCTBHE KUCIOPOOHBIX COEAMHEHUI [5].
Konuenrtpauua NdF; BapeupoBanacs ot 0.1 1o 7 Bec.%. B xyGuueckoii peuietke (aroopura
voHsl Nd** MOryT pacnpenenaThcss 1O LEHTPaM PasIHYHOM CTPYKTYDHI, OGAAJAIOMUM pas-
nmmuHeiMu cnektpamu [5-7]. CornacHo [7] B npouecce pocta Bo ¢dTopUpyiolei atmochepe
Tpex3apaaHsle HoHsl Nd** 3amelualor asyxsapsmHble HOHBI Ca’* M I COXpaHEHHS SIeK-
TPOHENTPAIBHOCTH, KPUCTAUT HACKIIIAETC MEXY3eNbHBIMU MoHaMu dropa. KommeHncauus
3apsna NpU OdYeHb Manoil KoHueHTpauuu Nd** MoXeT MpoMCXoauTh HENTOKATBHO (yaieH-
HBIMH MeXy3eabHeIMI HOHAMH F ) ¢ coxpaHeHueM MCXOXHOI KyOMYeCKo# CUMMETPHH MO
JUraHgoB BoKpyr HoHa Nd**. C pocToM KoHUEHTpauuy npuMecHsIX HoHos Nd>*, a 3Hauut u
KOMITeHCUpYIouHX ux F,, OHY NpUTATrUBalOTCS APYT K APYTYy, 00pa3ys AUNOJIb, 2 CAMMETPHS
okpyxenus voHa Nd** MeHsercs ¢ Kybudeckoit Ha TeTparoHanbHyio (L-LEHTp, B KOTOPOM
voH F; 3aHnMaer 6muxaiiuryo Mexy3enbHyio nosunuio [7]). Ilpy ransHe#iuem noBbIlIeHHH
KOHLIEHTpaUMH B3aUMHOE NPUTAXeHne numoneit Nd>* — F;” npuBoaguT K 06pa3oBaHuIo nap-
pix (Nd** — F]); — M -uenTpos 1 eTBepHbIx Komruiekcos (Nd** — F; ), — N-1eHTpoB ¢
pOMBHYECKON cuMMeTpueii. B aTHx KoMItiexkcax gsa (i vertbipe) noHa Nd** 3amermator 18a
(v gerhipe) Gmpkaiiunx noHa Ca’*. B 3ToM cryyae [Uist JIOKANBHON KOMIIEHCALMM 3apsaa
IBa WIM YeThipe MOoHA GTOpa 3aHUMAKT GmipKaiiuue CBOGOAHBIE MEXy3€IbHBIE NO3ULINH.

OrHOCUTENBHAS KOHUEHTPALMS TEX WIM MHBIX ONTHYECKMX LEHTPOB B KPUCTA/LTaxX
CaF,:Nd** 3aBucuT, B NEPBYIO OYEPEAb, OT MOMHOM KoHuEHTpaimy NdF;, BBOAMMOro npu
cunrese B kpuctawt CaF,. Ha puc. 1 npeacraBneHs! ClIEKTPhI TOTIONIEHNUS HOHOB HEOAMMA
MEXIy HIDKHUMH IUTapKOBCKMMH NOAypoBHaMy nepexona *Iy, — *Gs/y, %Gy 2 B kpucran-
e CaF, npu T = 9 K. CornacHo {5-7] nornouiesue Ha 3THX [IMHAX BOMH COOTBETCTBYET
MIEPEXOLY MEXIY OCHOBHEIM YPOBHEM * Iy /2 ¥ TIEPBEIMU TPEMSL LUTADKOBCKMMH TIOAYPOBHAMHU
MyasTAIUIeToB *Gs)y,2Gy/y M- M N-uentpor. M3 pyucyHKa BHIHO, YTO TIDH KOHLEHTpA-
unn nipumecy NdF; pasnoit 0.1% npeoGnagaer norioieHue, CBI3aHHOE C M -LieHTpaMu.
‘VeennueHue xoHueHrpauma NAF; ot 0.1 o 1.0 Bec.% BeneT K yBEIMUEHUIO KOHIIEHTPALIVIM
KBapTEeTHHIX /N -1IEHTPOB 110 CPABHEHHIO C MapHsIMU M -nentpamu [7]. IIpu 3HauuTeIBHOM
yBeauueHny KoHHentpauyu NdF; (Gonee 1 Bec.%) HEOGXOAMMO TOBOPUTEH O TBEPHOM KpH-
cTajumyeckom pactsope. B stoMm cryyae NdF; paccmartpusaercs He Kak NpUMECH, a KaK OfHa
M3 KOMIIOHEHT TBEDIOTO PacTBopa. TBepable PacTBOPHI XapaKTEPH3YIOTCS CTATUCTUYECKHM
pa3ynopsIoYeHNeM, KOITa CTAHOBHUTCSH CIIOXHO TOBOPHTEH O TIOPSIKE B HANbHUX KOODAKHA-

" iMoHHBIX chepax. CyuiecTBeHHOE NoBeiLIeHHe KoHUeHTpauuu NdF; no 7 Bec% nposisiseTcs

279 -



T. T. Bacues, A. 4. Kapacux, B. B. Dedopos, K. B. Bep Cmuz X3TD, 1998, 113, qun. 1

v-v-lvuuvvuv-.,I,u.-vvv-v,---:,.-.u',.-:--;:vlv-.n-.-.nlunx

Mornomenue

6
‘AJLM,S"M(I
N M. N M N M
4:.ll»v..-.nnIa..|nx;.nl.a».u:.u:i--’--.xn'nf:n.J‘nnxil|||:
575 576 577 578 579 580
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Puc. 1. Cnexrpu nornowenus M- u N-nentpos noros Nd** ua niepexone *Iy/; —
— 4G5/2, sz B Kpuctame CaF, nmpu 7 =9K u KoHuenrpawusix NdFs: a) 0.1, 6) 0.3,
8) 1, & 7 Bec.%

