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1.     INTHOI)r( TION 

1.1 PROGRAM OBJECTIVE 

The objective of this program is to conduct an integrated evaluation of techniquea 
for surface finishing and protective coating of alkali halide substrates for use in lasei 
systems operating in the 10.G and 3 to 5 jim regions.    Potassium chloride lias been 
selected as the alkali halide substrate to be studied. 

Surfaces lapped and polished using conventional abrasive techniques will be 
compared with those resulting from chemical lapping, chemical lapping followed by 
glow discharge cleaning, and sputter etching.   Thin organic polymeric coalings pre- 
pared by electrodeless glow discharge polymerization and ultraviolet irradiation will 
be evaluated for their ability to provide environmental protection and the required 
optical properties. 

A study will also be made of possible antireflective coating designs, the Koloctlon 
ant! deposition of appropriate organic materials, and mcisurement of the .mlirelicctive 
properties of these fi'.ms. 

1.2 \U)HK STATEMENT 

Conduct an integrated research program on the preparation and evaluation of 
organic polymeric infrared optical coatings for alkali halide substrates.    Surface 
finishing will be done using chemic 1 -mechanical techniques and ion polishing.    These 
surfaces will be characterized by visual and microscopic examination with scanning 
electron microscopy, as well as measurements of scattering, reflectance, trans- 
mittance and absorptance.    Surface coatings will be prepared by ultraviolet or radio 
frequency glow discharge polymerization or copolymerization of the appropriate 
monomers.    In addition to the previously mentioned techniques, the coatings will be 
evaluated by absorption calorimetry, intjrferometry, X-ray or electron diffraction, 
and tests for mechanical adhesion.   Window surfaces will be subjected to high power 
laser pulses before and after coating in order to establish damage thresholds for ihr 
surface and the coatings.    Indices of refraction will be precisely measured for !"i! the 
materials selected, possible antireflective coating designs will be configured, and llu- 
appropriate materials will be deposited and the antireflective properties will be 
measured. 

Samples (Polymer Coated Alkali Halide Optics) developed under the contr.ut 
will be delivered, at the request of the Contracting Officer, and shall not exceed six 
samples ^er quarter. 

IIOH^I 





mm mm mm^mmmm^-^ "   i        "i m^nmfw^^r mmmmm 

TABLC I.    Monomer« Selected for Kvaluatioii 

Monomer Chemical Structure 

!• lurorform 

liromotrifluoromethane 

Chlorotrifluoromethane 

Dichlorodifluoromethane 

Trichlor-ofluoromethane 

Tetrachloroethylene 

Tetrafluoroethylene 

Clilorot r if luoroetbylene 

Hrop1 vtrifluoroethylene 

Chloropeniafluorocthane 

1,2-I)iclilorotetrafluoroetliane 

1,2-l)il>romotetrafluoroethane 

1,1,2-Triclilorotrifluoroethane 

ilexafluoroeyclobutane 

liexachlorobutadiene 

net. 

HrCI 

ClCF 

:{ 

3 

CI1CF| 

CI,CF 

ci2c   cci2 

F2C    CF2 

cue    CF, 

BrFC    n., 

C1F2C-CF3 

CIF-C - CF-CI 

BrF.C    CF Br 

CljFC - CF.CI 

F2C-CF2-CF2 - CF2 

Cl-C    CCI-ClC    eel., 

usintf a mininuim number of monomers.    This should nid in resolving the eomposltlonal 
and structural relationships Df Hie resultant polymers with their chemleal,  mcelwulcal, 
and optical prope"ties.    It will also aid in the selection < f monomer blends to In  usi-d 
for alterir { these properties particularly in the develoj ment of ulAireflective mitiilRH. 

2.2   POLYMER DEPOSITION EQUIPMENT 

A photo of f!-.,' equipment used in the polymerl/ationM is shown in Kigtir«' I. 

