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1. INTRODUCTION

~Progr~~~~~during the third quarter  (January, February,  and March ,

l977~~under Contract No. N00123-76-C-132 1 is reported here. The

report is divided into three sections covering coating materials and

depos ition , coating propert ies (growth rates, r efra ct ive indic es , and
absorption coefficients) and future plans.

2. COATING MATERIALS AND DEPOSITION

Successful deposition of thin film coatings requires careful control of

the evaporation technique and the associated parameters. Currently,

thermal evaporation in a high vacuum is the technique that is most

fr equently used to deposit film coatings. Thermal evaporation in a

hi gh vacuum has been extensively developed , and two of the most

common modes of evaporation are resistance heating and electron-

beam heating. Both modes of evaporation are widely used , and it is

relatively easy to produce good optical coatings. In spite of this favor-

able aspect, results of investigations of the properties of evaporated

films have not always shown the expected consistency. The cause of

these discrepancies probably does not lie in the method of evaporation

itself , but rather in the lack of control of the many experimental par-

ameter s.

Evaporation from directly heated crucibles is widely and successfully

used. By far the simplest and most common method is to make use of

a boat of refractory metal which performs the dual function of a cru-

cible and, when an electric current is passed through it , a heater. The T
selection of crucible materials, shapes , and designs is quite extensive.

q
A great variety of crucibles suited to individual materials is produced 0

and sold by specialized companies. Baffles sources , for examp~,, a e
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used to evaporat e and minimize the danger of spitting of 510. Materials

like ZnS can be evaporated from a howitzer source which is particularly

useful in the infrared as its capacity can be very great.  
1

However , it has been found that some materials and to some extent the

rather stable fluoride materials may react with the crucible used for

their evaporation and this reaction may result in films having appreciable

absorption. 
2 

The chanc e of a crucible reaction causing the deposited

films to be absorbing is even greater  for the oxide materials. For these

materials there is also a good probability that dissociation causing ab-

sorption occur s due to overheating, especially if the evaporations are

performed at very high temperatures to obtain high deposition rates.

If the material does not decompose at the evaporation temperature, then

there are two main factors which govern the choice of crucible and heat -

ing method. The first is the temperature itself , and second is the ten-

dency of the material to react with the crucibl e material. Materials

which sublime at not too high a temperature can be heated in a crucible

of alumina or even fused silica by radiation from above. A tungsten

spiral, just above the surface of the material, can produce enough heat

to vaporiz e it. Tantalum, molybdenum, and tungsten are all suitable

for the manufacture of crucibles. Tantalum is the most frequently used

and a wide range of materials can be evaporated from it. However ,

some materials react with it , (cerium oxide for example) and with molyb-

denum, and require the less reactive, but rather more difficult tungsten.

PbF
2 will be reduced by hot tantalum, tungsten, or molybdenum crucibles ,

and it has to be evaporated from platinum or ceramic crucibles.

A rr~ thod of evaporation which avoids many of the difficulties associ-

ated with directly and indirectly heated crucibles is electron-beam heat-

ing. In this method , the evaporant is contained in a suitabl e crucible or

hearth of electrically conducting material, and is bom barded with a beam
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of electrons to heat and vaporize it. The portion of the evaporant

which is heated is in the center of the exposed sur face , and there  is

a reasonably long thermal conduction path throug h the evaporant to

the hearth, which can be held at a rather lower temperature than the

melting point of the evaporant without prohibitive heat loss. This

means that reaction between the evaporant and hearth can be inhibited;

the hearth is frequent ly water-cooled to ensure this. Material s as

reactive as silicon can be evaporated in this manner.  The electrons

are emitted by a hot tungsten filament and are  attracted to the evap-

orant by a potential of several kilovolts. If the power is limited to

the order  of a kilowatt or so, it will be necessary to use an electro-

static or electromagnetic field to focus the electron-beam to a very

small spot siz e in order to achieve reasonable evaporating rates.

In this case, the temperature  of the evaporant is extremely hig h and

some evaporants can decompose at these elevated temperatures,

causing absorption to appear in the condensed films. Decomposition

of easily dissociating compo unds can be prev ented by increasing the

spot size and increasing the power to achieve a reasonable rate of

evaporation. However, th is r equires much high power approaching
10 kW, and possible disadvantages in this are the charging of the sub-

strates and ionization of the evaporant material. 2 Therefore , some

experimentation is required to establish the desired deposition rates

which will allow the deposition of low absorbing films. A considerabl e

amount of material has been writ ten on electron-beam technology.