B YBEJIMUCHHH YHC/TA LEHTPOB U MEPeXOae OT HEOXHOPOTHOTO PACIIEIUIEHHS THHMUH K HeoJI-
HOPOIHOMY YLIMDEHHUIO CIIEKTPOB (pHC. 1, KpMBas 2), KOra BMECTO HabOpOB Y3KMX JTMHMI
NOSIBNAIOTCH CNaBGOCTPYKTYPHEIE HIMPOKHE TIONOCH. B 3TOM CIy4yae KOHUEHTPALMK pa3iny-
HBIX KOMIIOHEHT TBEDAOTO PacTBOpa yXe CPaBHHUMEL, a M- u N -KOMILIEKChI YCIOXHSIOTCS,
06pa3ys BO3MOXHO TPOHHEIE, IATEPHEIE U Gonee arperaTHble KOMIUIEKCHL. CummMmerpus Ho-
BBIX KOMIUIEKCOB MOXET GBITE IIOHMXEHA N0 CpaBHEHMIO ¢ M- u N ~-KOMIUIEKCAMH, M CTaTH-
CTHKa cocrosumit Nd** s KPHUCTAUTHIECKHX MOJIAX Pa3HOMH CUMMETPHM M CUITEI IPHBOIHT K
SHaYMTENBHOMY (CPaBHMMOMY €O CTEK/1aMH) HEOQHOPOAHOMY YIIUPEHMIO TUHUH ~ 30 em™t

(puc. 1, kpuBas &), -
*"Ha puc. 2 npencraBneH CIEKTP NOINOLIEHUS MCCIEAYEMBIX KPUCTAMLIOB CaF,:Nd**. Ha
niepexoze “Iy/; — 4G /2, 2G5 MEXIY HIKHMMM WITAPKOBCKUMH YDOBHSIMY TIDH U3MEHEHUH
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Mornomenue

-/.\.‘\f".-\...41.......,.1.......,.|....l.. L
578.8 579.0 579.2 5794 579.6
JnuHa BONHEI, HM
Puc. 2. ®parMeHTH CNEKTPOB NMOMOMeH:s M - 1 N -uentpos HoHos Nd** na nepexone
419/2 — ‘05/2,267/2 B kpuctawie CaF; npu T = 9 K n koxuentpauusx NdF;: a) 0.1,
6) 03, 6¢) 1 Bec.%

KoHueHtpaunyn NdF; or 0.1 no 1 Bec.% u temneparype T = 9 K, CHATHII ¢ paspellleHUeM
0.22 em— L, Kax BHIHO U3 PHCYHKa, CIEKTPhI NOMIOMEHNS COCTOAT M3 ABYX FPYTIT JIMHMI ©
A =579.4 1 579.0 utM. MHHUMaNbHEIE 3HAYEHUA IUMPHHEI JIMHHUI HA PUC. 2 ONPERENSIOTCS
CIEKTPANLHBIM paspelienyeM. W3 pucyHKa BHIHO, YTO M3MEHEHHE koHueHrtpaiit NdF; ot
0.1 o 1 Bec.% BeneT K M3MEHEHMIO YOENBHEIX KOHUEHTpauuit M- u N -LIeHTPOB B CTODOHY
fonee arpervpoBaHHbIX N -LIEHTPOB, B TO Xe BpeMs OTHOCUTENBHOE pacripenenenue kosbdu-
LU¥EHTOB [TOrJICIHEHNsI BHYTPU KaKIO0H rpyNmsl THHUN ocTaeTcs mocrosHHEIM. Ha pucyHke
. KaXIOit U3 3THX IPYII COOTBETCTBYIOT 4 IMHMM C pacluerteHreM mist M -uentpos or 0.9 1o
4.3 em™! (Mexay XpaitHUMH TMHUAMM), a Ui N-uentpos —or ~ 1.8 10 6 cm~. Orcyrcnme
NORXOGHBIX PACINEIUIEH It B CTIeKTpax NONIOLICHNS Ha JPYTHX MEPEXONaX NO3BONSAET CHEATh
BBIBOJI, YTO CJIOXHast CTPYKTYPa KaX[O# IPYNNbl IMHUH ABAAETCS CNEACTBHEM PACUICIUIEHUS
BO36YXIEHHOTO cocToaHus *Gs /25 a, /2 MOHA Nd** B mapHsix u YETBEPHEIX LieHTpax. JlaH-
HBIH BBIBOJ NMOATBEPXKAACTCS pa6orrou [6], B KOTOPO#i HAGMIOKANTOCH PACUIEILIEHHE HIDKHUX
ypoBHe#t MynbTHILIETa *G's/y, 2Gy)y nona Nd® B N- n M-uentpax ¢ BENMYMHON pacHien-
Aenua nopapka ~ 1 cM™! (mepBrix Tpex noaypoBHei# st M -LieHTpa U NEPBHIX JBYX IUTS
N-peutpoB). B paGore [10] Hamu 110Ka3aHo, YTO PacIUErUICHUS YPOBHEH MOTYT OBBACHATE-,
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CaE,: Nd™*
E, om™!
17343(17362) = 3’
L4, 2
17320(17328) 2' G;,Gypy
17259(17268) ‘1
Puc. 3. Sﬁepremtxecxn‘e marpamiksx
HIDKHHX IITAPKOBCKMX YPOBHEH MYNBTH-
mwreros *Iy/; u *Gs)s, G4y nonos Nd*
ons M- u N-uentpos B xpucramre CaF,
150(141) 3
4
36(40.5) 2 Im
0 1
M (N)-pentp

Cs1 KOTEPEHTHBIM B3aUMOAEHCTBHEM NapHEIX uoHos Nd** B M- u N -knacrepax. Ha puc. 3
TIPUBEACHBI SHEPTETUYECKHUE NMArPaMMbI LITAPKOBCKMX YPoBHe# uoHa Nd** | nonyuenusie u3
CTIEKTPOB MOTTOMEHNUS UCCIEAYEMBIX KPUCTAILTOB. TTosyyeHHEIE MOMOXEHNs YDOBHEH COBIa-
HAIOT € JaHHBIMM, NPUBENEHHEIMK B [5-7].