The «low diseliarne cnambcr is containeil in the hell jar on the It'll side ol llir 
picture ami the photolysis chamber is the «lass cross on the li^lil.    Tht' pliololvsis 
chamber is mounted on a four inch oil diffusion pump sep:irated from the ; hambrr by 
a two inch '.dive and liquid nitrogen trap.    Tin ^low diseharue chamber is connicttd 
to the photolysis chamber throußh one inch flexible stainless steel tubing and valving 
to permit independent operation of the two systems.   The discharge coll is coupled 

——^-—^—Ä, •v«-. ^^a^^^—^M 
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2.3   POLYMER DEPOSITION 

As rllnmaiMMl above, the maximu.n vacuum which coulil bo .M hievcil in the 
chnmliori [)ri()r to receipt of several parts for the manifold vas 1()~'   mm lltf.    The 
photoljftto cliamber was therefore evacuated to this prcssun , backfilled with argon 
and rc-cvacuated several times to remove residual air.    Two weighed aluminum 
substrates (1H x 50 x 0. 1 nun) were used for each deposition.     The gaseous monomers 
selected were dichlorodifluoromethane (ClfCF«) and bromotrifluoroethylcne (IlrC^Fal. 
The reaction conditions and results are shown in Table II. 

TABLE II.   Results of Ultraviolet Deposition of Dichlorodifluoromethane 
and Dromotrifluoroethylene 

Flow Rate      Pressure       Substrate        Deposition        Wt. Deposited 
Run    Monomer       cc/min mm Hg       Temp., 0C      Time, min. nip/cm^ 

1 C12CF2 9.6 0.22 18-36 M 0 

■2 BrCfra 8.0 0.27 23-39 60 0 

3 BrC2F3 B.6 
0 

7 
7-0.028 

22-33 
33-37 

B0 
(.ii 0. 09 

No polymer could be detected in run (1) using dichlorofluoronifthanc by either 
weight gain of the aluminum substrates or by infrared analysis performed by placing 
the substrates against a KRS-5 crystal mounted in a Frustrated Multiple internal 
Reflection (FMK) attachment to a Perkin Elmer, Model 454,  infrared 
spectronhotometer. 

Bromotrifluoroethylen" (BK^Fs) was selected for the second run since it 
contained a carbon-to-carbon double bond and weaker carbon-to-bromine bond, and 
■hottld therefore be more readily polymerizable using ultraviolet light.   The reaction 
conditions were almost identical to those used in run (1).   Again no polymer war 
detectable. 

The pressure was increased in run (3) by partially closing the valve to the 
vacuum pump.   After one hour of exposure to the 2500 watt mercury-xenon lamp 
liquid condensate had formed on the substrates and on the walls of the vacuum chamber, 
The gas flow was stopped and the valve to the vacuum pump was fully opened,    lltra- 
violet irradiation was continued for an additional hour while the pressure slowly 
dropped to 0.028  torr and liquid condensate could no longer be detected on the 
walls of ihe vacuum chamber.    A tacky colorless film weighing 0.09 mg/em* resulted. 
If a density of 2.0 is assumed for the film, the film thickness is approximately 
4.5 x 10-r> cm.    FMIR analysis again showed no absorption bands other than those of 
the uncoated aluminum substrate.   The film was readily soluble in acetone indicating 
a low molecular weight. 
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While these results are too limited to draw any eonelusions, they Indicate the 
Importance of monomer pressure on the depoaltion rate.    The reason for the failure 
of I'MLM to show the presenee of the polymer on the substrate in run (3) is unknown 
at this time.     Thinner substrates will he used to obtain a better press til a^ainsl Ihe 
KHS-r. crystal and if this fails, the crystal itself will be used as the subsl rale. 

2.4   POTASSIUM CHLORDE POLISH INC. 

Kxperimental studies were initiated on th»- use of anhydrous aleohols as vehicles 
for soft abrasive polishing of potassium chloride laser windows.     The purpose of the 
alcohol is to provide a protective ambient for the window discs as well as to provide a 
slowly reacting solution of very low equilibrium solubility for the potassium chloride. 
The higher alcohols (three carbons and up) offer an easily controlled solubility for 
KC1, with dissolution values decreasing up the series and with solubility in the primary 
alcohol less than in the corresponding secondary (see Table 111).   The combination i f 
etching (by dissolution) together with controlled light abrasive action should provide 
as excellent a final polished surface as the analogous technique doe« for Rilicpn wafers. 
In the absence of water, the techniques reported by Sakamoto and Kobayashi  '   and 
others,  should be improved.    Initial tests will involve alcohols alone or with standard 
aluminum oxide polishing powders, but later work will concentrate on softer,  more 
friable (i.e. , more easily broken down to finer particle size) abrasives. 

