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2.0
2.1

2.2

CONFERENCES

5 July 1978 at Watkins-Johnson Company in Scotts Valley, California.
This is a report on a conference held at Watkins-Johnson Company to
review the progress on this program,

Personnel Present

Mr. Norman H, Lehrer
Mr, John L, Turner

Lockheed Research Laboratory

Dr. Grant Maple
Dr. Robert Buchanan

ERADCOM
Dr. Elliott Schlam

The progress of the publication of interim reports was reviewed and
time commitments were made. The exerciser was operational and a
demonstration was held. Dr. Schlam indicated that some modifica~
tions be made to increase the versatility of the exerciser. These
modifications are listed in Section 6.0,

INTRODUCTION
Background

Development of the high contrast two-color tube, the objective of
this program, encompasses the fabrication of the screens and
their assembly into the completed tube. The screens are being
made by the Lockheed Palo Alto Research Laboratory under sub-
contract from Watkins~Johnson Company. Watkins-Johnson will
assemble the completed screens into finished tubes.

The preliminary work to determine the optimum parameiers for
phosphor deposition on the screens has been completed. In this
interim four screens are fabricated and characterized., The work
on sixteen additional screens is begun, Data from three complete
CRT's are determined and analyzed,

Statement of the Problem

The basic objective of this program is the ability to display in-
formation generated by various electronic systems with suitable
high resolution in two colors with its legibility maintained under
ambient illumination ranging from 104 to 10™° fc,

Existing color tubes cannot satisfy the above requirement. Such
tubes which employ aperture masks are severely limited in bright-
ness and resolution by the aperture mask. Their brightness is
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2.3
2. 3.1

2.3.2

2. 3.3
2,3.3.1

Continued

limited because the aperture mask transmission is only 15-20%,
therefore wasting 80-85% of the current. The wide spacing be-
tween 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 mag-
metic field and it is therefore impractical to incorporate them in
airborne systems.

The use of color penetration phosphors overcomes some of the pro-
blems 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 penetra-
tion tubes which employ powdered phosphors can not be used for day-
light (high brightness) viewing because of their high reflectivity and
low brightness particularly in red, which produces 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
of most of the light generated by the red phosphor is scattered by
the green phosphor before it reaches the faceplate of the CRT.

Technical Guidelines

Scope

These technical guidelines outline a program leading to the de-
sign and fabrication of a very high contrast CRT. The screen
phosphors of this CRT are to be of the transparent film type

and backed by a black light absorption coating, Therefore, a
prime objective of this program is the incorporation of a phos-
phor-screen technology that will result in transparent film phos-
phors deposited on a substrate-faceplate which is an intergral
part of the CRT envelope. It is furthermore intended that the
phosphor screen incorporate a two layer, penetration type multi-
color structure. The phosphored faceplate is to be attached to
available tube envelopes in a manner consistent with economi-
cal CRT manufacturing methods.

Applicable Documents
MIL-E-1 Manual MIL-STD-1311A

Requirements
General

This program shall be directed toward the development of a high
contrast CRT based on the use of high efficiency traiisparent phos-
phors. This capability is intended to be accomplished by the de-
position of transparent phosphor layers on a suitable substrate that
will be bonded to a standard CRT envelope in an economical manner,
This program is intended to accomplish this by an extension of avail-
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2.3.3.1 Continued

able phosphor techniques to CRT sizes now used in military equip-
ment. Areas of investigation and performance 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 Characteristics
1) Luminescent Material - The luminescent material

shall be one that has a demonstrated high cathodo-
luminescent efficiency in transparent form. Since
it is intended that bi-layer films be used, the
demonstrated efficiency should be with various
colors, particularly red and green, It is not in-
tended that phosphor development per se, be part
of this program.

2) 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.

3) Physical Characteristics - It is intended that a bi- ;
layer type of phosphor screen shall be used in the
CRT. In that event, each phosphor layer shall be |
transparent and may or may not be separated by i
a tranparent dielectric layer,

4) Light Absorbing Layer - A requirement of this
program is that the phosphor screens be backed,
on the electron gun side, with a uniform light absorb-
ing coating that can be effectively penetrated by the
electron beam. Specular reflection from this coating,
on the phosphor side, should be no greater than 1%.
Diffuse reflectance shall be no greater than 0, 25%.
This coating shall not cause any substantial reduction
in electron-current or electron-energy into the phos-
phor screen.

