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KATERIALS PREPARATION TECHNIQUES 

Methods 

Sputtering (magnetron 1 triode) 
Electro and electroless depcsition 
Chemical vapor deposition 
Laser and electron beam melting 
Plasma and combustion synthesis 
Physical vapor deposition 
Inert melt spinning 
Arc hairaer splatting 
Glass melting and casting 
Czochralski growth of optical crystals 
Analytical chemistry determination of composition and impurity concentrations. 

States of Matter 

Single crystal (metal, oitide, hydride, fluoride) 
"olycrystal l ine 
Amorphous (metall ic, inorganic, organic) 

MATERIALS PREPARATION CAPABILITIES 

Glass melting and casting^--Figs. 1 and 2 

Cutting, Grinding, ? J Polishing of B°F? Glasses—Fig. 3 

Cutting, grinding, and polishing of berylliua fluoride glasses and other materials in enclosed, 
te-nperature-controlied, low-moisture environments. Disks with dimensions of 20 cm can be handled in these 
f a c i l i t i e s (Fig. 3). 

Czochrals'ci Growth of Optical Crystals—Fig. A 

Induction heating of the ne l t in i r id i i rn, platinum, and other crucibles (50-cm diamsier, 75-rai long). 
Maximum temperature determined by the size of the crucible and melting point of the material. Electronic 
balance crystal weighing technique for automatic control of boule diameter froa point cf seeding to 

, completion of the run. Programed pulling at growth rates from 0.5 to 250 g/h. Enclosed, vented growth area 
Suitable for handling toxic materials such as beryllium compounds (Fig. 4) . 

Cutting and polisning f a c i l i t i e s for sample preparation. Computerized x-ray crystallography laboratory 
fo r sample orientation. 

Iner t Atmosphere Helt Spinning—Figs. 5, 5, and 7 

Arc Hammer Method—Figs. B, 9, and 10 

Computer Simulations of Liquids and Glasses: Programs for Calculation of Their P r o p e r t i e s " 

Molecular dynamics programs for simulating atomic structure of systems with up to 40O ions of f ive different 
species. Progrm to relax system to lowest energy state. Computer graphics display of simulated structures 
(F ig . 11). 

Programs to calculate the following structural and kinetic properties: average and time-dependent radial 
d istr ibut ion functions, average and distribution nf coordination numbers, angle distr ibutions, diffusion 
coeff icients, velocity autocorrelation function. Options available to rest r ic t coordination number or 
neighbors of ions averaged over. 

Special programs to analyze coordination number of ions involved in diffusion and of ions in their 
neighborhood, probability of returns after "bond breaking", probability of coordination number increase 
before bond breaking, graph trajectories or coordination number of individual ions or pairs, probability of 
monodantate glass forming tetrahedra about some other ion. 



Fig. 1 Dry box line for beryllium fluoride glass preparation. 

Fig. 2 Enclosed facil i t ies for induction-melting and casting of beryllium fluoride glasses. 



Fig. 3 Facilities for fabrication and polishing beryllium fluoride glasses. 

Fig. 4 Automated Czochralski crystal growth station and electronic controls. 



Fig. 5 Inert Atnosphere dry box with variable frequency induction generator. 

f ig . 6 Inert atoosphere box Hith air chaicoer for variable speed motor to drive melt spinner. 



Fig. 7 Ferrofluidic feed-through for variable speed attachment to copper melt spinning wheel. 

Fig. 8 Pneumatic gas driven arc haraner for glove box use. 



s—ra*» 

Fig. 9 Arc nelt stinger for pnecnatic haimier. 
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Fig. 10 Hanmered foi l obtained from pneumatic unit. 



r ig. 11 Computer graphics display of one configuration of a computer-simulated beryllium fluoride glass. 
The lar.je sphere in the center is a rare-earth dopant ion. The snail spheres are Be ions 
coordinated by larger F ions. Unconnected spheres are Ca modifier ions. 

Calculation of e lectr ic f ie ld gradient and asym»=try parameter and crystal f i e ld at ion sites using point 
: narge -odel. 

.'iore'.ional density of states ami Raman, infrared, and inelastic neutron scattering spectra calculated 
ro~ d i ipnal i -a t ion of dynamical matrix or from appropriate autocorrelation functions. 

Programs written for Floating Point Systems array processor. 

