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I. INTRODUCTION
A. SUBCONTRACTS AND REPORTS

This report represents a summary of the work carried
out between 1954 and 1962 in Palo Alto, Calif., by the West
Coast Electronics Laboratory, Kaiser Aircraft & Electronics
Division of Kaiser Industries Corp., as part of the Army-
Navy Instrumentation Program (ANIP) aimed at developing a
system of integrated instrumentation for jet aircraft.

Kaiser participated in ANIP through Prime Contract Nos.

Nonr 1076 (00), managed by Douglas Aircraft Corp., El Segundo,
Calif.; and Nonr 1670(00), managed by Bell Helicopter‘Cofb.
(now Bell Aircraft Corp.), Fort Worth, Texas. The work was
carried out under the following subcontracts, listed below
with the effective beginning dates:

Douglas: DAC 55-30& (23 December 1954)

DAC 59-942 (9 September 1959)
DAC 61-102 (2 February 1961)
Bell: FW-501 (1 November 1955; terminated
3 September 1957)
FW-3301 (1 December 1959)

The work was described in considerable detail in a
number of quarterly and technical reports. The quarterly
reports were issued in three series, one for the three
Douglas subcontracts and one each for the two Bell subcon-
tracts listed above, as follows:

Douglas QPR-Nos. 1-22, 1 December 1954-31 May 1960

Bell (FW-501) QPR-Nos. l1-6, 1 February 1956-31 July 1957

Bell (FW-3301) QPR-Nos. 1-4, 15 March 1960-14 March 1961

QPR-Nos. 2, 3, and 4 in the last series include a siz~

able Appendix apiece, each of them in effect a technical
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report, as follows: )
Appendix to QPR-No 2 (15 June-14 September 1960):
Determlnatlon of EL phosphor brightness-excitation
requirements."
Appendix to QPR-No. 3 (15 September-14 December 1960):
"Ooptimum frequency dlStrletiOn of control signals for a
vacuumless display."
Appendix to QPR-No. 4 (15 December 1960-14 March 1961)
"Use of resonant delay lines with electroluminescent cells."

During the period following the last Douglas QPR,
report requirements to Douglas were met by technical reports
issued at irregular intervals as the occasion arose. The

following reports were issgued:

TR-No. 1 (15 June 19561): Requlrements for the
coincidence-pulse scanning system by Q.H. Joy.

TR-No. 2 (30 June 1961l): "Investigation of solid-
state delay lines."

FR (30 April 1962): "solid-state display research
program. "

The last-named report, a 107-page final report sum-
marizing all phases of the vacuumless cross-grid EL display
medium and the associated circuitry, represents the most
complete description of the work done by Kaiser on this

topic.
B. SEQUENCE OF PROJECTS

Kaiser participation in ANIP derived in the first
instance from the invention of W.R. Aiken (then Director of
Research of the Kaiser West Coast Electronics Laboratory)
of a device known as the Kaiser-Aiken thin cathode-ray .
tube,l which was deemed to be suitable for service as the
vertical display medium in the windshield of an aircraft

cockpit. The generation of the display pattexrn in a



"contact-analog generator” sctuated by the aircraft sensors
likewise became a task under the first suboontract. The

first contact-analog display was derived by television-camera
methods from a pattern inscribed on a metal sphere that could
be moved in correspondence with changes in the aircraft at-
titude. This method was developed to its logiocal conclusion
and its usefulness was successfully demonstrated in airborne
tests. Preliminary mathematical oconsiderations were also
given by Kaiser to the possibllity of an electronic approach
during the initial phases of the Contreet DAC 55-300. However,
in 1956, Douglas directed Kaiser to terminate such evaluation,
and to restrict all of its efforts under the contract to the
development and dbuilding of an eledtro-mechanical system.

G. H. Balding, working with Kaiser proprietary funds, approxi-
mately one year later developed an all eleotronic contaot
analog including the now well-known Kaiser FLITE-PATH systeam?2.
In 1958, in response to a request for bids by Douglas, Kaiser
submitted a proposal, but was not successful in obtaining an
awvard. Kaiser model #135 was purchased by Douglas early in
1959 for evaluation in a CllB flight simulator.

The other sajor project in which Kaiser participated was
the development of a vacuumless, "oross-grid", electrolumines-
cent (EL) display system.

The present report summarises the above Kaiser ocontribu-
tions, in the following sequence:



Kaiser-Aiken thin cathode-cay tube
' Internal structure
Tube envelope
Sweep circuitry
Contact-analog generator (electromwechanical)
Vacuumless displays
Sween circrcuitry
Paner fabrication



II. KAISER-AIKEN THIN CATHODE-RAY TUBE
A. INTERNAL STRUCTURE

The Kaiser-Aiken thin cathode-ray tube (CRT) has been
described in considerable detail in the technical litera-

ture.4'5

The brief description of the operation of the
device that follows is included to facilitate an under-
standing of the progress that has been made in the course
of the present projéct; the treatment is not meant to be
exhaustive.

