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I0N BEAM DEPOSITED PROTECTIVE FILMS

Michael J. Mirtich
National Aeronautics and Space Administratior
Lewis Research Center
Cleveland, Ohio 44135

Abstract

Single or dual 10n beam sources were used to
deposit thin films for three different applica-
tions. Metal and metal oxide films were evaluated
as protective coatings for die materials. Film
-adherence was measured and the most promising films
were then tested under environments similar to
operating conditions. It was shown that some mate-
rials do protect die material (H-13 steel) and do
reduce thermal fatigue. Diamondlike films have many
useful applications. A series of experiments were
conducted to define and optimize new approaches to
the manufacture of such films. A dual beam system
using argon and methane gases was developed to gen-
erate these films. The resuits of initial measure-
ments which determine the quality of the fiims are
reported. The fiber glass beam shield incorporated
in the 8-cm diameter mercury fon thruster to be used
aboard a space flight experiment was coated with
molybdenum to insure proper electrical and thermal
properties. During the evolution of these programs,
deposition parameters and fixturing techniques were
developed and are also presented.

Introduction

An ion beam source has a unique capability of
sputter depositing adherent thin fiims on rather
complex geometric surfaces. Ion beam deposition
allows greater isolation of the substrate from the
ion generation process than is found in most sputter
deposition systems {i.e., radio frequency (rf), jon
plating, diode sputtering).l This enables control
‘over the substrate teémperature, gas pressure, angle
of deposition, and the type of particle bombardment
of the growing film, "as well as independent control
over the jon beam current and energy. The low pres-
sures associated with the ion beam process offers
cleaning and deposition capabilities that are con-
ducive to highly adherent thin films.

An Ion Beam Applications Program was undertaken
at N.A.S.A. Lewis Research Center to transfer ion
beam developed technology to industry and use the
capabilities of jon source technology Tor other
aerospace applications. The results of these pro-
grams that 1nvolved deposition of thin adherent
films are presented. One program, developed in
cooperation with the Die Cast Research Foundation,
was to improve die 1ifetime by sputter depositing
coatings on a die surface using an 1on beam source.
A second program was to evaluate the use of an fon
source to generate films having diamond-1ike proper-
ties. A third program involved the coating of the
8 cm diameter, electron-bombardment mercury 10n
thruster fiber glass beam shield with a metal coat-
ing that will insure appropriate electrical and
optical thermal properties. This paper presents the
techniques and results of these coating applications
that used eilther single or dual beam ion sources.

- tions.

Sputtered Protective 6oatings for Die

Casting Dies

A program was developed at NASA Lewis Research
Center in cooperation with the Die Casting Research
Foundation to improve die 1ifetime by sputter de-
positing coatings on a die surface using ion thrus-
ters as ion beam sputtering sources. This protec—
tive coating would inhibit thermal fatigue cracking
called heat checking in the die - that is, the ther-
mal stresses associated with the "aluminum casting
process. The program consisted of three overlapping
phases: {1) determination of the adherence of films
as a function of thickness, (2} thermal fatigue
testing of selected films in a die simuTation sys-
tem, (3) deposition of a film on a die to be used in
casting production. In the first phase coatings of
various candidate metal and metal oxides were sput-
ter deposited on flat surfaces made of H-13 steel
(die material} for a preliminary evalyation of the
adherence of various thickness films.¢ During
this phase, the sputter technique, sputter rate,
deposition energy level, and maximum thickness prior
to spalling were determined for each candidate coat-
ing material.

A 30-cm diameter argon jon beam sourced with
its-ion optics masked down to an ion heam diameter
of 10 cm, was used for the sputter deposition of the
metal and metal oxide materiais. The ion source,
developed from electric propulsion technology, uses
argon gas in a hollow cathode in the main discharge
chamber as well as for the neutralizer. The dion
source is capable of gperation at jon beam energy
levels between 100 and 1500 e¥. For these studies
the source was operated so as to produce a 1000 eV
jon beam.

The vacuum facility, 1.5 m in diameter and
7.3 m long, was sufficiently large to minimize film
contamination from backsputtered faciiity material.

