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1.0

1.1 15 November 1979 at Fort Monmouth

Report of conference held at ERADCOM, Ft. Monmouth, New Jersey on
15 November 1979 with LMSC to review progress on Contract DAAK 20-79-C-0282,
High Contrast CRT Faceplates:

Personnel Present:

LMSC-D766118

CONFERENCE

LMSC, Imc.

Dr. R. A. Buchanan
Dr. T. G. Maple

ET& Lab - ERADCOM

P. F.
Dr. Joel Shapiro
Donald C. Fox

The purpose of the meeting was to review and discuss progress under the
recently awarded contract. This contract is a continuation of previous work
at IMSC, a subcontractor to the Watkins-Johnson Company under Contract
DAAB-07-77-C-2639. Much of the discussion focused on problems encountered

under the previous program which have not yet been resolved.

1.1.1

1.1.2

Krzyzkowski

Contract Documentation

P. Krzyzkowski noted that the technical guidelines need not be included
in each report. Also, that it is desirable that photos which will be
the basis for visual aids scheduled for delivery at the end of the

contract be included in current reports. Appropriate subjects would

be deposition and processing equipment, the demountable cathodoluminescent
equipment, spectra, and other data. These photos need not be in color.
Distribution 1ist for reports will be provided by ERADCOM when the report

draft has been approved.

P. Krzyzkowski will provide LMSC with a sample format for the monthly

correlation report.

LMSC reported that fifty 6-1/2 x 6-1/2 in. x 4 mn plates of alumino-
silicate 1710 glass have been ordered from Corning Glass. 1710 glass
-1-
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1.1.4
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is identical in composition and properties to 1720 glass, except for

the addition of 17 ppm cobalt, Tests at LMSC have shown that the cobalt
presents no problems, 1720 glass is no longer vaailable in plate from
Corning. Faceplate discs will be cut and polished by United Lens, Inc.,
Palo Alto, California.

The possibility that residual stress in the glass may be contributing
to the distortion problem was discussed. It was agreed that LMSC will

amneal some of the substrates prior to phosphor film deposition.

A supply of sapphire faceplates has been ordered by LMSC from Crystal

Systems, Inc. Expected delivery is early January.

To expedite receipt of substrates, Corning has been requested by LMSC

to drop ship direct to United Lens, Inc., the 1710 plates for cutting and
polishing. LMSC will ask United Lens to see if strains are present in
the plates, If so, annealing prior to grinding and polishing would be

advisable.

IMSC will also discuss with United Lens whether the faceplate thickness

can be increased some 0.015 in. to allow for subsequent removal of

distortion without reducing finished thickness below 0.125 in.

Phosphor Deposition

The system presently used for phosphor deposition is downward RF sput-
tering from the oxysulfide target. Particles which may detach from the
sintered target can produce pinholes in the film. This may be a factor
in causing greater diffuse reflection than desired. This could be
avoided by upward sputtering. Procurement of a new sputtering system
would be required because the resent system cannot be readily modified.
This would entrail a major fixed asset expenditure not provided for in

the present contract.
Faceplate Processing

To improve phosphor brightness, the faceplates must be processed in an
H2 + SO2 atmosphere at 870°c, Softening point of 1710 and 1720 glass
is 915°C according to Corning. Extensive distortion of the uncoated

side of the faceplate has been observed at the 870°¢C temperature. This
-2-
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LMSC-D766118

is attributed to stress produced by mismatch in expansion coefficients
between the LaZOZS film (80 x 10'7/°C) and the glass (42 x 10'6/°C).
Faceplates have been supported on vitreous carbon plates during treat-
ment. No distortion was observed with faceplates supported on the
original carbon plate, which was found to be bowed some .010 in.
(concave). When this carbon plate developed a crack, it was replaced
with a new vitreous carbon plate. The latter was lapped flat to
eliminate a minor warping that occurred with the original carbon
plate. All faceplates subsequently processed with the lapped carbon
plate showed gross distortion, necessitating regrinding and polishing
of the encoated side of the faceplates. No remedy presently exists for

a minor warpage on the film side.

The distortion represents a major problem. It can be avoided completely
by use of sapphire substrates, which provide a good coefficient match to
the phosphor film. Sapphire would also permit processing at 1050°C for

maximum phosphor brightness. The disadvantage is economic, sapphire

substrates being some ten times as expensive as aluminosilicate glass.

Frit sealing of the aluminosilicate glass faceplates was discussed.
Loss of hermetricity has been observed in assembled CRTs. Porosity of
the seal is suspected. Numerous bubbles have been noted in the seal
itself. Puncture of the thin bubble walls when a ground strap is
placed around the seal area and ancde potential applied to the tube
appears to occur, Pre-bake of the frit coating before sealing may
eliminate the bubbles.

