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High-tenperature spectroscopic investigations of st imulated emissi.on of CaF.:Nd3+(type
.  ? +  - -

I) a3d LaF^:NclJ- lasers revealecl several nev effects, namely a resonant tenperature sensit iz-
J

ation effect and an associateci r ise in the generation f ine intensity, ancl the effect of tem-

perature degeneracy of the lnduced transit ions. The purpose of the experiments vas to obtain

inforroation on the processes occurring in the exciteci state at high tenperatures, and also to

d.eternine the high-tenperature tfuoit of laser operation.

The spectroscopic and lasing characterist ics of CaF2:Nd3+ and LaFr:Nd3+ at lov tempera-

tures and at 3OOoK have been i .nvestigated in suff icient detai l .  The main results of these

inves t iga t ions  are  conta ined.  in  I f  -  ? ] .

Our experiments vere perfor:ned vith a laser incorporating a high-tenperature illuminator

of el l ipt ic cross section with IFP-800 1a^mp and external spherical mirrors vith nult i layer

d i e l e c t r i c c o a t i n g s , h a v i n g a n a p P r o x i m a t e t r a n s n i s s i o n o f o . T % a t l . 0 6 u . T h e s t i m u l a t e t l -

emission spectra vere recordei l  on I-1070 photo-

grapbic f i lm vith the aid of a dif fract ion spec-
o

t rograph(DFS-8 ,  T"  5 .9  A /nn) .  The re fe rence

spectrum vas radiat ion from a ladp with'hol low

iron cathode in thi.rd" order. The generation

thresholils vere measured in the usual manner. In

the investigation ot Ernr(T) for individlual 1ines,

the photonrult ipl ier was placed in the exit  focal

pJ-ane of the DFS-8 instrument.

Figure 1 shows the obtained plots of

8 . .  ( r )  fo r  Ca^F^ :Nd3+ and LaF. :Nd.3+.  The pre-
t h r -  z  5

vi.ously obtained spectrum [1] of a CaJ'r:Nd3+ laser

at 3OOoK shoved only one generation l ine (A) with
O l

wavelength IOI+51 A (9559 . 
--). 

As seen from the

figure, its thresholcl increases monotonically vith

temperature, and the Line cannot be exciteci in

IU

fl

practice at tu'5ooK. At 300oK the generation spec- P
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tn:m has, besides l ine A, a simultaneous l ine G
O r

wi.th I = L0530 A (9l+o? sn-'), hitherto unobserved

because of the high excitation thresholti. Its
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Fig. 2. High-tenperature generation
?+ ?+

s p e c t r a :  a  -  C a F r : N d - ,  b  -  L a F r : N d " ,

c  -  KGSS g lasses .

Fig. 3. Crystall ine splitt ing of
L L ? +
F3lz *d r t t /z  terms of  LaFr:Nd- '

crystaI.

t0t0
20tt

tnt

1r5

lnk



E.. (T) plot is characterized. by an unusual behavior. At T = UltO"K i t  has a minirnal excita-
tnr

t ion enerry, less than one-third the thresholt l  for 300oK. The high-temperature spectra of

ttre st imulated emission of CaF^:Nd3+ crystals (0.5 vt. / ,)  are shown ln Fig. 2a.
4 O

An LaF.:NdJt laser also emits at 3OOoK on two ravelengths, l ine A vith I  = IOLO? A
r J O r

(9609 cn- ' )  ana t ine B wi th r  = 10633 4 19\05 cm--)  [? ] .  The Ethr(T)  p lots  for  these l ines

are drawn solid in Fig. J-. We see that l ine A is present in the spectrum only up to T = l+\OoK

and generation above this tenperature is inpossible on this l ine. The behavior of E.--(T) of

l ine B is very sinilar to that of the long-vave component of the CaF2:Nd3+ g"r,uttt iolnf,pu"tt*

apart from the slight difference that the LaF.:Nd3+ laser continn", Io enit at higher tempera-

tures. The second "unique" feature of this s|"ter ls that at T - 35OoK a nev generation l ine
O 1

appears in the spectnrm, with I  = 1059\ A (91+39 cm-').  This l ine cannot be excitecl at 300oK.

The t 'uniqueness" of this si-tuation l ies i .n the fact that this is the f irst knovn case when

lasi.ng is possi.ble only at high tenperatures.