"To further prevent contamination, a Tiquid nitrogen

cooled baffle was used in the vacuum tank during all
the depositions described in this paper. While the
ion source was operating, the pressure in the region
of the experiment is about 3x10~% torr (3.9x10-2 Pa).
This pressure was maintained for most of the deposi-
The partial pressure of N2 or air in pro-
cessing nitride or oxide compounds was intentionally
increased to about 1x10-3 torr. It should be

noted that at 10-3 torr about 50 percent of the

ions become neutralized through charge exchange

and half of the sputtering is done by 1000 eV neu-
trals rather than ions.

To assure good adherence of the film to the
H-13 steel substrates, the substrates were cleaned
prior to insertion into the vacuum facility and also
sputter cleaned by the jon beam for 1/2 hour at an
jon beam energy of 1000 eV and a current density of
2 mifcme. The c¢leaning procedure prior to inser—
tion in the vacuum facility 1nc}§9ed cleaning the
disks with a 2-percent Liguinox soap solution,



rinsing in dist1lled water, and drying with nitrogen
gas. This procedure was performed three times on
each disk.

Because of the sample size (2.54 cm diameter,
1.5 mm thick) and flat geometry, the relatively sim-
ple fixturing shown in Fig. 1 was used to mount and
hold the target and substrates {disks). The disks
were mounted on a push-pull rod that could be re-
tracted through a vacuum chamber gate valve. During
the sputter cleaning of the substrate, the target
was located in a stored position. During deposition
the target and substrate surfaces are 19 cm apart
and normal to each other and the target was at a 45
with respect to the incident fon beam, The distance
from the jon source to the target was 19 cm.

The deposition rate of target material at the
location of the substrate was measured by placing a
piece of fused sitica glass which was masked to
allow a step to form during deposition. A profilom-
eter (Alpha-Step) was used to measure the thickness
of the film and hence a deposition rate could be
derived.

Presented in Table I are the deposition rates
at the substrate location for various target mate-
rials. The ion beam was larger in diameter than the
area of the target (15 cm) and totally filled the
target material. The deposition rates are presented
in Table I for a current density at the target of
1 mA/cm? and an icn energy of 1000 eV.

Adherence measurements, of the film to the sub—
strate, were made using a Sebastian Series Coating
Adherence Tester® ., Measurements are made by
first baking an epoxy coated bonding stud (0.127 cm
long by 0.16 cm in diam} to the deposited film sur-
face at 125 C for 2 hours in an oven. This ele-
vated temperature aliows for a thermal cure of the
epoxy coated stud to the film. After the stud is
bonded to the «film, the test stud is inserted 1into
the instrument and a load is applied normal to the
surface at a predetermined rate until failure of the
bond ensues. This break in the bond 1s recorded in
1b/ing, and is considered a measure of the adher-
ence, if the break occurs at the film-substrate
interface. The maximum adherence from this test is
the strength of the epoxy bond {approx. 6500-

9000 1b/ind) {44-62 MPa). For most of the films
tested in these experiments, the bond strength of
the film to the substrate exceeded the bond strength
of the stud (epoxy) to the film. The location of
the break in the bond was determined by using an
optical microscope or a scanning electron microscope.

Presented in Table II are the adherence of
various thickness ion beam deposited metal and metal
oxide films on H-13 steel. The adherence measure-
ments are the average of five measurements on each
sample. Some of the depasitions were done at NASA
Lewis Research Center and some at Commonwealth
Scientific Corporation. Although the two facilities
used different size ion sources, the experimental
procedures were the same. The use of different
facilities and sources did not seem to affect the
results, for Mo deposited at both Lewis Research
Center and Commonwealth Scientific Corporation
exhibit the same strong adherence for films <4 mm |
thick. The symbol * used n Table II- indicates a
break in the bond at the epoxy-film interface, mean-
ing the film-substrate bond strength was greater
than the vajue 1ndicated in the table. For all the
metallic films <4 wm, the bond strengths between the

film and the substrate were greater than the epoxy-
film bond. The only exception was BaC, which
formed a poor bond on H-13 for all thicknesses.
Films of Au, Ag, Mo {deposited at LeRC) and

TagSi3, 8 um thick, as well as l-um coating of

the same material, exhibit bond strengths greater
than the epoxy bond. It was also found that the
adherence of the films were independent of the sub-
strate surface finish (16 or 32 nin. finish).

