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FOREWORD

This quarterly report describes research efforts on the
preparation of single crystal rare earth and other silicate
laser hosts. All crystals were doned with Ce3+ in an attempt
to obtain blue or blue-green lasers which may operate near
450~-480nm. The revort relates work started in the period of
September 1, 1985 up to November 30, 1985. All work was done
under a program of Dr. Van O. Nicolai of the Office of Naval
Research., It is now continuing under the administrative
supervision of Dr. Robert Junker of the Office of Naval Research
and technical monitoring of Dr. Leon Esterowitz at the Naval
Research Laboratory.

All physical preparations were completed in the laboratories
of Airtron Division of Litton Industries, 200 E. Hanover Avenue,
Morris Plains, New Jersey, 07950, The program was directed by
Dr. Roger F. Belt and Mr, Joseph Catalano served as Senior Staff
Scientist. Mr. Gregory Foundos was the technician. Optical
tests were performed at the Naval Research Laboratory through
the courtesy of Dr. Leon Esterowitz. The X-ray patterns were
run by Mr., John Yorston. Cathoduluminescent tests were
performed by Dr. John Ings. The report was prepared by Dr.

Roger Belt and Mr. Joseoh Catalano. It was released for

publication in February 1986.
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| 1.0 Introduction

It has been a long term goal of the Navy to obtain high >

o

I RS
j efficiency blue or blue-green solid state lasers. One of iﬁ-
! o
I » p
I many approaches for tunable systems involves the luminescent PG
_X

5d - 4f transitions of Ce3+. A majJor problem has been to find

7, 4

_,1"4.-
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"

e or
i IR '.‘n
L Lo A

P

sultable single crystal hosts which have the following features.

W}

D)

l 1. Chemical and physical properties similar to other

good hosts, e.g. A1203, Y3A15012, YLiFu.

,.-
g ‘:,.:,"‘

3+, Pr3+

' 2. Abllity to incorporate Ce , or other rare

’
L M
t"-
x* ¥

i

earth lons substitutionally.

a4
LA

3. A high band gap of about 6 ev to prevent excited
3+

ittt

I}
’

LEES T Y OYew v -
n‘d

state absorption of Ce

W

High radlative lifetime and fluarescent yleld of
Ce3+.

5. The presence of Ce3+ in a suitable site and symmetry 1t -]

to luminesce at 450-500nm.

TeT e AR A,V V. AR
=
>y
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(1) BN

Most of the previous work under thils program has been i

. concerned with the perovskite structured host materials such gﬁ
i ) as LaAlOB. This compound 1s a distorted cubic crystal which ;;;
. leads to a hexagonal or orthorhombic structure. Efforts to ‘L
obtain the stable cublc form of the crystal have been largely f;z

! negative. The c¢rystal of pure LaAlO3 gives fluorescence with 'fi
: Ce3+ but the presence of twins and a phase transformation Zﬁa
. prevents good laser crystals from being produced. So far no Eﬁ?
' ' single high quality crystals of cublc perovskites have been dﬁ,

grown. Most of the difflculties are assoclated with phase O

o - A . - e &~ = : ‘ *
‘l‘ ~ . e % - \ n.‘ .\‘ - e
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behavior, melting points greater than 2000°C, and presence of
inclusions or twins. During the course of our work, a few runs
of polycrystalline Gd;SiOg doped with Ce3+ were produced for
trial fluorescent experiments. This material showed some
promise for ultraviolet excited emission and gave a broad band
which peaked around 430-470nm. Since Gd;SiOg and other rare
earth silicates show some promise for shifting the emission with
Ce3+ doping and can be grown as single crystals, this appears
to be a fortunate start for a blue-green laser. The thrust of
our research effort was concerned with silicates of the type
R,Si0s where R= any rare earth.