Airco-Ternescal has wri t ten a very informative thirty page booklet on

this subject.

The preparation of the materials to be evaporated is of considerable

importance for the deposition of hi gh quality optical coatings. Crucial

properties are purity, gas content , and grain size. It is hi ghly recom-

mended that one use vacuum sintered and outgassed materials or even

pieces of solid crystals to avoid gas outbursts and spatterin g during
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the evaporation process. Powders are normall y not suitabl e, since

4 they have too much adsorbed gas which is desorbed during the heating

and leads to pressure rise and spattering of the materials .

The quality of the optical coating materials depends on the purity of

the starting materials and the method of preparation. Since impurities

can increase optical absorption as well as initiate a variety of macro-

scopic or structural defects , commercial materials of hi ghest purity

must be used. The purity is frequently given in percentage of the main

material, up to 99. 9999% ; the remainder consisting of unknown impu-

rities. Although this number indicates ultrapure material, it still con-

tains a great number of impurity atoms per cubic centimeter. It is ,

therefore, necessary to know the kind and conc entratration of all im-

pu r ities. A variety of methods exist for the detection and determin-

ation of impurity concentration. The most important are x-ray,  op-

tical absorption, and mass spectroscopy. Knowing the impurities

present , it is essential to determine which ones actually influence the

respective properties. These impurities must be removed or at least

reduced in concent r ation.

Coating materials of desired purity are only available when a material

has attained broad application. In most cases , it has to be purified;

this is quit e an involved operation. Dry ing is very essential if the ma-

terial is contaminated by water in any form. The effects of absorbed

moisture are so pronounced that they completely mask the normal aging

and the basic loss mechanism. Absorbed or trapped water or hydroxyl

ions can be eliminated by dry ing under vacuum and slowly increasing

the temperature to the level at which the loosely bound water is removed

by diffusion and evaporation. True oxide or hydroxide compounds in

solid form are not removable by this means, but r equire chemical re-

action in some form, (i. e . ,  scavenging by a reactive atmosphere).

-4-

.., _
~~~~~~~~~~

_ ,  -.—— —~~~~~~~ 
-.
~~
.—— .-— .,‘. —.---—-—

~~
——— . 

~. 
— — -  “. 

~~
---— - ——

~
: 

~~~~ —— ~- - - - - -



Coat in g materials employed to date in the program are listed and

identified as to source and nominal purity in Table 1. In all cases ,

these materials represent  the highest purity commercially available.

No attempt was made to fur ther  purif y any of these materials.

Clean substrate surfaces are a prerequisite for successful  coatings.

The slightest amount of contamination can cause an immense amount

of harm in the coating deposition process as well as an increase in

surface absorption. Cleaning is an art rather than a science and ,
therefore, there is a great diversity of opinion on what constitutes a
“good” procedure for cleaning substrates prior to coating them. A

full treatment of various methods for cleaning glass substrates is

given by Holland. However , the sensitive nature of the hi ghly poi-

ished surfaces of the fluoride windows requires the avoidance of such

harsh cleaning procedures, since serious damage to the delicate opti-

cal surfaces can be the result of improper cleaning techniques.

The cleaning process utilized at Northrop to clean the fluoride window s

prior to the deposition of the coating has been more or less conventional.

Before the windows are placed into the system for coating, they are

cleaned in a solution of detergent  and warm water , then rinsed with dis-

tilled water and alcohol and blown dry with nitrogen gas. The coating

system is pumped down to a pre~ sure of less than 1O 6 Torr and a pres-

sure of less than 5 x lO
_ 6 

Torr is maintained during the coating depo-

sition. The windows are heated to the desired substrate temperature

and just  prior to coating deposition they are subjected to a glow dis-

charge cleaning. So far this procedure has been adequate for cleaning

the fluoride surfaces  prior to the deposition of antirefiection coating

designs .

In the vacuum deposition of thin films by an evapo rat ion proc es s, know-

ledge of the substrate temperature and its control is often very important.

-5-
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TABLE 1. COATING MATERIALS

Al
2 

0
3 Random Chunk s of UV-Grade Sapphire , Union Carbide

Cor~~oration , San Diego, Calif.