5) Phosphor Electrode - The phosphor electrode shall
be a thin aluminum film, behind the black coating
of 2,3.3.2.1-4, and electrically insulated from all
other tube electrodes by means sufficient to with-
stand the operating levels within the tube without
electrical breakdown or appreciable leakage current. }
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6) Phosphor Screen Substrate - The phosphor screen
substrate shall be capable of withstanding all necessary
fabrication techniques of the transparent film screen
without change of shape or curvature that would de-
grade the end result of a completed CRT.

CRT Characteristics

The goal of this program is a CRT that is physically and elec-
trically replaceable with a currently existing CRT. To this
effect, the envelope, deflection angle and means, focusing
means, and biasing should duplicate a Dumont KC3055 (formally
KC2626) CRT used in the AN/A PR-39. It is accepted that an
improved electron gun may be used with this phosphor screen,
To this effect, it is desirable that the final CRT be electrically
interchangeable with the KC3055, as closely as possible, so
that power supplies driving the KC3055 need not be replaced.

CRT Contrast

It is necessary that the CRT be legible in direct sunlight 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 instrumen-
tation tests may be used for its verification.

Faceplate Characteristics

The faceplate size should be directed to the above CRT. The
faceplates shall be bonded to the tube envelope by conventional
means or use of graded seals. Glass-to-metal seals are un-
desirable. This program is not intended to support special
envelope development, :

Phosphor Voltage Range

The CRT should operate within conventional limits of anode po-
tential. In no case should this potential exceed 20 kV. In the
penetration screen configuration, anode potential shifts to achieve
color changes should be minimized.

Resolution

A line width, taken at the half amplitude point of the spot dis-
tribution, of 0,012 inches or better is desirable. The line
width should not exceed 0.016 inches.

Display Luminance

The CRT is to operate under ambient illumination from 10% to
10-3 fc. The CRT luminance is to be uniformly adjustable to

provide satisfactory legibility under these conditions.

-4-
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2.3.3.2.9

2.3.3.2.10

2.3.3.2.11

2.3.3.2.12

3.0

4,0

W ritin&Sgeed

A minimum writing rate of 50,000 in/sec for a single trace for
all color fields is desirable.

Phosphor Maintenance

The transparent phosphors shall have high maintenance under
normal mods: of operation consistent with paragraph 2.3.3.2.3,
and burn sensitivity tests shall be conducted on the screens in-
corporated into the CRT.

Reliability Consideration

Since the CRT's developed under this program 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 physical tests for CRT's specified

in MIL-E-1.

Environmental Testing

Environmental testing of the CRT's will not be part of this pro-
gram,

Program Emphasis

The program emphasizes the investigative areas outlined in
paragraphs 2.3.3.2.1-1, 2.3.3.2.1-4, 2.3.3.2.2, 2.3.3.2.3,
and 2,3.3.2.7.

TECHNICAL APPROACH (TUBE DESIGN)

Figure 1 is a schematic of the proposed high contrast multicolor
CRT. The physical dimensions are identical with that of the ex-
isting CRT (Dumont KC3055). The high contrast tube will employ
a Laminarflo Gun. This gun offers advantages over the crossover
gun and is described in Reference 1. The phosphor screen incor-
porates a black backed multilayer bicolor transparent phosphor
film deposited on a substrate which is bonded to the CRT funnel.
The details of this screen are described further in this report.

In operation, the color of the display can be controlled by selec-
tion of the beam potential. At about 10 kV, the 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
the same as the existing CRT.

THE THIN FILM PHOSPHOR SCREEN

Figure 2 is a schematic representation of the two-color high
contrast film to be employed in this program., As shown in the
illustration, the two-color phosphor is supported on a trans-
parent substrate which forms the faceplate of the CRT.

-5-
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The green-luninescent film is immediately adjacent to the sub-
strate. The red-luminescent film resides on top of the green
one. The opaque layer is deposited on the other face of the red
phosphor film. Finally, a thin conducting aluminum layer covers
the opaque layer.

