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Abstract: 

Lawrence Livermore National Laboratory (LLNL) has participated 
in an active R&D program for the Barium Fluoride Collaboration since 
March 1992. In this time a number of different research programs have 
been carried out. These areas include: 1) crystal surface preparation and 
analysis, 2) UV reflective coatings and coating technology, and 3) crystal 
growing. This paper will present a brief summary of the work in these 
three areas as well as a summary of a recent trip to China to assess the 
technical capabilities of different institutes and factories in China. Also a 
number of sketches, summary view graphs, photographs and documents are 
included. 
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Lawrence Livermore National Laboratory 

Barium Fluoride Surface Preparation and UV Coating R&D at LLNL • 
A Progress Report 

Craig R. Wuest 
Lawrence Livermore National lAboratory 

April 23, 1992 

1 • Introduction 

Lawrence Livermore National Laboratory (LLNL) has been asked to provide R&D on 
new methods of barium fluoride (BaF2) crystal surface preparation, as well as optical 
coating methods to improve the efficiency of transpon of scintillation light through the 
crystal to the photodetector. The goal of the R&D is to identify a method (or methods) for 
preparing the surface to eliminate the amorphous layer that has been found to be a product 
of the surface preparation techniques used when the crystals are manufactured in China and 
provide a crystalline surface free from oxygen and other contamination, with suitable flat· 
ness for optical coating. UV reflective coatings have been identified that are suitable for the 
wavelengths of the scintillation light (220 nm peak). The coating consists of a layer of 
aluminum with a magnesium fluoride over-layer. This coating can be applied in a uniform 
layer or in a graded layer, with reflectance varying as a function of position. It is ultimately 
desired that the UV coating be applied with graded reflectance to linearize the response of 
the crystal along it length. · 

2. BaF2 Surface preparation R&D at LLNL 

A number of surface preparation techniques have been identified as potentially capable 
of removing the amorphous layer and providing a clean crystalline layer for coating. The 
R&D program, which began in early March, 1992 has explored the following surface 
preparation techniques: 

A • Polishing with diamond grits 

BaFz crystals have been polished at LLNL using this standard technique for use 
as laser windows. Up to this point it has not been known how the crystal structure 
is affected. Comparison of this polishing technique with diamond turning has 
shown that diamond turned laser windows are less susceptible to damage in high 
intensity laser beams. The process uses diamond impregnated pads and a BaF2 
sample was polished to 20 angstrom RMS surface finish for study. This technique 
is probably not suitable for large area polishing because edges tend to be rounded 
off and flatness over large areas is not easily achieved 
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B • Ductile grinding 

The process known as ductile grinding uses a specially prepared wheel coated 
with diamond. The wheel is prepared so that it is flat to within 0.25 - 0.5 microns 
and the part to be polished is translated across the surface of the rotating wheel. In 
effect, this is using many diamond turning bits instead of one. The advantage of 
this process is that it is very suitable for mass production polishing of large num
bers of crystal surfaces. LLNL's ductile grinding system was dismantled last year 
and I have requested that it be rebuilt We do not have results from this process yet 

C. Diamond pitch lapping 

This process uses specially prepared wheels coated with a synthetic pitch and 
impregnated with diamond powder. The prepared wheel is rotated and the sample to 
be polished is translated back and forth across the wheel as the wheel rotates. The 
sample is usually immersed or heavily washed with a low viscosity silicon oil. We 
have prepared a small sample using this technique and have measured a surface 
finish of about 10 angstroms RMS. This technique has the advantage of being 
simple to implement and can provide large area and large quantity polishing capa
bility. 

D • Diamond turning of the crystal surface 

Diamond turning of crystal surfaces are routinely done at Ll..NL in suppon of 
the Laser Program and other programs requiring precision optical surfaces. LLNL's 
Large Optics Diamond Turning Facility (LODTM) is capable of turning surfaces 
with radii as large as 1.65 meters with a precision at the few angstrom level. Other 
smaller diamond turning machines are available for preparing surfaces with similar 
precisions. 

We opted to perform "wet" diamond turning using a highly purified water-free 
lubricating fluid (Drak:eol 7, a low viscosity poly-alpha olefin oil). Alternative cut
ting fluids include low viscosity silicone oil or a pure hydrocarbon such as hexanes. 
Drakeol 7 is routinely used for diamond turning potassium di-hydrogen phosphate 
crystals (KDP) for use as frequency doubling and tripling crystals for the Nova 
laser at LLNL. The crystals are turned and then cleaned using a pure toluene soak 
for 24 hours. A similar cleaning method was used on BaF2 crystals. 

We achieved very successful results using small samples of BaF2 crystals. In 
one sample we were able to achieve a 6 angstrom RMS surface finish measured 
over a 600 micron area of the crystal. We also observed that the surface finish de
pended on the crystal lattice orientation. In one sample we observed markedly dif
ferent surface finish quality when machining across a crystal grain boundary. The 
surface finish on one side of the boundary was found to be 80 angstroms RMS 
compared with 6 angstroms RMS immediately on the other side of the grain bound
ary. 

In summary BaF2 appears to be a good material for diamond turning and other 
diamond cutting processes, such as ductile grinding and diamond pellet lapping. 
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E. Argon Ion Beam Milling 

Argon ion beams are also available for removing material from the crystal sur
face. In this technique a beam of argon ions is directed onto the surface to be 
milled, with the rate of material removal determined by the orientation of the crystal 
surface with respect to the beam. For our studies the crystal was oriented at 45 de
grees. Removal rates vary depending on the material but typically are a few microns 
per minute to a few microns per hour. For our study a carbon mask about 2 cm x 1 
cm was prepared to allow the crystal to be milled in a controlled manner. Carbon is 
a good material for the mask because of its extremely low sputtering rate compared 
to most materials. 

We prepared three samples with measured removal depths of about 0.5, 1.0 and 
2.0 microns. The samples took about lf2 hour to remove 1 micron of material. 
Surface quality was observed to be poor (compared to previously described sur
faces finishes) and in general followed the original surface quality. 

2 • X-ray diffraction analysis and energy dispersive spectroscopy 

Crystals were analyzed, before and after preparation using x-ray diffraction analysis, 
and electron beam microprobe methods for the determination of structural and chemical 
properties of the surface, respectively. We noticed that x-ray diffraction measurements 
would show the BaFi lines slightly shifted and additional unidentified lines would also be 
present Unfortunately, we were unable to precisely identify the nature of these spurious 
lines. Also, x-ray diffraction was unable to qualitatively distinguish between crystalline and 
amorphous surfaces. We did closely examine the sample crystal that exhibited the two dif
ferent surface finishes on diamond nnning. We cleaved small samples from the two regions 
and crushed them into a powder. There was no noticeable difference in the two materials. 

We also performed energy dispersive spectroscopy (EDS) on a sample and found the 
strongest signals due to strontium and iodine. 

3 • Rutherford Backscattering Analysis at Charles Evans & Associates 

Three BaF2 samples were brought to Charles Evans and Associates for Rutherford 
Backscattering (RBS) analysis. The samples were: 1) the diamond turned piece with the 
two different surface finishes, 2) the diamond pad polished piece with the 20 angstrom sur
face finish, and 3) the ion beam milled sample with the three different depths of cuL 

Measurements were first made on sample 1) for the two different finish regions. Nv 
channeling was observed on either area for this sample, leading us to believe that the crystal 
surface on the sample is amorphous 

The second sample measured was the ion milled sample 3) which had to be broken 
down to a smaller size to fit in the RBS machine. We opted to look at the 2 micron depth 
milled portion. In this measurement, strong channeling was observed, indicating a crys
talline layer had been exposed. In addition RBS was performed across the sample on a 
portion of original Chinese surface finish that was masked off. In this region no channeling 
was observed. 



The third sample measured was the standard polished sample 2). Measurements are still 
in progress on this sample. 

A fourth sample, prepared using the diamond pitch polishing method is being measured 
at this time. 

4 • UV Reflective Coatings 

LLNL regularly coats optics with both reflective and anti-reflective coatings. 
Magnesium fluoride is typically used for anti-reflective coatings. The reflective coating to 
be applied to the BaF2 crystals consists of a thin layer of aluminum (about 500 angstroms) 
with a MgF2 over-layer. Reflective coatings of this type exhibit high reflectance, typically 
75%-85% down to about 180 nm. In addition the coatings are robust. We utilize an elec
tron beam evaporative coating system specifically designed for the purpose of laying down 
MgF2 and aluminum. 

We have prepared two different samples for the purpose of characterizing the quality of 
the reflecting coatings. One sample was a large piece of BaF2, left with the original Chinese 
surface finish, about 6 inches long cut from a larger prepared crystal pair. The other sample 
was a small BaF2 sample with a high quality surface finish for use a witness sample. This 
witness sample was used to quantitatively characterize the quality of of the reflective coat
ing. 

Measurements were made on the witness sample for both front surface reflectivity and 
back surface (through the BaFV reflectivity. The front surface reflectivity was measured to 
establish that the coating was of the proper quality. Results of the front surface measure
ment confirmed that the coating was high quality, with a reflectivity of about 90% from 300 
nm to about 220 nm followed by a gradual drop to about 86% at 190 nm. Back surface re
flectivity showed that the reflectance was about 87% at 300 nm falling gradually to about 
85% at 240 nm with a steeper fall to 74% at 190 nm. At 220 nm the reflectivity is about 
81%. 

A qualitative look at the large BaFi sample shows that surface finish plays an important 
role in the uniformity of the coating. Pin hole sized areas were observed that were not 
coated, presumably due to the observed scoring of the crystal surface during the Chinese 
surface preparation. 

These initial samples were coated with uniform reflectance coatings. Gradient coatings 
will also be studied. Two alternative ways of performing gradient coatings exist. One in
volves translating the sample past the source at a varying rate. The other involves placing 
the sample at an angle with respect to an isotropic coating source. It is likely that the trans
lation method will be adopted bec?.~se it is suitable for long crystals and translation stages 
are easily programmed for variable motion to allow the deposition of coatings with complex 
reflection gradients. 