3 AKKYMYJIHPOBAHHOE-(DOTOHHOE DX0 B KPUCTAILIAX ®TOPHIA KANBIIA

st u3mepenuit Bpemeny Gazosoit penakcaunn T ncnonsiosasicst Merog AD3S [3,4],
OCHOBaHHBIH Ha HETMHEHHOM DE30HAHCHOM YeTHIPEXDOTOHHOM CMELICHHM. - PesonancHoe
BO3GYXueHue MoHOB Nd**:ocymectananocs Ha nepexofe Ly — “Gs/2,°Gy)2 ¢ momo-
UIBIO NEPECTPaNBAEMOro B obmacTyi 560-600 M nazepa Ha Kpacurene popavux 6G. Jlasep
Ha KPAacHTENE CUHXPOHHO HAKAYMBANCH M3TyYeHMHEM BTOPOM TapMOHUKH (A; = 532 um)
YAG:Nd**-nasepa, paGoraiontero ‘s PEXHUME ‘aKTUBHOH CHHXPOHHIALMH MOX ¢ YacTOTOH
82 MI'u. [ins yxopodyeHus HMITYTBCOB IEHEPALMH JTa3epa HA KPACHTENE OT T =18 70 0.5 1ic
MCTIONB30BANIOCE CKATHE UMITYJIECOB Jla3epd HAKAYKY C IIOMOLILIO BOJOKOHHO-PEIIETOYHOTO
Komnpeccopa. Ilpu mnrensHOCTH nmnym;céx.reﬂepannn T°= 18 NC WMPUHA CIEKTpa MM-
TIyNBCOB pasHANach Av =1 cm™}, a npu 7 = 0.5 nc — Av =40 cm~!. Wanyyenue nazepa
MowHocTeio 20-100. MBT Ha KpacuTene Heaumoch Ha OPTOTOHANEHO NOMIpU3OBaHHEE Hyd-
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KM HaKayKy W NMpoGHblit B oTHOweHn! 7 : 1. C MOMOUIBIO ONTHYECKOH JIMHUM 3a7epXKKH
NpOGHBIE UMITYECHI 3a0EPXKUBANHCH OTHOCHTEIHPHO UMITY/IBCOB HAKAYKY HA Bpems ¢, ot 0
no 3.4 "He. Jlyy Hakaukyd MOAyTMpOBAICS £ TIOMOUIBIO aKYCTO-ONTHYECKOT0. MOXYIIATOPA C
- yactotodt Momynsaunu 4 MTI'u. Ilocne 3TOro Jyd Hakauyku ¥ NpoGHBIA TYY CBOAMINCH MOMX
yroM 1.5° u ¢oxycuposamuch B 06pasell. AMIUIMTYIBI MMITYJIbCOB (GOTOHHOIO 5Xa peru-
CTPUPOBATHCE B HAINPABRICHHM NPOGHOIO JIyYa C NMOMOLIBIO CHHXPOHHOIO AETEKTUPOBAHUSA
Ha 4acTOTE MOAYJIALIMH Ny4ya HaKayKy. :

Iocne Bo3GyxaeHus voHsr Nd** yepes psx MynsTHILIETOB BHICTPO Ge3LIATYYATENBHO pe-
JIAKCUPYIOT Ha METAaCTaGMIbHLIN yposeHs *F) /2- BpeMs XM3HH MeTacTabUIBHOTO YpOBHsS
‘Fy /2 B MCCIEYEMBIX KPUCTAJUTAX JOCTATOYHO BEIMKO (COTHM MHKPOCEKYHI) 110 CPABHEHUIO
CO BpeMEHEM MeXAy Bo3byxualoummy napamu UMnynscos (12 ue). MMeHHO 3TO U ormpe-
zenset 3 pexT HaKOMNeHus (aKKyMYJISSLUMM) 3X0O-CUrHata. B IKCTNIEPUMEHTE UCCIEAOBAIACH
BeIMYMHA CHrHana ADD B 3aBHCHMOCTH OT BPEMEHH 3al€PXKH MEXIY NPOGHEIMA UMITYJTb-
CaMM M MMITYIbCAMH HaKayku. LI ONMMCaHHOM reOMETPUM SKCIIEPUMEHTA XO-CHIHAN 32-

* TYXaeT NPONOPUHOHATEHO S o exp(—2t13/T3), Ta€ ¢}, — BpeMs 3alepKKH MEXITY NPOGHLIMU
MMITYJICOM ¥ MMITY/IbCOM HaKauky, a T — BpeMst dazosoii penaxcauuu (T = 1/(xT3)) [3].