In operation, the red phosphor layer absorbs most or all of the
electron beam energy at potentials below 10 kV. At high poten-
tials, for example, at 20 kV, most of the electron beam is ab-
sorbed 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 opti-
mum film thickness is given in the proposal), Therefore, at
low beam energies, only the red phosphor is excited and the
display appears red. At high beam energies, the green-lum-
inescent 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
closest to the gun, it would not be possible to excite the red
without getting some color contamination from the green phos-
phor.

The operation of this screen in high ambiet lighting conditions
was discussed in our proposal, P-4583,

5.0 THIN FILM PHOSPHOR SCREEN FABRICATION AND MEASUREMENT

Four faceplates were completed early in the interim., 1720 glass
was the substrate material. Table 1 lists the thickness of the thin
films. In each case the lanthanum oxysulfide films were heat
treated for 60 minutes at 870°C. This treatment is necessary to
promote atomic mass transport with subsequent ordering to in-
crease the cathodoluminescent efficiency of the film. Optical
data was determined and is listed in Table 1.

The cathodoluminescent data was determined with Lockheeds de-
mountable system and is displayed on the graph in Figure 3.
Brightness was measured at the beam current of 5yA at a series
of anode potentials,

The cathodoluminescent efficiency of each film varies as in-
dicated by the spread of the data. This is to be expected as the
time-temperature treatment for crystal ordering, hence efficiency
improvement, is not optimized. The Lay0,8 film is sputter de-
posited and in "crystalline disarray".

-6-
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5.0

6.0

Continued

The heat treatment for complete ordering is an hour at 1050°C;
however, the glass substrate would melt at this temperature.
The compromize treatment is one hour at 870°C. The "cry-
stalline disarray" varies in extent so the incomplete ordering at
870°C varies in extent with a resulting variation in film efficien-
cies as observed in Figure 3.

In September, the end of this interim, the subcontract on phase
I became effective, the deposition of phosphor films on sixteen
faceplates (1720 glass) began. The duplication of the character-
istics of film #18 was pursued.

PARALLEL TUBE PROGRAM

The exerciser is an electronic system that can drive these high
contrast tubes in TV modes of operation. The exerciser was
completed and demonstrated full screen raster operation at 10,
15 and 18 kV screen potential. These accelerating potentials
correspond to red, yellow and green color displays respectively.
Dr. Schlam requested that the following modifications be made;

1) Disable the vertical scan deflection leaving a horizontal
line display.

2) Provide variable intensity control.
3) Allow tube interchangeability,

The vertical scan was easily disabled; moreover, a dc power
supply was to be installed to allow deflection of the horizontal
line to any desired location on the screen. The variable intensity
control was provided by relocating the appropriate potentiometer
to the front panel. The last request is accomodated by the use of
connectors.

The basic problem with the faceplate-funnel frit seal is the thermal
expansion compatibility of the glasses used. Typical CRT glass is
soft glass. The 1720 glass faceplate is hard glass. A graded trans-
ition flame seal is one answer., This answer is not conducive to a
high yield for a production tube. A hard glass (3320) funnel was

the next logical answer. Watkins-Johnson has standard 7720

(nonex) hard glass headers that are compatible with 3320 glass.

The evolution of the optimum choice of glass components was com-
plete; 1720 glass faceplates, 3320 funnels and 7720 headers.

In the meantime, the third CRT was completed. An Einzel lens
laminar flow gun was used. The Einzel gun electrical requirements
are most compatible with those of the monochrome tube that is to

be replaced. The brightness was measured for different grid drives




6.0

7.0

8'0

Continued

for each of four anode potentials. All data was determined at a
writing speed of 5000 inches per second and a 60 hertz refresh
rate as described in the second triannual report (ECOM-77-2639-2),

The data for the first three CRTs is listed in Table 2 and displayed
in Figures 4 to 6. The brightness is approximated as a liner
function of grid drive within the scatter of points for the data for
these tubes. The slope of the linear approximation will indicate
the efficiency of the phosphor in the ideal case. These devices
are not perfect; they are not ideal. They are in fact new, first

of their kind of devices.