The Monte Carlo program LTRANS3, developed at the Institute for Theoretical and 
Experimental Physics (ITEP), Moscow is being adapted to model the BaF2 crystal proper
ties. This Monte Carlo code combines scintillation light emission, crystal transmission, ab
sorption, wall effects and geometric ray tracing to allow an evaluation of the uniformity of 
light transport to the end of the crystal as a function of position on scintillation light emis
sion. This code can be used to estimate the correct gradient for the surface reflective coating 
to provide the optimum uniformity along the crystal length. 
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4 • Con cl us ions 

We have performed R&D on four different BaF2 surface preparation techniques. All the 
techniques have demonstrated surface finishes better than 20 angstroms RMS. Three tech· 
niques: diamond turning, ductile grinding, and diamond pellet lapping hold promise for 
mass production of large area high quality surface finishes on BaF2 crystals. 
Unfortunately, RBS studies show that diamond turning and standard diamond polishing 
does not provide a crystalline surface. 

It is unknown at this time if the surface finish starts out crystalline and then be.:omes 
amorphous over time. It has been suggested that Charles Evans & Associates perform an 
RBS on a freshly cleaved BaF2 sample and then follow up a few days later to see if a 
change in the surface is evident. 

Ion beam milling is effective for removing BaF2 surfaces down to a depth of a few mi
crons/hour. In addition, there is an indication that ion milling provides a somewhat crys
talline surface. Adapting this technique to mass production is feasible, but the quality of the 
surface is only as good as the surface one starts with and, in general, is worse than sur
faces prepared using various grinding or machining techniques. 

Optical coatings for high reflectance in the UV (> 80% at 220 nm) appear to be achiev
able using standard E-beam evaporative coaters. We also intend to study the effect of ap
plying a hard silicon dioxide overcoat to protect the coatings from damage. 

Finally, it is worth reiterating the previously mentioned work comparing laser damage 
to optical windows prepared using standard polishing techniques and diamond turning. It is 
likely that this is a surface or near-surface phenomena and is related to stress build-up in the 
crystal during the polishing technique. Acid etching of surfaces reveal these stresses as mi
cro-cracks, or pits, and acid etching is commonly used as an analytical tool in characteriz
ing laser glass surfaces. 

We are currently studying the character of BaF2 surfaces using acid etching. For ex
ample, a sample of BaF2 was pitch polished to 10 angstroms RMS surface finish and then 
one half was dipped into an acid solution consisting of 10% hydrofluoric acid, 5% hy
drochloric acid and the remainder, water. After 5 minutes the sample was removed and the 
surface was studied under an optical microscope and a profilometer. The optical observa
tions show small linear scratches indicative of shear stress on the crystal, however the size 
of the scratches indicates that the stress is small. Also, no pits are observable. The etched 
surface shows a 35 angstrom RMS finish and appears identical to the adjacent un-etched 
surface to the naked eye. We have sent this sample to Charles Evans and Associates for 
RBS analysis of the two surface treatments. 

Despite the lack of channeling observed in RBS measurements of some of the samples 
we have prepared we feel that it is probably worthwhile to explore the radiation hardness of 
Bafi crystals prepared using the various techniques described in this paper. 
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Lawrence Livermore National Laboratory 

Barium Fluoride Surface Preparation and UV Coating R&D at LLNL
A Progress Report 

Craig R. Wuest 
Lawrence Livermore National Laboratory 

May28, 1992 

I. Surface Preparation R&D 

In our last progress repon, dated April 23, 1992, we reported on a number of different 
polishing techniques that give excellent surface finishes on barium fluoride. These in
clude ion beam milling, diamond machining, diamond pad polishing and diamond pitch 
wheel polishing. These samples have been analyzed using RBS at Charles Evans and 
Associates and the results are that ion beam milling gives the best crystalline surface, 
followed by diamond pitch wheel polishing. The diamond turning method does not ap
pear to give a crystalline surface. 

We have continued this work by focusing on the diamond pitch wheel method as the 
best method in terms of ease of implementation and cost. In addition it is felt that this 
technology is most easily transferred to our Chinese collaborators. In anticipation of this 
we have begun a program to fully final-finish the 25 crystal pairs that will be produced in 
China for the prototype Calorimeter section. This program has involved the interaction of 
Jack Heck from Oak Ridge National Laboratory with our optics specialist, Ben Fuchs and 
a designer/draftsman at LLNL to design polishing fixtures to achieve the special shapes 
that are required in the prototype and at the proper tolerances. Appendix I is a memo 
from Ben Fuchs and the Designer, Fred Holdener, describing this concept and a plan of 
work to polish the crystals. 

We are preparing to go to the Shanghai Institute of Ceramics as well as other institu
tions that are deemed necessary by our colleagues in China. Ben Fuchs is now scheduled 
to leave for Beijing on June 4, arriving on the 5th and I will meet him in Shanghai on 
June 11. We will both return to the US together on the 13th. It is our desire to educate 
ourselves as much as possible on the capabilities of the Chinese and to educate the 
Chinese as much as possible on our polishing process. We expect that this will take more 
than one trip to accomplish and we are prepared to travel as necessary, given the con
straints imposed upon us by the DOE and by LLNL. 

2. UV Coating R&D 

We have coated a sample of Chinese-finish barium fluoride with aluminum and mag
nesium fluoride and have determined that the coating is a good reflector of light down to 
about 180 nm with a reflectance of 81% measured through two air/BaF2 interfaces at 220 
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nm. It is clear that surface finish can effect the quality of the coating. The Chinese-fin
ished crystal exhibited pin-holes and a rough texture upon coating due to the poor quality 
polish. We are currently coating BaF2 samples that have been prepared using diamond 
pitch polishing and we will be evaluating the reflectance and scattering behavior of the 
coating for the purpose of incorporating these parameters into Monte Carlo light transport 
calculations. Another area of concern is the long term viability of the coating to changes 
in temperature, humidity, etc. We have begun discussions with coatings experts here at 
LL.NL to understand methods of accelerated aging of coatings to assess the long term in
tegrity. 

We have also performed a cost estimate for coating 15,000 crystal pairs. LLNL 
maintains a number of large (3m x 3m x 3m) evaporative coating systems and we have 
initiated a study to determine the processing time and procedures required for mass pro
duction of coatings. 

3. BaF2 Crystal Growing at LLNL 

At the request of Professor Harvey Newman and Dr. Yuri Kamyshkov we are begin
ning a program to grow small samples of high quality BaF2 for evaluation and compari
son with existing crystals produced in China and elsewhere. We have initiated a program 
with Dr. W. Kway at LLNL to grow cm sized samples of BaF2 and have asked Dr. Kway 
to apply his best effort to growing very pure samples with the goal of demonstrating low 
impurity contamination and good radiation resistance. Dr. Kway has extensive experi
ence in growing fluorides of various types with and without dopants for laser applica
tions. He has grown BaF2 in the past and is quite familiar the processing and handling of 
BaF2. He has identified a number of sources of high quality BaF2 powders (Fluortran 
and Johnson-Massey) and will work with two or three vendors to asses their relative pu
rities. Initial samples will be pre-treated with a reactive gas such as hydrogen fluoride to 
remove residual moisture and then the material will be zone-refined in a pyrolytically 
coated vitreous carbon crucible about 2.5 cm wide and 20 cm long. Zone refining is per
formed in a reactive atmosphere or an inert atmosphere and is a multi-pass process in 
which impurities migrate to the ends of the crystal melt over time as the melt is passed 
through an RF heated region at a rate of 1 - 10 mm/hour. Typically these ends are dis
carded and the good quality crystal from the central region is used. 

Tzochowski processing is also available for growing single crystal BaF2 and can be 
studied as well. This process is used normally to accurately control the introduction im
purity dopants or to keep impurities out during the process. Large single crystals of 
Gadolinium Germanium Garnet (GGG) with diameters of 4 inches and lengths ot about 
10 inches have been grown at LLNL in this process. 

We anticipate that small samples of high quality BaF2 will be available by the end of 
June or early July. We will perform in-house, measurements on impurity levels and also 
provide samples to Charles Evans and Associates for analysis. 

-

.. 

... 

... 

.... 

... 



-
Lawrence Livermore National Laboratory 

Barium Fluoride Surface Preparation and UV Coating R&D at LLNL· 
A Progress Report 

Craig R. Wuest, Ben A. Fuchs, W. Kway 
Lawrence Livermore National Laboratory 

June 30, 1992 

1. Surface Preparation R&D 

In our last progress repon, dated May 28, 1992, we reponed that we are concentrating 
our efforts on a diamond-loaded pitch lapping technique that gives excellent surface fin
ishes on barium fluoride with a relatively simple procedure that is easily transferable to 
the Chinese manufacturers. Samples have been analyzed using Rutherford Backscattering 
(RBS) at Charles Evans and Associates and the results have been reponed in a paper by 
Michael D. Strathman, of CE&A dated June 12, 1992. The RBS studies show that one of 
our panicular crystal polish techniques using the standard diamond loaded pitch lapping, 
followed by a diamond pad wipe with ethylene glycol, provided the best crystalline sur
face. Additionally, we have analyzed a sample using Atomic Force Microscopy (AFM) at 
LLNL and the results are consistent with optical measurements made on samples, indicat
ing an RMS surface finish of between IO and 20 angstroms. 

Also, last month, we reponed on efforts to polish a full 25 crystal pairs using spe
cially fabricated polishing fixtures at LLNL. We have continued this work by finalizing a 
set of mechanical drawings to specify these polishing fixtures. At this time the drawings 
are in final review and will be submitted to a number of outside machine shops for bids in 
the next week. Jack Heck from Oak Ridge National Laboratory has been working closely 
with our optics specialist, Ben Fuchs and a designer/draftsman at LLNL to design polish-
ing fixtures to achieve the special shapes that are required in the prototype and at the ",, _ 
proper tolerances. A meeting between Jack and Ben and other members of the BaF2 col-
laboration occurred at Brookhaven National Laboratory on June 17, 1992 as pan of the 
Calorimeter meeting and Ben Fuchs also delivered a presentation on our work to the 
Calorimeter group on June 18. 