Ha puc. 4 npusenena 3aBucuMocts curnana ADD ot 3anepxxu ¢, LA kpucraia CaF,
¢ konuenrpauueit NdF; 0.3 sec.% npu T = 9 K u anmHe BoHBI BO3GYXIEHHS A = 579.36 HM.
MlaHHad Ha BOMHEI NOMANAET MEXIY ABYMsI MAKCUMATBHEIMU MTUKAMHU TIOTIOL{EHHS, OTHO-
cawmMuca K M -ueHTpy (puc. 2). Kak BuaHO M3 PUCYHKA, KMHETHKA curHama ADD uMmeeT
APKO BBIPAXEHHYIO aMIUTHTYIHYIO MOAYIALMI0. OCUWUIILMA ¢ NeprogoM 37 TC COOTBET-
CTBYIOT PaCIUEIUIEHHIO MEXIY nukamu mornouwenus M-uenrtpa (0.9 em~!), xoroprie Buz-
Hbl Ha CrexTpe nomroileHus (puc. 2). Ocuwursinmu ¢ 6onee UTMHHBIM TEPHONOM COOT-
BETCTBYIOT MEHBUIMM 3HAYEHHAM PACLUCIUIEHUS W HE BUOHBI B CTEKTPE TOIIOIUEHUS U3-3a
HEOIHOPOAHOTO YIIMPEHHS JIMHUIA U OrPAaHMYEHHOTO CIIEKTPAIBHOIO Pa3pelieHns: MOHOXPO-
matopa. Kak 6su10 Hamu mokasano B [10], nomoGHas Moaynsuua curnama ADD obycro-
BieHa TOHKuM paciuerviedueM (0.1-1 em~!) ocHosnoro 4 /2 ¥ BO3OYXAEHHOrO e /25 lem 72
MYJIBTHILIETOB NP KOT€PEHTHOM OOMEHHOM, IMIONb-AUIIONBHOM MArHUTHOM U KBAAPYIIO/b-
KBaIPYTIONLHOM 3JIEKTPUYECKOM B3auMoeiicTBusIx noHos Nd3+ B NapHEIX M - ¥ KBapTETHBIX
N-uentpax. Konrpact 6uennii B KHHETHKe 3aBUCEN OT AUTMHBI BOTHB! BO3GYXKACHUS H yMEHb-
Hrancst ¢ poCTOM TEMIEPATYDHI WK TIOBBILIEHHEM KOHUEHTPAlMM NPUMECHBIX MoHOB Nd**,
B TO Xe BpeMs M3MEHEHMS BPEMEHM 3aTyXaHUs KMHETUKH curHana ADPD (I KOHUEeHTpa-
unit NdF; 0.3 u 1.0 Bec%) B 3KCIEpMMEHTaX 3aMEYEHO He GbLTO. YMEHBIUEHNE TIyGHHDI
OCHWUIALIKA C MOBBILEHNEM KOHLEHTPAUMK MPUMECHBIX MOHOB MOXET GhITh BHI3BAHO Ba-
pHaLMed TOHKUX PaclleIIeHUid B UEHTPaX, KOTOPas BOSHHUKAET IIPU YBENUYEHHH HEOTHOPOL-
HO{ LIMPUHBI TMHUU. Bapuaims pacluervieHHi BeleT K BapHallMM NEPUONOB OCLUULIALIAIA
Y B pe3YbTaTe YCPEAHEHHA K YMEHBLIEHUIO MTyOHHNI ocipuuianuii. KpoMe Toro, Kak BUAHO
‘U3 puC. 4, myGMHa BHICOKOYACTOTHON MOMYMALNM YMEHBIIATACH C YBEHYCHHEM BPEMEHU
3a[EPXKKH ). , \ < S

X0 KHHETHKH, 3MePEHHBIE B SKCTiepuMeHTe mpu T' = 9 K, 6bU1M He SKCIIOHEHIUATb-
Hbl. TIpUYUHEI 3TOI HESKCIIOHEHUMATBHOCTH obcyxpanuce namu B [11, 12] u Moru 651 GriTh
CBSI3aHBI ¢ 3PeKTaMU HACKIUEHMSA NPy GOMBIIMX MOLHOCTAX a3EPHOM HAKaYKH, a TAKKE
C ONHOBPEMEHHLIM BO3OYXIEHUEM HECKOIBKMX ONTUYECKUX LIEHTPOB C Pa3HBIMH BpEMeHaAMH
7. C uenbio yMeHbleHUs BIUAHISA S)HEKTOB HACBIIEHUS MBI BRIGDAIN MALYIO MOLIHOCT
V3Y4eHUs Hakayku ~ 20 MBT. CeneKTHBHOCTh BO3GYXIEHHS IIEHTPOB U MEPEXONOB KOH-
TPOJIMPOBANACh M NPOBEPANACh HAMH, B YACTHOCTH, M3MEHEHMEM IUMPUHBI CIIEKTpa Ja3ep-
Horo Bo3ByxneHud. Biusnue s¢ddexTa ONTHIECKOM IIOTHOCTH TAKXKE. MOXET IPUBOIUTE K
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Pm: 4. Kuseruxa curnana AOD (@) npu Bo36yxneHuu M -uentpa (A = 579.36 HM)
B xpucraie CaFy:Nd* (0.3 pec. %) T = 9 K; 6 — dparmenT kunetnxu ADD

. MCK2XXEHMIO HaYalbHOM cTamuy 3atyxanus ADD [13]. Ina xpucrawios CaF, onpeneneHue
ONTHYECKON TUIOTHOCTH 3aTPYNHEHO, TaK KaK CHEKTPaIbHAA IIMPUHA TMHUH NOIIOLIEHMS
npu T = 9 K (puc. 1) MeHble CrIeKTPansHOro pa3pellieHus MOHOXpOMaTOopa. YUWTHIBas BCe
BEILLENPUBEACHHBIE (AKTbI, MBI M3MEPSUTH BpeMst nmeda3upoBku T, N0 KOHEYHOIH CTajuH 3aty-
xaHust curHana APD. Kpowme Toro, [t yMEHBIIEHHS BAMSHUA OCLMUSILIAN 1 YMEHEBIUEHHSA
BIMAHUA 3¢ddEKTa ONTUYECKOM TUIOTHOCTH BO3GyxaeHue M- u N- ~LUEHTPOB NPOBOIWIOCH B
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Kpail M00CH NOMIOIEHMS KAKIOro UeHTpa (puc. 2).

B Tabnuue noxasaHbl 3HayeHHs T WMPHHEI MUHMIA [, MU NEPEXOLOB M3 OCHOBHOIO
cocrosHus 41y /2 Ha HIDKHME IITAPKOBCKME NOAYpoBHU *Gs /2 267/2. Kak BugHO U3 Tabau-
Lbl, HaGIOaeTCA Pe3Koe YBENHUEHHE 3HAYCHNI LIMPHHB! IMHWIA TIDM Mepexojax Ha BEpX-
HHE WITAPKOBCKHME NMOJYPOBHU. TaK, WHPHHA THHMII VIS NEPEXONa Ha TPETUH IITAPKOBCKUIA
nonyposets (7 ITu ana M-uentpa) Gonmee yem Ha ABa NMOPSAKA NPEBHIUAET LIUPHHY JTH-
HHM, COOTBETCTBYIOLLEI NEPEXONY MEXAY HIKHUMM IUTAPKOBCKUMH noayposHaMu (0.05 TTi,
M -uentp). Kpome Toro, HaGmomaeTcsi HE3HAYUTENBHOE PATUUME MEXIY 3HAYECHUIMH I, B
N-u M -uentpax.