The gradual increase in the brightness per volt grid drive data
for increasing anode potential is shown in the family of curves
for CRT #2 (Figure 6). Figures 4 and 5 compare data for the

three tubes at anode potentials of 10, 15, and 18 kV,

The brightness per volt drive ratio at 10 kV is greatest for CRT
#3, smaller for #2 and least for #1. However, at anode potentials
of 15 kV and greater this ratio is greatest for #2, smaller for #3
and least for #1. This change in order is possibly due to either

a difference in the individual electron gun operating character-
istics or a difference in the efficiency of the phosphor.

CONCLUSIONS

Limited condlusions can be drawn from this initial data:

this approach produces a viable cathode ray tube; the maximum
light output achievable (peak line brightness) is 26 fc at 10 kV
anode potential (red) and 345 fc at 18 kV anode potential (green).
PROGRAM FOR NEXT INTERIM PERIOD

Complete faceplate fabrication next interim,

Fabricate CRTs with the four faceplates.




Bipotential gun S/N 1 and 2
Einzel gun S/N 3

TABLE 2 - Brightness data for CRT's #1, 2, and 3

-10~-

Anode Potential Grid Drive Peak Line Brightness
kV) (S/N1) (S/N2) (S/N3) (S/N1) (8/N2) (S/N3)
10 10 10 10 1.5 1.6 6
10 20 20 20 3.7 5.3 8.5
10 30 30 30 6.4 8.8 10
10 46.5 42,1 40 7.9 11.8 17
10 - - 50 - - 26
15 10 10 10 4.3 10.7 9 (14kV)
15 20 20 20 20 47.5 31 (14kV)
15 30 30 30 43 88.5 59 (14kV)
15 45 45 40 60 125.0 68 (14kV)
15 - - 50 - - 105 (14kV)
18 10 10 10 7.7 3.4 17
18 20 20 20 37 153 81
18 30 30 30 73 260 130
18 49,5 45.2 40 95 345 -
18 - - - - - --
20 10 10 - 26 40 -—
20 20 20 - 62 202 -
20 30 30 - 94 340 --
20 45,5 45,6 -~ - 445 --
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470 Director of Combat Developments Attn: DRCPM-RBS |
| U.S. Army Armor Center 002 Fort Monmouth, NJ 07703 [ 4
; Attn: ATZK-CD-MS P
; 002 Fort Knox, KY 40121 517 Commander [
: U.S. Army Satellite Communications Agcy. L
475 CDR. Harry Diamond Laboratories Attn: DRCPM-SC-2 |
Attn: Library 002 Fort Monmouth, NJ 07703 t
2800 Powder Mill Road |
001 Adelphi, MD 20783 518 TRI-TAC Office |
Attn: TT-SE i
477 Director 001 Fort Monmouth, NJ 07703 g
U.S. Army Ballistic Research Labs ‘1
Attn: DRXBR-LB 519 CDR, U.S. Army Avionics Lab '
001 Aberdeen Proving Ground, MD 21005 AVRADCOM i
Attn: DAVAA-D g
r 481 Harry Diamond Laboratories, DA 001 Fort Monmouth, NJ 07703 i
Attn: DELHD-RCB ;
(Dr. J. Nemarich) 520 Project Manager, Firefinder | B
2800 Powder Mill Road Attn: DRCPM-FF | 1
001 Adelphi, MD 20783 001 Fort Monmouth, NJ 07703 |
482 Director 521 Commander :
U.S. Army Materiel Systems Project Manager, Sotas i !
Analysis ACTV DRCPM-STA | 8
Attn: DRXSY-T 001 Fort Monmouth, NJ 07703
001 Aberdeen Proving Ground, MD 21005
522 Commander
f 483 Director Aviation Flight Test Activity
' U.S. Army Materiel Systems Attn: DELAF-CO 3
| Analysis ACTV 001 Lakehurst NAEC, NJ 08733 i1

Attn: DRXSY-MP
001 Aberdeen Proving Ground, MD 21005 |

499 CDR, TARCOM ;
Attn: DRDTA-RH |
001 Warren, MI 48090 |
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001

532

001

533

001

537

001

543

002

554

001
555

001

556

001

563

001

564

001
568

001

CDR, U.S. Army Research Office
Attn: DRXRO-IP

P.O. Box 1221

Research Triangle Park, NC 27709

CDR, U.S. Army Research Office
Attn: DRXRO-PH

(Dr. R. J. Lontz)