'•^P.In.S CHARACTESlZATIOSi TECHNIQUES 

: 'ec t ' :n 3ea- Analyses 

IEM, Transmission Electron Microscopy 
STE'-l, Scanning Transmission Electron Microscopy 
SEM, Scanning Electron Microscopy 
£'!P, Electron Micrcoro&e 

.'.-̂ -ay Diffraction 

Solid phase ident i f icat ion 
High and low temperature "in si tu" x-ray d i f f ract ion 
Tneraal expansion cf crystal lattices 
X-ray topography 
Single crystal orientation 

APS USCA) 

SomDard surfaces with x-rays, measure photoelectron energy distr ibution: Gives elemental analysis cf top 2-S 
atom layers plus chenical information of the surface (valence state, bond configuration, etc.) 

AES 

SoaPard surface Kith 1-3 keV electrons, measure Auger electron energy spectrum.: Gives elemental analysis of 
top 2-5 atom layers. An order of magnitude more sensitive than IPS. Used extensively in depth profiling. 

S W 

Gives SE5 type information as a function of X-Y position on surface. X-Y Resolution M).1 micron. 
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: . . • : : . i-'S: j : ' . -. J !ii:- J i s f i : i j l : ^ r - j f e l - .V i ts . Vjii-iPstruct l ie . 

Li" 
i.'~:::ra surface rtitn Ve. protons, aIpnd part icles, etc. 2nd ™?asurL* X-ray f ! j'jr>:scence spectrum: Gives 
j ' - i - f n t j l s . r ' ice analysis u? to 1 micron deep. More sensitive than electro 1 ' pro^e du"- to af>vjnc« of 
I ' e - i S t r - ' r L n ; . 

; : ^ a r - surf;ce » i ' . l select.;: ions, e.g. S15 j t 6.3 :•'-'.', measure "f-ray spectra-: Particularly U ; ? ' J I for 
- - . • j i . r ; - i ; eesm ; i s t " c . : n n ;:' r.ydrncen isotopes. 

•*:~~Yl suffice Alt' 1 1-3- koV iT , 0", Ar*, etc. ions, deterrir.? spatter ion y i ^ l d : Can b-_- r.y.t 
se"si t ivr ^etn:,: fcr deutn distr ibut ion of elements (ppir-poo, depending up>'*n tne element and tno ~ 2 t M ( ' . 

Positron A r . - inilat icn 

:.-~c;rd sa'p'r witn posi t rcrs, measure lifetime and angular correlation of r a i t i n g >-rays: j u t s 
i v c - n t i ; ^ concerning type and nu-noer of defects in the so l id . 

C itnoai-L^i'-esterite 

io-oaru surface with electrons, j ' / e tc . , measure l i fe t ime and wavelength of luminescence; Gives intonat ion 
concerning hording characterist ics on and in surface. 

LEED 

3o~c»ard single cos ta l surfice with electrons, determine di f f ract ion pa'.te'n: Gives inforration concerning 
surface crystal structure and structure of any adsorhed over-layer. 

Laser Ra-ian Mk-oprnbe 

Boxard surface with a oicron size lase r bean, measure Raman scattered l i gh t : Gives information concerning 
cnemical (solecular) ent i t ies within the beam samples area. 

Nonlinear Optical Properties 

Measurements of ( i ) intensity-dependent nonlinear refract ive indei of crystals and glasses using 
ti-e-resolved in te r fe ro re t ry 0 ' ' and ( i i ) multiphoton adsorption coefficients and two-photon induced color 
centers using tran.smissic and pnotorefractive thermal lensing. 

Laser Induced Damage in Optical Materials and Thin Film Coatings 

i r radiat ion witn f u l j y characterized (spectral and temporal profi les) laser pulses; damage identified with 
Kaaarski microscopy.5 

UUra-higii-vacj'jB i r rad iat ion chamber (10"S Pa) equipped with secondary ion mass cpectraneter (Sl^S) to 
measure photon-stimulated ion desorption, double-pass electron energy analyzer to measure energy distr iDution 
of laser-induced multipheton photoelectron emission, and x-ray photoelectron spectrometer (XPS) to determine 
laser-induced surface compositional changes. 

