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MATEQIALS PREPARATION TECHAIQUE

DISCLSWI P e —

Mathads

Sputtering {magetron & trioda)

Electrg and elactraless depcsition

Chemica) vapor deposition

Laser and electron beam melting

Plasma and combustian synthesis e T T
Physical vapor deposition

inert melt spinning

Arc hammer splatting

Glass malting 2nd casting

Czozhralski groath of optical crystals

Analytical chemistry determination of composition and impurity concentrations.

Statas of Matter
Single crystal (metal, oxide, hydride, flugride}

Balycrystalline
Amorphaus (metallic, inorganic, organic)

MATERIALS PREPARATION CAPABILITIZS

6lass melting and castinu‘uFigs. Tand 2

Controlled enviranment glove boxes for mixing, melting, and casting of heryllium fluoride basea glasses aad
similer toxic materials (Figs. ! and 2). Resistance and induction heating of materials in platinum,
graphite, aad ceramic crucibles in controlled atmaspheres (dry air, COp, Hz, etc.}. Malt size~ 300

g. Temperature limited by crucible materials.

Cutting, Grinding, # J Polisking of BeFp Glasses--Fig. 3

Cutting, grinding, and polishing of berylliua fluoride glasses and other materials in enclosed,
tenperature-controliad, low-maisture envirgaments. Disks with dimensions of 20 cm can be handled in thase
farilities (Fig. 3).

C2acnralski Growtn of Optical Crystals--Fig. 4

Induction heating of the meit in iridium, pletinmm, and other crucibles (50-cm diameier, 75-mm long).
Haxinum temperature detarmined by the size of the crucible and melting point of the material. Electronic
halance crystal weighing tachaiqua for autematic cantrol of bowle diametar frea point cf seeding to

, completion of the run, Programmed puiling at growth rates from 0.5 to 250 g/h. Enclosed, vented growth are

suitzble for handling toxic materizls such as beryllium compounds (Fig. &).
Cutting and polisaing facilities for sample preparation. Computerized x-ray crystallography laboratory
for sample orientation. .

‘ Inert Atmosphere Melt Spimninc--Figs. 5, 5, and 7

Arc Harmar Mathod--Figs. 8, 9, and 10

Computer Simulations of Liquids and Glasses: Programs for Calculation of Their Properties?3

Molecular dynamics programs for simwlating atomic structure of systems with up to 400 iens of five different
species. Program to relax system to lowest energy state. Computer graphics display of sirulated structures
(Fig. 11). .

Programs to calcylate the following structural and kinetic properties: average and time-dependent redial
distribution functions, average and distribution of coordination numhers, angle distributions, diffusion
cosfficients, velocity autocorrelation function. Options availabie te restrict cogrdinatien mmber or
neighbors of ions averaged gver,

Special programs to 2nalyze coordination nusber of jons involved in diffusion and of ions in their
neighborhood, prabability of returas after “bond bresking”, probability of coordimation nusher increase
pefore bond braaking, gréph trajectories or coordination number of individual ions or pairs, probability of
monodantate glass forming tetrahedra about some other ion,
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Fig. 1 Dry bax line for beryllium fluoride glass preparaticn,
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Fig, 2 Enclosed facilities for induction-meiting and casting of beryllium fluoride glasses.
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fig. 3 Facilities for fabricetion and polishing berylliun fluoride glasses.

Fig. 4 Automated Czochralski crystal groath station and electranic controls.
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Fig. & [nert atmosphere box with air chazber for variable speed motor to drive melt spinner.
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7 Ferrofluidic feed-through for variable speed attachment to copper melt spinning wheel.
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Fig. 8 Pneumatic gas driven arc hammer far glove box use.



Vil

A

4w

5_::_

i

1

T ey |
NN

Fig. 9 Arc melt stinger for pneumatic hammer.
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Fig. 10 Hammered foil obtained from pneumatic unit.



Fig. 11 Cumputer graphics display of one configuration of a computer-simulated beryllium fluoride glass.
The large sphere in tha center % & rare-earth dopant ion. The small sphares are Be 1ons
coordinated by larger F jons. Unconnected spheres are Ca modifier ians.