Film bond strengths were also measured on some
materials that were deposited on H-13 using other
deposition systems. Shown in Fig. 2™s a plot of
the film adherence as a function of thickness for
Mo, Cr, Ni, and Zr02 using ion beam, radio fre-
quency (rf), or ion plating deposition systems.
plating of Mo was performed by Hohlman plating.
open symbols indicate that the bond broke at the
epoxy~film interface and the closed symbols, a break
at the film-substrate interface. For Mo, Zr0g,
and Cr (<3 um thick) deposited with either an ion
beam or v sputter system, the adherence of the
films were stronger than the epoxy bond strength,
Ni film adherence on H-13 steel was greater than
8000 1b/in2 (55 MPa) when an ion beam source was
used for film deposition. Adnerence of rf sputter
deposited films ranged from about 7000 to 280 1bfin
(48 to 1.9 MPa) depending on film thickness. The
use of an jon beam or rf source appears to give
better Mo film adherence than from deposition using
a commercial Jon plating system.
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In the second phase of this program, the most
adherent candidate coatings were sgutter deposited
on a thermal fatigue test specimen? similar to the
one shown in Fig. 3. This coated test specimen was
then repeatedly immersed in molien aluminum and then
cooled by a water spray for 15,000 -cycles, to simu-
late the thermal fatigue enviromment of a production
die casting die. The thermal fatigue specimen
(5x5x16 cm) has sharp corners {0.025 cm radius) to
initiate thermal cracks within the 15,000 cycie
test. At the corners of the specimen the tempera-
ture fluctuations and resulting thermal stresses are
maximized and thus the site of c¢rack initiation and
propagation. In the ion beam-coating process each
of three corners (see Fig. 3} was coated with a dif-
ferent material using some rather unique fixturing
to manipuiate the specimen. Shown in Fig. 4 is an
overview of the bell jar, flange-ion source, target,
test specimen, and fixturing. The configuration
shows the specimen in a stored position, while the
target was located at the position where it was
cieaned by the ion source to remove contaminants
from its surface. In Fig. 5, by use of the push-
pull system, one corner of the thermal fatigue test
specimen was moved nto position to be cleaned by
the ion source. In this position the target (15 cm
drameter disk) was in a stored position. As in the
first phase of this program the specimen were
cleaned for 1/2 hour at an jon beam energy of
1000 eV and a current density of 2 mi/cmé. The
other three corners of the specimen are protected
from the beam by a shield made of spring steel that
was slipped onto the specimen prior to insertion
into the vacuum facility. Shown in Fig. 6 is the
relative position of the specimen and target during
deposition. To piace the specimen in this position
from that shown in Fig. 5 it was rotated 180° in the
horizontal plane and then rotated 45° in the verti-
cal plane by a push rod (shown at the top of the
specimen in Fig., 5) that hits the bell jar wall
during retraction from the cleaning position.



One corner of each specimen was left uncoated
and served as a reference surface for comparison
with the other coat1ngs during the thermal fatigue
tests. Presented in Table III are the results of
exposing eight thermal fatigue specimen to molten -
aluminum and cold water for 15,000 cycles. The
coatings were all 1 micron thick except where speci-
fied. Two parameters are used to characterize the
degree of thermal fatigue cracking. The largest
crack on each edge was recorded and -referred as "The
Maximum Crack Length." The term, IndZ, is
referred to as "The Cracked Area." The length of
each crack segregated into groups between selected
micron length groups was multiplied by the.number of
cracks, n within that crack length group. "These
nd2 terms are then added to provide a End
value for each edge. The results of this study show
that some materials, Mo, W, and Pt, reduce thermal
fatigue (i.e., the maximum crack length and £nd<
are less than the uncoated corner. However, some
other coatings, that 1s, Co, Ag, and TagSi3 seem
to enhance the maximum crack length and the total
number of cracks. Shown in Fig. 7 is a transverse
view of a W coated specimen. This metallograph
clearly shows the coating intact on the H-13 steel
even after 15,000 exposure cycles to molten aluminum
and cold water, This may imply other potential pro-
tective uses of the films such as wear, oxidation,
and sulfidation inhibition.

In the last phase of this program one half of a
dual cavity die will be coated with the film and
technigues found to best protect the test specimen
from thermal fatigue cracking. This die, coated
with a commercial ion source, will then be used for
production of aluminum castings. At periodic inter—
vals of casting production an evaluation will be
made of both the coated and uncoated portions of the
die. This part of the program has just started and
the results are not available for this publication.