La F
3 Hot-Pressed Tablets , 99. 9% Purity, Baizers High

Vacuum Corp. , Santa, Ana, Calif .

Mg F2 Fused Granules , 99. 99% Purity, Baizers High Vacuum
Corp. , Santa Ana, Calif .

Mg 0 Hot-Pressed Tabl et s, 99. 95% Purity, Balzers Hi gh
Vacuum Corp. , Santa Ana, Calif.

Pb F
2 Fused Granules , 99. 99% Purity , Balzers High Vacuum

Corp., Santa Ana, Calif.

Si 0 Linde Select Grade, R. D. Mathis Company, Long Beach,
California.

Sr F2 Random Chunks, Optical Grade , EMC O Sales , Anaheim,
California.

Th F4 Fused Granules , 99.9% Purity, C ERAC , Milwaukee,
Wisconsin.

Th F
4 Fused Granules, 99. 9% Purity, Balzers, High Vacuum

Corp. , Santa, Ana , Calif .

Zn S Hot-Pressed Tablets , 99% Purity, Baizers High Vacuum
Corp. , Santa Ana , Calif.

Zn Se Granules , 99. 99% Purity , Balzers Hi gh Vacuum Corp. ,
Santa Ana , Calif .
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In fact , the substrate temperature play s an especially important role

for the whole condensation process .  It controls the surface mobility

of the condensing atoms or molecules and determines the degree of

disorder of the growing film. Film adhesion and durability are im-

proved by heating the substrates prior to and during deposition. Of

paramount importance is the removal of adsorbed gases from the sub-

strate. Thu s water removal is one of the main reasons for heating

substrates prior to deposition.

In practice a wide range of substrat e temperatures is employed. The

deposition of metal oxides requires substrate temperatures of approx-

imately 300°C to obtain optimal film properties.
2 

On the other hand ,

zinc sulfide should be deposited at a substrate temperature below 180°C

to provide a compromise between reevaporation and film durability. 6

If a low substrat e temperature is required to obtain a desired film prop-

erty such as minimal scattering, and if this temperature is too low to

remove water vapor from the substrate, then the substrate can be pre-

heated to remove the water vapor and subsequently cooled to the required

deposition temperature. Glow discharge cleaning can also be used in

this situation.

Since the index of refraction of the films and film structur e are a function

of substrate temperature, it is important that both substrates and monitor-

ing pieces be maintained at a uniform and constant temperature throughout
7the deposit cycle. A typical substrate heater is described by Mattauch

and the measurement and control of substrate temperature is discussed

by Hanson, et. al. 
8

The objective in vacuum evaporation is nearly always to deposit films to

certain specifications. If the specification is primarily one of thi ckness ,

it is sufficient to determine when the accumulated deposit has reached the

desired value so that the deposition process can be terminated. However ,

-7-
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intensive film properties such as density , s tress, crystallinity, and

index of refraction depend on the rates at which the evaporant and re-

sidual gas molecules arr ive at the substrate. It is there fore  necessary

to maintain specified evaporation rates. The influence of the deposition
9rates on the index of refraction of SiO has been studied by Hass , et. al.

A high rate of deposition corresponds to a hi gh index of refraction, where-

as , a slow rate of deposition corresponds to a low index of r efraction.

Reviews of thickness and rate monitors have been given by Steckelmacher1°

and Behrndt. 
11 

The control of evaporation rate is a more complex task

thar thickness control because it requires adjustment of the source temp-

erature.

All coating depositions required for this program were carried out in a

commercial vacuum system (Balzers Model 710) which is equipped with

an oil diffusion pump and a liquid nitrogen trap. This system is capable

of routinely maintaining pressures  of the order of io 6 
Torr and is e-

quipped with a substrate heater and a thin film monitor to control depo-

sition rate and film thickness. Proper control of the thickness of each

layer is afforded by observing the reflectance at the control wavelength

of a suitably positioned monitor plate in the coating chamber and stopping

deposition when the reflectance reaches a predetermined level. In all

cases, care is taken to ensure the uniformity of the thickness of the

layers.  In order to obtain uniform layers , the window substrates are

rotated above the evaporation source during the deposition process.