The rare earth silicates are interesting laser hosts which
exhibit nearly all of the features of doping, mechanical oroper-
ties, low cost, congruently melting behavior, and apparently a
completely isomorohous structure from La to Lu. A description
of various compounds and structures in the R;03-Si0O; systems

(2)

is given in a general reference. The main compounds are

1:1 stios, 2:3 R4Si3012 and 1:2 R251207. A typical phase
diagram(3) is given in Figure 1; this figure is for Gd203-SiO2
but all other rare earths are nearly identical. It is a
general feature that only the 1:1 compounds of type stio5
are all congruently melting with melting points in the ranéé
of 1900-2000°C. The remaining 1:2 or 2:3 type silicates are
incongruently melting and special procedures must be used to
obtain single crystals. Thus it appears that only the 1:1

composition may be grown large enough to yield traditional

laser rods of 2-10cm length.
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The few preliminary studles of rare earth silicate growth

(4-8)

were all performed by the flux method. This method

utlilizes fluxes such as 81203, L120—M00 KF, Pb0O-PbF or

3? 3’
comblnations of the preceding to grow a particular composition
of silicate. The crystals grown from these fluxes were of
mm size and useful for X-ray or other structural studles. In
all cases the absorption or emission spectra were not recorded.
Neither were there any laser studies performed because of the
size of the crystals. No further efforts were described to
obtalin single crystals for any purpose.

The earllest growth of stiO5 single crystals was done
in conjunction with laser research in the Soviet Union. 1In
23105 was lased success-
fully at 300°K. Rods of mm size were used and the material

1973 it was reported (9°10) tpar nad*:v

had a low threshold of a few joules in a pulsed mode of opera-
tion. The emlission spectrum, threshold, and other laser
parameters were highly dependent on the orientatlon of the
crystal axes of the laser rods. It appears that the crystal
structure 1s orthorhombic and the two site symmetries at the

Y3+ may be slightly different. What governs the site preference
upon doping for laser action has not been explained. 1In

Gd,S10

2 5
auxiliary peak near 545nm. In any case, a more detailed

doped with Ce3+, it may glve rise to the small

spectral study 1s required for the growth and doping of the

single crystals.,
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(11)

In 1983, workers in Japan reported the Czochralski

growth of Ce3+:Gd28105 for a scintillator application. These
crystals were 25mm diameter and 40mm long. The luminescence
spectrum of the 1.0 atomic percent Ce crystal is shown in

Figure 2. The excitation is by 254nm ultraviolet light. It

can be seen that the broad band emisslion has a peak in the blue
near 450nm. The substitution of Y for Gd shifts the peak further

into the blue near 400nm. While no experiment was performed

on La addition, the larger unit cell and reduced crystal field

about Ce3+ wlll probably shift the peak in the opposite direc-
tion, i.e. toward 470-480nm. The fluorescent lifetime of the

ce3* in Gd251o is about 60ns. This value is equal to or

5
slightly larger than Ce3+ in YAG or other oxide hosts.

PR
€ r

AN,
v, ’, -.lll'n

Further literature on the Czochralskil type growth 1s not

s 2
[}

avallable. In November, 1984, a personal visit was made to

o"-'-':‘~o
[ ]

Philips Laboratories in Eindhoven, The Netherlands. It was
learned that this laboratory was growlng single crystals of

(12) The crystals were about

Y28105 by pulling from the melt.
2 x 8cm and desired for phosphor research. In some previours
papers by Philips personnel, the silicates were found to be

some of the most efficient phosphors available. The work at

Philips also confirms that good single crystals can be grown.
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2.0 Experimental Procedures .-._;"
2.1 Feed Material
The precursor powders used in these experiments were of 4-9's

purity or better. The CeO, was purchased from Spex Industries, Inc.,

the Gd203 and 5102 from the United Mineral Corporation, the Y2°3

from Rhone-~Poulenc, and the La203 and Luzo3 from Research Chemicals.

These powders were weighed to the nearest tenth or hundreth of a
gram and were then blended together in a polycarbonate plastic
divider/mixer for three to four hours. This mixture was then
charged via a quartz funnel into the crucible which was at a
temperature to cause pre-reaction and sintering of the powdered
components. Upon completion of the sintering of the full charge
(usually accompanied by partial melting of the charge in the bottom
of the crucible) the crucible temperature was raised to above the
mixture's melting point where it was held for 24 to 48 hours to
ensure complete mixing. Radial flow lines were clearly visible
once the melting point of the charge was reached.

2.2 Czochralski Technique

The standard set-up for this series of arowth runs is shown

in Figure 3. A 3 inch by 3 inch iridium crucible, capped with a

2 inch I.D. iridium lid was used for most of the runs. The crucible
is heated by RF coils powered by a 30 kw Lepel generator. The cover
atmospheres for each run are detailed in the listing of experimental é“
results (Table 1). The gases used (Np/forming gas or N, alone)

were fed through holes centered in the steel table and zirconia base

plate. The gas then exited from vertical slots cut in the zirconia !Eg
NS
support cylinder to flow up through the grog. The flow rates were Q}ﬁ:

ger.erally in the range of 25 liters/min. The pulling rates and qu
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rotation rates are detailed in Table 1. Melt drop compensation

was employed during runs where a boule was nulled.