A third problem noted by P. Krzyzkowski has been cathode poisoning when
the tube is made operational. This problem was not observed with the
initial faceplates made by LMSC., The possibility of contamination by
elemental sulfur associa ted with the post-deposition treatment was
considered. ERADCOM plans an RGA study using a monopole spectrometer
for detection of sulfur. LMSC was requested to determine if a mass

spectrometer study could be made at the Palo Alto Laboratory.
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1.1.6

1.1.7
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Black Layer Deposition Technique

Dr. Maple described the LMSC process for depositing the absorbing
black layer (U.S. Patent 4,132,919)., A graded V205-V film is used

in order to remain within maximum anode potential specified for the

CRT.
Black Layer Degradation

The fourth major problem encountered has been degradation of the
black layer during frit sealing of faceplates. Oxygen contamination
of the inert gas atmosphere is suspected. The problem is compor'nded

when cathode contamination occurs and the electron gun must be replaced.
ERADCOM plans to make an Auger and SEM study of the black layer.
Color Optimization

LMSC is preparing a series of LaZOZS:Eu phosphor powders covering an
Eu concentration range of 1 to 15 a/m. Cathodoluminescent brightness
and color coordinate measurements are planned to definitively establish

the optimum europium concentration.

P. Krzyzkowski noted that the red color of the 6.5% Eu which has been

used to date appears to be acceptable.

b=
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2.0 INTRODUCTION
2.1 Background

This program is a continuation of pi-vious work at LMSC as a subcontractor to
the Watkins-Johnson Company under Contract No. DAAB-07-77-C-2639 (see Research
and Development Technical Reports ECOM-77-2639-1, Jan. 1978; ECOM-77-2639-2,
May, 1978; DELET-TR-77-2639-3, Aug. 1979; DELET-TR-77-2639-4, Aug. 1979;
DELET-TR-2639-5, Aug. 1979; and DELET-TR-77-2639-6.

The faceplates to be fabricated under this program are an essential component

of the proposed high contrast multicolor CRT.

2.2 Statement of the Problem

The basic problem addressed by this program is the ability to display infor-
mation generated by various electronic systems with suitable high resolution
in two colors with its legibility maintained under ambient illumination ranging

from 104 to 10.3 fc.

Existing color tubes cannot satisfy the above requirement, Such tubes which
employ aperture masks are severely limited in brightness and resolution by

the aperture mask. Their brightness is limited because the aperture mask
transmission is only 15 to 20 percent, therefore wasting 80 to 85 percent of

the current. The wide spacing between holes degrades the resolution below

that required in most military systems. Furthermore, the color purity of

such tubes is influenced by their position with respect to the earth's magnetic

field, and it is therefore impractical to incorporate them in airborne systems.

The use of color penetration phosphors overcomes some of the problems of mask
type tubes. The color purity is no longer affected by the tube orientation
and the resolution is higher than that which can be achieved with a mask type
tube. Conventional color penetration tubes which employ powdered phosphors
cannot be used for daylight (high brightness) viewing because of their high
reflectivity and low brightness, particularly in red, which pvoduces a washed-
out low contrast display. The reflectivity of the phosphor is high because of
its particulate nature, The brightness of the red is low because mcst of the
light generated by the red phosphor is scattered by the zreen phosphor before
it reaches the faceplate of the CRT.

-5«
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2.3 Technical Guidelines

2.3.1 Scope:

These technical guidelines outline a program leading to the design and fabri-
cation of a very high contrast CRT. The screen phosphors of this CRT are to
be transparent films backed by a black light absorption coating. The prime
objective of this program is to optimize present transparent film phosphor
technology and faceplate-envelope fabrication techniques for 3" CRTs and to
investigate the application of this technology to larger CRTs. The phosphor
screan is to incorporate a two lay2r, penetration type multicolor structure.
The phosphored faceplate is to be attached to available tube envelopes in a

manner consistent with economical CRT manufacturing methods.

2.3.2 Applicable Documents:

MIL-E-1 Manual
MIL-C-2505A (1963)
MIL-STD-1311A

2.3.3 Requirements:

2.3.3.1 General: This program shall be directed towards the optimization of

a 3" high contrast CRT based on the use of high efficiency transparent phosphors.
This capability is intended to be accomplished by the deposition of transparent
phosphor layers on a suitable substrate that will be bonded to a standard CRT
envelope in an economical manner. Optimization of phosphor efficiency, high
color discrimination, the achievement of suitable red and green colors and

refinement of sealing techniques shall be the prime objectives of this program.

Areas of investigation and performance objectives will include, but not

necessarily be limited to, the features outlined in the following paragraphs.

2,3.3.2 Detailed Program Objectives:

2.3.3.2.1 Phosphor Screen Chracteristics:

2.3.3.2.1.1 Physical Chracteristics. A bilayer type of phosphor screen shall

be used in the CRT. Each phosphor layer shall be transparent and may or may

not be separated by a transparent dielectric layer.

-6~
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2.3.3.2,1.2 Luminescent Material. A lanthanum oxysulfide host with proper

rare earth activators to achieve the desired efficiency and colors shall be

used.

2.3.3.2.1.3 Phosphor Persistence. The transparent phosphors used in the CRT

screen should have persistence in the range of JEDEC designations "medium
short" to "medium". Trade-offs of persistence with other phosphor properties

and characteristics should be determined.