B pabote uccaenoBanacs 3aBUCUMOCTS BpEMEHH 3aTyXaHUs KMHETHKM Tiepexona 41, /2=
— 4G /25 G, /2 MEXIY HUXHHMM WITADKOBCKMMY YPOBHAMH B TEMIIEPATYPHOM AHANa3oHe 9—
50 K ana xpuctamna CaF,:Nd**. Puc. S, 6 AE€MOHCTPHPYIOT 3KCIEPUMEHTAIBHBIE KUHETHKH
A®D3 npyu Bo3byxneHun M- u N-ueHTpos B kpuctawte CaF, (¢ ImiHaMu BOTH BO36YXaeHNA
A = 579.09 HM u A = 579.43 HM COOTBETCTBEHHO M1t N- ¥ M -LEHTPOB) ¢ KOHLEHTpanuei
* NdF; pasnoit 0.3Bec.% npu T =9 (a) n 18 K (6). PesynbraTsl n3MepeHUit BpeMeHU Jeda3n-
POBKH ¥ PACCYHTAHHBIE 110 HHM 3HAYEHUS OAHOPONHOMN IUUPHHEI CIEKTPA B 3aBUCHMOCTH OT
TEMIEPaTyphl NpeAcTaBaeHs! List N- u M -uentpos B CaF, Ha puc. 7. Kak BugHo u3 pucyH-
Ka, B U3IMEPEHHOM TEMIIEPATYPHOM AMANA30HE 3HAYCHUSA LIMPUHE MTMHUA N u M GIU3KHU U
MOHOTOHHO BO3DACTAIOT C POCTOM TEMIIEPATYPEL. B TO e BpeMs CrenyeT OTMETHTD, 4TO TpH
T = 10 K 3HayeHHe BeHYMHBI ONHOPOIHOTO YIUMpeHus I, nepexona “19/2 - 4G /25 2z, /2
nona Nd** B kpucramnax CaF, ([, ~ 0.05 I'Ti) MOYTH Ha NOPSAOK MeHbIIE BeTMUMHbI Ty,
B pa3ynopsaoueHHsIX Kpucramiax CaF,-YF3:Nd** (I, ~ 0.5 I'Tu), MccnenoBaHHEIX HAMK
panee B [12].

4. MEXAHHM3M OINTHYECKOW JEQ®AZUPOBKH B KPUCTAJIAX OTOPHIA KATBIIUS

[ns BHISICHEHUA MEXaHM3MA ONTHYECKOI Ne(asHPOBKU B UCCIEAYEMBIX CPENaX Mbl MPO-
QHATM3MPOBATH TEMIIEPATYDPHBIE 3aBUCHMOCTH OAHODONHON WIMPMHBI NMEPEXONOB (pyc. 7) B
PaMKax NpAMBIX PETAKCAMOHHBIX NIEPEXOLOB MEXIY ITAPKOBCKHMM ITOXYPOBHSIMH C Pe30-
HAQHCHBIM NODJIOLIEHHEM ¥ MCTYCKAHHeM OZHOTO GOHOHA. B 3TOM MpHGAIKEHUH ypasHe-
HUE /U1l OTHOPOLHOH IUMPUHBL KK Ty mepexona *Iyjy — 4G, Gy MEXIY HIXHUMU
WITAPKOBCKMMH YPOBHSIMH OCHOBHOTO M BO3GYXKICHHOTO MY/ILTHIIETOB (PHC. 6) MOXET BBITh
3anucaHo B Buae [14] ’
oW w

exp(AEn/kT) — 1  exp(AE3/kT) — 1
e W Wk,
eXp(AEllzl/kT) -1 CXp(AEy;l /kT) -1 27I'T1 ’

Ty

(O

e Wi, Wi, Wl,, Wl — aumiutysHsie napaMeTphl, XapaKTepu3yloUlMe CKOPOCTH
Ge3pIayyaTensbHOM pefaKcauuy MEXAY YPoBHAMY 1-2 U 1-3 OCHOBHOro “19/2 ul'-2, 1'-3
BO36YXzaeHHoro ‘G /25 @, /2 MYABTHIUIETOB, AE;; — 3HEPreTHYECKHIi 3a30p MEXIY COOTBET-
CTBYIOWMMH IUTAPKOBCKUMH NOAYpoBHAMHU (puc. 3), 7| — BpeMs peslakCcalli HaCEIEeHHOCTH
BO30yXaeHHoro yposust. B [15] 6b110 nmokaszaHo, 4TO CKOpOCTh MHOTOGOHOHHOM penakca-
umu 277T))~! cnabo MEHSAETCS OT TeTHEBBIX O A30THDIX TEMIIEpaTyp. B CBA3M C 3TUM MBI
TPEANOJIAracM, YT0 CKOPOCTh MHOrO(OHOHHOM perakcaunu (277))~! oxuHaxoBa 11 mep-
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- Bpemena ¢a3630ﬁ penakcaupn T u oxsopoausie nupursi il (T, = (1T3)™') nepexonos
*Iy/2 — *Gs/2,°Gy )2 nonos Nd&* mis M- n N-newrpos B kpucranre CaF,

Hepexon Y |Mnuna Bommsi,|

(uenTp) T, ne | Ty, IT HM T, K
1— V(M) 6300 0.05 579.43 9
1 — (M)} 1200 0.27 579.43 18
1-— 1"(N)] 3500 0.09 579.09 9
1 - (N)| 1000 0.32 579.09 18 -
1 - 2(M)Y 110 3.0 577.29 9
1 - 2'(N) 150 2.1 577.00 9
1 - 3'(M) 45 7.0 576.34 9
1 -3V 30 10 57591 9

0.4} 5.
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-Puc. 5. . Kuneruka curxama ACDS TpH noa6yx<11euﬂu M- uempa (/\ = 579.43 HM) B
.xpucramne CaFaNd™ (0.3 Bec.%) npu T = 9K (@) u T = 18 K (6). Crurommsie
_TUHWH COOTBETCTBYIOT SKCIIOHCHIXPIaJIBHQMy 3aTYXQHHUIO CHIHaNA ADD; T3 = 6.3 e
(a)HTz=12HC(5) ’
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Puc. 6. Kunetuxa curxana AD3D npu Bo36yxaeHuu N -ueHtpa (A = 579.09 um) B
kpucramte CaFy:Nd®™ (0.3 Bec.%) mpu 7 = 9 K (@ 1 T = 18 K (6). Cruromnsie