2.3 Seed Generation

Bootstrapping seeds from previous growth runs has oroven to

be most successful in generating new single crystal growth from

subsequent melts.

The first series of seeds were cut from spontaneously

crystallized melts in 1.5 inch by 1.5 inch crucibles. These were

used to grow small boules which yielded larger seeds. 1In the

current run series all boules were grown from seeds mined from

boules. The use of a 3 inch by 3 inch crucible and cooling the

boule in contact with the melt has also produced sizeable sections

of single crystal material from the frozen melt. Seeds have

generally been suspended from an alumina rod on an iridium wire

hook, although this has sometimes caused mechanical stability

problems during growth. These larger single crystal pieces

vield larger seeds, which will lead to improved growth.

When suitably sized material is grown and large enough seeds can be

manufactured, then a more rigid seed platform will be employed.

This will reduce mechanical instabilities and facilitate better

crystal arowth. Some attempts at alternate orientations based

on growth morphology and cleavage planes have been attempted, but

-'4 ’l . ’. ’ N Py
Pie e e
DRSNS 2

the best growth direction appears to be parallel to the main

cleavage plane. X-ray orientation of the seeds will also be used

> 2 0 -
l.‘/"f"!\jl

to more accurately determine the preferred growth orientation. &ﬂ
Figure 4a shows a crystallized Gdzsiqj melt while fioure 4b shows o
a small seed crystal mined from a crystallized melt. Figure 4c &J
shows some of the seeds mined from boules and used in later growth Eg?

runs. B
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2.4 Polycrystalline Preparation

During this revorting period, it was determined that a quick
survey of the votential for shifting the Cet+3 emission spectrum
using compositional variations was in order. This was to be
accomplished by a partial substitution of similar rare earths for
the G4 in the Gd55i05 structure. Ten percent substitution was
chosen as sufficient to cause an observable effect and this was
carried out by using the precursor materials listed in the feed
materials section of this report.

The samples weighed approximately 0.22g each and were pressed
into aspirin sized tablets in a stainless steel die. The pellets
were then sintered on the bottom of an iridium crucible to
produce the orthosilicate structure. Then they were individually
crushed and spectrally analyzed for their cet3 emission peak as
outlined in the next section.

2.5 Cathodoluminescent Evaluation

Preliminary evaluations for luminescence were done under UV
light. If a sample exhibited a visible response then a small single
or polycrystalline sample was prepared for e- beam excitation. Jpon
exposure to the e- beam, the sample luminesces due to its Ce™3
content and this emitted radiation is scanned by a very accurate
monochrometer and its itensity versus wavelength profile (from
300 nm to 700 nm) is recorded on a strip chart. This allows
evaluation of the relative strength and peak wavelength position

3

of the Ce+ emisgion svectrum. A typical spectrum for GdZSiOS:Ce+3

is shown in Fiqure 5.
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2.6 Optical and Laser Evaluation

Optical and laser evaluation of samples from successful runs
were to be performed at NRL. Samples for this purpose were to be
prepared at Airtron by cutting single crystal sections from each

boule and polishing them to optical clarity.