Deposition parameters utilized in thi s program are summarized for  each

material in Tabl e 2. Electron beam heating was employed in the evapo-

ration of slightly more than half of the materials , while thermal evapo-

ration from a boat was utilized in the balance of the cases.

-8-
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3. COATING PROPERTIES

The coating properties of interest in this study include refractive index,

absorption coefficient, crystal structure and preferred orientation, and

relative growth rates on the various substrate materials and orientations.

In order to determine these properties, single layer films of quarterwave

and halfwave optical thickness at appropriate wavelengths (3. 8 ~m and/or

5. 3 ~i.m) were deposited on one surface of CaF2 
and/or SrF

2 
substrates

having nominal (100), (110), and (111) orientations.

Refractive indices were obtained from infrared transmission measure-

ment s of the quarterwave films , while absorption coefficients were  mea-

sured on the halfwave films. Informat ion on relative growth rates is ob-

tained from spectrophotorneter transmission scans of the halfwave coated

samples in the visible reg ion (6 00 to 800 nm), where the interference
effects of the coatings are more pronounced. Data on film structure and

preferred orientation are obtained using x-ray diffraction. Refractive

index, growth rate, and absorption results are reported here. Structure

and preferred orientation results will be included in the next quarterly

report.

Spectrophotometer scans from 600 to 800 nm of halfwave optical thick-
ness films at 3.8 or 5.3 p~m on CaF2 

and SrF
2 
substrates are presented

in f igur es 1 through 18. The position (wavelength) of maxima and minima

in the transmission of these materials is related to the higher order inter-

ference  of the coating on a given substrate orientation. Shift s in trans-

mission maxima (or minima) towards longer wavelengths are indicative

of greater  optical thickness on a particular substrate orientation; shift s

toward shorter wavelengths indicate lesser  optical thickness. Since the

refractive index of all the coating materials ( except MgO) is independent

of substrat e orientation and all films were deposited simultaneously on

three different orientations of a given substrate material , differences

-10-.
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in optical thickness are proportional to d i f ferences  in physical thickness

and hence in growth rate of the coating material . Amplitudes of the max-

ima and minima in the t ransmission curves have no particular significance

for this interpretation.

Considering individual materials , we see that growth rates for LaF
3,

M gF2, SrF2 , and ThF 4 on the three substrate orientations (fi gures 1-3

and 6-8) are indistinguishable by this method of measurement . For PbF
2

on CaF2 , (fi gure 4) the growth rate on the substrat e oriented parallel to

( 110) is more rapid than on the substrate oriented parallel to ( 111), while

growth of the PbF
2 film on the substrat e oriented parallel to (100) is

slowest of all. For brevity, we may symbolize this as (1 10) > ( i l l )  > ( l 0 0 ) .

On SrF
2 , the relative growth rates of PbF2 are (110) > (100) > (1 10).

For Al 203 
on CaF

2 (fi g. 9) the growth rat e on (100) (110) > (111),  while

on SrF2 (fi g. 10) the growth rat e on (110) > (100) (111) . For MgO, (fi g.

11 and 12) the growth rates on (110) and (111) are essentially equal on
both CaF

2 
and SrF

2 
substrates. However, on CaF

2 the growth rate on

(100) is more rapid than on the other two orientations while on SrF
2 
the

growth rate on (100) is slower than on (110) and (ill). For SiO, the re-

sult s were somewhat surprising in that no strong corr elat ion of growth
rate with substrate orientation was expected since the films are reputed

to be amorphous. It is found that on CaF2 (fi g. 13), the growth rate on

(100) > ( 1 l1)  > (11 0)  while on SrF
2 (fi g. 14), the growth rate on (110)

( 111) > ( 100). Results of x-ray diffraction studies of SiC on these sub-

strates may indicate reasons for these differences.

ZnSe exhibit s different growth rates on CaF
2 and SrF

2 (fi g. 15 and 16).

On CaF
2 the rates on (100) and (110) are essentially equal and more

rapid than on (11 1), the slowest growth orientation. On SrF2, the rates

on (110) and (111) are approximately equal , while (100) is the slowest

-29-
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growth orientation. For ZnS, (fi g. 17 and 18) the growth rate on (110)

is fastest  on both CaF2 and SrF2 . Growth rates of ZnS on (100) and

(111) are nearly equal, with (100) bein g sli ghtl y fas ter  on CaF
2 and ( i l l )

slightly faster on SrF
2
. The significance of the growth rate resul ts  will

become more apparent when correlated with absorption and structural

data.