The tube's configuration differs from that of conven-
tional CRT's in that the basic elements that comprise a
display tube (electron gun, accelerating and deflecting
structurcs, and display screen) are arrayed in a novel way
(Fig. l). The electron beawm is injected along the bottown
edge of the display screen and travels in a field-free
region past a set of horizontal deflection plates. If they
are all at the saxe (anode) potential the beam continues all
the way to the right. When the voltage on one of the de-~
flection plates is lowered, the beam is deflected upward.
The position at which this deflection occurs can thus be
moved in a continuous manner from right to left (or left to
right) by a sequential lowering of the voltage on adjacent
plates in the appropriate direction.

The upward-deflected beam enters another field-free

region, bounded on one side by the display surface and on

the other by the vertical deflection plates, each of which
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extends all the way across the tube. If the vertical de-
flection plates are all at the same potential, the beam

continues all the way to the top. When the voltage on one
of the deflection plates is lowered, the beam is deflected
into the phosphor. Again, the position at which the de-
flection occurs can be varied continuously by sequential
variation of the voltage on adjacent deflection plates.
The tubelcan thus sweep out a raster if an appropriate se-
quence for each of the two sets of deflection plates is
chosen. It is not necessary to have as many deflection
plates as the number of horizontal or vertical elements to
be resolved, since the application of time-varying (and
overlapping) voltage waveforms to the deflection plates
makes a smooth deflection possible.

When an electron beam of finite thickness is deflected
by a uniform electrostatic field, the ﬁeam is also focused.
In conventional CRT's, an operatior known as "deflection ‘
defocusing" occurs if the beam comes to a crossover as a
result of this action and then diverges before arriving at
the display screen. In tlie Kaiser~Aiken thin CRT, on the
other hand, deflection focusing is actually turned to ad-
vantage and produces a powerful focusing action. As a re-
sult, it is possible to utilize larger beam currents for a
given spot size, or to obtain a smaller spot size with the

same current, than in conventional CRT's, with attendant

improvements in brightness or resolution (or both).




Apart from the small depth, the feature that consti-
tutes the principal reason why the Kaiser-Aiken thin CRT has
been deemed suitable for ANIP purposes is the possibility of
rendering the display transparent. If transparent phosphor
is used and the vertical deflection plates are made of
strips of conductive coating on glass, the entire display
becomes transparent. In contact flight, the pilot can
switch off the display and look through the tube. Used as
a contact analog, the disvlay is centered in the pilot's
contact-flight field of vision. However, the present state
of transparent-phosphor development is such that these ma-
terials can be processed only at temperatures that are too
high to be used for deposition on the soft glasses ordinar-
ily employed in CRT practice; hence a special insert plate
made of hard glass (with a high wmelting point) must be em-
ployed, with the attendant structural and optical complica-
tions and partial brightness loss. Moreover, the brightﬁess
of the best transparent phosphors still does not match the
values obtained at comparable ultor voltages with opaque
phosphors, although this disadvantage is in part offset by
the improvement in contrast resulting from a relatjvely
smaller fraction of ambient light being reflected from a
transparent-phosphor display surface than from an opaque one.

At the outset of Kaiser participation in ANIP, the
feasibility of the Kaiser-Aiken thin CRT had been demon-
strated by means of laboratory models in demountable vacuum

systems. Television reception was possible; the picture
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quality was below acceptable standards from the viewpoints
of frame distortion, uniformity of brightness, and uniform-
ity of focus, but brightness levels and resolution were ac-
ceptable even in some of the earliest models. The
considerable strides made in bringing the above character-
istics to high levels in the course of the present program
cane about as a result of improvements in the internal
structure and in the associated circuitry. Only the former
are reported in this section; circuitry is described in
Sec. II-C.

During the initial part of the program, the electrodes
compriszing the internal structure were essentially handmade
and the strips of transparent conductive paint used for the
vertical deflection plates were created by the removal of
spacer strips from a continuous layer of stannic oxide de-
rosited on the inside glass surface by the manufacture; of
the tube envelope. Considerable difficulties were experi-
enced in bringing out the ;elatively large number of leads
to the several electrodes and in developing a reproducible,
rugged structure. An early attempt to solve the former
problem involved leads in the form of narrow, flat metal
strips brought out between the two halves of the tube enve-
lope (see Sec. II-B). At the same time, rugged structures
were being developed with the help of vibration tests.
Another problem that received much attention early in the
program was the electron gun. All of the models of the tube

actually delivered contained an electron-gun attachment

-9 -




protruding from one corner of the device, and much design

effort went into making this attachment as short as possible.