Tthe snectrn. l  posit ion of the generation l ine B ancl the E.,-(T) d.ependence approach- t h r ' -

asynptotically the analogous paraneters of line A. The high-tenperature generation spectra of
?+

the LaF-:Nd' '  laser (f  *. / ' )  are shown in Fi.g. 2b. The processes described above can be under-
J L L

stood by turning to the Stark scheme of the crystal spl i t t ing of the terns F3/Z ^nd l t .*/z,

vhich are direct ly connected with the inclucecl transit ions (f : .g. a). We see that l ines B and.

C are due to transit ions from the levels of the 
*F. 

r^ t"r- ( the spl i t t ing AE at 3OOoK is T, 38
t .  5 l z

"r-l) to the same Stark component of ttre 
4rrrr, 

teill wnich is 2l-89 "r-1 "*.y fron the grouncl

1eve1 at 3OOoK. At 3OOoK, the induced transit ion B begins at the lover leve1 (ff lgl  qn-t).

At higher temperatures the spl i t t ing of the rnetastable term'F312 becones sna1ler, ancl the

populat ions of i ts tevels become equalizetl .  I t  noust be noted that AE of the F372 tera is

equal to !3 cn-'at ??oK and U+ cn-t. ,at 2OoK [B]. Conplete clegeneracy of the leveLs of the
$-"Frrrterm, 

as can be seen from the generation spectrum and from the behavior of Eanr(l),

sets in at T = 63OoK, and all that renains in the enission spectnrm is obe broacl l ine D vith
o

I = 10620 A. It is apparentty legitinate to cafl this process temperature degeneracy of the

incluced, transitions.

The final results of our investigations and a more tletailect analyiis of the nature of

the observed effects vilI be published in a separate paper. Nonethel-ess, the experimental

data presented. above already leatl to certain conclusions regartling the phenonena occurring at

high tenperatures.

The buildup of the l ine C (f,arr)ana the loverin8 of Eth, for l ines G antl B (CaF, and

La.Fr) at T = \50oK can be connected w"ith the increase of the probabil it ies of nonracliative

transitions frm the Stark eomponents at vhich the induced, transiti-ons te::ninate. Such a be-

havior of the systems investigated, by us shoultl be connected. with the occurrence of ther^mal

vibrations of the crysta1s. This should leacl in final analysis to a sharp increase in the

useful population difference of the vorking level-s. This assumption is well confirnecl by the

experimental fact that for lines B and C (LaFr), vhich are connected vith the sa.ne final Level

el89 cn-l (rie. :), the Etnr(T) curve has the same fom. Favoring this circunstance is also

11?



the closeness of the Debye tenperatures of our crystals and of the extrema of the observed

E-.-(T) plots. Mention shouLtl be make of the theoretical paper of Kiel [9], vho shovecl thatE n r -  '

the transition probabilities in rare-earth i.ons shoultl clepend. strongly on the thermat vibra-

tions of the crystal , and particularl]r on ul'.

In conclusion we must also note that the high-tenperature spectroscopic investigation of

the stinulated emj.ssion was carried out on more than 15 lasers using ctystal-s and glasses
.  i +  _ _ i +  l +  ? +  ? +(Y rA l rOr r :Nd . "  ,  FaF2 :YFr :Nd - ' ,  BaFr :LaFr :Nd . - ' ,  CaWO4:Nd . ' ' ,  c -NaCayF5 :Nd ' - ,  KGSS-?  and  o the rs ) .

Besid'es the effects d.escribed above, the experinents confirmed the existence of autoresonant

sensitization in mixed fluoricie systems and glasses, a.nd. its connection vith the thermal vib-

rations of the crystals. Figure 2c shows the high-temperature spectra of generation of KGSS-?

neoclytnium glass. The narrowing of the generation line at high ternperatures shovs that the

probabil ity of cross-relaxation of energy between different optical centers increases. Our

investigations have also shorrn that the lasers operating at the highest temperatures are those

based. on fluoride crystals, and a laser based on o-ga€arinite ernits up to 1O00oK. All- thi.s

inciicates that the nethocl of high-temperature spectroscopy is very interesting and highly

pronising.

The author i.s grateful to Kh. S. Bagdasarov, M. V. Dnitruk, V. V. Osiko, and B. P.

Sobolev for supplyi.ng the crystal-s for the experiments.
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