' 2§ 
3.0 Results and Discussion . gg
Since it appears that all the rare earths (R) form an :?
isomorphous series in the compounds RSiOg, the crvstal grower 55:
is presented with tremendous latitude in the preparation of ' p&;
both hosts and dopants for laser application. Let us consider ég
. the host crystal first. The elements La, Gd, Y and Lu span 35-
3 the full range of rare earth radii. Furthermore, each of these éi
elements or their mixtures have trivalent ions with half or ig 
full shell electron complements; thus they are fully transparent ;
E in the absence of defect chemistry. The choice of Gd,SiOg, &é
b which was grown first, is in the middle of the rare earth fq;
E series. Doping with ced+ gives emission near 450nmm. If G4 EE;
is mixed with Y, the emission should shift more towards the blue. §3§
If one mixes La and Gd, the peak emission may shift towards Q?
the red. By tailoring the type of mixed crystal, it should '
be possible to shift Ce3+ emission to the range of interest. gg
Combinations of La-Gd, La-Y, La-Lu may be necessary. ::
The large size of the Celd+ generally leads to a low dis- E;
tribution coefficient (k) in Y, or Lu analogs. The values %i;
are sometimes as low as 0.1-0.2. For Gd3SiOg,k increases tn s
about 0.4-0.5. If t}> LaySiOs analog can be made, the k values ;fi
are very close to 1. However, with the low dopant levels of Ce3+ g;‘
(©0.1%) which are needed, there is not much difficulty in the ~f?
phase behavior or crystal growth. We fully expected that Ce3+ %S
could be introduced in low amounts (0.1%) in all crystals such as 'és
La, G4, Y, or Lu compounds and so far this has been borne out. ‘;f
o
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Seed orientation plays a large part in both the crystal
growth and the resulting laser properties. For noncubic
materials, there may be serious reasons for investigating the
optimum direction for growth. Similarly the polarization
properties of emitted light are a topic for their efficient use
in any laser. It has also been reported that the RSiOg type
silicates have a possible plane of separation, and this has been
observed in our growth runs. However, this does not seem to
pose a problem since large single crystal sections have been
grown.

Our preliminary effort concentrated on the growth of large
single crystals, doping, orientation, crystal structure effects,
and finally the mechanical processing of any grown crystals.

The primary objective was the growth, but closely tied to this
were physical studies on the absorption, fluorescent emission,
lifetime, volarization, and other laser parameters. Most of

the latter is to be done at the Naval Research Laboratory.
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3.1 Phase Diagrams

A thorough examination of the available relevant phase
diagrams (from the A.C.S.'s "Phase Diagrams for Ceramists"
series) for the R;03-5Si0; systems (where R is a rare earth)
was verformed during this report period. All the phase diagrams
exhibited similar structure especially around the one to one

molar percent ratio line. The existence regions for the R,SiOg

compositions are bounded by solidus and liquidus curves and two
eutectics around the 1:1 line. This can be seen in Figure 1
of the introductory section to this report. The temperature
ranges of these existence regions are also very closely centered
around 1900°C. This would indicate that stio5 single crystal
material should be isostructural as R is varied allowing mixed
composition single crystal boules to be pulled stoichiometrically
from the melt.
3.2 Doping and Atmosphere Control

The crystals grown in this seriess of experiments were

doped by adding CeO, at about the 0.1% level of the precursor

oowder mixture. Conversion from cetd to Ce+3

is thought to

have been incomplete in the early growth runs. This was
revealed by a yellowish colouration in portions of the melt

and crystals. There was, however, always sufficient conversion
to cause a very bright luminescence under UV illumination.

More complete conversion avpeared to be achieved in later runs
by going from a flowing atmosphere of N2 and forming gas to only

a flowing N2 gas cover. This was evidenced by the growth of

transparent water white boules.




3.3 Gd23105 Experimental Runs

The basic experimental conditions of each of the growth runs
performed during this period are outlined in Table 1. Gd25105
growth runs were attempted in experiments 10 throuch 16 and 18.
Run 10 was an attempt to grow large enough single crystal sections
to cut up for seeds. The result was a mostly single crystal boule
with a strong yellowish cast which yielded four 30 mm long seeds.
A seed from run 10 was used to initiate growth in run 11 which
yielded a boule about 120 mm long but of widely varying diameter
(from 8 to 28 mm). This boule had high surface stresses indicated
by crazing of the surface and also exhibited a yellowish colour.
Run 12 was seeded with material from run 10. Boule growth was
eccentric and in trying to keep the boule from wobbling the growth
axis was slowly shifted until there was an internal 130° angle
between the longitudinal axis of the seed and the boule's
longitudinal axis. The boule itself was mostly single crystal
with some yellow colour being 22 mm in diameter by 57 mm long.
Run 13 was an attempt to grow along the same axis as the boule
tended to in the previous run using seeds cut from run 12's boule.
This proved unsuccessful as the seeds kept burning off so the run
was terminated. Run 14 was aborted after three days due to-
leakage in the crucible bottom. Another seed from run 10 was
used to initiate growth in run 15. The seed was longitudinally
bicrystalline and this propagated into the boule. Other than
this, the boule was of water white transparency and highly single
crystal. The lack of yellowish colour in the boule may be due to