Diamond-1ike Carbon Films

As part of the Ion Beam Applications sections
efforts to utilize the nonpropulsive applications of
electric propulsion technology, an effort was ini-
tiated to evaluate the capability of using ion beam
sputter sources to deposit diamond-Tike films.

Films exhibiting diamond-11ke properties have numer-
ous applications as scratch resistant coatings for
polymers, weather resistant coatings, and biocompat-
able coatings on biomedical implants. The proper-
ties of the films include extreme mechanical hard-
ness, chemical 1nertness, high dielectric strength,
optical transparency, large band gap, high elec-
trical resistivity, and high thermal conductivity.

There have been many publications recently re-
porting efforts to,.produce carbon thin films with
diamond-1ike properties. A variety of plasma and -
ion beam techniques have been employed to generate
the carbon films., The f1ims can be made_by rf plas-
ma decomposition of a hydrocarbon gas,®:/ or other
alkanes,“ by low energy carbon ion beam deposi-
tjon,” or by ion plating and dual beam tech-
niques. Weiganantel, et al.:tV refer to these
f1lms as i-carbon (i-C) implying that some type of
jon bombardment or ion.beam is involved in the film
preparation. At NASA Lewis-.Research Center fiims
have been produced By direct carbon ion beam deposi-
tion using methane {CHa} in either single or dual
10n beam sources.

The 30-cm ion source with its optics masked to
10 cm, used to sputter deposit protective coatings
on H-13 steel, was only slightly modified to direct-
1y deposit 1—carb0n f¥lms. Argon was used in the
_cathode to &stablish a discharge and then CHy was
1ntroduced Tnto the discharge chamber as the main
“flow. Introduction of CHy into the discharge
chamber and keeping all the other thruster parame-
ters constant caused an increase in the discharge
voltage (aVf) typically from an initial 35 volts
to approximately 50 volts. For most of the deposi-
tions the ratio of the number of CH4q molecules to
argon atoms was 28 percent. This ratio was found to
be ideal for generating a fiim. If the CHg/Ar
ratio was too large the discharge extinguisked. No
films were observed for too low a CHa/Ar ratio
since this condition did not allow a net deposition
of C atoms due to the more dominant sputtering ef-
fects of the Ar ions. The ideal energy level for
deposition of i-carbon films 1s between 100 and 150
eV.8,9 1In these experiments the total ion beam
energy is the sum of the discharge voltage (aVy)
and the screen grid voltage (Vj), due to the elec-
trical power supply configuration. Therefore for a
discharge voltage of about 50 voits the screen grid
voltage was approximately 50 volts., At this low
Vi, it was necessary to increase the accelerator
voltage Vp more negative (typicaily to -6Q0
volts) to extract a beam.

Shown in Fig. 8 is the ion beam current densily
in milliamps per square centimeter {mAfcmZ) versus
the axial distance measured from the centerline of
the dished Mo grids (grid separation using an
1s0mica spacer was 0,55 mm). The measuremants were
taken at net ion energies of 63 and 99 eV using a
0.708 cm? Mo planar probe biased at -31 volts with
respect to facility ground. (The probe data pre-
sented has not been corrected for secondary electron
emission.} The CHq/Ar ratio was 28 percent at an
accelerator voltage of -600 volts. With a screen
grid voltage (VI) of only 28 volts and
AV = 34 volts, it was p0551b1e to obtain a cur-
rent density of ~1L mAfcm at a distance of 2.5 cm
downstream of the grids. The rapid decrease in cur—
rent density with distance from the grids, allows
latitude in picking the proper substrate location
during deposition.

Figure 9 shows the variation In current density
as the total.ion energy {aV¥y + Vy) is varied.
The data was taken on the centerline at’'a location
2.5 and 10 cm downstream of the grids. At 2.5 cm
from the grids, current densities in excess of
1.0 wAfcmé can be obtained for total ion energy
levels less than 100 eV.

Presented 1n F1g 10 is the beam current density
transverse profile at a location 10 cm downstream of
the grid plane for a current of 106 mA and an ion
energy of 234 eV, The heam profile 15 relatively
symmetric about the centerline and does not have the
peaked beam profile-characteristic of a divergent
field Ar ion source operated at 1 keVZ, This is
undoubtedly due to additional defocusing at the Tow
extraction voltages.