Fac i l i t i es 

Lasers available for above measurements: 
Cyclops User Hd:YLF osc i l la tor and f ive Nd phosphate glass amplifiers (Fig. 12) 

Wavelengths: 1053, 526, 351 nm 
Output Energy:^ 10 J at 1053 nm, -W5S at 526 nm, 50% at 351 nm 
Temporal waveform: rectangular of selectable duration—1.4, 3.2, 6, 9, 20 ns. 
Spatial P ro f i l e : f lat tened Gaussian 0(e" z ) ^30 mm 
P.epetition Rate: 5 minutes 

Intermediate Laser System (1LS) Actively mode-locked Nd:YAG osci l lator , electronic switchout, high-
repetit ion rate preamps, (ld:si l icate glass amplifiers (Fig. 13) 

Wavelengths: 1C" 532, 355 nm 
Output Energy: • j J at 1064, 2J at 532 nm, 1 J at 355 nm 
Pulse Duration: variable, 0.1-1.0 ns 
Spatiel Prof i le : near Gaussian 0(e ' ' ) T-20 mm 
Repetition Rate: preamplifier—1 pps, total system—5 minutes 



Fig. 12 Cyclops laser facility. 

Fig. 13 U S laser facility. 
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Fig. 14 Laboratory for photorefractive spectroscopy. 
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•19. 15 Typical experimental setup for photorefractive measurement of nonlinear absorption at 122 nn. 
L--lens, -"beds spl i t t ing *ecge, S—sample, FP—focal plant, ".--detector, V--vidicnn, 
A--aprrture, f - - - f i l f c r , iiC'--neutral density f i l t e r , P—prism, M--mirror, HH—rtool horn. 

.! ;.-.-''-:xciteg Fluorescence Spectroscopy 

T.rzile DL; 1 ssr-i User sources aro spectrometer for optical site selection spectroscopy and fluorescence 
',"'e-nirroifino. expe'imer.ts in crystals and glasses.' ' Spectral (near-uv to near-IR) and time-resilved 
•*'" 'tS lifetimes} -^.eas-jre^^nt capabil i t ies. 

-."^ratus ana experimental configuration are shown in Fig. 16. Tunable fluorescence excitation sources 
'"". '.:= a '•"ilect'jn Vi:YAj laser-pump dye laser (see above) and a Chromatix CMX-4 flashlamp-piraped dye laser 
«:•.- ^r-duency-Cio-.jl inct capabilit ies: 460-580 nm in fundamental (^ 4 mj/pulse), 1-us pulse duration, 10 
- : r ~ :e : r . i ; r ' > ' . - . 

S;~ole te~.cerature variable from MQ-3Q0 K using Air Products He-fluid refrigerator. 
•l^:rescence is analyzed with a 1-m crating monochromator equipped with cooled photomuUiplier tubes. PAR 

il- ' i pn:t:n- cc.r. f^g system; gated and delayable with 10 MHz maximum counting rate. 
.11-11 microcomputer system is interfaced for apparatus control, data manipulation and analysis, and 

;rapnlCS output. 

Optical Spectroscopy 

Computerized laboratory for optica' absorption, fluorescence and excitation spectra and fluorescence decay 
measurements ( f i g . 17). Al l input signals are digitized and processed in a PDP-11/40 computer system with 
magnetic tape storace. Programs available for determining peak wavelengths, linewio'hs, integrated spectral 
intensities, excited-state lifetimes; capabil it ies for baseline corrections, rescalini, and comparison of 
spectra. 

Apparatus includes: 
Cary 171 spectrophotometer, 0.2-3.0 un, 4-300 K sample temperatures. 
fluorescence "icnochrcmnor and detectors for spectral range 0.2-2.2 um. 
Xenon flashlamp [5 us) and Chromatix 1000 laser and optical parametric oscil lator (100 ns) for 
tunable pulsed excitation for fluorescence decay studies. R7912 transient digit izer for signal 
averaging. 

Al l of the above instrumentation is interfaced to and controlled by the computer system.'2 
Additional equipment available for routine optical absorption spectroscopy from the near-UV through the IS 

include: 
Perkin-Elmer 330 Spectrophotometer: 137-2500 nm, absorbance 0-1 A.U. 
Perfcin-tlmer 933 Spectrophotometer: 5000-130 cm"', absorbance 0-3 A.U. 
Oata station and software for spectral analysis. 



Fig . 16 Fac i l i t ies for laser-uxcited fluorescence studies of sol ids. 
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Fig. 17 Optical spectroscopy faci l i t ies. Apparatus for measurements for fluorescence spectra 
and fluorescence decay times is located behind the operator. 
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