the absence of forming gas during the run., The same seed as was
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used in run 15 (split to eliminate its bicrystallinity) initiated

growth in run 16. The resulting boule showed an oblate cross-

section (21/25mm) but was only grown to about 56mm in length due
to arcing of the RF coils to the quartz cylinder. Run 18 was a
test of the feasibility of growth of Gd,8i05 along a different axis
from those tried previously. Seeds were cut from the boule grown
in run 16 at anm orientation aporoximately 45° from both longi-
tudinal and radial axes of the boule. This was parallel to
reqular fracture lines observed in the boule and thought to be
crystallographic fracture planes. The boule grown at this
orientation was mostly single crystal of water white transparency,
but there was brittle fracture and extensive surface crazing which
may have been due to the new growth direction. A photograph of
sections of boules (oriented head um) are shown in Figure 6. From
left to right they are from runs 11, 15, 16, and 18.
3.4 Polycrystalline Experimental Run

The luminescence results from run 17 are given in Table 1.
Four samples were made up: one with all Gd,5i0g as a reference, and
three others, each with 10% substitution of Gd by Lu, Y, and La
respectively. The average luminescence was about the same in all

four samples as was the shape of the main cet3 emission peak. The
secondary peak in the spectrum (observed at about 540 to 545nm) is
suspected to be due to alternate site placement of the Ce+3, but
did not appear to shift in concert with the main peak. In fact,

it almost disappeared into the slove of the orimary peak when the
primary peak shifted up in wavelength with the 10% Lu substitution.
These results indicate that the pellet!s crystal structures are

basically identical and orthosilicate in form since the sintered

GdzsiOS:Ce+3 spectrum matched the single crystal GdzsiOS:Ce+3
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luminescence pattern with peak emission at the same wavelength.
These shifts were small however and went against the exvected

shift direction which would have the substitution of Y or Lu

shift the luminescence peak to the blue and La substitution shift
it to the red. No explanation of this reversal was known at the
time of this writing although it appears to be a function of the
polycrystalline preparation as is shown in Section 3.5.

3.5 Y25105 and Lazsio5 Experimental Runs

Run 19 was an attempt to crystallize from the melt YZSiOS:Ce+3
using a Gd,Si0Og seed. This would allow verification of the crystal
structure of stios:Ce+3 with X-ray analysis and comparison of its

luminescence to that of GdZSiOS:Ce+3. The melt was allowed to mix

by convection for about 48 hours, the Gdzsio5 seed was dioped in,

allowed to equilibrate and the melt was set for a programmed cool-
down. The frozen melt's surface showed a crystallization pattern
emanating from the seed contact site, but core drilling revealed
incompletely mixed material in the lower vortions of the crucible
mass. This may explain why the X-ray results indicate the vossible
presence of more than one phase and don't correlate with the X-ray
patterns observed for Gdzsio5 to date. An island dipped from the
melt prior to seeding was analyzed using the e- beam luminescence
system and showed a veak emission at 414nm. Although this is more
in line with the published data, the result is suspect due to the
incomplete mixing of the melt. Run 20 was performed using

LazsiOS:Ce+3 in a manner similar to run 19, but even worse segre-

gation was obvious upon core drilling. Both these experiments will

be repeated in future runs with better mixing.
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3.6 Cathodoluminescence Results

Samples from all the runs which yielded boules and runs 17,
19, and 20 exhibited bright luminescence from their Ce‘t3 content
when exposed to UV radiation. Measurements using the e- beam

cathodoluminescence apparatus gave luminescence spectrums showing

3

the typical broad band ce*’ profile. sShifts were observed which

have been tentatively assigned to compositional variations, but
these have to be confirmed with further single crystal growth
runs.
3.7 Optical and Laser Evaluations

Samples from runs 10, 11, 12, 15 16, and 18 were sent to the
NRL in or shortly after the period covered by this report. Results
from NRL tests will indicate whether these materials are suitable

candidates for laser substrates.