2.3.3.2.1.4 Phosphor Color. The red and green colors from the bilayer phosphor

at their optimized anode voltages shall meet the color spectrum characteristics
as described in MIL-C-25050A. The red color should be as pure as possible and
should be optimized to meet the requirements of the above MIL Spec denoted as
IPL red and use 62008 as a dominant wavelength. The green color should be
optimized to meet the CIE coordinate specification limits as defined for

Identification green.

2.3.3.2.1.5 Anode Voltage. The red and green colors defined in 3.2.1.4 shall
be achieved at minimal anode voltage levels preferable not exceeding 10 kV
(red) and 17 kV (green). Anode potential shifts to achieve the red and green

and intermediate colors should be minimized.

2,3.3.2.1.6 Phosphor Efficiency. The energy conversion efficiency of the trans-

parent phosphors shall be at least as good as that of the beat corresponding

powdered phosphors of the same general constituency.

2.3.3.2.1.7 Light Absorbing layer. The phosphor screens shall be backed, on

the electron gun side, with a uniform light absorbing coating that can be
penetrated by the electron beam. Specular reflection from the phosphor light
absorbing layer structure shall be no greater thanm 17 over the entire active
area of the screen. Diffuse reflectance shall be no greater than 0.57 over

the entire active area of the screen.

2.3.3.2,1.8 Black lLayer Energy Loss. The black absorption layer characteris-

tics shall be such as to minimize losses in the electron beam impingent on the
phosphor. Maximum energy loss should be limited to 6 kV, although smaller

losses are desirable. This shall be done consistent with 3.2.1.7.

-7-
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2.3.3.2,1.9 Phosphor Electrode. The phosphor electrode shall be a thin

aluminum film, behind the black coating of 3.2.1.7, and electrically insulated
from all other tube electrodes by means sufficient to withstand the operating
levels in the tube without electrical breakdown or appreciable current. The
phosphor electrode film thickness shall be optimized to minimize energy loss

to the phosphor screen.

2.3.3.2,1.10 Phosphor Screen Substrate. The phosphor screen substrate shall

be capable of withstanding all necessary fabrication techniques of the trans-
parent film screen without change of shape or curvature that would degrade the
end result of a completed CRT. The important glass characteristics of the
faceplate shall be at least as good of those of Corning Type 1720 glass. It is
preferable that the faceplates be bonded to the tube envelope by conventional
means (flame or frit seal) or use of graded seals. This program is not intended
to support special envelope or glass seal development; however, glass to metal

seal techniques may be considered as a last resort.

2.3.3.2.1.11 Phosphor/Black Layer Characteristics. The characteristics

enumerated above should be completely assessed and evaluated in a demountable

vacuum system.

2.3.3.2.2 CRT Characteristics. A laminar flow electron gun shall be used with

this phosphor screen. The CRT shall be electrically interchangeable with the
base pin connection of the Dumont 3055, and match the physical characteristics

of that tube as well.

2.3.3.2.3 CRT Contrast. It is necessary that the CRT be legible in direct sun-
light under its normal mode of operation, without the use of added contrast
enhancement devices. Specific quantitative criteria to satisfy this requirement
should be developed so that optical instrumentation tests may be used for its

verification.

2.3.3.2.4 Resolution., A line width, taken at the half amplitude point of the
spot distribution, of 0.012 inches or better is desirable. The line width
should not exceed 0.016 inches.

LOCKHEED PALO ALTO RESEARCH LABORATORY
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2.3.3.2.5 Display Luminance. The CRT is to operate under ambient illumination

from 104 to 10-3 fc. The CRT luminance is to be uniformly adjustable to provide

satisfactory legibility under these conditions.

2.3.3.2.6 Digplay Brightness Uniformity. The CRT display brightness over the
active viewable area, for any selected color and all colors, when operated at a
set anode voltage for optimum color discrimination, shall be within + 57 of the
P average brightness determined over the screen, or as determined under dynamic

writing conditions.

2.3.3.2.7 Vriting Speed. A minimum writing rate of 50,000 in/sec for a single

trace for all color fields is desirable.

2.3.3.2.8 Phosphor/Black Layer Maintenance. The phosphors/black layer are

expected to have high maintenance. As a goal, the minimum operating time under
the conditions enumerated in this technical guideline should be 3000 hours.
Phosphor maintenance and burn sensitivity data shall be compiled and coreelated
to operating conditions. Early screening tests to determine acceptable completed

faceplates should be developed.

2.3.3.2.9 Reliability Considerations. Since the CRTs developed under this pro-

gram are intended for tactical and airborne applications, adequate consideration
must be given throughout the development program to the reliability of this tube
for such environments. As an objective, the CRT should be able to pass the phy-

sical tests for CRTs specified in MIL-E-1,.

34 MY e

2.3.3.2,10 CRT Operational Characteristics. The electrical and optical opera-
tional characteristics of the CRTs shall be fully documented.