We are still preparing to go to the Beijing Glass Research Institute, Tsing Hua 
University, the Zhongnan Optical Instrument Factory and the Shanghai Institute of 
Ceramics. It has been very difficult to arrange this trip and we have had to postpone once 
because of a difficulty in getting approval for our trip from the US Department of Energy. 
We are now planning the following: Craig Wuest will travel to China on July 4 with 
Michel Lebeau. We will visit all the above institutions and return on the 16th of July. 
Ben Fuchs and Jack Heck will likely follow with a trip to China later in July or early 
August. As of this writing the approval process is nearing completion for Craig Wuest 
and is still in progress for Ben Fuchs. 
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In the mean time, as a result of Jack Heck's and Renyuan Zhu's trip to China last 
month, a crystal pair has been cut to Jack's new specifications and air-mailed to LLNL for 
evaluation. We are still awaiting the receipt of this crystal pair. We have also stressed in 
fax messages to the Chinese that they should begin manufacturing crystal pairs as soon as 
possible because the crystal polishing process requires a set of 5 pairs to be polished at 
the same time. Appendix I gives a schedule for the surface preparation and polishing pro
gram at LLNL. 

Finally, Renyuan Zhu has sent us two small 2.54 cm cylinders of BaF2 for Ben to 
polish and return to CalTech for radiation damage studies. This work wil 1 be done this 
week. 

2. UV Coating R&D 

We are currently coating BaF2 samples that have been prepared using diamond pitch 
polishing and we will be evaluating the reflectance and scattering behavior of the coating 
for the purpose of incorporating these parameters into Monte Carlo light transpon calcu
lations. We have also begun providing data to Ken Read of Oak Ridge National 
Laboratory who is coordinating the Monte Carlo effon. As a result of our inquiries re
garding coatings, a number of people will be making contributions. One chemist will be 
studying long term aging effects of the coatings, another physicist maintains a program to 
study thin film dielectrics and can provide us with theoretical curves for reflectance and 
transmittance as a function of angle and wavelength for different coatings. 

We expect to have a second estimate of coatings costs from an outside vendor to 
compare with our internal coatings estimate some time this week. 

Our summer students have begun their program to measure crystal light transpon 
properties using a CsTe photomultiplier tube coupled to an older 50 cm long BaF2 crys
tal pair. Initial measurements have been made to determine the PMT characteristics and a 
program will be carried out over the next two week to measure a number of different sur
face finishes, capped off by a measurement of a full evaporative-deposited Al/Silica coat
ing to be provided by SpectraPhysics. We expect to deliver a single 50 cm crystal to 
SpectraPhysics on the week of July 13th. The measurement of the coated crystal will be 
made in late July. All data will be provided to the ORNL Monte Carlo group for the pur
pose of benchmarking the L TRANS code. 

3. BaF2 Crystal Growing at LLNL 

Our program with Mr. W. Kway at LLNL to grow cm sized samples of ultra-pure 
BaF2 is progressing well. We have now ordered samples of high quality BaF2 from a 
number of sources. We have also placed an order for a new Pt/Ir furnace tube to allow 
zone-refining processing of the BaF2. Appendix II details the crystal growing program 
and schedule for the summer. 
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Appendix I 

BaF2 Surface Preparation R&D Program Schedule 

We assume that the Chinese collaborators will begin providing machined crystals 
through the summer in order that 5 crystal pairs are available to begin polishing in late 
August 

June 1 - June 22 Start crystal tooling design/detail 

June 22 - June 29 Review and approve detailed drawings for polishing fixtures 

June 29 - July 20 Send out job order for bids on fabrication and begin fabrication 

July 20 - August 26 Fabricate hardware, inspect and accept tooling hardware 

August 26 - Sept 30 Begin polishing crystals pairs 
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LLNL Program to Process and Grow Ultra-pure Crystals of Barium Fluoride 

Summary: 

The objective of this short series of experiments is to grow BaF2 cyrstals of the 
highest purity and evaluate radiation damage as compared with other known samples, 
including samples from Optovac, and from the Shanghai Institute of Ceramics. The 
program consists of the following: 

1. Growing crystals by the Czochralski (CZ) method from a high purity (Fiber 
Grade) melt with and without the additives of Nf4HF2 and CF4 (the Nf4HF2 is added to 
provide a defined amount of HF in a short duration and the CF4 is used to remove the 
residual Qp3- or OHF2- which may be present in the starting material). 

2. Growing crystals by the zone-melting (ZM) method which will zone-refine to 
eliminate or lessen the metallic impurities as well as F· vacancies. 

3. The use of a reactive gas atmosphere processing (RAP) cycle with HF as the 
reactive gas prior to the growth process (this cycle is used to remove all adsorbed H20, 
oxides, and the oxy- and hydroxy-fluoride species. 

4. If time permits, growing by the CZ method from melt prepared by both RAP and 
zone-refining to obtain both high purity and superior structural quality crystals. 

5. Crystals will be evaluated for purity at LLNL and at Charles Evans and 
Associates. Radiation damage tests will be performed at Cal Tech. 
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Schedule: 

Material Estimated ComlJl. Date 
1. Czochralski (CZ) growth of single 

crystals with dimension of - 25 mm BDH 7/17/92 
dia. x 50 mm length; crucible: Pt; Fiber 
atmosphere: 5-9 purity argon (will Grade 
compare with NJ4HF2 and CF4 
additives as RAP agents). 

2. Zone-melting (ZM) growth of single Sarne 7/24/92 
crystal; boat: Pt and coated graphite; as above 
atm: 5-9Ar. 

3. Reactive atmosphere processing GFI 7/24/92 
(RAP) of powdered BaF2 (as Optical 
received from vendor); RAP temp.: Grade 
l,()()()OC; boat: Pt; atm: HF; time: 4 
hrs. at RAP temp. 

4. Zone-refining and ZM single crystal RAP'd 7/31/92 
growth of RAP'd mat'!; boat: Pt; atm: GFI 
5-9 Ar. Mat'! 

5. Zone-refining and ZM single crystal Sarne sn192 
growth of RAP'd mat'!; boat: coated as above 
graphite; atm.: 5-9 Ar. 

Project Cost Estimate: 

-
1. CZ growth: W.Kway 40 hrs 

2. ZMgrowth: J. Tassano 20 hrs 

3. RAP purification: J. Tassano 20 hrs 

4. Zone-refining and J. Tassano 30hrs 
ZM growth (proc. 4&.3) 

5. Misc. time to be spent W.Kway 20 hrs 
on all RAP and ZM exp'ts. 
(proc. 2-5): Total: 130 hrs* 

Est. Total Labor Cost: $10.4K 
S&E: Chemicals: ll.2K 
Total Project Cost: $12.3K 
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1. Surface Preparation and Analysis 

Surface preparation is critical to the performance of barium fluoride crystals for a number of 
reasons. First, an improperly prepared (machined, ground, polished, lapped) crystal suffers from 
induced stresses and deformations in the first few hundred microns of the surface. These stresses 
can manifest themselves in the formation of cracks (crazing) over time, or more quickly when 
subjected to extremes of heat, radiation, humidity, etc .. Surface stresses can be minimized using 
well-known polishing and lapping techniques that gently bring the surface to a final finish. These 
techniques have been developed at LLNL for barium fluoride and will be discussed in further de
tail. Also, improper surface preparation can introduce contaminants into the surface of the crys
tal. Under certain conditions these contaminants can migrate into the bulk of the crystal and 
cause extended areas of radiation softness. 

Improperly prepared surfaces are easily identified under optical microscopy, and other anal
ysis techniques such as Rutherford Backscattering (RBS). In the case of RBS helium ions bom
bard the surface and can channel into the crystal preferentially along the crystal planes. If the sur
face of the crystal is amorphous, no preferential backscattering is observed. If the crystal surface 
is crystalline, the crystal lattice is readily identified as peaks in the backscattering number. 
Figures accompanying this section show results for crystals prepared at LLNL using improper 
and proper polishing methods. 

A number of surface preparation techniques were explored at LLNL, including ion beam 
milling, diamond turning, and various polishing/lapping techniques. In terms of surface finish, 
diamond-turned surfaces are the best with 6 A RMS demonstrated. However, RBS analysis of 
diamond-turned surfaces reveal that they are amorphous. Ion beam milling provides the best 
crystalline surface, however the uniformity of the surface and the finish is not very good. 

A polishing technique known as pitch lapping with diamond grit, provides the best combina
tion of surface finish 00:20 A RMS) and a crystalline surface. The technique is applied after 
more standard polishing techniques and is a simple wheel (lap} prepared with a low melting tem
perature synthetic pitch. Grooves are formed in the pitch in a pattern to allow cutting fluids, grits 
and ground material to be washed away during the lapping process. The key to the process is a 
grit of very uniformly sized diamond, typically 1/2 µm or 1/4 µm diameter, imbedded in the 
pitch. In addition, a non-aqueous cutting fluid such as low viscosity silicon oil, or ethylene glycol 
is used to uniformly disperse the diamond and to carry away waste material. Water is not a good 
fluid for diamond because of the tendency of diamond to agglomerate in water. Water is also not 
desirable because of the slight solubility of barium fluoride in water. 

A number of photographs of polished surfaces from Shanghai Institute of Ceramics, 
Zhongnan Optical Instrument Factory and LLNL accompany this section to illustrate these 
points. Also, analysis of the polished surfaces has been performed using Atomic Force 
Microscopy (AFM). This analysis supports optical measurements and also provides insights into 
the mechanics of the polishing technique. A series of AFM photographs is included in this sec
tion. 

In order to better understand the effects of surface polish on radiation damage in barium flu
oride, a set of small crystal samples have been polished at SIC then irtadiated and characterized. 
These crystals were then annealed to remove the radiation damage and then polished at LLNL 
using our improved polishing techniques. These crystals have been returned to CIT for irradia
tion and analysis. 



The polishing techniques developed at LLNL are simple to implement and are essentially 
extensions of standard polishing techniques already in practice in the US and in China. We feel 
that these techniques are easily transferred to the Chinese for large scale production and incur 
little added cost to the overall production of finished crystals. LLNL engineers and physicists 
(Fuchs and Wuest) have visited or will visit China to work with the Chinese to develop this ca
pability. 