For these initial tests, a Syntron Polisher, Model LP01C, was used to provide 
gentle agitation during polishing.    The bowl bottom was fitted with a glass plate finely 
lapped to an extremely flat condition.   Over this was positioned a polishing cloth surface 
(i.e., micro cloth, nylon cloth or silk cloth).   A polishing vehicle volume ol 100 ml 
was used for each experimental run.    The rate of surface removal was determined by 
weighing to 0.0001 pram using a semi-automatic, one-pan, Ohaus Model 1000 balance. 

Potassium chloride windows, optically polished (5-10 fringe flatness, parallel 
to 1C minutes), liad been obtained from Ilarshaw in the form of discs 2.r) mm in diameter 
and S mm thick.    Later work will irvolve Ilarshaw laser quality discs flat to 1   10 wave- 
length, parallel to 30 s^r  " '.o (see Figure 2d).   These flat windows were inspected at 
30X and 400X under a omocular microscope in order to characterize the surface. 
Microphotographs and scanning electron micrographs (8EM) (see Figures '2A, 2b, and 
2c) were taken of selected areas in order to compare later polishing effects.    After 
weighing the 5 gram discs to five significant figures, the windows were allowed to 
randomly rotate on a Syntron Polisher; after measured time intervals the discs were 
reweighed to determine thickness changes. 

Butyl alcohol, alone or with a few percent of 0. 06 micron s'ze aluminum oxide 
inde B abrasive) appeared to produce minimal action with a micro cloth surface, 
utyl alcohol, with a few percent of '.) micron size (Microgrit WCA No. i») AlaO« on a 

(I 
Hutyl 0....... „ _„ ,   ...   , -„ - _.  . 
nylon cloth appeared to remove about 700 A/minute at a low Syntron speed and a 
pressure of about 7 grams/cm'-.    However, this coarse, hard material produced easih 
visible scratches on the potassium chloride öurface.    The damaged surface was fuithcr 
polished using butyl alcohol vehicle with the smaller size 1 micron KtM^ (Microgrit 
GB 2000) polishing powder using the Syntron vibrator with a nylon cloth   ami Ihe same 
7 grams cm'' pressure.    This combination appeared to remove surface material at a 
rate of about 500 A/minute.   The surface finish, although showing Improvement, 
appeared to change slowly. 

(5 
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TABLE III.   Solulhlitk's of KC1 In Several Alcohola at 25 C* 

Alcohol 

Methyl Alcohol 

Kthyl Alcohol 

n-propyl Alcohol 

isopropyl Alcohol 

n-butyl Alcohol 

Isohutyl Alcohol 

Isopentyl Alcohol 

Perccn( KCI 
by WelgN 

o. r.:i 

().02K 

0.0040 

0.021 

0.0012 

0.0049 

o.nooi) 

•(Interpolated fron\ daca given in "A Few Mules Concerning 
the Variations of the Snlvihility of the Chloricies of Alkali 
Metals in Alcohols," by V.   Plyuschev et il, Nauk. 
Doklady Vysskei Shkoly,  Khim.   i Khirn Tekhnol.  1968, 
No.  2,p.  279-282) 

A less expensive organic solvent and one with higher sulubiiity lor potas-ium 
chloride appeared appropriate from the above preliminary work     isopropyl alcohol 
satisfies both requirements (see Table 111 ), having a nearly tweaty-fold higher 
solubility for potassium chloride over n-butyl alcohol.    'Ulis higher equilibrium value- 
would permit longer use of the vehicle before 'ts solvent action became reduced. 