¥ -9-
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3.0 TECHNICAL APPROACH

3.1 Proposed CRT

Figure 1 is a schematic of the proposed high contrast multicolor CRT. The
physical dimensions are identical with those of the existing CRT (Dumont KC3055).
The phosphor screen incorporates a black backed multilayer bicolor transparent
phosphor film deposited on a transparent substrate which is bonded to the CRT
funnel and constitutes the faceplate of the CRT. The details of this faceplate

. are described further in this report. 1In operation, the cclor of the display
can be controlled by selection of the beam potential. At about 10 kV, the

j display will be red, at 15-20 kV the display will be green, With the exception

of the focus and anode potentials, the operating voltage will be same as the

existing CRT.
3.2 Thin Film Phosphor Faceplate

F - Figure 2 is a schematic representation of the two-color high contrast faceplate to
be fabricated under this program. As shown in the illustration, the two-color
phosphor is supported on a transparent substrate which forms the faceplate of the

CRT.

The green-luminescent film is immediately adjacent to the substrate. The red
luminescent film resides on top of the green one. The absorbing nonreflective
layer is next deposited on top of the red phosphor film. Finally, a thin
conductive aluminum layer is deposited over the absorbing layer. In operation,
the red phosphor layer absorbs most or all of the electron beam energy at
potential: below 10 kV. At high potentials, for example, at 20 kV, most of the
electron beam is absorbed in the green phosphor. At intermediate potentials,
some electrons are absorbed by both layers, depending upon the exact value of

the potential. (A mathematical description of the optimum film thickness is

‘ given in the proposal). Therefore, at low beam energies, only the red phosphor
R is excited and the display appears red. At high beam ¢nergies, the green-

p luminescent material is more excited and the display appears green. Various

' mixtures of the two colors are obtained at intermediate values of the potential.
" Note that since the luminous efficiency of the red is much lower than that of
the green, it is important that the red be placed closest to the electron gun

to prevent color contamination of the red by the green. If the green film were

\ -10- i
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Electron Beam

Figure 2, Schematic of High Contrast Two-Color Screen
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closest to the gun, it would not be possible to excite the red without getting

some color contamination from the green phosphor.
3.3 Color Optimization

It is planned that a study of red color coordinates will be completed for
different europium concentration levels during the present program. It is
proposed that a sputtering target of the optimized europium concentration be

fabricated and bilayers of the optimized red color be evaluated,

The color coordinates and the light output are variables which interface with

each other. The trade-off between these variables will be measured.

The green color coordinates are affected primarily by the excitation potential.
The trade-offs between the green color coordinates and excitation potential
will also be measured in order to optimize the green emission. This may also
involve the thickness of the black back, the red La,0,S:Eu layer, and the

272
aluminum layer as well,

3.4 Processing of the Aluminosilicate Glass Faceplates

It has been determined that conditions in the processing treatment phase can
degrade the clarity of the 1720 glass substrate. Varying the treatment con-
ditions can reduce or increase film luminescent efficiency. Studies will be
undertaken to determine optimum conditions for obtaining the highest lumin-
escent efficiency consistent with maintaining the optical quality of the
substrate, Variables which are expected to affect these properties include:
{1) the support for the glass in the treatment furnace; (2) the treatment
temperature; (3) the rate of cooldown after treatment, and (4) the rate of

flow of reaction gases during treatment.
3.5 Black Back Degradation During Sealing

During the previous program, it had been determined that some degradation of
the black back nonreflective layer may be occurring during the process of
gsealing the faceplate to the funnel. This degradation may be caused by
migration of ions within the inhomogeneous nonreflecting layer as a result of
the high temperature experienced by the layer during the sealing process. (It
is unknown at this time if this high temperature process also affects the
efficiency of the luminescent layer). This degradation will be measured to
determine if this effect will be detrimental to the overall performance of
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} the CRT. Ways of reducing the degradation will be studied if required.
3.6 Optimization of Sapphire Faceplates

b

!

The process for making the sapphire faceplates will be reinstituted in our

' laboratory and sapphire faceplates fabricated for the first time in several years.
The luminescent efficiency of the sapphire faceplates will be compared with that ;
of the 1720 glass faceplates, It may be possible to achieve a higher efficiency
for sapphire faceplate luminescence due to a higher possible processing treat-
ment temperature. These comparative efficiency measurements may provide

direction for future work on this program,
3.7 Measurements of Faceplate Properties

At the present time, no standards of measurements of high-contrast faceplate
performance exist. This is a fundamental problem which needs to be considered
in order to achieve a satisfactory means of evaluation of these items at
different facilities. The measurements presently being made, e.g., specular
reflectivity and light output from a small raster excitation are meaningful
only for relative comparison of faceplates at our facility. This is, of course,
meaning ful data, but its relation to the ultimate performance of the faceplate
in the CRT is unclear, 7

Consideration will be given to the problem of measuring both the specular and

diffuse reflectivity of the faceplate. Diffuse reflectivity as a function of
angle will be investigated. Specular reflectivity as a function of wavelength

will also be inveetigated.

An attempt to define measurements which establish the performance properties of )

the CRT when used in practice will be considered.

While these new measurement techniques are being investigated, measurements of
faceplate properties as described in our previous proposal will be continued

and data from these measurements delivered with the faceplates.