Calculatinn of electric field gradient and asymmatry paraneter and crystal field at ion sites using paint
cnirge wodel,

{ioretional density of states amd Peman, infrared, and inelastic neutron scattering spactre calculates
frym dizzonalization of dynamical metrix or from appropriate autocorrelation funstions,

Programs sritten for Floating Point Systems array pracessor.

BATIATALS CHARALTERTZATION TECHAIQUES

, Scanning Transaission Electron Microscopy
, Scanning Electron Microscopy
"P, tlactran dicrearabe

A-%ey Diffraction
Solid phase idantification
igh and low temparatur2 "in situ® x-ray diffraction
Tnerwal expansion ¢f crystal lattices
X-rzy topography
Single crystal orientation
85 {ESCA)

dombard surfaces with x-rays, measure photoelectron energy distribution: Gives elemental amalysis cf tep 2-5
atgm lagers plus chemical informatign of the surface (valence state, bond configuration, etc.)

[133

domdard surface with 1-3 keV electrons, messure Auger electron energy spectrum: Gives elemantal ene!ysis of
top 2-5 atam layers. An order of magnitude more sensitive than RS, Used extensively in depth profiling.

sa

5ives AES type informatign es a function of X-Y pusition on surface, X-Y Resolution 0.1 micron.
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ath 3-4 Yy protons or 2lpny particlen, messure eneryy digirilytion of nrmkoslelterse
e depte netringtion of 2loneats. Non-dastrictive,

cirg surfice aitn i3y protens, alpna particles, etc. and m2gsure X-ray floorescence spectrum: Gives
©3) gurfare anilysis up to ) micron desp, Mare sensitive than electren prona dus 1o absence of

sstromtong,

coug

~ard garfane w1t 3olacied 10RS, €.3. N1§ 2t 6.3 ¥V, mezsare y-ray spectrymr Particularly wiefal for
in3 gapta TistrioLTion oF Bydrpgen isotopss.

e a3tn V=37 sV OF, O, ArT, oete, doms, daterming spstter don gield: Can be mant
for geutn gistrioution of elements (ppm-pob, depending ypan tne element and toe =atrial,

2 witn positrons, measyre lifetime and anqular corralation of rasulting y-riys: Giwes

210333~

Jomaard syrface witn elecirens, UV ete., measure Vifetime and wavelength of luwinescence: Giwes ieforaetion
concerning barding characteristics on and in surface.

LEED

domdard singie grystal suriice with ¢lectrons, determing aiffraction paitern: Gives inforrmation cencerning
surface crystal structure and structure of any adsorbed over-layer,

Laser Rain Microprobe

doneard surface witn 2 wicran size laser bean, measure Raman scattered lighti: Gives infarmatinn cunzerning
cnemical {molecular) entities witnin the bezm samplas aroa.

sonlinear Ootical Propartias

Wagsyrements of (i) intensit)’-?‘ependent nonlinear refractive indax of crysiais and glasses using
tima-resolved interferavetry™s/ and (i1} multiphoton absorpticn coafficients and two-photon induced color
centers using transmissic  and pnotorefractive thermal lensing.

L3ser Induced Dawage in Qptigal *aterials and Thin Film Coatings

Irradiation with fully characterized (spectral and temocral profiles) laser gulses; damage identificd mith
tomarski micrescopy.S

Ultra-high-vacusm {rradiatian chamber (10-8 pa) equipped with sacondary ion mass pectrometer (SIS} to
mzasare pheton-stimulated ion desorption, double-pass electron energy analyzer to measure energy distribution
of laser-induced multiphcton photoelectron emission, and x-ray photoelectron spectrometer (XPS) to determine
lasar-indyced surface compositianal changes.

Facilities
PRCSIARTD )

Lasars available for zbove measurements:
Cyclops Laser MNd:YLF oscillator and five Nd phosphate glass amplifiers (Fig. 12)
Wavelengths: 1033, 524, 351 nm
Output Energy: < 10 J at 1053 nm, +75% at 526 nm, 503 at 351 nm
Temporal Waveforn: rectangular of selectgb]e duration--1.4, 3.2, 6, 9, 20 ns.
Spatizl Profile: flattened Gaussian D{e"€) ~30 mm
Repatition Rate: 5 minutes

Intermediate taser System (ILS) Actively mode-locked Nd:YAG oscillater, electronic switchout, high-

repetition rate preamps, Md:silicate glass emplifiers {Fig. 13)
Wavelengths: 107> 532, 355 nm

Output Energy: - 3 J at 1064, 2J at 532 nm, 1 J at 355 nm
Pulse Duration: variable, 0.1-1.0 "5

Spatiel Profile: naar Gaussian D{e"<) 220 mm

Repetition Rate: preamplifier--1 pps, total system--5 minutes
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fig. 12 Cyclops laser facility,
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ILS laser fecility.

