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INTRODUCTION

The wark on this project during the report period can be
divided into two thrust areas according to materials:
LiYy_,Yb,Fa:RE and LiNbOz:Mg,Cr,RE. The following two sections
summarizes the crystal growth and spectroscopy work performed on
these matorials. Crystals grown under the sponcorcship of this
contract were sent to NASA Langley Resecrch Center as they woere
produced.

The key personnel involved in the project during this time

period were:

Crystal Growth Spectroscopy
Prof. J.J. Martin, P.I. Frof. R.C. Powell, P.I.
C. Hunt, technician M.L. Kliewer, G.R.A.

A. Doddson, G.R.A.

The major . travel expense was for one of the principal

investigators to attend the Tunable Solid State Laser Conference.



(GROWTH OF LiY(1_x)YbyFg4
Lithium yttrium fluoride, LiYF,  has been used as a host
material where,a 3+ valence laser active dopant is desired. For
a near infrared laser an alloy crystal of 1ithium yttrium-
vtterbium fluoride doped with holmium may be interesting. LiYF4

has the tetragonal scheelite crystal structure and we expsct that
the alloy crystals, for the lower Yb concentrations, should have

the esame structure. Figure 1 shows the phase diagram for the

LiF-YF4 system [1].
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Figure 1. The phase diagram for the LiF-YF,4 system [1].

As ehown 1in the diagram, the compound LiYF,4 is incongruently
melting and transforms to liquid plus YF3 at 819°C. Phase
diagrams for the alloy system with ytterbium have not been
determined; however, the phase diagrams for other rare-earths in

LiYF4 appear to be similar to the one in Fig. 1. While such

phase diagrams suggest that the growth of single crystals may be

difficult, LiYF4 has been routinely grown by both the Bridgman

and Czochralski methods [{2,3].

Our initial attempts at growing LiYFy were made ueing the



same techniques that we have successfully used to grow a number
of the fluoride perovskite componds such as KMgF3. We gtarted
with a stoichiometric mixture of LiF and YF3 in a vitreous carbon
crucible. The starting materials were Johnson-Mathey Aesar
optical grade LiF crystal cuttings and Johnson-Mathey REacton YF3
powder. The crucible was then placed in our Bridgman furnace,
the furnace tube was evacuated &and heated to about 3000C
overnight. After filling the system with argon, the temperature
was raised to just above the 8130C melting point. The furnace
was then rapidly cycled through its motion so that the material
was frozen from the bottom. Then it was remelted and the furnace
slowly raised so as to slowly cool the crucible from the bottom.
After removal from the furnace, we found that about 60% of the
material had been “"blown out” of the crucible and that the
remainder was a sintered powder. Fluorides such as YF3 are often
prepared from the carbonates and we suspect that residual
carbonates, oxides, hyroxides, and adsorbed water are probably
present in most commercially available powders. Our pPrevious
experience with the fluoride perovekites has been that the best
crystals were grown when "crystal pieces” of, for example, KF and
MgFy, were used and that the lowest quality occured when one or
more of the constituents were powders.

There are a number of reports describing the purification of
LiYF4 before and during crystal growth [3,4,5] by flowing HF gas
over the material. The fluorine from +the HF replaces the
replaces the remaining carbonates or oxides and cleans up the
hydroxides. ©Since an HF atmoshpere is not compatible with any of

our existing crystal growth furnaces we set up a system for



treating the starting materials prior to the crystal growth runs.

Figure 2 shows a schematic diagram of our system.
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Figure 2. The HF pretreatment system.
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Stoichiometeric mixtures of the consituents of the desired
compound are placed in a vitreous carbon boat. The boat is then
placed along with a grafoil cover in the Inconel furnace tube.
After sealing the furnace tube, a gettered argon fiow of Z5ml/min
is established. The programmed controller raises the furnace
temperature up to the desired temperature; this is usually about
8000C for LiVYFy, We start the flow of HF when the furnace
temperature reaches 7500C. The HF pressure is regulated by
controlling the temperature of the water bath surrounding the HF
cylinder. HF has & normal boiling point of 20°C. The furnace is
held at temperature for cne to two hours then programmed back to

room temperature. The HF flow is maintained until the system has



cooled below 8000C; argon flow is continued throughout the entire
process. About 24 hours are needed to go through the entire
cycle. Normally, we load the system the night before a run, the
programmable controller then runs it up part way over night. The
resulting material is a clear polycrystalling lump.

The polycrystalline lump can then be used as starting
material for either Bridgman or Czochralski crystal growth. So
far, we have only carried out Bridegman growth. The first crystal
growth runs were made with HF treated LiYF,, These runs yielded
very clear, single crystals with essentially no material 1loss
during the run. After this succees, a batch of LiYq ggYbp. 1Fs
was prepared by the HF pretreatment process. The first Brideman
fun which was carried out at the same temperature as the LiYFy
runs gave a sintered boule. A second run was then carried out
with the temperature of the Bridgman furnace raised 300C. This
higher temperature run produced a very clear, single crystal of
the 1% alloy compound. Evidently the melting point increases
with increasing .Yb content. The clarity of these crystals is
much better than we normally obtain for the fluoride perovekites.
They show essentially no scattering of a HeNe laser beam to the
naked eye whereas KMgFg always shows some visible scattering.