P.O. Box 12211

Research Triangle Park, NC 27709

Commandant

U.S. Army INST. for
Military Assistance

Attn: ATSU-CTD-MO

Fort Bragg, NC 28307

CDR, U.S. Army Tropic Test Center
Attn: STETC-MO-A (Tech Library)
Drawer 942

Fort Clayton, Canal Zone 09827

Division Chief
Meteorology Division
Counterfire Department
Fort Sill, OK 73503

Commandant

U.S. Army Air Defense School
Attn: ATSA-CD-MC

Fort Bliss, TX 79916

Commander

U.S. Army Nuclear & Chemical Agency
7500 Backlick Rd., Bldg. 2073
Springfield, VA 22150

HQ. TCATA

Technical Information Center
Attn: Mrs. Ruth Reynolds
Fort Hood, TX 76544

Commander, DARCOM
Attn: DRCDE

5001 Eisenhower Ave.
Alexandria, VA 22333

CDR. U.S. Army Signals Warfare Lab
Attn: DELSW-OS

Vint Hill Farms Station

Warrenton, VA 22186

Commander

569

001

572

002
579

001
602

001
603

001

604

001
606

001
607

001
608

001
609

001

612

U.S. Army Mobility EQP RES & DEV CMD gq1

Attn: DRDME-R
Fort Belvoir, VA 22060
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Commander

U.S. Army Engineer Topographic Labs
Attn: ETL-TD-EA

Fort Belvoir, VA 22060

Commander

U.S. Army Logistics Center
Attn: ATCL-MC

Fort Lee, VA 22801

CDR, PM Concept Analysis Centers
Attn: DRCPM-CAC

Arlington Hall Station

Arlington, VA 22212

CDR, Night Vision & Electro-Optics Lab
ERADCOM

Attn: DELNV-D

Fort Belvoir, VA 22060

CDR, Atmospheric Sciences Lab
ERADCOM

Attn: DELAS-SY-S

White Sands Missile Range, NM 88002

Chief

OFC of Missile Electronic Warfare
Electronic Warfare Lab, ERADCOM
White Sands Missile Range, NM 88002

Chief

Intel Materiel Dev. & Support Office
Electronic Warfare Lab, ERADCOM
Fort Meade, MD 20755

CDR, Harry Diamond Laboratories
Attn: DELHD-CO

2800 Powder Mill Road

Adelphi, MD 20783

Commander

ARRADCOM

DRDAR-TSB-S

Aberdeen Proving Ground, MD 21005

CDR, ERADCOM

Attn: DRDEL-CG; -CD; -CS (in turn)
2800 Powder Mill Road

Adelphi, MD 20783

CDR, ERADCOM
Attn: DRDEL-CT
2800 Powder Mill Road
Adelphi, MD 20783
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001

617

001

619

001

662

001
680

000

681

000

682

000

CDR, ERADCOM 700
Attn: DRDEL-PAO
2800 Powder Mill Road _
Adelphi, MD 20783 001
CDR, ERADCOM 701
Attn: DRDEL-AQ
2800 Powder Mill Road
Adelphi, MD 20783 002
CDR, ERADCOM 703
Attn: DRDEL-PA; -ILS; -ED (in turn)
2800 Powder Mill Road 001
Adelphi, MD 20783

704
HQS, Harry Diamond Laboratories
Attn: DELHD-TD
(Dr. W.W. Carter) 001
2800 Powder Mill Road
Adelphi, MD 20783 705
Commander 002
U.S. Army Electronics R&D Command
Fort Monmouth, NJ 07703 706
1 DRDEL-SA
1 DELEW-D 002
3 DELCS-D
1 DELET-D 707
1 DELET-DD
2 DELET-DT
5 DELET-BD 001
1 DELSD-D
1 DELSD-AS 709
1 DELSD-L (Tech Lab)
2 DELSD-L-S (STINFO)
25 Originating Office 001
Commander 711
U.S. Army Communications R&D Command
Fort Monmouth, NJ 07703

001
1 DRDCO-COM-RO
1 USMC-LNO
1 ATFE-LO-EC
Commander
U.S. Army Communications & Electronicsgoi
Materiel Readiness Command
Fort Monmouth, NJ 07703

1 DRSEL-PL-ST
1 DRSEL-MA-MP
2 DRSEL-PA 001
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