A moderately extensive program to develop a "bent" gun was
undertaken at one time, with the objective of making the

protrusion altogether unnecessary by placing the gun struc-

© s, R ARGL R S

ture entirely within the tube envelope and causing the beam
to be injected after it had undergone one or more 90° deflec-
tions; but this feature has yet to be included as part of

the final design.

As the development effort proceeded, continual tests
were being made to develop a structure that would be free
from distortions caused by fabrication errors and from
electron-optical distortions produced in dynamic operation
by voltage variations.- A large electrolytic tank was em-
nloyed in optimizing the electron-optical design. The metal
parts of the internal structures were fabricated to small
tolerances and assembled with glass or ceramic spacers on
special jigs. The internal structures of tubes delivered
later in the program:represent a tremendous improvement over
the early models. It should be nevertheless kept in mind
that the total design effort associated with the develop-
ment of the internal structure to date has been relatively
modest in comparison with, say, the effort that goes into
deyeloping a production prototype model of a storage tube or
a three-color television tube. Although the bulk of the
design work may be considered to be completed, there can be

little doubt that further work toward developing a production

- 10 -
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model would lead to additional improvements in tube perform-

ance and reliability.

B. TUBE ENVELOPE

The Kaiser-Aiken thin CRT has always presented certain
special problems in glass construction. The conventional §
technique of joining the face nanel of a picture tube to the
rest of the bulb (cone), by heating the junction, cannot be
readily applied because the high temperatures involved would
damage the internal structure and the display surface. This
problem does not arise in cvonventional black-and-white CRT's,
since the junction can be nmade before the phosphor is de-—
posited and the gun is attached. '

The program was thus faced with the problem of per-
suading a glass manufacturer to develop specially molded tube
envelopes made in two halves, with special recesses to ac-
comunodate the internal structure and with a curvature that
was large enough to withstand the considerable stresses
characteristic of the special thin-tube configuration, but
not so large that optical distortion would become a problem.
The glass manufacturers most logically equipped to develop
such an envelope were the producers of such items as tele-
vision tubes and curved automobile windshields. The cost
experience accumulated in the course of developing such
items led to an understandable reiuctance on the part of
these manufacturers to undertéke a modestly funded program

of develoeping molds for any application whose run would not

L o AUl 2 D i 1P T
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be numbered in at least six figures. Nevertheless a few
experimental molds were developed and matching tube halves
received from several manufacturers, notably the Kimble

Glass Co. These tube halves were put together by means of

a specilal glass solder {"Ifrit™) that Fused at a temperature
below the melting point of the glass ﬁalves but had an almost
identical coefficient of expansion.

The procedure finally evolved was the following. The
blanks were received from the manufacturers covered by a
transparent conducting tin-oxide coating. Additional holes
for the pump-out tubulation and the electron gun were drilled
and polished. The gias; frit, mixed in a slurry with an
acrylic resin binder waterial, was applied to all sealing
surfaces. The conducting coating was stripped on one tube
half to provide the wvertical deflection plates, and on the
“other to provide a rectangular arca that was then coated
with phosphor. The internal structure was inserted, the
pump-out tubulation and electron gun were put into place,
and the entire assenbly was placed in the exhaust oven,
where it was heated, sealed, and exhausted in a complex heat
cycle during which the glass had to be annealed, the electron
gun activated, the tube tipped off, and the getters flashed.

The yield, after an initial period of experimentation, was

e

surprisingly good and tubes were soon being delivered in
several shapes. Moreover, the experience gained as a re-
sult of this program proved to be invaluable in the course

of the next development.
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This development, which in its way amounted to a wajor
contribution to glass technology, was the employment of
plate g$§§§ for tube envelopes. In view of tlLe difficulties
experienced in the design of moitds on a very limited dudget
by wanufacturers for whom such an endeavor was at-best a
marginal operation, the decision to employ plate glass Ffor
the Kaiser-Aiken thin CRT wmiyht appear to have been the ob-
vious one in retrosvect. Costly wmolds would be eliminated
and optical distortions would be minimized. Nevertheless,
it should be recalled that this decision was made by Kaiser
in the face of contrary advicce from all representatives of
the glass industry who were consulted. The fact that this
aspcct of the proiect was brought to a successful conclusion
despite the unaninocus discouragement of industrial glass
experts must be reckonea as an important by-product of the
total Kaiscr effort, and one whose effects on U.S. indus-
trial practice still remain to be assessed.