Knowing the current density and the knowledge
that a divergent field ion source can be operated at
low voltages, it was possible to design an experi-
ment using a single ion source (30 cm) with CHag/Ar
at 100 eV and a current density of ~0.2 mA/cmé and
obtain i-carbon films. A current density of
0.2 mAjcmé was suggested by S. Aisenberg? as an upper
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1imit current density. Films were deposited on Si
"and quartz at thicknesses up to 6000°A and at de- -
position rates as high as 71 A/min. -The resistance
of the films on silicon was measured to be as high -
as 1010 ohms. The index’ of refraction was -mea-
suyred at 3.2, and the films were transparent., How-
ever, resuits of electron diffraction studies indi-
cate there*is no evidence of crystallinity in these
films, deposited using a single ion.source.
Scanning Auger Microscopy (SAM) was performed on the
films under contractll by J. Angus of- Case-Western
Reserve University. SAM spectra of a natural dia-
mond is shown in Fig. 11 and can be compared with
the SAM spectra for a NASA fi1im in Fig. 12. .There
is a large carbon peak at 263 eV and a smaller peak
presumably Si at 85 eV for the natural diamond and
“.no evidence of other elements are visible in

Fig. 11. For the deposited sample in Fig. 12 a
small argon signal and a carbon peak only slightly
less than that of diamond are observed and no other
elements were observed. Hence, the NASA samples,
though amorphous, 'do contain mostly carbon.

Because amorphous films were obtained using a
single ion source it was felt that an addition of
energetic gas ions of higher energy such as argon 1n
proper proportions might supply additional energy to
increase the: mob1]1ty of the amorphous atoms.
Marinow and DobrewlZ have found that active sites
for nuclieation are created and the growth and coa-
Tescence of the nuclei enhanced due to an increased
mobility of the condensing atoms when fiim struc-
tures are bombarded by inert gas beams. With this
in mind, a dual beam system, created by adding an
8-cm argon ion source, shown in Fig. 13 was used to
generate the next set of i-carbon films. The 8-cm
source, using a Tilament cathode, was located at a
12° angle with respect to the 30-cm source and 25 cm
from the substrate. There was no observed inter-
action between the two sources or the 10n beams dur-
ing operatign With this system a hollow cathode
neutralizer® using argon was needed for beam
neutralization. -

A Mo probe was located 25 c¢m from the 8-cm.
source and 11.4 cm from the 30-cm source at a 30°
angle with respect to the centerline of the 30-cm
source. This was also the location of the sub-
strates, With only argon in the 30-cm ion source,

a discharge voltage of 35 volts and a beam current
of 120 mA the current density at the probe was

1 mAfcm?. Introducing CHg into the 30-cm dis-
charge chamber, such that the ratic of CHg/Ar was
28 percent did not change the current density

(1 mifcmé) recorded by the probe. It was also

noted that the current densities of the 8 and 30-cm
sources at the probe location were additive.

A series of films were deposited on fused
sitica {3102} and Si using the dual 1on beam sys—
tem. The current density of the 8-cm source at the
substrate was 25 pA/cmZ and the argon 1on energy
was varied from 200 to 600 eV, whiie the 30-cm
source, using a CHq/Ar ratio of -28 percent had
produced a 110 eV ion beam at 0.200 mAfemZ. It -
was found that with the 8-cm source at 600 eV, net
etching and no deposition took’'place on the Si and
fused silica substrates. Fiims were generated on
the substrate when the 8.cm ion source was operated
at ion energy levels-lower than-550'-eV: The f1ilms
generated with the dual ion beam method also exhib-
ited resistance values of 1010 ohms and are trans-
parent., The films also do not‘dissolve -in
HNO3/H2804. These films are in the process of be'mg

.

evaluated for crystallinity, hardness and infrared
absorption.