3.8 Faceplate Fabrication

The procedure for fabricating the faceplates and measuring their cathodoluminescent
brightness has been previously described in detail (Ref., 1). Only modifications

which have been found desirable will be discussed here.
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3.8.1 Cleaning of Substrates

It has been found that aluminosilicate glass is susceptible to etching when
subject to hot saturated chromic acid cleaning solution, This step has been
eliminated, and cleaning in ultrasonic agitated Alconox detergent solution sub-
stituted. Rinsing and final immersion in isopropyl alcohol before drying

remain as before.
3.8.2 Sputtering of Phosphor Films

In the present system, the oxysulfide phosphor film is deposited in the down-
ward direction from a pressed and sintered 5 in. target onto the substrate
placed below the target. This has been found to have the disadvantage that

fine particles which may be dislodged from the target settle onto the substrate.
Such particles make further deposition of phosphor film, resulting in

pinholes in the film., The particle discontinuities in the film are capable

of scattering incident ambient light, producing an increased diffuse reflect-

ance which is detrimental to contrast.

The pinhole defects can be eliminated by improved sputtering from a target
placed below the substrate. LMSC plans to acquire an upward sputtering module
during the period of this program., The faceplates to be delivered during the
latter part of the contract period will be fabricated using the upward

sputtering module.
3.8.3 Laser Thickness Monitor

The laser thickness monitor has been found to produce erratic results due to

RF pickup by the 741 op amp. The RF pickup appears to enter via the regulated
DC supplies used for the 741 op amp. Shielding of the DC leads was ineffective;
the DC supplies have therefore been replaced with 9V batteries placed within

the op amp enclosure.
3.8.4 Four-Inch Tube Furnace

It was found necessary to replace one of the controllers for the four-inch
tube furnace used for the H2 + 802 treatment to optimize the oxysulfide film
luminescent brightness. The age of the furnace is such that further component
failure can be anticipated. LMSC plans to replace this furnace with a 6-inch
multi-tube furnace during the present year, This will permit S5-inch dia.
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faceplates to be treated and also increase productive capacity.
3.8.5 Cathodoluminescence Measuring System

The vacuum portion of the demountable cathodoluminescence system has been
rebuilt. The 4-inch diffusion pump was replaced with a 6-inch diffusion
pump; the trap was replaced with a long persistence, anti-creep trap from
Circuits Processing Apparatus, Inc. A single filling of the trap suffices
for more than 8 hours; in fact, the system can be left under high vacuum

overnight, improving the electron gun cathode life.

The electronics of the measuring system was completely rebuilt, Improvement
in performance was not as great as expected. This was traced to a combination
of the characteristics of the 5UPl electrostatically deflected electron gun and
its enclosvre in a metal tube. The metal tube has an adverse effect on the
potential lines in the vicinity of the gun. This has been partly improved by
adding an accelerator tube made of copper shim stock, connected to grid No. 2
potential and positioned to surround the deflection plates. The accelerator
was insulated from the outer metal tube by a thin Mylar tube. Schematics of
the 5UP1 gun and the electroaic circuitry are shown in the Appendix (see
Figures A-1 and A-2, respectivaly). A better solution would probably be to
replace the 5UP1 with a magnetically deflected, glass enclosed gun. A source
of such guns is currently being sought. Improved deflection characteristics

and much higher screen currents may be possible by replacement of the gun.

The demountable cathodoluminescence system is shown in Figure A-4 (see Appendix).
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4.0 PROGRESS DURING REPORT PERIOD
4.1 Materials and Supplies Procurement
4.1.1 1710 Glass

- A quantity of Code 1710 aluminosilicate glass in the form of pressed plates
6-1/2 x 6-1/2 in, x 4 m1 7as ordered from the Corning Glass Wo-ks. The 1720
glass previously used for fabricating faceplates was a0 longer arailable from

Corning. Corning presently manufactures 1720 glass oaly in tube form.

Although tube dianeters are large enough to perwmit cutting 3 in. dia. discs
from longitudinally sliced and flattened tubing, thickness is insufficient
for faceplate requiremz1:s. We were also informed by Corning that the
furnace used for 1720 tube glass melts is no: equipped with stirring devices

so that flat plates produced from the m2lt would contain aumzrous bubbles
rendering the zlass translucent rather than transparent. Resultant light
scattering would defeat the purposes of this program. The furnace originally

used to product 1720 glass plates appareatly no longer exists.

It was learned that a quantity of Code 1710 zlass plates were in Corning's

inventory. 1710 glass is identical in compositioa and properties to 1720

glass, except for the addiition of 17 ppm cobalt, An Lazozs:Tb film was deposited

on a sample of 1710 glass, thea treated at 850°C in H2 + 302

phosphor cathodoluminescence. The presence of the small amount of cobalt

to improve the

produced 10 adverse effect; it was therefore decided to use 1710 glass foc this

prograu.

Delivery of the 1710 glass was expected in =2arly October. However, we were
then informed by Corning that the plates were badly warped a1d required
flattening before shipping. A shipping date of 1 November was thea promised.