In the platc-gylass version of the tube, the two face
plates are simply rectangular picces of plate glass, joined
together by a thin ribbon of glass that is bent into a frame
shape in a prior operacion. The three glass pieces are
joined together in a single operation by a frit method sim-
ilar to that described above. Electrical contacts through
the vacuum envelope are made by means of narrow strips of
conductingy paint. The fabricaction procedure has been per-
fected to a point at which failures ascribable to the glass

envelope are rare. Current models of the Kaiser-Aiken thin
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CRT are all made of plate glass. The model shown in Fig. 2

has a viewinyg area of 8 x © in. and way be viewed from bach

¥

and front; as transparent phosphors are developed that are
capable of being deoosited un "soft" ylass, this version can
ve made wholly transparent. The only disadvantaye in con-
parison with the molded glass envelope ic a slight increase
in weight. As the areca Of the face plates is increased, the
.

stresses on their centers produced by the pressure differ-
ential between atuwospheric pressurce and vacuam have to be
counteracted by an incrcase in the plate thickness; since

this thickness i35 necescarily unifoon over the entire face

plate, a relatuively heavier asseubly results.
C. SWEEP CIRCUITRY

The purpose of the sweep circuitry is to generate the
voltages that musti be applied to the deflection electrodes
in order to cause the beam svot to progress unitormly. The
"horizontal" and "vertical" caircuits, though essentially
equivalent, perform under differvent operating conditiong.
For a raster of the television tyne, for instance, tho hori-
zontal swecep takes place at anode volta.e (typically 1 kv)
and line-scan frequency. whereas the vertical takes place
at ultor voltage and frame freguency. Since the ultor is
usually the phosphor display surface, brightness require-
ments dictate the use of a voltage of 12-15 kv, which crcates
a problem even at the relatively low frame {regaency.

Finally., the circuits must be so arranged that waveforms on




FIG. 2.-~Recent model of Kaliser-Aiken thin cathode-ray tube
employing plate-glass envelope.




adjacent electrodes overlap, to compensate for the discrete
nature of the deflection electrodes.

All of these requirements may be met by circriks com-
prising vacuum tubes. Sweep circuitry of this type was
used in the initial demonstration models and rcemains the )
most acceptable type to date. The problems associated with
this type of circuitry have been solved. lowever, 1t is
recognized that this schewe, which necessitates the use of
one vacuun tube for each deflection electrnde, is by no
means the simplest that could bhe concelived, and efforts
directed toward the devciovment of a siapler method wece
undertaken throughcut the duration o5 the nroject.

An additional prokien assoucliated with the vacuum-tube
sweep circuliltry early in the program was the realization
thatr no suitable tuabe carabie of cpevating at the high alvor
voltages was comwercially available for vertical defiection.
The principal difficulty ainhcrent in the operation of tubes
containing oxide~-coated cathodes at high volcayes is that
any positive ions formed by collisions between elactrons and
remaining yas molecules strike the cathode with enough force
to destroy the oxide coatiny. To deal with this problem, a
special jion-trap tube was developed by Kaiser.é This cube,
the 6ITC, 1s now cownercially avaiiable on special order and
represents yet another by-product of Kaiser participation
in ANIP.

Vacuum~-tube, gaseoucz, and solid-state devices all

played a part in attempts to replace the scheme of one tuke
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per deflection electrode. Several approaches proved to be
promising, but none oi these attempts was really carried

far enough to permit a final evaluation of their relative
merits.

A vacuum tube that wags conceived to mect the require-
ments of both the horizontal and the vertical sweeps (one
tube for each) was a switching tube containing severval tar-
get electrodes (one for each deflection electrode) arranged
in a circular array, withh the switching function nerformed
by an clectron bean caused to rotate by electrostiatic means.
In the gyaseous-tube approach, the vrogeession of the deflec-
tion waveform from one deflcction e~lzctrode to the next de-
prended on the progress of the length of the jlow region
alony a long gas-£filled tube, which served az a light source
for a row of photoconductive elenents empluyed as switches.
The solid-state approach dispensed with light source and
photoelectric elements and depended instead on a voltage
transmission line fFor sequential operation. Althouyh none
of these efforts was carried sufficiently far to produce a
scheme that would compare favorably with the multiple-
vacuum~-tube approach, cnough work was done to simplify
considerably any future evaluation of the relative merits

of the several alternatives. Such an evaluation would, of

[P

course, have to take into account advances in the state of

4

by
2
i
%
%
i
|
§
¢

the art in such rapidly developing fields as solid-state

technoloyy.
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III. CONTACT-ANALOG GENERATOR (ELECTROMECHANIOAL)

The eslectromechanical oontact-analog gensrator develop-
od by Kaiser during partioipation in the ANIP Program, ocom-
prises a system in which television camers methods are em-
ployed to produce visual cues for display on a cathode ray
tube such as the Kaiser-Aiken tudbe. The picture to be dis-
played was produced from the video pulse train output of a
phototube pioking up light that originated from a flying-
spot scanner and was reflected from a specially insecrided
metal sphere (Fig. 3) that was rotated in aceordance with
the aircraft attitude. Additional cues were likewise pro-
duced by video-camersa means, with the help of small CRT's
suitably masked to produce the requisite patterns. Video
aixing was employed to combine and te position the several
cues. Changes in altitude were produced by operating upon
the sweep sircuits of the flying-spot scanners so as to shrink
or magnify the final display, in accordanee with a scheme that
has been descrided in the literature.! Perhaps the most im-
portant of the features of the electromechanical centact-ana-
log that were to be forerunners of corresponding features in
the all-electronie system was the method by which forward
motion was simulated. Representation of forward motion was
obtained by causing the display to be graduslly expanded awmy
from the horizon line (perspective being maintained) until
ons of the horisontal oross lines assumed the position of the

-18 -
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(B)

FIG. 3.--Slectromechanical contact-anaslog generator. (&) In-
scribed metal sphere; (b) complete essembly.
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one below it; whereupon the display was caused to shrink
abruptly into its original configureation and the process
was repeated.