In order to obtain absorptance values ( ~ and k )  for halfwave th icknesses

of coating materials, absorptances for the uncoated substrates must be

known. The determination of the absorption coefficient of a coating

material on a substrate which is transparent in the wavelengt h reg ion

of the irradiating laser is in principle quit e straightforward.  The total

absorption due to a coating of specified thickness is obtained as a differ-

ence in total absorption between coated and uncoated substrates. Se-

quential measurements on the same substrate are utilized to obtain either

a difference in absorption between coated areas or a difference in ab-

sorption in a single location before and after coating. The former method

has the advantages of speed and ease of verification, but substrate inhomo-

geneity can cause difficulties. In the latter method, substrate inhomo-

geneith is eliminated, but verification of the absorption measurement on

the uncoated substrate is problematic.

For an uncoated transparent substrate irradiated by a laser beam in a

standard adiabatic calorimeter configuration, the total absorption A
12 °

is given by

Zn
A = P / P  ( 1)

o 2 A T1 + n

where n is refractive index of the sample, is power absorbed by

the sample, and 
~~T is the power transmitted through the sample. If

the masses and heat capacities of the sample and calorimeter cone are

-30-
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known and irradiation times are held constant for a given series of

measurements, the absorption is proportional to the ratio of output

voltages from the sample and power cone thermocouples.

The total absorptance calculated from (1) includes both surface and

bulk contributions. The absorption coefficient for this substrate is

( 2 )
0

where 2 is the sample thickness; again, both surface and bulk contri-

butions are included. If a coating is subsequently deposited upon such

a substrate and a new absorption measurement made, the total absorp-

tance takes on a value

A = A + A  (3)
t 0 1

where A 1 
is the increase in total absorptance due to the coating al one.

For the case of a coating of halfwave optical thickness, A1 can be e-

valuated using ( 1) and (3) since the surface reflectivity of the coated

sample is identical to that of the uncoated substrate and the parenthet-

ical factor involving n in (1) r emains unchanged.

To obtain an absorption coefficient for a coating of physical thickness

t 1 
from a measured value of A 1, we employ a formula of Loomis , 

(13)

with minor rearrangement,

- 

A
1 n 1 

(n + n )  cos + [n 1 + (n n / n 1
) J sin P1 , (4)

~1 2t n 2 2
l o  n + n• 1 8
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w her e

= film refract ive index

n substrate ref rac t ive  index
5

n = incident medium refractive index
0

p 1 
= 2 n 1t 1/

= laser wavelength (vacuum) .

For a single coating of thickness ~~ /2 , (4) reduces to

A n  (n + n ) 2
B 

1 1 o ( 5)r l 2t n 2 2l o  n + f l

1 s

The absorption index of the thin film is then

k 1 
= (6)

Hence, in order to obtain the absorption coefficient and absorption

index of a single layer coating on a transparent substrate, we require

only the refractive index of film and substrate , the physical thickness

of the film, and two absorption measurements. The method of mea-

suring the absorpt ion has been discussed in the literature. 14, 15

The spectral composition of the irradiating laser has been shown to

be a significant variable in absorptance measurements at CO laser

wavelengths.’4’ 16 In order to verif y the spectral output of both the

CO and DF lasers employed in the present measurement s, spectra

were analyzed using a Jarrell-Ash Model 78-466 scanning spectro-

meter with a 50 groove/mm grating blazed at 10. 0 p~m and a Ge :Au

detector. Spectra for the CO laser have been reported previously, 
14,

-32-

V.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ..~~~~
— -

~~~
..----- - — — —

~~~
-— - -- - - -  _________-



with centroids va rying from 5.25 ~m to 5.45 ~m, depending upon CO

partial pressure .  In the present  stud y, with operating parameters  typ-

ical of those employed in the calorimetric measurements (i. e. 6 mm

intracavity iris , total output power —.2 .8  W ),  the mean centroid of two
spectra run with identical parameters was 5. 29 + . 04 ~ m, with a band-

width of 0. 64 ± 0. 1 j.im.

The DF laser spectrum was analyzed in more detail since the actual

output of the laser in use in the calorimetry laboratory had not L — e n

characterized previously. The same spectrometer, grating, and de-

tector employed wit h the CO laser were used to analyze the DF. Typi-

cal operating parameters for calorimetric measurements were used.