LLNL has also designed and is currently fabricating a set of special polishing fixtures that al
low up to 5 crystal halves or pairs to be polished at the same time. These fixtures will be com
pleted in August and will be used to demonstrate the technique of multiple polishing. It is ex
pected that flatness can be maintained across the full 25 cm x 25 cm area of grouped crystal 
halves at the level of a fraction of a wavelength of visible light. Also surface finish can be main
tained to about 20 A. Figures and sketches of these polishing fixtures accompany this section. 
These fixtures are again easily adapted to existing techniques and machines in the US and China. 
It is anticipated that these techniques would be provided to the Chinese for mass production of 
crystal pairs. Also, accompanying this section is a step-by-step documentation describing the 
crystal machining/grinding/polishing/lapping in detail, with a set of sketches to illustrate the 
techniques. Finally, a set of summary viewgraphs including timelines for various tasks is pre
sented. 
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BaF2 Surface Preparation and Analysis ~ 

• Continued work with diamond-loaded pitch lapping method: 

- RBS results validate pitch lapping process for BaF2. 
- Small lapping wheel prepared for demonstrations in China. 
- Atomic Force Microscopy (AFM) on polished sample. 

• ORNL-specified mechanical tolerances have been designed into 
polishing procedures and fixtures at LLNL: 

- Design and fabrication of polishing blocks and fixtures is 
proceeding at LLNL. 

- Fully machined crystal from Zhongnan Optical Instrument Factory 
to be delivered to LLNL for coordinate measuring and analysis. 

- Interaction with BGRI, SIC and Zhongnan to transfer technology for 
proper machining and polishing to specifications. 

• Trips to Beijing, Zhicheng City, Hubei province, and Shanghai planned -
early July and early August. 

- M. Lebeau and C. Wuest to meet with SIC, BGRI, Zhongnan Optical 
Instrument Factory 

- Evaluate Chinese technology and equipment. 
- Suggest LLNL-developed polishing methods and begin discussions 

on adapting existing polishing machines to new methods. 
- B. Fuchs and J. Heck to visit China in late July or early August. 

, 



• 

BaF2 Surface Preparation and Analysis ~ 

Milestones: 

July 1: 1. Choice of polishing technology fixed • diamond-loaded pitch lapping technique 
2. Polishing fixtures designed and mechanical drawings complete. 
3. Validation of surface finish with optical, AFM and RBS analysis complete. 
4. First crystal pair received from Zhongnan Optical Instrument Factory. 

July 7: 1. Bids solicited and received for polishing fixture fabrication. 
2. Begin analysis of glues and joint motion/creep during polishing process. 
3. Polish small samples of new BaF2 from China with LLNL process and return 

to CalTech for radiation damage analysis. 

Aug. 1: 1. First polishing fixtures received. Other fixtures in fabrication. 
2. China trip by C. Wuest and M. Lebeau complete. 
3. Additional crystal pairs received from China. 

Aug. 9: 1. All polishing fixtures completed and delivered to LLNL. 
2. Trip by B. Fuchs and J. Heck planned August 13. 
3. First batch of crystals nearing completion at Zhongnan Factory. 
4. Polishing begins on crystals. 
5. Gluing begins on crystals. 

Sept. 2: 1. China trip by Fuchs and Heck completed on August 26. 
2. Polishing nearing completion on 5 crystal pairs • 

• • • f • • • • • • 
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The two photographs compare BaF2 crystal surfaces under xl 79 
magnification. The first photograph shows the crystal surface as prepared at 
the Shanghai Institute of Ceramics. The surface roughness is about 200 A 
RMS in the areas between the large gouges. Note also that the gouges 
terminate in blobs of material, presumably polishing compound mixed with 
BaF2 particles. The second photograph shows a BaF2 surface that was 
diamond-turned at LLNL using a single diamond bit on a lathe. The surface 
exhibits different roughness in the two different crystal grains and the 
boundary of the grain is clearly discernable. 
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The next two sets of figures are Rutherford Backscattering Analysis scans 
made by M. Strathman of Charles Evans and Associates. Two different 
samples of BaF2 were examined. The first sample is an LLNL polished 
BaF2 crystal. It was polished using the standard diamond loaded pitch'Iap as 
a final polish to a finish of about 20 A RMS. Half of the crystal was then 
etched in a 5% HF, 10% HCl aqueous solution for about 5 minutes. The 
sample was then rinsed with distilled water. In these figures, no crystal 
structure is discemable, implying an amorphous layer at the surface. The 
next two figures show a different sample polished with the same technique, 
with an additional 20 minute polish using a diamond loaded pad and 
ethylene glycol. No acid etch was performed. The two RBS scans are for 
the same crystal with different orientations with respect to the helium beam. 
Good crystal structure is seen at the surface of the crystal in this case. 
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Photographs comparing surface finishes on BaF2 crystals. The surface on 
the left is a polished surface from the process used by the Zhongnan Optical 
Instrument Factory. This surface is an improvement over the polish obtained 
from the Shanghai Institute of Ceramics. However, many inclusions are 
visible and are most likely contaminants introduced into the surface from 
poor quality polishing fluids and compounds. The photograph on the right 
shows an LLNL polished surface under the same magnification (x179). 
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lnterferograms of two different BaF2 surfaces showing the flatness. The 
first photograph shows a 4 cm x 4 cm surface polished at the Shanghai 
Institute of Ceramics. Especially noticeable is the round-off of the edges 
and the general convex shape of the surface. The next photograph shows a 
similar sized crystal ground and polished flat at LLNL. The accompanying 
scan shows that the peak-valley height is about 63 nm. Also, the surface is 
concave in one dimension. This is desirable for mating surfaces together for 
gluing. 
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BaF2 Surface Preparation and Polishing ~ 
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The next few pictures show Atomic Force Microscope pictures of an LLNL 
polished BaF2 surface. The color of the surface is coded to represent height. 
Typical "scratches" are about 6 nm (60 A) peak-valley. Typical RMS 
surface finish is about 1.4 nm (A). Scans are represented by white lines 
across the area of the surface. Red and green color coded data corresponds 
to the area between the red or green cursors on the scans. Two sets of 
magnifications are provided - 50 µm x 50 µm (about xlOOO magnification) 
and 10 µm x 10 µm (about x5000 magnification). 
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A polishing/lapping machine at LLNL. A pitch lap is mounted on the lower 
turntable spindle. Parts can be attached to an arm above the turntable which 
swings back and forth across the rotating lap. This procedure can be easily 
reversed to mount the lap on the top swing-arm and the polishing fixture 
containing the crystals on the turntable. Rotation rate and swing speed and 
range can be adjusted to control surface flatness. Simpler versions of these 
machines exist in China at Shanghai Institute of Ceramics, Beijing Glass 
Research Institute and the Zhongnan Optical Instrument Factory. 
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Concept sketch of grinding and polishing fixture (in fabrication at LLNL). 
The fixture is designed to hold 5 crystals at a time. Two fixtures are being 
prepared one for the half crystals and one for the crystal pairs after gluing. 
The crystals are mounted to precision machined blocks that are adjustable to 
provide the proper offset of the angles of the surfaces for a co-planar surface 
to the polishing lap. Shims are used to align the crystals in other dimensions 
and to distribute loads across larger areas of the crystal surface. This fixture 
is mounted on a rotating turntable and a polishing lap about 2/3 of the area 
of the combined crystal surface is brought down from above. Flatness is 
maintainable to a few fringes over the entire surface using this technique. 
Surface finish is maintainable to a few tens of angstroms. 
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Concept sketch of grinding and polishing fixture for the crystal end faces (in 
fabrication at LLNL). The fixture is designed to hold 4 crystals at a time. 
The fixture is designed in two halves to allow the crystals to be mounted. 
Not shown are small pieces of BaF2 crystal placed around the perimeter of 
the polishing fixture to prevent rolling off of the edges. Shims are used to 
align the crystals in other dimensions and to distribute loads across larger 
areas of the crystal surface. This fixture is mounted on a rotating turntable 
and a polishing lap about 2/3 of the area of the combined crystal surface is 
brought down from above. Flatness is maintainable to a few fringes over the 
entire surface using this technique. Surface finish is maintainable to a few 
tens of angstroms. 
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Concept sketch of gluing fixture for the crystal pair (in fabrication at LLNL). 
The fixture is designed to take advantage of the perpendicularity of two of 
the sides with respect to the interface sides. The crystals are allowed to rest 
on the the flat surface of the fixture and are lightly loaded to press the ends 
together during the curing stage of the glue. Shims are used to align the 
crystals in other dimensions and to distribute loads across larger areas of the 
crystal surface. 
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Interdepartmental letterhead 
Mail Code L-490 
Tel. Ext. 2-7003 

To: Craig R. Wuest 

From: Ben Fuchs/Fred R. Holdener 

May 26, 1992 

Subject: Crystal manufacturing procedures for Barium Fluoride 
Crystals 

The following is a proposed procedure for manufacturing crystals for 
the Electromagnetic Calorimeter to be used by the Superconducting 
Super Collider Laboratory in Dallas, Texas. 

Proposed Manufacturing Steps: 

(1) - Choose best surface (i.e. flatest) as Surface Datum #1 (SD#l) for 
a set of four crystals. 

(2) - Use standard oven procedure to hot wax SD#l to Wedge Crystal 
Mount and repeat for the additional three similar crystals as shown 
in Figure 1. 

(3) - Assemble four crystals into Closed Pack Assembly (CPA-4). 
This step is performed on a cleaned, stable (e.g. granite) flat surface 
as shown in Figure 2. 

(4) - Blanchard and loose abrasive grind (see Appendix) top surfaces 
to establish Surface Datum #2 (SD#2) for the set of four crystals of 
CPA-4. 

(5) - Use standard oven procedure to remove four Crystals to deblock 
from their wedge mounts. 

Note: If the chosen best surface of Step (1) is not flat to less than 
0.025 mm (0.001 inch) then steps 2 through 5 need to be repeated 
with SD#2 down to allow a Blachard and loose abrasive grind of 
SD#l. , 
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(6) - Block set of four crystals to their 90 Degree Side Mount Guides 
using oven hot wax procedure with Wedge Crystal Mount laying on 
its side as shown in Figure 3. Shim as necessary to Wedge Crystal 
Mount to accept loads during grinding procedure to follow. 