Prototype models of the electromechanical contact ana-
log were brought to a relatively high degree of perfection
and were successfully subjested to flight tests.
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IVv. VACUUMLESS DISPLAYS

A. OEJECTIVES OF PROJECT

This project aimed at developing a gracticas wethod of
dealing with the well-Xnown probici of illuminatiag a vorid-
state "cross-grid" display at video rates.* Such so.oabions
as had been attempted previously rad been unable to cope
with the very larye capacitive il.oad represeatsd by such a
panel. The major contribution wade at thisz Laboratory {(a
novel wmethod of exciting the grid wires, coupled with cer-—
tain innovations in the erciting circultcey) way well point
the way toward the first p}actical solution aof a problem
that has stumped the industry for the past 1% years.

A second problem associated with the use of cross-grid
displays is thve elimination of crosstalk and background il-
lumination arising from partial excitation alo>ng the entire
line that is beiny energized. To the extent that minimiza-
tion of such background illumination depends on the method
of excitation, the technique to be descriked is inherently
superior to other methods that have been proposed. However,

it is recognized that such problems are largely the result

of limitations in the characteristics of present-day

*A cross-grid display consists of a set of closely
spaced parallel wires separated from a sccond set oriented
at right angles to the iirst by an electroluminescent panel:
any intersecticn may be illuminated by eneryizing the two
wires that form it with voltages of opposite poslarity. The
wires may take the iori of thin sctrips of conducting paint
deposited by screening or photographic technigues; however,
they are referred to as "wires" throughout this report.
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phosphors. 1In a'display medium with a highly nonlinear dg- ,
pendence of light output on excitation voltage, the problem

would disappear. No attempt to develop a"more tractable !
light-producing medium was made in the course of the present

project, which was devoted entirely to the controling cir-

cuiftry; however, the meihoud used at this Labo{atory for

fabricating suitable panels is described in Sec. IV-G.
B. COINCIDENCE-PULSL METHOD

The coincidence-pulsc methed invenied hy W.R. Alken
depends on the phenawcnon of a pulse belnyg iatroduced at K
one end of a delay or iransmission line, traveling alony the

line, and beiny absocbed by a te#minatlng Lapedance at the
other end. If another pulse 13 siwmilarly introdaced at che
other end, the two pulses weet at some intormediate point
and creace 4 pulsc there with a magnibtude equal to 1“@_5”“-7,
of the maganicudes of the btwo pulses. Dy varying tiie tiwe at

which thre pulses are genexated, ihe location at which the

coincident pulse occurs can be varied: the delay line acts

as a multiple-outpu? AND gate. With appropriate circuitry,
sequential switclhiing by dlectronic means is achieved.
Brightness control is obtained by varying the magnitude of
one pulser output at video rates.

A possible scheme is to empluy two double pulsers with
outputs of opposite polarity, one to feed pulses at the cwo
ends of a delay line whose taps are connected to the verti-

cal wires and the other to the norizontal. To illuminate
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successive intersections, the two pulsers must be carefully
synchronized, so that the positive and negative coincident
pulses arrive at the intersections simultaneocusly. The de-

velopment of a method of insuring this "simvltaneous coinci-

dence" of all four pulses was the first important breakthrough
made in the course of the project. Briefly, the method is

to design for simultancous coincidence at the center of the
display and then to vary ithe pulse phasing for other posi-
tions by retarding one pulser of each pair while advancing

oy an equal amount) the other pulser of each pair. 1In this
way, the time of coincidence does not vary with pulse~pair

separation.
C. "DIGITAL" CONNECTION

The simple scheme describerd above would require pulser
and delay-line bandwidths in the kilomegacycle range for
operation at video frequencies. A tecunique for substan-
tially reducing the bandwidth requircacnts, the so-called
"digital" connection, represents -he second important break-
through of the project. Instead of appliying a pulse between

one of, say, 100 wires and a continuous conducting back-up

AT g o F b

strip (behind the phosphor), the wires are grouped so that
every tenth one is interconnected (i.c., 1, 11, 21, 31, etc..

are connected together; 2, 12, 22, 32, etc., are connocted:

et s, Ko

and so forth); and the back-up strip is broken up into 10
segments, onc behind wires 1~10, one behind 11-20, etc.