Coating of 8-cm Beam Shield

A beam shield described in Ref. 13 will be in-
corporated on an-8-cm diameter, electron-bombardment
mercury ion thruster system to be flight tested on
the Shuttle-launched Air -Force Space Test Program
P80-1 satellite currently scheduled to be launched
in 1983. The beam shield shown in Fig. 14 assures
that all possible jon and neutral particle trajec-
tories from the thryster gr]d system which diverge
by >45° from the thruster axis are intercepted to
protect solar arrays from deposition or etching.
Extended engineering model thruster operation with
the flight design beam shield has demonstrated :that
the entire interior surface of the shield is subject
to a net deposition of sputtered material during
normal thruster operation. The deposited material
on the shield is indicated to be nearly ail moly-
bdenum (Mo), sputtered from-the thrusters grid sys-
tem, The beam shield made of f.iber.glass has two
undesirable characteristics; its:electrical surface
conductivity is not uniform.and its thermal proper-
ties are such that may allow it to get too cold: dur—
ing eclipse conditions, even during thruster-opera-
tion, to retain some condensed mercury. Both-of
these conditions can be resolved with a thin metal-
lic coating having appropriate electrical and ther-
mal properties. With this in mind, tests were con-
ducted to sputter deposit, using am 10n source, a
thin adherent f11m of Mo on both sides ¢of the beam
shield.

Prior to insertion in the vacuum facility the
cleaning procedure similar to that for the H-13
steel was empioyed. An additional step of .degassing
with Freon was_ also performed before the cleaning
with Liguinox solution. The beam shield was
placed on a turntable on the bottom of the bell jar
in port 2 of tank 4 at Lewis Research Center. The
turntable rotated at a rate of approximately 2 rpm.
Each side of the beam shield was coated in a single
operation. Other beam shield specimens were also
mounted on the turntable in a configuration such
that one specimen received the maximum shield coat-
1ng thickness and the other the minimum. On the
interior surface of the beam shieid a 600 to
2000 A-thick coating of pure Mo was deposited on the
surface at a rate of 10 A/min. The shield was re-
moved from the chamber and the exterior surface of
the shield was coated with 2000 to 4000' A of Mo by
sputter deposition resulting from a 1070 eV, 250 mA
argon ion beam incident upon a Mo target.

Coating thickness measurements were made for
both sides of the beam shield. The average thick-
ness for ‘the inside of the shield was 800 A of Mo
and 2200 A of Mo for the outside pf the shield. A
measuremant was made of the solar absorptivity and
the thermal emittance on both the inside and the
outside coated surfaces. These values are 1isted in
Table IV along with the measurement of the surface
resistance. These properties were those desired on
the beam shield.

The coated beam shield. was subjected to accel-
eration tests up to 50 g's. After the aceleration.
tests, it was noted that the coating maintained its
int'égrity indicating a conformal adherent coating.



Contluding Remarks

A 30 cm diameter argon jon source was used to
sputter deposit adherent metallic films up to 8 um
thick on H-13 steel.» Thé adherence of the coatings.
in most cases was greater than the upper ‘limit of
. the adherence measuring device. The corners of
thermal fatigue test specimen made of H-13 steel
were sputter deposited with metallic coatings one
micron thick and than immersed in 1iquid aluminum
and cooled hy water for 15,000 cycles to simulate
operational environments. The results of these
studies show that some materials do protect the H-13
- steel by reducing thermal fatigue and thereby in-
crease die lifetime.

A series of tests were performeea to optimize
conditions to-produce diamond-1ike films. Methane
was introduced into the main discharge chamber of
the 30 cm jon source and the proper ratio of CHy
to Ar necessary to generate a film on Si and quaity
was determined. A dual beam ion source system,
created by directing an 8 cm argon jon source beam
(200-600 eV) at the substrates was aiso used to in-
crease the mobility of the condensing atoms during
film deposition which may have promise of increasing
crystallivity., These films had carbon content simi-
lar to that of natural diamond with some of the
properties of diamond.

. The beam shield ircorporated 1n the 8 em diame-
ter mercury 1on thruster to be flight tested on the
Shuttle-launched Air Force Space Test Program P80-1
satellite was coated using an ion source with an
adherent coating of molybdenum. The molybdendum
coating insured proper thermal and electrical prop-
erties, thus eliminating mercury condensation during
eclipse operation and undesirable electrical- break-
down during thruster operation,
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TABLE I. - SPUTTER DEPOSITION RATES FOR VARIOUS TARGET MATERIALS

[Ton energy, 1000 eV, ion current density at the target, 1 mAf cmZ;
target to substrate distance, 19 cm, ion source to target, 19 cm.]