JIMHMU COOTBETCTBYIOT 3KCIOHEHUMAIBHOMY 3aTyXaHHIO curHana ADPD; T; = 3.5 Hc
(@uT = 1.0 He (6)

I, T

10r Puc. 7. TemmeparypHas 3aBUCHMOCTb Ofi-

HOpOAHOK umpuHE Iy mepexoma ‘I, —
=+ *Gs2,2G7/2 MEXIY HYDKHHMU LITAPKOB-
CKMMM NOAYPOBHAMU M - ¥ N -1IeHTpOB (co-
'OTBETCTBEHHO o u $) HoHOB Nd** B kpucran-
ne CaF;. CIUIOWHON NMHMel TpencTasie-
HBI TEOPETUYECKHE 3aBUCHMOCTH, TIOAYYECH-

0.1r = ‘Hle U3 (a) 6e3 yuera W u (6) ¢ yuetom W

0.01 _ = : N
T,K
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 BEIX TDEX IITAPKOBCKUX MOAYPOBHEH MynsTuIUIeTa *Gs s, 2Gyy;. Taxum o6pasom;, B ypas-

‘Hennu (1) TeMnepaTypHO-3aBHCHMEIE WICHE! OMUCHIBAIOT TOJABKO MPOLIECC ¢ NOMIOLIEHNEM
¢oHoHa. Mul orpaHHUMIICH NEPEXORAME MEXIY TPEMS HIDKHNMH WTAPKOBCKUMHM TIOAYPOB-
HSIMH, CKOPOCTH NEPEXONOB MEXIY KOTOPBIMH MOFYT ONpefeNaTh OCHOBHOH BKNax B penax-
caumio npu Temneparype T <50 K. Tlpu ananuse BeipaxeHus (1) mpr Takxe npeneGper-
1A TIEPEXONAMH BHYTDU CHCTEMBI TOHKOCTPYKTYPHOTO PaclerNeHust M- u N -KOMILIEKCOB
¢ AE < 1 emM™!, taK Kak mwioTHOCTE (OHOHHBIX COCTOSHMI [T HEPTHit hv = AE < | em~}
mana. Ecau npu nosﬁy)meﬁun HIXHETO INTaPKOBCKOTO NOXYPOBHS COCTOSHMIS 4G /2, 2Gy /2
MBI pacCMATPHBAEM TOJIBKO MPOLECCH C NONIOWEHHUEM ONHHOYHEIX DOHOHOB, TO TpH BO3-
GYXI€HMM BHICUIMX INTAPKOBCKHX MOXYPOBHE 3TOLO COCTOSAHMS MbI AOSIKHEL YYECTh Nponecc
¢ ucnyckanueM ¢ounona. Tax, a1 nepexona Ha BTopyIo INTAPKOBCKYIO KOMNIOHEHTY 1 — 2
MBI MOXEM HanuCaTh:

WO WO
Ty = 12 + 13 +
¥ expBEn/kT) — 1 exp(aEn/kT) <1
+ Wzol I CXp(AEyzr /&T) + Wzol 3 1 (2)

+
exp(AE iy / kT) = 1 exp(AEyy / EDY—-1 277y

3nech, Hapaly ¢ WIEHAMH, OMMCHIBAIOLIMMH TPOLECCH! C NOMIOUIEHHEM OIMHOYHEIX dbono-
HOB, 3-ii YeH ONHCHIBAET IPOLECCH CIIOHTAHHOTO U CTUMYIUPOBAHHOIO HCIYCKAHUS OJHOTO
¢oroHa Ha nepexose 2'~1’. Bolpaxenue M1 OXHOPOLHOM HIMpUHE Ty NpH BO36YXaeHUU
3-# wTapkoBCKo KoMnoHenTH (nepexon 1-3, puc. 3) Oyner uMeTh crenyIOWMi BUL:

__owm L W
exp(AE/kT) —1  exp(AE/kT) - 1

+ WO,,,- exp(AEy sy /kT) + qu'z' exp(AEyy [kT) + 1
exp(AE, y / KTy -1 exp(AEyy [KT) — 1 2rTy’

iy

&)

Bo Beex ypasmenusix (1), (2) u (3) — sHepreTHueckue 3a30pBl ¥ aMIUIMTYRHBIE WIEHH!
CUMMETPHUHEL OTHOCHTE/IBHO NEPECTAHOBKM WHAEKCOB ypoBHs: Wi; = W, uro cy-
WECTBEHHO YNPOUIAET PEIUCHME 3afayd. BCreacTsue 3KCIOHEHLUMANBHO MAIOTO WieHa
1/[exp(AE/kT) ~ 11 npu T = 9 K (kT = 6.3 cm™!) st pesmuun WTAPKOBCKUX pacileruie-
unit AE > 30 em™! (puc. 3) ypasuenus (2) u (3) ynpowaores. B wactHocTH, BceMu wieHa-
MU, KPOME TPETHETO B BHIPAXEHMH (2) ¥ TPEThEro W Yerseptoro B (3), MOXHO npeHebpeys.
B aTom npuGmkeHnu senwuuHa Iy paBHseTcs WPy, Tak Kak OTHOMIEHME IKCIIOHEHIH-
QIBHBIX WICHOB B TpeTheM craraemom (2) mpu T = 9 K 1 JaHHEIX SHEpreTHYecKux 3a3opax
pasusiercs 1. -Ortciona, MCNONB3ys RaHHbIE TaGMUIB, CPa3y NOAYYAeM 3HAYCHHS KOHCTAHT
GespayyarensHoli penakcaumu W, = 3 ITu (wia M-uentpa) u WP, = 2.1 I'Tu (aa
N-uentpa). ITo 310t xe npuuune u3 (3) noayyum BRIpaxenue I'y = W3, + Wiy Hns
HanbHEHUNX OUEHOK HaM MOHANOGUTCS COOTHOLICHHE MEXIY BETUIMHAMM Wi v Wi,
- Cormacxo ’;gqpn;{{ snexrpgpt‘¢pnox{}zoro BlauMoneHcTeua Bemunna W; TNPONOPUHOHANb-
Ha NPOM3BEACHMIO KBafpaTa MATPHYHOIO ITEMEHTA 3NEKTPOH-GOHOHHOTO BIaUMOAeicTBHA
M CTIEKTPANbHOJ TUIOTHOCTH (OHOHHEIX COCTOSIHMI. Tlocnenuas B ReBaeBckoM MpUGIIKe-
HUH NIPONOPLIMOHANBHA KYOY 4acToTs! GOHOHE, YYaCTBYIOMIEro B NpoLecce B3aUMONEHCTBUA
Vicxons 3 aroro Mbr MoXeM oueHuts otaometue Wi, /W3, = (AEyy [AEyy). Haunoe
otHouenue cocrannser 0.02 u 0.06 COOTBETCTBEHHO s M- u N-uenrpos. B pesynmal‘_é.
CAENaHHBIX OUEHOK MBI MOXeM B (3) npenebpeus wienom W3, u onpenennts KOHCTaHTh!
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Wm, F;af xo'ropbxe paaﬁmorrcx 7110 IT Il COOTBETCTBEHHO mm M - u N-nenrpos. Or-
‘mme;ma NOAYICHHEIX BENAYHH PaBHAIOTCA 3,1,/W2,1, = 2.3 (4.3) g M(N)-nenrpos.
~Cpasae;me ITHX OTHOLIEHU C OTHOWeHUeM (A By v /AEW) =27 (4 3) nommnaer xopo—
| 1uee cornacue c aefacBcKuM NpHOMIDKeHWEM. -« - .