Instead of a delay line with 100 taps, two delay lines with



10 taps each are used, one connected to the groups of wires
and one connected to the segmented back-up strip. A wire is
energized by simultaneous application of p;wer (of opposite
polarity) to a "units" tap on the delay line connected to
the wires and a "tens" tap on the delay line connected to
the segmented back-up strip. For instance, wire 23 is encr-
'gized by exciting the 21-30 "tens" tap negatively and the 3
"units" tap positively. 1In thie way, lO-tap delay lines
replace 100-tap ones, with rasulting greater accuracy of

digital operation and considecrallie reductisnn in complexity.
i

Crosstalk, which may be caused by a poorly shaped pulse,

still remains a problem. For instance, if in the above
example the "tens" delay line partially energizes the ad-
jacent (31-40) circuit, wire 33 way also be energized. A
possible remedy might he Jdoubling the anumber of hack-up
segments and halving <he number of wires gserved by a sinygle
back-up segment. Then enevgizing the 21-25 segment by a
poorly shaped pulse might be safely allowed to energize par-
tially the adjacent 16-20 and 26-31 segments as well, since
neither hacks up a 3 wire, so that no crosstalk can result.
The "digital” connecticn reduces the number of taps
required on each delay line to the square root of the number
of wires, making order-of-magnitude reductions in the re-
quirements for bandwidith and pulse width possible. As an
examnple, for a standacrd television system with a resolution
{(not number of raster lunes) of 350 lines and 30 frames/sec,

the straightforward connection would require delay lines
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with a total delay of 64 ns and a bandwidth of 2,310 No; and
& pulse width (at 50-percent amplitude) of 0.2 ns. In the
"digital" connection, the total delay is the same, but the
bandwidth is reduced to 124 Mc and the pulse width is in-
creased to 3.4 ns., These requirements are still formidable,
but at least appear to be feasible in the present state of
the art.

Another aspect of the "digital" connestion that should
not be overlooked is that although the present system is oon-
trolled by analog signals, the nature of the connection is
such that 1t is directly applicable to digital ocontrol, which
makes the scheme partisularly attraotive for computer applica-

tions.

D. DISPLAY PAMELS

During the gourse of the project, several experimental
panels were constructed, including a 1 x 40 oross-grid dis-
play, a 9 x 9 large-scale model, a 40 x 40 gross-grid dis-
play, a 1 x 100 bar graph, and a 100 x 100 oross-grid display.
The results obtained with each of these devices are desoribed
in this subsection.

1. 1 x 40 CROSS-GRID DISPLAY. This device was con-
structed early in the program as a non sophisticated version
of a working unit built by Kaiser prior to allrg of ths eon-
tract. The display device was used for test purposes in the
initial stages of development and later as a demonstration
model.
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2. 9 x 9 LARGE-SCALE MODEL. 'This device was a wall-
mounted model 3 x 5 ft in size comprising ¢ wires in each .
divection, which was constvucted as a means of Jdetermining

whether pulses of nanosecond widoh comidl be genevatew, Con-

crolled, and added alongy wircs as speci’ind. The model was
used largely in testing pulsers (7. Sso. IV-F). 3Jince 52
punosphors capaliles »f being sxcicou wiz canosecond pulses
were availiols at che tiae, Jlashlight lavws were usaed dt
the intcrscctivn Lo dowsnscrate the qwti.od.  The erreriments
were successivl and adequace contool o the Ligaots was

attained.

3. 40 1 40 CROSS-GXID DISFLAY. Teals copdacied wikh
this device repregented the turning poinc OF the proajectl.
Both #-y and raster scan were demonzirated viltn this model,
wiiich also proved tou be an ilwgporkant means oF evaluating
pulilser and delay-line perdiormance.

Two pulse generatore peoduced double pulses at 15.75 ke;
the outputs of each jenerator werc apolicd to two 20-uscc
delay lines, suitably phased to provide a continuous scan as
described in Sec. IV-P. The phasing was accomplished by a
variable-delay network that causz2s one o»f the pulses applied
to the 20-usec delay line to.le;d the 15.75-kc reference by
10 usec and the other to lag by 10 usec at the beginning of
each sweep; as the sweep progresses, tihe comglementary lead
and lag are incrementally reduced to zero and then increased

in opposite directions to complete tiie sweep. Through a

count-down circuit, one delay line receives pulses at 1/40-th




of the rate of the other, to produce a raster scan similar
to television scan.

The "simuitaneous coincidence" descriked in Scc. IV-b
was achieved in this wmodel by sampling Lhe output 0F one
delay line and using the resulliing signal to Lrigger the
pulse generator connwcted vo Jhe obthier delay line.