Fig. 13
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Fig. 18 Laboratory for photorefrective speciroscopy.

«S for doterting a2ek lira:

125 =J at 355 nm, ang 90 A ot 2
unnarrossd, 0.05 ¢a7 1 aitn ¢

intensity {afcn?) ¢ 150134

i

rer 353-760 £y pulse duretion v 10 ns; spe tral width G.3 cm! unnarroasd.

saency snif = d153n (cnr‘), anerz noin the order of the Stokes rediatran; extencs tuning ringe tz
LYo na with v15-30% enargy conversiun efficiency.

2i-tinve pulsod Yazerebzan spatial profiles recorded and processed with vidicon, Grisne1l videe signal



http://Sii.lt

(v NDOND L

-
1 : L2 P 633 nm HeNe probe

Ma- r\D A

Al A
sy &7 b
Doubled ! w2 S e .
ND:YAG N
pump o

M
633nm _ —— .
Az /// /

fug, 15 Tyoical eaperimental setup for photorefractive measurement of nonlimear abcarption ot 322 m,
L--lens, W--D2e3 splitting wadge, S--sample, FP--focal plane, f--detector, V--vigicon,
A-eapertura, F--friter, hi--neutral density filter, P--prism, M--mirror, WH--a002 norn,

-33er-Dxcited ©iunrescence Spectroscopy

ulsed l3ser sources arg ;nﬂutrorﬂtnr for nT}ical site selection spectroscepy and fluore,cence
ra4ing 2c0e”iTernis in crystals and glasses. !l Spectral (near-Ui to near-le and time-resalved

3} weasuremant capahilities.
3 zwperinental configuration are shown in F1g. 16, Tunable fluorescence excitation seurces
al2gtesn aiYas Taser-pump dye laser (see above) and @ Chromatix CHX-4 flashleamp-pumped dyz laser
f—guﬂﬂgj dg.51ing capzhilities: 450-480 nm in furdamental (v & md/pulse), Y-us pulse duration, 10

e from - 10-300 K ysing Air Products He-fiuid refrigerator.
l.irestance is >ﬂ=l, d «i[h 1-m grating monochromator eduioped with cooled photomultiplier tubes. PAR
- 26uniitg systen; gated and delayable with 10 Wiz maximum counting rate,

; lhraco-au~:r system xs interfaced for apparatus control, data mamipulation and analysis, and
20n1es output.

Jptical Spectroscony

Comuterized laboratary for cptical absorption, fluorescence and excitation spectra and fluorescence decay
re2surezants {Fig. 7). 211 inzut signals are digitized end processed in a PDP-11/40 computer System with
magnetic tape storaga. Progrens evaileble for determining peak wavelengths, linewic“hs, integrated spectral
intensities, excited-stata lifetimes; capabilities for baseline corrections, rescaliny, 2nd comparison af
specira,
Apparatus includes:
Cary 171 spectrophotereter, 0.2-3.0 pm, 4-300 K sample lenperatures.
Fluorescence monochrozztor and detectors for spectral range 0.2-2.2 pm.
Xenon flashiazp {5 ps) and Chromatix 1000 laser and optical parametric ssciliator (100 ns) for
tunable pulsed excitation for flugrescence decay studies. R7912 transient digitizer for sign2}
averaging.
AT of the zbove instrumentation is interfaced to and controlled by the computer system. 12
n?ﬁstlunal equipment available for routine optical absorption spectraszopy from tha near-UV through the IR
in¢iyde:
Perkin-tlmer 330 Spectroghotometar: 187-2500 nm, gbsorbance 0-4
Perkin-Clmer 931 Spectrophotometer: 5000-180 cm-!, absorhance 0-
Dats station and softwire for spectral analysis.
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Fig. 17 Optical spectroscopy facilities. Apparatus for measuremants for fluorescence spectra
and fluorescence decay times is located behind the operator.
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