We have demonstrated that the LiY i_,yYb,F4 alloy crystal
are growable. The next step is to prepare a batch of crystals
of wvarying Yb content for optical tests. Once they have been
prepared we will start making doped crystals. We also need to

determine the actual Yb content of the crystals.
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Litih0o:My,0r ,RE CRYSTALS
The set of 8 crystals licsted in Table 1 wore grown in  order

to investigate the use of lithium nicbate as a lasor host

material. The Mg is included in the crystals to rcduce optical
danag> effects. The Cr iors provide brooad acbzorption bonds {2

oumping ond A broad criscion band for cnorgy trencfor ko o
corth  ionc. The rare carth ions pirovidoe the chaorp  orizzion

transitions for laser action.

TABLE 1. LiNbOg:Mg,Cr,RE Crystels

Haterial Depant Concentration Cf:ple I.D.

1. LiNbD=:Hg,Cr 4.5% Mg0 0ATOG7
6.03 % Cro0s

2. LiNbDs:Hg,Cr N A.5% Mo 090507
0. 05% Cr203
0.025% Ni0x

3. LiNb0Oz:Mg,Cr,Tm 4.5% MgO 091487

0.05% Cro0z
0.025% Tm;0x

4. LihbOx:My,Cr,Er A, 0% MO O30T
0.025% CrHDS
C.1% EreDS

S« LiNbO=z:Mg,Cr,Ho A4.5% MgO 100487

0.025% Crolx
0. 1% H9203

6. LiNbOs:Mg,Cr,Yb 4.5% MaO 102487
0.025% CrpDs
0.17% YboOx

7. LLiN% 7.”1,Ct,Tm ALSA Mo 0315002
0.025% Cr703
0174 Tm703

8. LiN30z:My,Cr,Nd 4.S% MgO 011183

0.025% Cr:OE
0. 1% Nd203

8



ORIGINAL PAGE 18
OF POOR QuALTY

. T+
Fioure 3 shows the cboorphicn epoctron of cr=* in

{ccglid line) and the emiceion ocpraocbira (Lrokon

the ositions of scveral of the rare earth
p

reoscnance with the emission bend. Frelimin

moastrensnts have beoon made en those  coaple
ooilae i Cigotions will o beocoviriod cuh

1
\ 4 ‘

Im 000 o o Lhoe obhordard onothirosecopy 6

Litb0=:Ma,C zunple was placed in a cavity and

iy caocoand heroosaie (232 nm) of a NIgYRG lanar.

S osddde prsdny v sttenptod cdth Flunnoos of
st beth o rens cnd o 1w (1201 temparatwercs.

. -
crowred  fo- flucacos > ATO mdJ/cas,

chbtrining stialohod sadectane Tho drthhiility to
the wmotorial ooy Lo dus lonnoes anraointod with

coating an the surfscss of the szmpla.

]
Figures 4 throuah 8 chow tho abzorption

RE icois in LIFGO-

VIrious =eMg,Cr crystals. The

cocmciated  vith fhe o ~F shuorption tranzitions

structure is dae to rore carth zboorption trans

cnergy

LiNbD=2: M3
line) ~2long with
levels in

ary cpectroscopy

3 and complete,
curing the ok
nonuwronTnee, thn

was pumpad  with
Eoth end pumping

o e 2
vy Lo 2.3 J/eas

Sur{aca

domoga

half of what i noeodod for

chhein lazing of

not hoving &R

| gl af the

e

e ¥
braoaad bands )

vwhile thz chorp

iticnes. So far

. — 2
Lhe fluarcoeconce opoctra have only boen obtained on the 22t and

vt dopad cryvetals ond thoe rozults are chowun in
Thes spoctra worre ebhtained by punnping into the
cr=t ions. The cmiccion of the LiMhO<:Me,Cr,Er
Lhe Lrord boad Grct o geend

cacomisbtod width

shructure

indicateos that Cr-Er radictionleszs cnoray trancsfor is

the other hond, Vb

9

Tion

Figs. 9 and 10.
%75 bind of tha
sawple is mainly

vrith noT2

dun to radictive reaboorption by the Er-* ions. This

vonka 0On

eniccion is ohserved aleng with the Cr



ORIGINAL PAGE IS
OF POOR QUALITY

emicsion  in the LitbQ::3,Cr,Yb sample indicating strong Cr-Yb
radiatienless energy transfar.

In order to furthor inveotigate the onergy - onsfar  in
LithBx:Mg,Lr,¥Yb, the fluorescence lifatimz of the Cr % caission
was measvred as oa function of btern colore snad cenwlts
ciovareodt ko theso obitcdm s on b

chova in Fiao, 11. Since vhe Fluaro = cod Jcden o beth of

these samples is multi-erponontial the 1/ valusm of b
¥

nlotted. The energy tronzfer rate celoulatod from Uk
in these docoy ratos ig plotted vorous toosoroturs 200 i, 2.
"The rasults indicote thot thiore do phonon oo 7 1 ooy
transteor taking plaoczo. Thig ¢ill be investigotod fuwrohos during

thao next raeport pociod.
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Figure 3. Spectra of cro* in LiNbOy:Mg and resonant RE energy levels.
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Figue 12. Temperature dependence of the Cr-Yb energy transfer rate.