‘ ,!Z(Jm OCHOBHOIO COCTOSIHMSA 4] /2 3HAUMTENBHAS pasHuLa Memxy BEVTHHAMM pacien-
nerust AE); (~ 35 cM™Y) u AEy; (~ 150 om—Y) NIpMBOAMT K TOMY, yTo ipu 7' < 20 K B
BHIDAXEHHUH (1) roprm C/IaraeMBIM Mo cpasaeﬂmo € NEPBEIM MOXHO nperebpeus. Crexyer
mmemn, 9TO OTIpeneneHe KOHCTaHTR Wo 12 M3 (1) npu T = 9 K oueHh YyBCTBUTENEHO K TOY-

" ""HOCTH M3MEpEeHMIL, TaK Kax BO-TIEPBBIX, MAKCUMAIBHOE BPEMS 3aEPKKH MEXTY MMITYIBCOM

HaKayKy ¥ IPOGHEIM MMITYJIECOM B SKCIIEPHMEHTATLHOMN YCTAHORKE COCTABIISET £ 12 = 3.4 He,

a 3TO 3aTPYNHSET ONpENECHUE IEKPEMEHTA 3aryxaHus curaana APS, cpaBHUMOTO C 3THM
BpeMeHeM. Bo-BToOprIx, BenwyuHa Ty, monyyenHas B [16], pasusanace 7.2 e u 3.3 He co-
OTBETCTBEHHO w11 M- u N -LEeHTpOB B Kpucrawte CaFy: Nd**, nostomy npw Berucienun
W ~ (T - QxT)™YH npUXonuTCcs GPath PasHOCTL JBYX OMU3KHX BEJIMYMH {Hanpumep,
T{(M)y=172 He u T5(M) = 6.3 nc, cm. Tabnuny). Berencrsue storo NPY BEIYMCIEHUM KOH-
cranTal W MBI ONB30BATHCH PE3yIBTATAMY H3MEPEeHMST KUHETHKM 3aTyXaHus curnana AOD
npu Temneparype T' = 18 K, rue T5(M) = 1.2 nc. Beamyuna Iy B a1HX IKCHIEPUMEHTAX
pasHsinace 0.27 (0.30-TTw) wix M(N)-nentpa. B pesynstare KOHCTaHTEl W), BhIuHCIeHEbE
no ¢opmyne (1), okasamuck paBusmu 3.4 u 5.9 I'Tu cootBeTcTBeHHO st M-u N- -LEHTPOB.

Ha puc. 7 (xpuBast a) CIUIOHIHOM THHHEH [IPeNCTARIEHE 3aBHCHMOCTD T(T) anst xpucran-
na CaF,:Nd**, nonyyennas u3 ypasneuus (1), ana M-LIEHTPOB ¢ TOYHBIM YIETOM ITEPEXONOB
Ha BTOPO# ¥ TPETHH IITAPKOBCKHE YPOBHU BO3GYKIEHHOIO COCTOSHUS M Ha BTOPOH VPOBEHL
QCHOBHOIO COCTOSHHSA, HO 6€3 yueTa NpOLEeCCOB PeNaKCalMH, CB3aHHBIX ¢ MIODIOMEHHEM
$OHOHOB MeEXAY YPOBHSAMHM 1-3 OCHOBHOTO COCTOSHMS (W =0). Us _PHCYHK2 BHIIHO, 4TO
npu ' > 30 K HaGmosaeTca pesKoe yBemMyeHHe Pasiuyumst MeXIy SKCIIEPUMEHTANBHBIMU
TOYKAMH ¥ TEOPETHYECKOH KPHUBOiL. DTO pasmuyue MOXeT BHITh CBA3AHO C NpeHeGpexeHnem
ApoLeccaMy peakCauuy MEXAY YPOBHAMHU 1-3 OCHOBHOTO COCTOSHUS, KOTOPOE CTRHOBHUTCS
IIOX0 06OCHOBaHHBIM NPH NOBHILIEHUH TeMmiepaTypsl. i Toro yrobsl YYECTh 3TH Npoliec-
CBI, MBI ONpPENENTHIH KOHCTAHTH W) HCXOIA M3 NPEANONOXeHMST 0 NeGaeBCKOM pacmpernene-
HUH IUVIOTHOCTH cboaoxnmx cocmmpm 3ro npexmonoxeme TIO3BOJIIET ONpENEIUTE CBI35
mexay Wi u W) xax W3 = W(AE; /AE12)3 (Wi = 260 (270) TTu wia M (N)-uestpos).
Teopetnyeckas xpusas ¢ yqe'row 3THX NapaMeTpoB moﬁpaxeﬂa Ha puc. 7 (kpupas 6). Bua-
HO, YTO 9KCHEPUMCHTATIBHBIE 3HAYCHIS HETUTOXO COOTBETCTRYIOT IPAMOMY PeaKCaNOHHOMY
Tpoueccy Nea3sHpOBKM B PACCMATPUBAEMOM AMATIA30HE TEMIIEPATyD.