The device was alse uSea Jor x-y gcanning ot the sort
produced by a conventional oscilloseape. In tais application,
the count~-down cigcuit used in ractes scanning i3 removad.
The waveform to be displayed itz naevd Lo modulate a 1.2-Mc
oscillator whose output paeses hrowyh a dewecting circuit,
where theo siynal v separated inko its posicive and negative
componenks itrat are then inteqgrated o roproducoe the original
3icnal as two complenentary (positive ant negative) signals,
which in turn are applivd tu the vaciable~delay circuits in
one of the pulse gencratovs. A sine wave disprayed on the
40 x 40 cross-grid digplay is stown in Fig. 4. IFf both the
horizontal and vertical circuits are wxditied in this
fashion and time-base signals are applied to both, it is
possible to produce Lissajous patterns; such patterns were
generated and recorded in dynanmic variation on wmocion-

picture film.

4. 1 % 100 BAR GRAPlLl. Thic device was constructed
for the purpose of making evaluation tests on the "digital"
connection described in Sec. IV-C. Tre connection minimiz-
ing crosstalk was used: wires in groups of 10 and the back-

up plate in 20 seguents corresponding to 5 wires per segment.
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FIG. 4.--3ine wave on 40 x 40 display.
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The device thus represented a one-dimensional version of a
conmplete display and served to determine such design char-
acteristics as pulse repetiltion tate, awplitude, and coinci-
dence, as well ag stability and sensitivity. (A seasitivity
of 100 wv per division was achieved.) In addition, the bar
graph way have direct applicabtions as a special-purpose dig-

play system with the Jfollowing characteriscics:

(a) Good contrasi ratio.

() Simall pacirage sizc.

{c) Low power conzwapilion (j.z., Low heat generstion).
(d) Simple swicchinyg ciccuitry using stanuard components.

(2) Good linearity.

5. 100 ® 100 CRESS-CAID DISETRAY. 9%.ig was the wmost
claborave display device consturvcied in loe course of the
project and demonstraced the fz2azibilicy of che "digital'-
connection scanning scheme [or ‘arg. displays. For dewon-
stration purposes, a slow frawe rate (l6.7 sec) was chosen.
The decimal arrangement ol wires and back-up plates (both in
groups of 10) was used, with stegs of L0 uced between the

delay lines for simplicity: 16.7 and 167 msec for the "units"

” n

and "tens" sweeps of one delay line, and 1.67 and 16.7 sec
for the other. Design emphasis was placed throughout on
standardization of circuits, with a view 0 making mass pro-
duction on a microminiat urization scale feasible. The num-

ber of diffexrent types of functional circuit bloclis was

reduced to six.
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The resulte obtained witl this device substantially

accomplished the stated obhjective of developiny a kbasis for

a practical commutating sysltem of switcticy a cress-grid

5
4
display at video scanning rates. y
E
i
E. DELAY LINES ”

Ly

In connection with the development o7 a practical means
of scanning the cross-grid display by e methudd desoribed
above, various special delay lines were invesciwaiasd and
evaluated, includinyg a nonlincar, a solid-state, and a

bifilar delay line. Tiege studics ace broefly descvibed

below.

1. NONLINEAR LELAY LIHL. Tuis type of lane pasz edn

S0yt e 8ine

v
ur

under study as a resalt »7¥ 1lts akvitaity ts tran
wave into a sawtootlh waveiora with & very shecp waveiront.
It was oi interest Lo e scegent nrojeci az a weans of
sharpening the pulses 1oc cthe puirpose of obeaining nigleds
resolution. The nouldncariity is in Lo xesoonse Lo signals
oF varyving amplitude. The linc typically corsisos of series
inductances and shunt canacitances, with a biased diode
inserted in scries with each capacicance. One sclieme that

was studied was the replacement of the lumped elements by a

distributed line made of a ferroelectric matecsial such as

R

barium titanate, but the high £fields necessary to realize
the nonlineaxr properties of such matertials (of the ordecr of
80 v/mil) and the laryge dlielectric loszes at high frequencies

were deemed to be insurmounzable obstacles to the success




of such an applicaticon.

The investigation of the nonlinear line was cut short

3
i

by the development of special nanosecond-pulse techniques,

i

as described in Sec. 1V-F.

2. SOLID-STATE DELAY LINE. The basic configuration
investigated consisted of flat parallel conductors with a
material of high dielectric conshkant placed hetween the con-
ductors. The experiments were aimed al deternuininyg the max-
imum achievable bandwidth and the ranges of impedances and
delays attainable. Lines of this confijuration are physi-
cally rugged and can be tapped at poinits that are not neces-
sarily evenly gpaced (as in a lumped-constant lins) and
whose number can be wade arbitrarily ilarge, ag liniced only
by the physical considerations 5% maring clecctrical contacts.
Typical characieristics achieved were lzlays of the ordér
of 30 ws/fit, characteristic swpedances of 10-20 ohms, and
bandwirdths up to 200 Mc. It ic believed that Ffurther in-
vestigation oi -such delay lines would reveal a number of

interesting applications.