(7) - Assemble crystals into CPA-4-90 with side blocks for Blanchard 
grind/polish to establish Surface Datum #3 (See Figure 4.) Note: This 
will establish the three plains at 90 degrees to one another common 
to all crystals. 

(8) - Deblock crystals and reblock with newly established Surface 
Datum #3 down and Side Mount Blocks removed. Assemble into 
CPA-4 and Blanchard and loose abrasive grind top to establish 
Surface Datum #4. 

Note: All four Datums are now established with four 90 degree 
surfaces. 

(9) - Use oven Procedure to Mount four 
Crystal End Mount as shown in Figure 5. 
in each half assembly. 

similar Crystals within 
Note: Two crystals mount 

(10) - Blanchard and loose abrasive grind Crystal Ends and perform 
final polish. 

(11) - Flip fixture and Blanchard and loose abrasive grind to desired 
height (150 mm) (i.e. establishing crystal length) and perform final 
polish. Use Oven procedure to remove crystals mounting blocks. 

(12) - Clean crystals and assemble using glue mating fixture (See 
Figure 6) to maintain alignment during gluing procedure. The two 
glued crystals are now 500 mm in overall length (250 mm per 
individual crystal). 

(13) - Remount long (500 mm) crystals onto Long Mating Crystal 
Mounts with SD#l down using Oven Wax Procedure and reassemble 
into Long Crystal Closed Pack Assembly with eight crystals as shown 
in Figure 7. , 

.. 

-
.. 

.. 
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-
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(14) - Final Grind and Polish SD#2. 

(15) - Remove crystals and remount with SD#2 down and perform 
final grinding and polishing procedure to complete SD#l. 

(16) - Remove crystals and remount with SD#3 down and perform 
final grind and polish procedure to complete SD#4. 
(Note: Now the three 90 degree sides are complete) 

(17) - Remove crystals and remount with SD#4 down and mounted 
with tabbed shim stock of specified dimension along entire edge of 
SD#4. Edge will· be left or right depending on the orientation of the 
crystal specification. (Tabbed and individually matched for each 
specific size matching to the specification table angle with SD#4 · 
laquer protected). 

(18) - Perform final Blanchard and loose abrasive grinding and 
polishing procedure to finish last angled surface on long crystal. 
(Polishing complete). 

Note: Chamfering edges (0.5 mm x 45 deg.) will occur between above 
steps as required. 

(19) - Clean, Inspect, Protect, Package & Ship ...... . 
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APPENDIX 

Notes regarding specifics on grinding and polishing steps ..... 

1. GRINDING (Bound) 

(la) Initial grinding will use a Blanchard bound abrasive 
grinding machine. 

(lb) Lubrication will consist of white mineral oil. 

2. GRINDING (Loose)/POLISHING 

(2a) Loose abrasive grinding and polishing will be performed 
on a 31" diameter conventional polishing machine. 

(2b) 30 micron aluminum oxide loose abrasive will be used to 
remove surface and sub-surface damage from bound 
abrasive surface generator. 

(2c) 9 micron aluminum oxide loose abrasive will be used to 
remove surface damage from previous . operation. 

(2d) Lubrication will consist of either silicon fluid or ethylene 
glycol. 

3. POLISHING 

(3a) Polishing will use Gugolz pitch (Hardness 64 to 73) 

(3b) Fine graded 1/4 micron diamond powder will be loose 
abrasive for polishing 

(3d) lubrication will be either silicon fluid of ethylene glycol. 
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Figure 5. Crystal End Mount 
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Closed Pack Assembly 
CPA-8 

Figure 7. Long Crystal Closed Pack 
Assembly 
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2. UV Reflective Surface Coatings R&D 

High quality surface preparation is also important for insuring the proper application of a re
flective coating that exhibits good reflectivity in the UV, as well as long term stability. LLNL 
has experimented with the application of aluminum coatings on barium fluoride, overcoated with 
protective layers of magnesium fluoride or silica. Measurements of front surface reflectance of 
500 A aluminum coatings on barium fluoride have been made along with measurements of re
flectance through a thin (2 mm) sample of barium fluoride (back reflectance). These measure
ments are presented in this section. It is seen that reflectivity at 220 nm is about 90%. 

Diffuse scattering measurements of the aluminum coating have also been made for front sur
face scattering. It is assumed that this is representative of the diffuse scattering on the b~ck sur
face into the barium fluoride crystal. To verify this, AFM and Scanning Electron Microscopy 
(SEM) images were made of the aluminum coating on the polished barium fluoride substrate. 
The surface basically follows the underlying polished substrate and so we can assume that the 
measured diffuse scattering is similar into the barium fluoride bulk (the effect of the difference in 
the index of refraction between barium fluoride (1.47) and air (1.00) is not considered here). A 
measurement of the diffuse scattering into the barium fluoride can be accomplished using a 
hemisphere of material coated on the flat side, however this has been done yet. A plot of the co
efficient of diffuse scattering for a 600 A aluminum coating on barium fluoride with no overcoat
ing is given in this section. The vertical axis plots the logarithm of the amount of light scattered. 
The horizontal axis plots the angle of the laser (633 nm) with respect to the surface normal. 
Measurements were started at 3 degrees to avoid saturating the photomultiplier tube. For angles 
greater than about 30 degrees, the amount of light scattered diffusively is about 0.0 l %. 

Additional work is planned to study the long term integrity of coatings. For example, if mi
croscopic pits or pin-holes occur, moisture can come into contact with the crystal surface, even
tually leading to a degradation of the coating in that region due to chemical reactions that may 
occur. To check this aging tests are envisioned and are summarized in an accompanying view
graph. 

LLNL is also helping to provide this data to physicists at Oak Ridge National Laboratory to 
help model the response of a barium fluoride crystal using a specially written Monte Carlo pro
gram. In addition studies of the response of 50 cm long crystals to cobalt-60 and iron-55 gamma 
rays and x-rays are being carried out at LLNL. These studies are being made for different coating 
materials and combinations of coatings in an effon to provide uniform collection of scintillation 
light along the length of the crystal. 

Finally, we have requested that LLNL coatings engineers provide the Barium Fluoride Col
laboration with an estimate of the work required for full scale coating of the approximately 
15,000 crystal pairs for the EM calorimeter. A document is attached that describes the estimated 
level of effort. An additional estimate is being provided by Optical Coatings Laboratories, Inc. 
(OCLI) in Santa Rosa, CA. OCLI maintains two large 4 m evaporative coating systems and has 
experience in coating large optics. This estimate is in progress. The Beijing Glass Research 
Institute (BGRI) has an older 4 m diameter evaporative coater that could be utiliz¢ for produc
tion coating of crystals. In addition, Zhongnan Optical Instrument Factory has three 1 m coaters. 
We have request coated small samples of barium fluoride from both BGRI and Zhongnan for 
analysis. In addition, we are coordinating the engineers at the various Institutions in an effon to 
design a crystal feeding mechanism for mass production of coatings at BGRI. 
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BaF2 UV Reflective Coatings ~ 

• Aluminum/MgF2 coatings applied and analyzed at LLNL - 90o/o 
@220nm. 

- Front surface scatterometry and reflectometry measurem.ents on new samples in 
progress. 

- Data supplied to K. Read at ORNL for Monte Carlo. 

• New cost estimate made for coating 15,000 crystals by outside vendor: 
$1M- $1.5M 

• Job out for bid to coat single 50 cm BaF2 crystal. 

• Discussions will be held with BGRI to transfer coatings technology 
(coating composition, masks for graded coatings) to their large eva
porative coating system. 

• Discussions with coatings experts at LLNLto evaluate long term integ
rity of coatings - accelerated aging tests, etc. 

• Summer student at LLNL to evaluate 50 cm BaF2 for linearity with 
various coatings using HTV R-4315 PMT (CsTe photocathode) and 
Co-60, SR-90 sources. Data to be supplied to ORNL for Monte Carlo 
benchmarking . 

• • • • • • • • • • 
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BaF2 UV Reflective Coatings - long term aging ~ 

EFFORTS TO MINIMIZE AGING OF COATINGS 
[AGING = CHANGE IN SPECTRAL PERFORMANCE AND /OR DETERIORATION WITH TIME] 

PROBLEMS 

1. Spectral shift due to humidity changes 

2. Reduction of BaF2 and/or coating 
with exposure to UV (darkening/black spots) 

- due to water absorption in coating; 
control by choice of materials and technique. 

- related to stoichiometry of coating materials 
and contaminants present; need to minimize 
fabrication residues, qualify BaF2 surface cleaning, 
and examine choice of coating materials. 

) 

3.) Spot delaminatlon of coating - pinholes In coating/initiation sites of delamination 
related to imperfections on BaF2 surface; 
controlled fabrication of substrate surface critical. 

STUDIES 

- BaF2 surface fabrication I defect reduction 

- BaF2 cleaning technique; analyze surfaces for residues 

- Humidity chamber tests of prototype coatings on BaF2 

- UV exposure tests of prototype coatings on BaF2 
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BaF2 UV Reflective Coatings ~ 

' 

Milestones: 

July 1: 1. Aluminum coatings deposited on BaF2 samples < 20 cm long. 
2. Measurements made on front-surface and back-surface reflectance 

versus wavelength. 
3. Data supplied to ORNL for Monte Carlo. 
4. Long term aging of coatings under study. 
5. Outside vendors identified for coating 15,000 crystals, costing done. 
6. Measurements begin on light collection versus length for "old" Chinese 

50 cm crystal. No coating. 

July 7: 1. New coatings prepared for scatterometry and reflectance measurements 
2. Aging tests begin. 
3. Measurements continue on 50 cm crystal light collection versus length for 

different wrappings/coatings. Data to be supplied to ORNL for LTRANS 
benchmarking. 

Aug. 1: 1. Aging test results becoming available. 
2. Scatterometry results available for Monte Carlo. 
3. Incorporation of FILMSTAR Into LTRANS for reflectance curves. 
4. 50 cm long crystal coated by outside vendor and measured, data 

supplied to ORNL for L TRANS benchmarking. 

Aug. 9: 1. Begin process to coat small samples with non-uniform reflective coatings. 