The warpage had not been evid=at in the sample received in .June, 1979. Imn

explanatioa, Corning stated that the sample was the '"best of the lot'. Drop

>
>
’ shipment from Zorning directly to United Lens, Inc., for cutting and polishing
}' was requested in order to save time and permit phosphor deposition to be
r started as soon as possible.
i
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Corning then assured LMSC that the 1710 glass plates would be flattened and
drop shipped to United Lens, Inc., oa November 10. This commitmznt was not
met. Upon inquiry, Coraing stated that they had difficulty flattening the

plates and that no lehr was available for annealing the glass.

United Lens, Inc., was then asked whether they could haandle the flattening
and annealing. They replied they saw no problems. Corning was therefore
instruzted to ship the glass to United Lens. The plates were actually not

delivered at United Lens uatil November 26.

Thirty 3 in, dia. cut and polished substrate discs of 1710 glass were re-

ceived from Jnited Lens, Inc., oa December 11. No evidence of stress was

detected whea =xamined with polarized light.

3 Forty-four 6-1/2 x 6-1/2 plates of 1710 glass vemaining from the quantity drop
shippad by Corning directly to United Lens were also returned by the latter,
together with twelve approximately 2 x 3 in. pieces of cutting scrap. The

scrap pieces are usz=ful as test spacimens.

4.1,2 1720 Glass

The delay in shipment of the 1710 glass by Corning meant that there would be
insufficient time for fabrication and charvacterizatioa of the entire lot of

faceplates scheduled for mid-January delivery to ERADCOM.

Injuiry was made of wWatkins-Jounson Company whether they had any 1720 glass
discs remaining on hand. Arrangements were made to obtain 8 discs of 1720

glass from “hem.

4.1.3 Sapphire Substrates

The 3-in. dia. x 1/8" thick sapphire orieatation 60° to.C-axis, substrates
required for this program were ordered from Crystal Systems, Inc., Salem,
Mass., on Octoher 19, 1979, The promised da:livery date of January 10, 1930
was not met due to trouble with their suppliers, accozding to Crystal Systems,
Inc, They now promise delivery of 6 substrates on March 1, and the
remaining 20 on April 1, 1930,

3 -18-
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4.1.4 Miscellaneous

The various gases required for processing the phosphor films were ordered
and received. Alumina plates to support the sapphire discs during the
sulfurization treatment were procured from Material Research Corporation,

Orangeburg, New York.
4,2 Europium Optimization Study

A series of lanthanum oxide samples containing 1, 1.5, 2.5, 3.5, 5, 6.5, 8,
10, and 15 percent Eu were prepared by co-precipitation of the oxalates and

subsequent calcination. The nine La203:Eu samples were then converted to

LaZOZS:Eu. Cathodoluminescent brightness and color coordinate measurements

] will provide the necessary information to determine the optimum Eu concen-

tration for the red film >f the faceplates. A new Lazozs:Eu sputtering
}

target of this composition will then be obtained,
The measurements were delayad when it was found necessary to redesign the
electronics of the demountable system in order to eliminate problems with

high voltage breakdown and poo:r control of electrical bias.

Also, it was found that the grid curcents comprised as much as 90 pzrcent
of cathode e2mission current, so a separate means of accurately measuring
the screen current was incorporated. This work was not completed until the
last workday prior to the Christmas holiday week. Despite this effort,

the maximum screen current obtainable was found to be 5 microamperes, with
a cathode current of 50 microamperes., Further improvemznt is clearly

necessary.

To avoid further delay in delivery of the initial lot of 8 fa:zeplates,
measurements on the suropium concentration samples were deferred until
measuremz2nts had been completed on the initial lot of faceplates. It is

expacted that the europium measurements can Se completed by February 15.

! 4.3 Fabrication of Faceplates
Thirteen aluminosilicate glass discs were used for fabrication of the initial i
lot of faceplates. Eight of these were 1720 glass obtained from Watkins-
Johnson Co; two were 1710 discs that had been previously cut from the sample i
-19-
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received from Corning in June. These were supplemented by three 1720 discs

on hand in-house,.

Several of the discs were annealed at temperatures of 870, 800, or 750°¢C

prior to deposition of the phosphor film to ascertain whether annealing would
reduce the distortion which had been encountered during the post deposition
treatment at 870°C in H2 + SOZ' Although no patterns were seen under polarized
illumination, it was felt that the discs might still contain some stress.
Bi-layer LaZOZS:Tb-La 0,5:Eu films were then deposited on the substrates,

272
followed by treatment in H, + SO2 at 850°C. Distortion of the uncoated glass

sides was evident on all discs, see Figure A-3 in Appendix, although not as
extensive as previously experienced. This may have been due to a possible
difference in actual furnace temperature. The thermocouples previously used

to calibrate the furnace were found to disagree substantially from standard
e.m.f. tables, one couple indicatinga temperature 50°C higher than standard,

the other couple 25°C lower than standard. A new, inconel-sheathed thermo-
couple was obtained from Omega, permitting accurate furnace calibration using

a laboratory millivolt potentiometer. The iconel sheath will protect the couple

from possible adverse effects of S or SOZ'

Periodic calibration of the furnace is desirable as a check on possible
change of the characteristics of the Pt-Pt 137 Rh thermocouples in the
automatic temperature control circuitry due to ageing or possible traces

of sulfur vapors in the laboratory atmosphere,.