These include a helium partial p re s su re  of — 4 Torr , with about 1. 2

Torr each of SF
6 

and D2 , and ~~0. 1 Torr of 0 .2 , for a total of 6-8

Torr.  The discharge tube is operated at a voltage of -. 13kV and cur-

rent of —450 mA to produce 2 -4W total power. Cavity tempe r ature is

65 °C. Seven spectra were run over a three-day period and the re-

sults averaged to obtain a composite spectrum, presented in fi gu re i~~~

and table 3.

In general, it appears that the overall spectrum is very stable with re-

spect to centroid ( — 3 . 9  Mm ) and bandwidth ( — 0 . 3  M m ) ,  but individual

lines are highly variable. Table 3 is an attempt at quantitative charac-

terization of this aspect of the spectrum. In thi s table , the f i r s t  column

gives the wavelength of individual lines as measured with the spectro-

meter (in air). “Line Identification~ (column 2) is obtained by compar-

ison with published data. 17, 18 
Column 3 ( Y )  gives the mean relative

intensity of each line. The tabulated number was obtained by f i rs t  de-

termining the intensity of the line in question in each of the seven spec-

tra , relative to the strongest line in that spectrum taken as 1.0 , and

then averaging the results over all seven spectra. (If a line was absent

—3 3 —
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from a particular spectrum, its intensity was counted as 0.)

The mean relative intensities in column 3 of the table were divided by

the sum of all of the mean intensities to obtain the fraction of the total

laser energy in any given line, listed in the fourth column. The fifth

column, headed “~~~I ‘ gives the standard deviation of the mean relative

intensities in column 3. This is divided by the sum of the intensities

to determine the variability of a given line as a fraction of the total

laser output and tabulated in the sixth column. In the seventh column,

the mean relative intensity of each line is divided by that of the strong-

est line (2-1 , P ( l 0 ) ), to obtain a relative int ensity scale for plotting

in figure 19. Note that this number is also the fraction of total laser

energy appearing in an individual line, relative to the strongest line

in the composite spectrum. Finally, the last column of the table des-

ignates the number of spectra, (out of a total of 7) in which an individual

line had non-zero intensity.

Results of the coating absorptance measurements carried out to date

under the contract are presented in tables 4-7 , along with refractive

indices determined from quarterwave films. The absorption coefficient,

P ,  is tabulated rather than the absorption index , k , for convenience.

The absorption index can of course be obtained from the ~3 values using

equation (6).

Some general features of the data are worth noting. It appears that the

coating materials fall into three broad groups , bas ed on absorption; (1)

those having 13 values between —0.5 and — 5 cm~~ , (the low ab sorpt ion

group); (2) those having ~ values between—7 and—li cm~~ (the inter-

mediate group) ; and (3) those having ~ values of l 3cm~~ or more, rang-

ing up to 57cm (hi gh absorption group).
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The sum of the standard deviation of the absorption measurements on

the uncoated and coated substrate is a measure of the precision of the

coating absorption determination. Since this determination involves

the subtraction of two numbers with similar errors, the precision of

the results will vary. The error in the coating absorption determi-

nation for the low absorption group is of the order of 10 to 15 %; that

for  the intermediate and high absorption groups is 3 to 5 %.

In general, differences among materials are greater than differences

among substrate orientations for the same coating material. However

differences among substrate orientations for the same coating may a-

mount to factors of 2 to 4 (e. g. ZnSe on SrF2 at 3. 8 ~ m, Table 5, or

on CaF2 at 5. 3 ~ m, Table 7). While it is tempting to correlate such

differences in absorption coefficient with growth rate results, this cor-

relation is of limited usefulness in the absence of structural data which

are presently being gathered.

4. FUTURE PLANS

The coating structure and preferr ed orientation data presently being

gathered will be completed and the deposition variables and environ-

mental effects studies begun in the next quarter.

Five coat ing materials have tentatively been chosen for optimization

of deposition conditions. These are PbF2, ThF
4

, ZnSe , and ZnS for

use at both 5. 3 ~ m and 3. 8 Mm, and SiO for 3.8 jim. In addition, the

effect of glow discharge cleaning on surface absorption of SrF
2 sub-

strates sill be investigated.
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