Sept 2: 1. Coat 50 cm long crystal with non-uniform reflective coating using data from 
experiment and calculations to define functional form for reflectance vs. length . 

• • • • • • • • • • 
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The next series of figures examines the quality of a 600 A aluminum coating ap
plied by electron beam evaporation to a 14 A RMS polished barium fluoride sam
ple. This is the same ample that was examined using Atomic Force Microscopy 
(AFM), images of which were presented in Section 1. The first figure shows 
scanning electron microscope (SEM) photographs of the surface at lOOOx and 
5000x magnification. Features observed include the surface polishing marks be
neath the aluminum coating as well as some small particles, possibly dust or larger 
pieces of aluminum. The next series of figures show AFM images of the same 
sample on a different area of the sample. The first image shows 40 µm x 40 µm 
are with similar features to those seen in the SEM photographs. Three dimension 
analysis reveals that the particles on the surface of the aluminum are about 75 nm 
or less in height. Higher magnification of a 2 µm x 2 µm area shows the surface 
roughness in greater detail. A scan through a region not encompassing any of the 
particulates gives a surface finish of 21 A RMS, or slightly rougher than the un
coated barium fluoride substrate. 



, ) ) ) ) ) ) 

BaF2/ Aluminum Coating Analysis ~ 
600 A aluminum coating applied to BaF2 substrate polished to 14 A RMS surface finish 

Scanning Electron Microscope 
Photograph - x1000 

Scanning Electron Microscope 
Photograph - x5000 
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Lawrence Livermore National Laboratory 

To: Craig Wuest 
From: Bob Chow and Gary Loomis x2-7615 &x4-6227 
Subject: Production barium fluoride coating costs 
Date: 5/22192 

ABSTRACT 

Table 1 summarizes the time duration and costs for this project. Starting with a 
new coating system, the estimate project costs are $0.93M to $1.48M and will take 
= 2.25 to 3.25 years to complete depending on the options. The options are 1 or 2 
vacuum coatings systems, the $0.93M or $1.48M, respectively; and the number of 8 
hour shifts (1, 2, or 3 shifts). Naturally, if you select a vendor with the appropriate 
vacuum system(s) and personnel the project duration can be shortened up to 50%. 

Table 1: Project duration for Barium Fluoride Internal Reflectors 

Time Scale: I Year 1 I Year 2 I Year 3 

Vacuum Coating System 
Procure Coating Vacuum System I<--> I 
Fab, Design, Assemble, Test system I<--> I 
Locate & obtain facilities I<----> I 
Facilitize Coating system I<-> I 

Procure & facilitize spectrophotometer 

Training & Process Optimization 

Coat Crystals 
1 system ($0.93M) 

1 shift 
2 shifts 
3 shifts 

2 systems ($1.48M) 
1 shift 
2 shifts 
3 shifts 

1 

I <-------> I 

l<->I 

I <---------------> I 
I<------> I 
I<---> I 

I<------> I 
I <-->I 
1<->I 



BACKGROUND 

You requested a cost estimate required to coat four sides of 15,000 BaF2 
crystals with an internal UV (180 nm?) reflector. The crystal dimensions were 3 
cm x 3 cm x 50 cm and reflectors were to be coated onto the 3 x 50 cm sides. We 
recommend e-beam evaporated Al as the reflector layer and the protective 
overcoat to be either a thermally evaporated layer of Si02, Cu or Ti. The cost of 
obtaining a vacuum coating system for this project was also included. 

VACUUM COATING SYSTEM 

The dimensions of the vacuum chamber was calculated on efficient 
packing of the crystals onto spindles rotating azimuthally on a platen which is 
also rotating. This enhances the coating thickness control over the platen 
diameter. Figure 1 is a sketch of our thought process coming up with a 9' x9' x 9' 
box chamber. A 30" 0 spindle can hold 16 crystals in almost a square area to be 
coat.ed. The spindles are packed hexagonally onto a platen, giving 96 sides which 
can be coated per cycle. 

COATING PROJECT DURATION 

The estimated time for the coating cycle is 3 hrs, which includes the time to 
mount the spindles ( 1 hr), pumpdown the vacuum chamber (1.5 hrs), deposit the 
layers and vent the chamber. The estimated time for the crystal cleaning cycle is 4 
hrs, which includes the time to actually clean and mount the crystals onto the 
spindles. The longer of the these two cycle times was used in calculating the 
duration of the coating phase since these cycles can be performed in parallel. 

A vacuum system downtime of 20% was assumed. The downtime is 
required to perform tasks such as re-foiling the interior of the chamber to keep it 
clean of particulates, the preventive maintenance of the vacuum pumps to keep 
constant pumpdown times under control (especially since pumpdown is a major 
portion of the coating cycle).and e-gun source maintenance. 

Now we have: 
1. 60,000 sides to be coated 
2. 96 sides can be coated per run 
3. Each coating cycle takes 4 hrs 
4. 20% downtime 

which gives the production coating duration times in the fourth column of Table 2 
below according to the number of 8-hour shifts selected in column 3. 
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Table 2 
Chamber # of # of Coating Capital Exp's Labor Total 

size Vacuum 8 hr duration ($K) ($K) ($K) ($K) $/Xtal 
(feet) systems Shifts (yrs) 

9x9x9 1 1 1.5 560 100 270 930 62 
9x9x9 1 2 0.75 560 100 270 930 62 
9x9x9 1 3 0.5 560 100 270 930 62 
9x9x9 2 1 0.75 1060 150 270 1480 97 
9x9x9 2 2 0.375 1060 150 270 1480 97 
9x9x9 2 3 0.25 1060 150 270 1480 97 

Other time considerations is the periods required to procure a vacuum 
coating system (6 months), a company to design and assemble the system (6 
months), locate a facility to house the system (may take place in parallel with 
other project tasks), facilitize the vacuum system (2 weeks) and the 
training/process optimization for the coating (6 weeks per shift). 

COSTS 

The capital costs are estimated to be $500K for each coating system and $60K 
for an optical spectrophotometer. A spectrophotometer is recommended for 
inspection and quality control of the coatings. 

The expense costs are estimated to be - $100K to $150K. There is about $50K 
for the facilitization of each vacuum system. And there is • $50K for items such as 
source materials, cleaning solvents and wipes, argon for venting, maintenance 
items and miscell~eous furniture. We have not included the costs of polished 
BaF2 crystals. 

The labor costs are estimated to be $270K from the LLNL labor rate of 
$180K/FTE. This labor rate was found to be rather close to the labor rates of large 
(>600 employees) coating houses in the US. We assumed that each shift requires a 
2 person crew; an FTE to clean the crystals and an FTE to coat the crystals, and 
that each vacuum chamber requires its own crew. 

Total costs of$0.93 M to $1.48 M were estimated depending on whether you 
chose to have 1 or 2 vacuum systems, respectively. The results are summarized 
above in remaining columns of Table 3 and shown with time durations in Table 1. 

IN CLOSING 

If you were to consider the next size larger vacuum chamber (a cube with 
18' sides), you would probably have one of if not the largest man-made high
vacuum systems on earth for optical coatings. Please call with any questions or if 
further details are needed. 

cc: Jack Dini 
Ted Saito 
Dave Sanders 
Tom Schwab 

3 



30" 0 Spindle 
Holds 16 crystals 

Platen holds 6 spindles; 
250 cm 0 (98.4"0) 
Mount 96 crystals 

Box coater: 
3mx3mx3m 
or 91 x 9' x 9' 

FIGURE 1 
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3. Crystal Growing at LLNL 

LLNL maintains a number of crystal growing furnaces and has experience in growing differ
ent fluoride crystals. The furnaces include two small and one large Czochralski (CZ) furnaces 
and three zone-refiners. We have initiated a program to attempt to grow the best possible barium 
fluoride in small cm sized quantities for radiation hardness analysis. The program is a multi
faceted approach using different source materials, including source material from the Shanghai 
Institute of Ceramics (SIC). The method used at LLNL differs from the method used at SIC and 
BGRI in that the source material is pre-processed in a Reactive Atmosphere Process (RAP), typi
cally hydrogen fluoride, at high temperature to remove water, hydrogen, oxygen, hydoxyls, as 
well as metallic contaminants. This RAP'd material is used as the starting point fo: zone refining 
or CZ processing in an inen gas atmosphere. The process developed at SIC and BGRI uses sin
tered material in graphite crucibles cut to the approximate size of the crystals. The sintered ma
terial is melted in the crucible in a vacuum and slowly cooled to room temperature over a three 
week time period. LLNL typically uses platinum or pyrolytically coated (vitreous) carbon cru
cibles to minimize contamination of the crystal material. SIC engineers regularly throw out the 
first few batches of crystals due to excess contamination from their graphite crucibles. We are 
looking to providing the Chinese with coated graphite crucibles to help eliminate this problem. 

Zone refined crystal is usually polycrystalline, whereas CZ crystal, when done properly, is 
single crystal. Photographs and summary viewgraphs accompanying this section describe the ca
pabilities and the work in progress. In addition, small (2 g) quantities of BDH Fluortran, and SIC 
(sintered, and unsintered) barium fluoride have been delivered to Charles Evans and Associates 
for chemical analysis and comparison. 
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BaF2 Crystal Growing ~ 

• LLNL maintains a number of zone-refining and Czochralski 
process crystal growing systems. Experienced with growing 
fluorides of all kinds. 

Program: 

1. Growing crystals by the Czochralski (CZ) method from a high purity (Fiber Grade) 
melt with and without the additives of NH4HF2 and CF4 (the NH4HF2 is added to 
provide a defined amount of HF in a short duration and the CF4 is used to remove 
the residual OF3· or OHF2· which may be present in the starting material). 

2. Growing crystals by the zone-melting (ZM) method which will zone-refine to 
eliminate or lessen the metallic impurities as well as F- vacancies. 

3. The use of a reactive gas atmosphere processing (RAP) cycle with HF as 
the reactive gas prior to the growth process (this cycle is used to remove all 
adsorbed H20, oxides, and the oxy- and hydroxy-fluoride species. 

4. If time permits, growing by the CZ method from melt prepared by both RAP 
and zone-refining to obtain both high purity and superior structural quality crystals. 