¥
0
LI

QA
Ef‘f{.'

v

<~

-"
-,

2.7

.......




e l-ﬂ-n.il
B At
A R e

*3uol

ww)G AQ Jsjowelp ww gg pue

$ [0T0D MOT[9£ 2wos Y3 [e3ISKID
aT3urs A13sow sem I[noq

ay3j “1e0T13J49A dY3 WOJdJ 005
noqe Aq pai1JIys sixe Yimoasd
ayj3 Jurrqqom wodaJ ITnOQq

ayq deaay o3 3utddag UT pue
2TJ3U9203 SBM yimodad atnog

. EEN-W
.JO Y33usT B Ja95A0 wumgg 03 J39j39uW
-BTP wug wouaj paJerJ UOT3O3S
fBuTTTed] ‘Buol wwgg Aq
19j2welp wwyy aTNOQq JO UOL3IOIS
duipear ‘re3sLao atdugs
£13souw passaals ATY3ty ‘aTnoq
ysimo1aLk padeys Araerndaaay

: *3uol wwGh
{q J93auwelp ww/{ aTnoq [e3SAJIO
ATBUTS JuIoNTSUBI]} MOTTI4

fJJo uanq Aq pajeuluUI3j] Yjzmoad
agnoq ‘JJjo Juiuanq 3day pasg

9JdTM JI UO
pepuadsns paas

sfeq ¢¢

sfed g

skep g2¢

WdH Gt
"JIH/G0"

*IH/uG0°

°N 3
dutwaoy

R
aladas

A B

I
----' RSN
ala s LA

»

o
o
AL

L oo
0 .
FWS w .

.'. - q
e

x

a

Ty

-
ettt
B Ao 4 o

wE€ X u 11

B N
CIRT
PR

bl

sl

o
—
»

G°T XuS'1

Ny
R

SLINSIY NOY

SHILIWYHAL
NNYd HdIHLO

NOILYHNA
NAYH

S4dLVH
NOILV.LOYH
3 T1TINd

HIA00

CYARY
SvVO JTdI0NHO 1
WNIAIYI # NOY

suny (ejuawrIdaxy jo 3ISTT
1 °19%l

',
"t




o wrw s

LR Pl o & o oM gt

L R AP R AR AR Sl yne g

1
4

C A of

‘uwge-12 Jo uog3oas

SSOJO 93BTQqO U®e YjTm 3uotl
wwyp f jnoqe aynoq Jo uojjaod
1Yy31edgs ‘quoardsued] aj3jum
J33eM ‘TeqsKao a1durs Arasou

K3TuiTTRIshaniq
ajBUTWI TS 03
Jtey uy 317ds Ina ST#

P SV IR AAPAE R TR L HER Yy P e <

P - | N 3 R X

Lo e [T A . ‘. ] 4 AN N
N R R B Lratets T el 4 AP A P P

¢BupqoevJID Y3IM arnoq 93eIA0 und J0J sSe pa’ds JwWog sfeq G1 “ " “
sydew wwgsg a3yl
073 J23awelp STY3I pautejuteuw
pue wuwhpg Jo Yjdusf e 3e
wwpf o093 p2aas oyl e WWQT uwWoLJ
JuamM J3jaweip arhoq *JUurHoedd
auos ‘Aousaedsurd) 9ajjym
Jd238M ‘3STMaAdy30 Te3shad 3JTM
3TIUTs ATUITU “posds 03 anp JI] uo papuadsns pasg sfeq 91 ‘JIH/uGl00°
SUTTTe3sAa01q 3nO Bwod arnod WdY 8h u "
*sSumMop
-anus Jomod o3 anp Aiqyssod SpaBoq [OJLJUOD YDIIMS 2
pajeal woq30q ¥Tqionda) 03 90TM] JJO asMod sheg € N "
cl# una ug
3® MaJdd a1noq se
*9U0d pPoas JO [IB U3aYM UOT3BlUSTJIO Buwes 2
pa23Joqe und - Yyjmoad atnoq 418 P39S SJATM JI N %
pa23uaaAaJad JJo uanq paag uo papuadsnsg paas sfeq L2 WdY4 G Juiwaoy wE X ut
SALYY q4Z1S
SHILIWVHAL NOILYVHNA NOILVLOY SVD d47910040
SLTINSHY NNY NNY HIHLO Ny 3 TInd HIAQD WNIQIYI

(panutjuod) [ arqel




B, TR E LR DL R
. .-\!--A! . b-\.- T A8

A --ilc ‘4" .- .o-‘) P
't el .n-:\.r&h-uv

e

*suaagqaed

015%PD UITM 218T3JI00 UD UM
JOo asuou saseyd ardriTnul 338OTpP
-UTl S3TNsad uol3oeJdJJIP Aeda-X
‘suofjaod asmol uj uoyjedaadas
SMOYS SSeW 37QqIoNJdd Jo JUTTTTJIP