‘Taxum 0Bpa3om, MEXAHH3M OITTHYECKOH Teda3UPOBKH B MHOTOHEHTPOBEIX YIIOPSAOYEH-
HEIX KpUCTa/LIax B auanasoHe 7' = 10-50 K Xopouro onviceBaeTcs B paMKax pe3OHaHCHOIO
PENaKCauHOHHOrO OXHOGOHOHHOTO Tpolecca. Panee HaMu OBUTO 1I0KA3aHO, YTO B pasyno-
psizoyeHHEIX Kpucramiax CaF,-YF; TemiepatypHas 3aBHCHMOCTS ONTHYECKOIX zedazupos-
KM TAKKe OMUCHIBACTCS OXHODOHOHHEIME npoueccamu [12]. 10-xpathoe paanuuue B 3Ha-
HCHIAX CKOPOCTH PENAKCAUMM B PasyTIOPSAAOIEHHBIX KpucTamiax CaF,-YF3(10%):Nd** npu
Tx = 0.5 I'Ta u B ynopanouenusix CaFy: Nd3+-xpucra:max T =005 M) mpu T =9 K
MBI MOXEM CBS3ATH C paaﬁﬂucu BEpOATHOCTEH W" (@opm;y}xa (1)) B {17} mut H3MEpSTH
CHEKTDH nomomem B ,}Ia}'(bﬂﬁM HK-nnanasoae (10-100 CM"‘) B 3TVIX KPHCTALIAX ¥ noxa»~ )
3414, 4TO xos@@uuneﬂ'r NOMIOLIEHNS B O6TacTH 4acToT, coomermmmux TIPSIMBIM OHO~-
cboaoﬁmm TnepexoaaM { 10~100 CM“‘), BO3pacTaeT npuMepHo Ha MOPSAOK NPY HIEPEXoe OT
YHOPSROYEHHOTo KPHCTanna bmoopuTa CaF; X pasyrnopazodeHHEIM Kpucramiam urpodio-
oputa CaF,-YF; (12 pec.%). Hpeanonoxus xoppensnmo koadbduuuenTa I/IK—nomwmeHm
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C TUIOTHOCTBIO (POHOHHEBIX COCTOSIHUIM, YYacCTBYIOLMX B MPSAMBIX OXHO(GOHOHHBIX Mepexoaax
(panee TIOKA3aHHYIO LI aMOpd’)HBIX nonynpoBogHUKoB [18]), Mel, TakuM oGpasoM, MOXeM
OGBACHUTD YKa3aHHYIO Pa3HULYY B 3HaYEHUAX BEPOATHOCTEl w2, ij» @ CHIEOBATENBHO, U B BE-
JM4MHAX [, M CKOPOCTSX Pelakcauny B YNOPSZOYEHHBIX U Pa3ymopANOYEHHEIX cpenax

5. 3AKJI}O‘IEHI/IE

C noMOLLBI0 METONA MTMKOCEKYHAHOIO aKKYMYTHPOBAHHOIO (DOTOHHOTO 3Xa B zmanaaone
9-50 K npu cenekTMBHOM BO3GYXIEHHH poMBuyeckux M- u N -LEHTPOB MCCIeX0BAHEI TEM-"
MepaTypHele 3aBUCUMOCTH OXHOPOXHOMN IIMPHHEL CIIEKTpa nepexona 1, /2 = 4G, /25 g, /2 IO~
Hos Nd** B ynopsmouenusix kpucramiax CaF,. HamepeHst OIHOPOIHBIE IUUPUHEI [IEPEXONOB
MEXKAY HIKHUM uxrapxoscng YPOBHEM OCHOBHOTO *I, /2 ¥ TPEMS YPOBHAMMU BO3GYXKIEHHOTO
myasTUmIeTa *Gs /2 G, /25 4TO MO3BOIWIIO BEIYUCTMTD CHIOBLIE KOHCTAHTHI PENAKCALIMOHHBIX
OXHOMOHOHHBIX MEXIUTAPKOBCKHX MEPEXOJOB B OCHOBHOM M BO3GYXIEHHOM MYJBTHIUIETAX.
AHanN3 TEMIEPaTypHBIX 3aBUCUMOCTEl MOKa3al1, YTO B MCCIEAYEMBIX YIIOPSIOYEHHBIX KPU-
CTAIaX MEXAHU3M ONTHUECKON Aeda3rpPOBKH B OCHOBHOM Y BO3OYXKAEHHOM COCTOSHHUAX XO-
POLIO ONKCBHIBACTCS NPAMBIMU PENAKCAUMOHHBIMU NIPOLECCAMU C PE3OHAHCHEIM MEXIUTap-
KOBCKHMM TNOIMOlIEHHEM OfHOTO ¢oHoHa. Tlpu T = 9 K BennunHBI OAHOPOIHOrO yHIMpeHUs
I';, B Pa3ynopaaOYEHHBIX KPUCTALIAX NOYTH HA MOPSALOK NPEBHIIAIOT TOXOGHAIE B YIOPSIO-
YEHHBIX KpUCTALIaX. JaHHoe pasnnyue OGLSCHSIETCS CTOMb XK€ 3HAYUTETLHEIM IIPEBBILLC Hi -
€M CNEKTPaTbHOM IIOTHOCTH (POHOHHBIX COCTQAHMIA B Pa3ynopAIOYEHHBIX KPHCTAUTAX.

Pab6ora BeinonHeHa npu nomzepxke Poccuitickoro ¢hoxaa GyHIaMEHTAILHBIX HCCIEIO-
BaHui (poext 95-02-04328-a).
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