5. Crystals will be evaluated for purity at LLNL and at Charles Evans and Associates. 
Radiation damage tests will be performed at Cal Tech. 

• f f f f f f f f 4 
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BaF2 Crystal Growing ~ 

Milestones: 

July 1: 1. BaF2 source material ordered. 

July 7: 1. Pt/Ir furnace tube ordered. 

Aug. 1: 1. BaF2 source material received from BDH, GFI, SIC and analyzed. 

Aug. 9: 1. Czochralski (CZ) growth of single crystals with dimension of - 25 mm dia. 
x 50 mm length; crucible: Pt; atmosphere: 5-9 purity argon 
(will compare with NH4HF2 and CF4 additives as RAP agents). 

2. Zone-melting (ZM) growth of single crystal; boat: Pt and coated graphite; 
atm: 5-9 Ar. 

3. Reactive atmosphere processing (RAP) of powdered BaF2 (as received from 
vendor); RAP temp.: 1,000oC; boat: Pt; atm: HF; time: 4 hrs. at RAP temp. 

4. Zone-refining and ZM single crystal growth of RAP'd mat'I; boat: Pt; atm: 5-9 Ar. 

Sept 2: 1. Zone-refining and ZM single crystal growth of RAP'd mat'I; boat: coated graphite; 
atm.: 5-9 Ar. 

2. Cut samples sent to CalTech for radiation damage analysis. 
3. Final single crystal samples CZ grown, cut and polished for analysis. 
4. Crystal samples cut, polished and analyzed at LLNL and CE&A. 

, 
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BARIUM FLUORIDE Fibre Grode Product Number 58155 

BoF2 MW 175.34 

SG 4.89 

Mp 1368°C 

Bp 2272°C 

Melt grown; crystal fragments. 

Mass-Spectrographic Analysis 
Uranium u 
Thorium Th 
Bismuth Bl 
Lead Pb 
Thallium TI 
Mercury Hg 
Gold Au 
Platinum Pt 
Iridium Ir 
Osmium Os 
Rhenium Re 
Tungsten w 
Tontotum To 
Hafnium Hf 
Lutetium Lu 
Ytterbium Yb 
Thuriurn Tm 
Erbium Er 
Holmium Ho 
Dysprosium Dy 
Terbium Tb 
Gadolinium Gd 
Europium Eu 
Samarium Sm 
Neodymium 11d 
Praseodymium Pr 
Cerium Ce 
Lanthanum Lo 
Barium Bo 
Caesium Cs 
Iodine I 
Tellurium Te 
Antimony Sb 
Tin Sn 
Indium In 
Cadmium Cd 
Silver Ag 
Palladium Pd 
Rhodium Rh 

Harmful 

<.01 Ruthenium 
<.01 Molybdenum 
<.01 Niobium 
<.02 ZKconium 
<.01 Yttrium 
< .03 Strc,ntium 
<.03 Rubidium 
<.03 Bromine 
<.02 Selenium 
<.02 Arsenic 
<.02 Germanium 
<.1 GoUium 
< .1 Zinc 
< .1 Copper 
< .1 Nickel 
< .4 Cobalt 
< .01 Iron 
<.03 Manganese 
< .01 Chromlum 
<.4 Vanadium 
< .1 Tltonium 

Scandium 
<.6 Calcium 
<.04 Potassium 
<.04 Chlorine 
<.1 Sulphur 
<.1 Phosphorus 
< 1 Silicon 
Bose Atuminium 
< .01 Magnesium 
< .01 Sodium 
< .3 Fluorine 
<.06 Oxygen 
< .1 Nitrogen 
< .01 Carbon 
<.03 Boron 
<.02 Beryllium 
<.05 Uthium 
<.01 

All figures ore quoted in ppm atomic 

Harmful by inhalation and if swallowed. 
Avoid contact with skin and eyes. 

Ru 
Mo 
Nb 
11 
y 
Sr 
Rb 
Br 
Se 
As 
Ge 
Go 
Zn 
Cu 
NI 
Co 
Fe 
Mn 
Cr 
v 
TI 
Sc 
Co 
K 
Cl 
s 
p 
Si 
Al 
Mg 
No 
F 
0 
N 
c 
B 
Be 
Li 

The sale of moteriols described in this data sheet will be covered by the General 
Conditions of Sole of BOH Limited. a copy of which is available on request. 
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Reactive Atmosphere Processing (RAP) station. This station is used for pre
treating crystal source material to remove water and metallic contaminants. 
Hydrogen fluoride gas is circulated through the canister as the sample 
material is heated. 
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One of three zone-refining stations at LLNL. The technician is shown 
inserting a platinum crucible into the furnace tube. The heating element is 
the coil surrounding the tube. Newer versions of zone-refiners use a thin 
disk-shaped RF induction heater. The heater disk is translated across the 
melt sample at speeds of 1 to 10 mm/hr typically. 
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Platinum crucible with a zone-refined crystal sample after refming. Zone
refining is typically performed in an argon atmosphere although reactive 
gases such as HF can be introduced as well. Thermal gradients drive 
impurities to the ends of the melt leaving a central region of high-purity 
crystal (usually not single crystal) that can be used as starting material for 
Czolchrowski growing of single crystals. 
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One of two small Czolchrowski furnaces available at LLNL for growing 
doped or un-doped single crystals. 
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Large Czolchrowski furnace at LLNL used to grow the Gadolinium
Gallium-Garnet crystal shown in the next photograph. The furnace is 
mounted on air columns for vibration isolation. 
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Control room for the large Czolchrowski furnace. The monitor shows the 
crystal melt looking down into the furnace tube. 
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Gadolinium-Gallium-Gamet single-crystal grown at LLNL using large CzGchralski 
furnace. The crystal is shown before and after cutting and polishing the end faces. 
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Chromium-doped fluoride crystal grown at LLNL using smaller Czochralski 
furnace. Size is typical of crystals available for test and evaluation. 
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4. Site visits to SIC, BGRI and the Zhongnan Optical Instrument Factory 

A number of visits to China have been made by engineers and physicists over the past few 
months. In particular, Mr. Jack Heck of ORNL and Prof. R. Zhu traveled to China in late May to 
visit BGRI and SIC (see their reports for details). The purpose of this trip was to see the BGRI 
4 m evaporative coating system, to discuss mechanical engineering details of the crystals and the 
titanium support structure with Chinese counterparts, and to assess the vacuum systems on the 
BGRI and SIC crystal furnaces. At this time it was learned that a factory in Hubei province - the 
Zhongnan Optical Instrument Factory (ZOIF) - was interested in developing the technology for 
the machining and polishing of barium fluoride crystals. This factory, originally built in the 60's 
for the support of the Chinese naval shipbuilding program, produces large optics (periscopes), 
small optics for cameras and optical insooments, as well as oil well drilling pipe and large hy
draulics for hydro-electric power generating stations. 

In July (July 6 - July 16) Michel Lebeau of LAPP/CERN and Craig Wuest of LLNL visited 
BGRI, SIC and ZOIF. Presentations were made at each institution on LLNL crystal surface 
preparation, coatings and crystal growing. Also, Mr. Lebeau met with engineers from Tsing Hua 
University to discuss the laser welding of the thin titanium structure that will hold the barium 
fluoride crystals. 

In August, Mr. Ben Fuchs of LLNL and Mr. Jack Heck will visit BGRI, SIC and ZOIF, with 
emphasis placed on ZOIF to work with their engineers to implement the LLNL polishing tech
niques and to work out the details of the mechanical processing of crystals to the proper toler
ances. Copies of the agendas of the LLNL travelers are included in this section. 

A. BGRI Visit 

At BGRI we had the opportunity to review work at LLNL. Emphasis was placed on coatings 
since BGRI has a very large 4 m diameter evaporative coating system. This system may be suit
able for the mass production of crystal coatings. The vacuum vessel, however, is accessible only 
by lifting off the very heavy steel lid with an overhead crane, or by opening small (30 cm diame
ter) ports on the sides. Discussions were held on the feasibility of designing transfer stages that 
could be mounted to the side ports to allow crystals to be loaded into the chamber without having 
to pump the entire chamber volume down each time. It appears that a transfer stage could be de
signed that would allow the coating of crystals at the rate of at least 15 pairs (60 sides) per day. 
We have requested that BGRI supply LLNL with small samples of coated barium fluoride to as
sess the quality of the coating. 

B. ZOIF Visit 

Our visit to ZOIF was very productive and informative. It is clear that ZOIF has developed a 
fairly large production facility that is capable of producing fairly good quality optics. Their ma
chines are somewhat simpler than those in the West but their cutting, grinding, polishing and 
lapping techniques are very similar to those used at LLNL and elsewhere. It is obvious to us that 
a minimal amount of effort will be required to give the ZOIF engineers the capability to produce 
LLNL-quality surface finishes. Facilities at ZOIF are somewhat primitive, however, and it would 
be important to spend some effort to provide ZOIF with capital improvements such as air condi-



tioning and humidity control, as well as dedicated production, characterization, storage and 
packaging areas. 

We have already mentioned the quality of the ZOIF polished surfaces in Section 1. We have 
received from ZOIF a fully machined and polished crystal pair based on specifications provided 
to them by Mr. Jack Heck of ORNL. The crystal, unfonunately, arrived at LLNL damaged. 
However, the large half of the crystal pair was sufficiently intact to allow coordinates to be mea
sured at multiple points on all six sides using a Sheffield Coordinate Measuring Machine 
(CMM). These measurements can be compared to the optical methods used at ZOIF and to the 
specification. In general the crystal measurements are within specification except for a few trans
verse dimensions. A table of figures and a sketch with the CMM measurements is included in 
this section. 

The ZOIF crystal is a very good job considering this. was their first attempt. Accompanying 
this section is a series of repons from ZOIF (in Chinese) describing their processing and mea
surements of this crystal as well as methods to polish multiple crystals based on their preliminary 
understanding of the LLNL polishing fixtures. 