S

9400 ‘uJdsljed uolleZTLTRISAAD q 2
1eipea paonpouad ‘pass YITM pasg mﬁm Mu
39B3U0O0 Ul 1000 03 PIMOTTI® 3TN IToUW o 30:70TS"X sfeq ) " " 61
*94n0 32334]
BUTJANp 91NOQq Y3TM 3083U0D O3 INP
3T9W Ul [e3SAJdd afdurs Jo ssoatd
sdael ‘yr3sAao aTduls Arjsou
juaJgedsueJd] 93JUM J93BM INQ OSTE
Pajoedd }Inq ‘JUIZeAD IOBJIANS QgI# und wodJ arnoq
03 anp sogjans pajzsod] Aipeq Jo saxe Teurpnit
‘9419w Yy3aim 30BIU0D U PST00D -3UoT pue TEBIpPRJA
adoJadayl “qrow wodJ JUT3IJTT uUo wodaJ Gy Pa3uUar.do
HoBedD TeBJTdS 07 pa3daelsS [BISAL) pue Em&u 1nd paag sfed 6¢ *IH/uG20"
WdH w: " :m x :m QH
w WUGER = m+mo"moﬂmmﬁﬁ.=qm.oov
W WUZEY = ¢ 3D :901s%(1° 5% pp)
w wulen = m+mo “moﬂmmﬁa.mqm.ccv 91qrongy Jo wojjoq
. - .G c 9yl UO pPIJIJUTS
Ad wupegh = m+mo ER ) $ 3l *19) uoj31soduod
:sjInsad ayj dutAaea Jo
‘uUoTqEB31TOXD *adusdsadony) weaq-a s391719d asapmod
J0] pazAfeur pue paysnad s33113ad passaad anoyg fedqd 1 Nz wC X u@ A
SdLVY 4218
SHIALIWVYHIAL NOILvHNd NOILVLOY SYD J19I004D
SIINSIY NNY NOH HIHLO NOY ¥ TInd HIAQO WNnIqryl # NNY

(ponuTjuod) 1 arqel




RS
.

oA TR

AR

*suaajjled moﬁmmcc YatM 33834400
30U Op COaupoamomﬂHﬁmumapo Jo
syrnesa Aea-x ‘(“o“e1 L1qeqoad)
Japmod asuap SS9 09 pIuany sseu
a[qQIonad® pPITos 3IY3tuaaro 3no 133l
‘ggewWl 9[QToNJd JO S3YdBad J3IMOT
ufy uotpjeldsadas 33ael pdTeIAL
BUTTLTAD 3403 3Nq seade 1easdad
2T8UTS 9zJe[ awos ‘pass YITM
10B34U0D UT 100D 03 PamoTT® 3TN

pass  20Ts%PD

Gnrale
319w m+mo. 01s " ¥1]

wE X ut 0c .

SIINS3Y NN

SHIALIWYVHAL
NNY¥ YIHLO

NOILVHNd
NNy

NOILVLOYH

9218 mw

FT4100HD .
WOIQIMI ~ #NNY

(penutjuoo) 1 I1qel

LA ASERS a_ & ..bf-



S
o

*"{

NN

| 4.0 Conclusions \'t
The work performed so far under this contract has served to }‘,\f

point out the most oroductive direction for further research. We :'

now know that Ce*3 exhibits a very high luminescent activity in ‘:

a wide range of stio5 compounds when present at about the 0.1% ‘::‘f

level. We have also observed shifts in the Ce*3 cathodoluminescent .

) spectrum due to compositional substitution of the rare earth '
component of the orthosilicate structure. The wavelength shift ,i:l:;

from R = 100% La to R = 100% Lu mavy be as much as 50 to 70nm. &

One objective now is to optimize compositions so as to produce r

the desired emission spectrum together with exploration of other ;-i:
orthosilicate systems which may broaden the available wavelength _

range.

Growth of small boules of Gszio5 has been successfully :-

undertaken during this report veriod. The goal now is to extend .“

these growth techniques to produce larger, more perfect boules :&}

of Gd2Si0s for laser rod fabrication. This can then be easily h}-

adapted to aother orthosilicate syétems for production of large R

boules from these materials as well. :
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