No conclusion can presently be drawn whether annealing of the glass discs is

effective in reducing distortion.

In addition to the distortion of the uncoated side, some warpage of the film

side was evident. It is not apparent whether a means can be found to

eliminate the warpage.

Two faceplates were found frosty after the sulfurization treatment. A third

was reserved for the residual sulfur study.

To eliminate a possible elemental sulfur contaminant, the faceplates were

then baked in high vacuum at 350°C. To remove the distortion which occurred
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during the HZ + SO2 treatment at 850°C, ten of the faceplates were sent to
Diffraction Optics, Palo Alo, for repolishing of the glass side., The face-
plates were returned on January 17, instead of the promised January 11 date.
One faceplate was found returned badly chipped, and another had deep pits

which could not be removed.

A further delay in compieting fabrication of the initial lot of 8 faceplates
was encountered when the forepumps of both the cathodoluminescence and
sputtering systems failed. The consequent rise in fore-pressure resulted in
oxidation and polymerization of the oil in the diffusion pumps, necessitating

dismantling and thorough cleaning of both systems,

Following restoration of the vacuum systems to satisfactory operation, the t
vanadium NR films were deposited. The deposition schedule was modified '
slightly to ensure complete opacity of tne NR films. Some additional vanadium

film samples were prepared on glass slides and sent to P. K. Krzyzkowski for

Auger analysis at ERADCOM,

Fabrication of the 8 faceplates was completed by deposition of 8008 of

aluminum. The faceplate fabrication conditions are summarized in Table 1. i

Additional details of annealing the glass discs prior to phosphor film deposi-
tion are shown in Table 1-A. The Poco densified carbon plates showed surface
grind chatter marks. To remove these, the plate was lapped successively

with 5 micron, then 1 micron alumina. Although the appearance was much
improved, the annealed disc still showed graininess that appeared due to pick
up of carbon grains by the glass. The remainder of the discs were annealed

on the vitreous carbon plate which was free of this problem.
4.4 Cathodoluminescence Brightness Measurements

Cathodoluminescence (CL) brightness measurements were made on ten faceplates,
Results of the measurements are summarized in Table 2, Plots of CL bright-
ness in foot-lamberts vs. screen keV at 5 UA screen current are presented in
Figures 3-12, A new Spectra Pritchard Model 1980A photometer was used for
the measurements. This model has different aperture range than the Model

1970 previously used. The raster size at TV rate was 0.1 x 0.1 cm as .

-21-

LOCKHEED PALO ALTO RESEARCH LABORATORY
LOCRMEED MISSILES & SPACE COMPANY. INC

— e g e - - RS
duitneindiity ““ . s e ot




1LMSC-D766118

compared to the 0.0238 cm2 raster area previously used. The 6' aperture
was used in the present measurements. Sawtooth-shaped signals at 30 Hz
(vertical) and 15.75 KHz (horizontal) were applied to the deflection plates
to generate the raster. Current demsity (0.5 mA/cmz) for the present
measurements was thus 2,38 times that previously used. The measured bright-

ness values are accordingly greater by the same factor.

No data or CL figure is shown for Faceplate No. 47, because the faceplate was
frosty after the H2-+ SO2 treatmant; as this would have resulted in an unaccept-
ably large diffuse reflectaice, this faceplate was removed from the lot.

ClL data is shown for Faceplate No. 38 both before and after depositing an 800%
layer of aluminum. The greater scatter in the nonaluminized points may be due
to charging effects which do not occur in the presence of the conducting aluminum

layer.

Inspection of Table 2 shows some large differences in CL brightness at 10 Kev
between faceplates (No's 40 aad 46, for example). During thz course of the
measurem=nts, it was observed that the spot size was affected by a change in
value of the screen potential. To correct for this, it was found necessary

to refocus after each change of screen potential. Moreover, the spot was
poorly defined even at the best focus. In consequence, the individual raster

lines were not distinguishable,

The deficiencies of the present CL measuring system can be summarized as follows:
1. Poorly defined spot
2. Maximum raster 0.1 x 0.1 cm
3. Maximum screen current 5 microamperes.
For the purposes of this program, the CL measuring system must be modified to
meet the these objectives:
1. Well-defined spot .016 in. in diameter
2. Raster 1-1/4 in., x 1-1/4 in.

3. Screen current 200 - 500 microamperes.
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LMSC-D766118
Table 1A
Anneal of Glass Discs
Faceplate No. °c Min. Support Other Remarks
38 - -
39 - -
40 870 60 PC Slow Cool Grainy + Defects
41 870 60 vit C Slow Cool
42 870 60 PCL Less Grainy
43 870 60 vit C
44 870 60 "
45 870 60 "
46 844 60 "
47 -
48 -
) . 49 -
L 50 750 60 "
PC - Poco* Densified Carbon Plate

PCL - Poco Densified Carbon Plate, Lapped
Vit C - Vitreous Carbon Plate

* Poco Graphite, Inc., Garland, Texas
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SUMMARY OF RESULTS

1500 — Raster Size: 0.1 x ¢.1 cm.2

Screen Current: 5.0 Up

Pressure: ~ 2 x 10-6 Torr.
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4.5 Residual Sulfur Study

Arrangements were made with the Chemistry Group at the LMSC Palo Alto Labora-

tory for a mass spectrometer study on a typical faceplate to determine whether
there is an elemental sulfur residue present following the H2 + SO2 treatment.
The Varian Gas Chromatrograph is capable to detecting a fraction of a mono-

layer.