Our visit to ZOIF resulted in the preparation and signing of a Letter of Intent to produce a 
specific set of crystals for our shon term program. In addition, references to a possible longer 
term program were made to help ZOIF to put this program in perspective. The LOI emphasized 
the highly conditional nature of the SSC and the Barium Fluoride Collaboration and that their 
work was very imponant to allow reviewers to assess the viability of production of barium fluo
ride in China. A copy of this letter (typed after our return to the US) is included and details deliv
erables to LLNL in the month of August. A handwritten version of the letter was signed at dis
tributed to ZOIF, BGRI, SIC and LLNL. 

While at ZOIF we were accompanied by Prof. Z. z. Dai of BGRI and Prof. P. J. Li of SIC as 
well as other SIC personnel. 

C. SIC Visit 

Our final visit was to the SIC Jiading facility, hosted by Prof. Li and Prof. Z. W. Yin. We 
presented our work on LLNL crystal growing and toured the crystal growing facility at Jiading. 
Also, a representative from British Leybold (Hong Kong) visited to have a look at the vacuum 
systems and to make recommendations. It is clear that there is much room for improvement on 
the vacuum system. Outdated Chinese mechanical and diffusion pumps are used with reduced 
pumping capacity because of many bends in the coupling tubes and the lack of cold traps. 
Vacuum is monitored only near the pump with ion gages and not in the furnace bell jar so it is 
difficult to assess the quality of the vacuum. It is not clear how the porous graphite crucibles ef
fects the crystal quality. As mentioned earlier, the first few sets of crystals are thrown away. 
Thus the crucibles appear to bake out over time. Replacement with coated graphite crucibles 
might help this situation. Also, residual gas analysis (RGA) would be a useful tool to tell the 
sources of contamination. Leybold is very interested in helping to supply SIC and BGRI with 
new vacuum equipment. Many pans are easily fabricated in China and Leybold maintains a 
number of offices in China. Also, there is the possibility of loaning a Leybold RGA to SIC for a 
period of time. LLNL will also look into vacuum system prices in the US for comparison to 
European and Chinese prices. 
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D. General Impressions 

Our Chinese collaborators are clearly very interested in supponing as much of the barium 
fluoride production as possible. While their facilities are not up to western standards it seems that 
they can still produce high quality mechanical processing and polishing. Crystal growing is still 
needing improvement, however it is fairly straight-forward to improve vacuum systems and cru
cibles as well as source material. It is hoped that work at LLNL and elsewhere can guide the 
Chinese to the proper choices for growing high quality crystal. 

With regard to mechanical processing at ZOIF, there is sufficient manpower and space to im
plement a dedicated production facility. One of the drawbacks at ZOIF is the rather remote loca
tion of the factory (about 8 hours by car from Wuhan, the closest airport). Factory representatives 
indicated that they are planning to move facilities to the coast in the next year or so. If this hap
pens, it will certainly allow for much easier access and faster shipping of materials between east 
and west. 

We are impressed with the technical skills of engineers at ZOIF, SIC and BGRI as evidenced 
by samples of crystals we have received at LLNL for analysis. In particular, ZOIF is very close 
to being able to implement the LLNL polishing procedure. It is anticipated that our August visit 
will result in the full implementation of this procedure at ZOIF. 

Because of the urgency of presenting as much work as possible in the month of August, we 
have pressed our colleagues in China and they have responded rather well, to the point of cancel
ing trips and rearranging schedules to satisfy our demands. We are encouraged that they have 
demonstrated the willingness to accommodate our rather difficult situation. 
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SHANGHAI INSTITUTE OF CERAMICS 

CHINESE ACADEMY OF SCIENCES . 

1295 Ding-xi Road, Shanghai 200050, China 

Tel, 2512990 Telex: 33309 ASSIC CN FAX: 86-21-2513903 

Itinerary and phone numbers for Craig Wuest travel to Dallas/China 

July l: travel from Oakland to Dallas: 
DL 815 l Jul Oak-DFW 2:15P-7:40P 

July 2-3 meeting at SSC L 
phone contact Dr. George Yost,(214) 708 6027 
accommodation at Holiday Inn DeSoto 
phone: (214) 224 9100, fax: (214) 228 8238 

July 4-5: travel from Dallas to Tokyo: 
DL 1717 /51 4-Jul DFW-PDJE-NRT 8: 16A-10:00A, 1:30P-3:35P (+l) 
night of July 5 in Tokyo at Narita International Hotel 
phone: 011-47-609-31234 

July 6: travel from Tokyo to Beijing: 
JL 7816.JULNRT-PEK10:00-13:15 together with Dr, M. Iebeau of CERN 

July 7-8: meeting at Beijing Glass Research Institute 
organized by Prof, Dai Zizhong and Wen Ou 
phone: 011-86-1-701-3092, fax: Oll-86-1~511-2478 

meeting at Tsing Hua University Beijing 
organized by Dr. Shang Rencheng 

July 8-9: travel from Beijing to Zhicheng City, Hubei Province 

July 10: meeting at Zhongnan Optical Instruments Factory in Zhicheng City 
organized by Dr. Zhang Chunyuan 
phone: 011-86-7-22-271, fax: 011-86-7-22-452 

July 11: travel from Zhicheng to Shanghai 
accommodation at Jing An Guest House 
phone: 011-86-21-255-1888, fax: 011-86-21-255-2657 

July 13-14: meeting at Shanghai Institute of Ceramics 
organized·by Prof. Yin Zhiwen at Jiading plant 
phone: 011-86-21-251-2990, fax: 011-86-21-251-3903 

July 15: 

July 16: 

meeting at Shanghai Institute of Ceramics 
at ,Jiading plant with Prof. li and Mr. P. Bentley of leybold 
Hong Jqmg 

departure from Shanghai to San Francisco for Wuest: 
UA 858 16-JUL SllA-SFO 2:10P-10:20A 



Itinerary and phone numbers for Ben Fuchs', and Jack Heck's tra:vel to China 

August 13 - 14: 

August 15: 

August 16: 

August 17: 

August 17: 

August 18: 

August 19-22: 

August23: 

August 24, 25: 

August26: 

travel from San Francisco to Tokyo: 

UA 837 13 AUG SFO-NRT 13:45-16:20 (+1) 

night of August in Tokyo - hotel not known 

travel from Tokyo to Beijing: 

JL 783 15 AUG NRT-PEK 9:00-13:15 together with Mr. Jack 
HeckofORNL 

Sunday - meetings or rest? 

meeting at Beijing Glass Research Institute 
organized by Prof. Dai Zizhong 
also meet at BGRI with Tsing Hua University Beijing 
organised by Dr.Shang Rencheng 
phone: 011-86-1-701-3092, fax: 011-86-1-511-2478 

travel from Beijing to Wuhan, Hubei Province 
assume departure in PM and stay overnight at Hsuan Kung Hotel 
in Wuhan - tickets to be arranged by Prof. Dai at BGRI 

drive to Zhongnan Optical Instrument Factory 
in Zhicheng City, Hubei Province 
organised by Mr. Li Shunxi, Mr. Zhang Chunyuan 
phone: 011-86-7-22-271, fax: 011-86-7-22-452 

Discussions and work at Zhongnan Optical Instrument Factory 
accomodations to be determined by Chinese Hosts. 

Drive from Zhicheng City to Wuhan and depart Wuhan in PM for 
Shanghai. Tickets to be arranged by Chinese Hosts. 

accomodation in Shanghai at Jing An Guest House 
phone: 011-86-21-255-1888, fax: 011-86-21-255-2657 

meeting at Shanghai Institute of Ceramics 
Jiading Plant 
organised by Prof. Yin Zhiwen 
phone: 011-86-21-251-2990, fax: 011-86-21-251-3903 
stay at Jiading Hotel 

departure from Shanghai to San Francisco for Ben Fuchs and Jack 
Heck 

NW 78 26 AUG SHA-NRT 10:55 - 15:15, UA 828 16:30-9:45 
NRT-SFO 

-

-
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Coordinate measuring machine (CMM) dimensional measurements of a 
large crystal half received from the Zhongnan Optical Instrument Factory. 
The crystal arrived at LLNL slightly damaged, however good surfaces were 
available on all six sides to allow a complete mapping of the crystal 
dimensions, surface flatness, perpendicularity and angles. A table follows 
which compares the specified values, the values measured on this crystal by 
engineers at Zhongnan and the CMM values measured at LLNL. 
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Measurements made on a large crystal half machined and polished at the Zhongnan 
Optical Instrument Factory. Zhongnan used a variety of optical methods to determine 
coordinates. LLNL utilized a Sheffield coordinate measuring machine which contacts the 
BaF2 surlace with a pressure of about 2 g and provides spatial coordinates with an 
accuracy of about 0.005 mm. Specifications have changed slightly in the time this crystal 
was fabricated. This is intended to show the relative error in the meaurements available 
at the Zhongnan Factory and the ability of engineers at Zhongnan to deliver within 
specifications. In general the dimensions are quite good considering this was their first 
attempt to fully machine and polish a crystal pair. -
Measurement Specification Zhongnan LLNL in/out of spec 

Joint Surlace (mm) 
Bl 41.02- 0.30 40.89 40.893 in 
B2 41.32- 0.30 41.57 41.873 out +0.55 .. 
B3 41.09- 0.30 40.38 40.887 in 
B4 41.32 - 0.30 41.88 41.898 out+0.58 

End Surlace (mm) 
Cl 50.84- 0.30 50.59 50.643 in 
C2 51.82- 0.30 51.57 51.603 in ... 
C3 50.92- 0.30 50.81 50.636 in 
C4 51.82- 0.30 51.57 51.635 in 

Length (mm) 250 +I- 0.30 249.94 250.056 in 

Angle (degrees) 92.25 +I- 3' 92.25 92.23 in .. 
Perp. side vs. 0.04 0.03 0.016 in 
side surlace (mm) 

Perp. end vs. 0.02 0.01 0.01 in 
side surlace (mm) 

Perp. joint vs. 
side surlace (mm) 0.02 0.02 0.03 out 

Par. side vs. 
side surlace (mm) 0.02 0.01 0.015 in -Surlace flatness (mm) 

A 0.01 0.0015 0.016 out 
B 0.01 0.002 0.016 out 
c 0.01 0.0025 0.015 out 

Alpha (degrees) 90.09 NIA 90.11, 90.14 NIA -

-
.. 
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