Isopropyl alcohol first was used alone with Lh.- potassium chloride disc moved 
with Syntron action on a Buehlcr silk polishing cloth held over a lapped glass plate. 
This polishing action, again with 400 ml of alcohol, included a pressure of about 
14 grams/cm^ applied via a free-floating piston in a flanged polishing fixture.    Hate 
of surface removal appeared to be about 800 X/minute (see Figure 3), and the surface 
polish appeared to improve maikedly with time.   Scanning electron micrographs will 
be included in the next report.   Thes" rates are 200-000X slower than those reported 
recently in Honeywell's studies^8' of acetic acid plus water combinations.    The 
procedure will include a final etch step to eliminate all surface contaminant  abrasive. 

Kxperiments during (he third quarter will include a study of tin- action of both 
O.Of) micron size aluminum oxide (Finde U) in an isopropyl alcohol dispersion, .is well 
as the use of isopropyl alcohol with soft pollahinR powders,   inchMlitiR eertnn rtiiii'atei 
and carbonates.     This alcohol appears to have nearly optimum pmpertirn as an eteli 
vehicle, with no apparent detrimental hydrolysis reaction proldems.    If the latter do 
become apparent, then the use of a trace of acetic acid (as per the Honeywell resultsi 
or an inorganic buffer combination will be utilized. 

■ 



a.   170X Optical Quality, Center 
Region (IIA.. at 10 kv) 

b.    150X Optical Quality, Edge 
Region aiC1 at 10 kv» 

Figure 2.    Scanning Electron Micrographs of Ilarsluw Putasniuni 
Chloride Windows Before Polishint; , xperiments 
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c.   3000X Optical Quality, Fdge 
Rrgion (TID   at 10 kv) 

^^•'•*'£i- 
d.    150X Laser Quality, Center 

Region (IA   at 10 kv) 

Figure 2.    (Cont) 
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Figure 3.    Removal of KCI by Nonabrasion Polishing in Isopropyl 
Alcohol Using a Syntron Polisher 

Polishing utilizing low energy argon ion sputter etching techniquer. will be 
tried during the next quarter.    Initial work with potassium chloride has indicated the 
sensitivity of this surface to ion damage. 

10 

»•^^^■ta. 



3.    SUMMARY 

I ho purpose of this program is to conduct an integrated . valuation of technlqaci 
for surface finishing and protective coating of potassium chloride windows for hiah 
power IR laser applications.   Thin film polymeric coatings are to be prepared by 
radio frequency glow discharge an.i ultraviolet techniques and their physical, chemical 
and optical propertied evaluated.   The application of these materials as antireflective  ' 
coatings will a so be evaluated.   Potassium chloride will be polished using chemical- 
mechanical and ion bombardment techniques and the finishes will be characterized 
Detore and after application of the protective coatings. 

The design and assembly of the radio frequency glow discharnc and ultraviolet 
photolysis equipment has been completed.   The photolysis equipment has been 
mo.hned to permit glow discharge cleaning of the potassium chloride windows prior 
to deposition of the polymeric coating.    Deposition by a combination of Rlow dlicha w 
and ultraviolet photolysis is also possible thiough this modification. 

Due to delays in receipt of several critical parts for the deposition equipment. 
only a few polymer deposition runs could be made during this quarter and the rowiltfi 
were too preliminary to be definitive.   The equipment is now completely assemhK -I 

evalu üh n v ! 7;   r 1       ^""^tation almost complete.    Polymer deposition and 
evaluation will begin during the second week of the third quarter. 

Polyhalogenated monomers were selected for evaluation based on their offering 
the best potential for meeting the optical, mecl.anical and chemical requirements ofa 
protective coating for potassium chloride laser windows. 

Surface properties of optically polished potassium chloride windows have been 
s ulu  ' ; ;:;t?h ^'^VV^ *?**?*• which included wrtt* electron miemgraphs of 
surface sera ches and defects.    A new etch/polish process has been tested with several 
alcohol,   and isopropyl alcohol has been shown to improve surface finish at al.ou 
.00 A  m.m.te under Syntron vibration polishing.    Further Improvements of the prcKM KS 
Includb« the use of soft polishing silicate and carbonate powders and hydrolysis- 
restrainers are planned for next quarter.    The procedure will Include a final etch 
step to eliminate all surface contaminant/abrasive. 

11 
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