The Chemistry group reported that 5 x 10.7 grams of elemental sulfur was found
on the faceplate submitted for analysis. The sample faceplate was prepared in
the standard manner, and the sulfur is a residue from the H2 + SO2 treatment.
Assuming uniform distribution on both sides of the faceplate, the sulfur found
corresponds to one-eighth of a monolayer. Considering that faceplates are
subjected to a high vacuum during pumpdown and some warming during presputtering
prior to depositing the vanadium NR films, it seems questionable whether any
elemental sulfur is present on completed faceplates; this raises doubt that
residual elemental sulfur is the cause of the cathode poisoning reported by

the Watkins-Johnson Co.

The evaporation rate of elemental sulfur as a function of temperature can be
calculated by means of the effusion equation from the kinetic gas theory
(Refs. 2, 3):

GN in molecules/cmz.sec

where
T = temperature in °k
m = molecular weight - 32.064 g/mole for sulfur
P = vapor pressure at T, in, Torr or mm Hg
mn 4 3 o,-1 _ -1
R = the gas constant = 6.2361 x 10 cm .Torr. K "mole

N = Avogadro's number = 6.02 x 1023 molecules/mole

The number of atoms in a 1 cm3 volume can be calculated from the density ¢
as
N(cm3) = %H = 3.89 x 1022 for sulfur.

Also, the number of atoms per cm2 of a monolayer is
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2
N(cm?) = ED = 1.1476 x 10

& It is known, however, that sulfur vapor consists primarily of 36 and SS
molecules at the temperatures shown in Table3 , so that the value of M
in the effusion equation should be six to eight times the atomic weight

of sulfur. For simplicity we shall take M = 8 x 32.064 = 256.512 for calculation,

Table 3 shows the expected evaporation rate at various temperatures and

corresponding sulfur vapor pressures.

- Table 3
14_39 Pmm* SSMolecules/Cm2 sec Monolayer/sec
50 0.0002 2.44 x 10'° 1.70 x 10° j

100 0.010 1.14 x 10%8 7.95 x 10° !
200 2.1 2.12 x 10%° 1.48 x 10°
300 48 4.40 x 102} 3.07 x 10 ,
400 375 3,18 x 10°2 2.22 x 10°
444.6 760 6.22 x 1022 4.3% x 10°

* Ref. &4

The last column of Table I shows the equivalent number of monolayers of

sulfur atoms per sec, calculated as 8Gn/N . At a temperature of only 200°C,

£
a monolayer can be expected to evaporate in less than 1 microsec.

4,6 Literature Review

A literature review of electron penetration in solids has been initijated.
Although the empirical Feldman equation appears to give satisfactory range
prediction for the AZ,V(NR) and La2025 films, the resulting curves resemble
truncated peaks, rather than the smooth curves of cathodoluminescent bright-
- ness vs. electron energy that have been observed. The brightness is a function
i of absorbed energy rather than simple electron penetration. A relationship
! between initial electron energy, beam density, and film thickness would be
useful.
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4,7 Delivery of Faceplates

Due to a combination of unavoidable factors, including a request by ERADCOM
for the sulfur residue study, it became apparent in early January that the
delivery of the first lot of eight faceplates to ERADCOM scheduled for
January 19 could not be met. The IMSC Contract Administrator's Office
notified the U.S., Army Communications and Electronics Material Readiness

Command, Procurement Directorate, Fort Monmouth, New Jersey, by letter on

9 January of the contemplated delay and requested concurrence in an exten-

sion to 8 February 1980.

As only the reflectance measurements remain to be made, no problem is

expected in meeting the 8 February date,
5.0 CONCLUSIONS

Annealing of aluminosilicate glass prior to film deposition did not eliminate
distortion occurring during subsequent high temperature treatment. Observed

distortion was, however, less severe.

Results of the cathodoluminescence are comparable to those previously reported
for faceplates fabrication on 1720 glass. The CL measuring system has been found
to have several deficiencies which must be corrected before valid conclusions

can be drawn.
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6.0 PROGRAM FOR NEXT INTERIM PERIOD

The reflectivity measurements on the first lot of 8 faceplates will be
completed and the faceplates shipped to ERADCOM.

The europium concentration study will be completed.
Fabrication of the second and third lots will be made.
Optimization of the sapphire faceplate process will be initiated.

Consideration will be given to improving the cathodoluminescence measuring

system to permit measurements at higher screen currents.

An effort will be made to improve the reflectivity measuring method, with
particular attention to attaining more meaningful diffuse reflectivity

measurement.
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l 8.0 APPENDIX
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' Fig. A-3 Distortion Occurring in H, + SO, Treatment
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Fig. A-4 Demountable Cathodoluminescence System
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