Target “Ag | Au | Sighg | OraCa|- Pty Ni|Cr | AN] Cof Mo|w | Zp0p | TasSiz
material

Deposition [120 |97 | 96 96 48| 27| 26125 | 24] 194 16{ 16 15
rate, Rrmin

TABLE II. -~ ADHERENCE OF MATERIALS ION BEAM SPUTTER
DEPOSITED ON H-13 STEEL

Coating | Coating adherence for various thicknesses, b/ in2
material
1 pm 2 um 4 um 8 um
NASA-Lewis coatings
Au | 7930* 7760* | 8ooo* 7120%
Ag 84z0* 8320* 8430%
(10 um)

Pt 7770* 7210% 7690*% 7430*

(1.5 um} (2.5 pm) (3.5 pm) (5.5 pm)
W 5400 6200
Mo 8020* 8480* 8460% 8460*

) (3 um) {6 um)
Ni 8340* 8640%* 8180*
(3.6 um)
Cr 7890* 8060% 8230*
Commonwealth Eng. coatings

Co 8060* 4160* 8155* 7690%

(0.6 um) (1.2 pm) (2.4 um) {4.8 ym)
Mg0 6340% - B650* 6560* 6250+

(0.3 um} {0.6 pm) {1.2 pm) (2.4 pm})
AN 8240% B8460* 8435*% 4940
Sighg 8206* 8520% 8136* 2815
Cracy 7116* 8123% 8086* 8033
Mo 7800% 7600* 6700% 5400
Crals 7326* 7776* 7116% 6573
TagSiz 7625% 7918% 7743% 7847%
B4C 3365 570 303 0
CrBa 7486% 7838+ 8030% 0
Sic 7282* 7968 477 6488

*Bond broke at epoxy-film interface.

b




TABLE III. - THERMAL FATIGUE TEST RESULTS OF H-13 STEEL

WITH VARIOUS ION DEPOSITED COATINGS

Specimen description "Max‘n:ﬂum crack length, | Crack area
d(ux102) znd? (2x10°)
Rt Control 23 101.7
0.17 Mof1.0n Pt 31 117.1
7w Wil.0p Pt 33 140.6
1.0p Pt - 37 60.0
R2 Control 25 100.2
1.0p Pt 20 58.1
~ 1.0e W 24~ 41.5
R% Controi 25 E 80.4
1.0w S13Ng 23 59.2
1.0p H 31 67.4
1.0n Pt 11 36.6
R5 Control 39 101.1
1.0u AIN - 27 - 100.2
1.0u CriCs 28 86.1
1.0u Sigla 27 66.2
f7 Control 37 126.0
. 0.5u M .38 171.0
1.0p W 27 86.1
2.0u W 29 74.2
S2 Control 2h 65.2
1.0p TagSis 32 - 87.9
1.0x Mo 15 28,7
1.0u Zr0p 28 47.7
R3 Control 10 15.4
1.0u Co 10 62.3
1.0y Au 10 58,3
1.0n W 2.5 27
R9 Contral iz 36.4
1.0n Ag/Cu 10 20.1
1.0u Pt 9 13.2
1.0u Ag 16 77.0
TABLE IV. — ELECTRICAL AND THERMAL PROPERTIES OF
COATED FIBER GLASS BEAM SHIELD
Surface | Thickness of | «og er at 38” C | Surface-
Me coating, resistance
ufl
Interior 0.0800 -] 0.578 0.307 (120-350) 2
Exterior 0.2200 0.611 0.325 {230-950) o
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Figure 4. - Overview of bell jar, flange-ion source, target, test specimen,
and fixturing.

Figure 3. - A coated specimen, from left to right are cobalt, gold, and ':,O Q
tungsten coatings, k) \‘?
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Figure 5. - Test specimen and target during cleaning of specimen.
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Figure 6. - Specimen position during coating.
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Figure 11, - SAM spectrum of diamond.
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Figure 12, - SAM spectrum from nasa sample 9—30-8ﬁ-2
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Figure 13. - Dual beam in source system.

Figure 14, - Exterior surface view of 8 cm fiberglass beam shield coated with 2200 A Mo,

C-78-521
=%



LS

National Aeronautics and SPECIAL FOURTH CLASS MAIL Postage and Fees Paid

Space Administration BOOK - National Aeronautics and
Space Administration

Washington, D.C. NASA-451

20546

Official Business
Penalty for Private Use, $300

. If Undeliverabie (Section 158
ER:
NMA POSTMAST Postal Manual) Do.Not Return