3. BIFILAR DELAY LINE. The basic configuration con-
sists of two separate conductors wound in the same direction
around a dielectric mandrel, so that a b ifilar helix results.
The effect of winding two conductors in this manner is to
increase the delay timc by about 15 per cent above the
straight two-wire configquration. Typical characteristics

obtained were delays of the order of 100 Ascc and




»

.

characteristic impedances of 50-100 ohms. However, the bi-
filar line in this Jorm was found unsuitable For the proposed
application, largely bhcuouuse of :iapfficuliies acsocciated wicn

crapping the line and obtaining a gouona relference Lov the

tappzd voltage; since the "growd" wire 1e carricd alongside

?

1
the other throughout the lengith ~f the Line, 1o ac goounc Lg

optained excepi an thae andy 3% Epe 1.no.
o PULSLKKS

Le  HAMNOSECOID FULSL TECHLINGUNS.  fove basio amciands

of geperacing naroscoreod Gacses wer -e3iualod oo fhn
presanc anplication. Toe Tirse wan > el o? i Staaliara

.

trigyeced Tlociiing onti)lazors.  Suu' 4ireur il weys Lovad
fo be ansabicfactowy Lo the geaccaltion oo suldes of the

. s g U2 . - A et . - - - : e
required amptituds (and sioctor olan 09 ) T LOW- LapEedd ace:

aslay lincs.

The sacond sw-chod “onadssied o cning S3ilwcon transis-
tors in the avalanchc moce, and lisewlss proved to e
unsatcizlactory.

The thivd mcinrxd involved the ugse oo L annlinear
delay line described in Sec. IV-E-1 above and also turned
out to be unsatizfactory owing to (a) the high impedance of
thhe line, (b) the limited handwidchs »I the voltage-variable

capacitors ("varicaps"), and (c) their relatively low

i
1
i

voltage swinge.
The fourth method was the wost successful £>r producing

nanosecond pulses. An oscillator operating hetween 1 and




10 Mc was used to drive a solid-state diode via a capacitive
coupling network; the positive half cycle forward-biases the

diode, but the reverse-biasing action of the nejative half

cycle is delayed and then takes place very abruptly, giving

rise to a shaxp pulse. (Yhis action iz sometimes called the
O

"Boff" effect after its inventor. )  This wethod is limited

only by the characteristics of the diode (i.e., speed and

power dissipation) and is doubtless capable of even further

improvement.

2. DESIGH OF MICROSECOWD éULSERS. Sirce the delay
lines developed in the course o the project were nob cap-
able of progagating nanoszcond gulsea without serious decer-
ivration, a rarallel progyram i pulscer Jdesign at aicrosecond
pulse widihs was undeciaken. Coumercially avallable delay
lines could then be used to Jdenonstvate the operatinn of
the system. Several pulccr designs were undertaken.

The first approach was tnat of driviang a "slave" ocutput
stage with a low-iaupedance source, such as an emitter fol-
iower or cascaded emitter followzes ("Darlington paic"), to
ninimize loading of the input signal. Thisz circuit suffered
from the basic problemn of unavailability of a transistor for
use as output "slave" that would have a sufficiently high
collector-voltage rating to yield the'}equircd output wvoltage
and at the same time a low enough storaye time so that sharp
pulse rise and fall tiwes could be maintained; Lhis problem
proved to be insurmountable; Some improvement in rise time

was obtained by the use of a four-layer switching diode in
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series with the collector of the output "slave" transistor,
but the fall time was still pouor and was aggravated by over-
“heating of the transistor junction, which tended Lo increase
the storage time. Insertion of an inductor or a high-speed
saturable reactor Ior the purpose of reducing the overheatiny
by reducing the turn-off time hrought abont uo iuanrovement,
since it resulted in a damped wave train at the switching
diode that jenerated several palses in place 2f sae and tnas

contriruted to the heating.

The circuit that finally proved to bhe savisfactory

"

utilized a Lriggyerid Lloching oscillatur, which has the in-

.

herent advantage tor the present asplicaticon of providing a
symwetrical waveiorm. The desgion vreqguiszments on the tran-
sistor to be used were hiuh gain-hbaadwidsh product, high
collector-volta-e rating, Low collechor-to-emiitter satur-
ation resistance, insensitivity oi peta to collector-current
variations, and low storage time. The requirements on the
transformer to be userd were small shysical size and good ac-
cessibiiity, hiyh efficiency or core wmaterial at the fre-
quencies under consideration, low inscrtion loss, and low
leakage inductance, dusiributed capacitance, and IR drop.
The transistor ultimately selected haa a gain-bandwidth
product of 60 and a saturation resistance of 0.3 ohms at
500 ma. The storage tiane was not quite low encugh and made
it difficult to produce an output pulse shorter than about
2 usec. The pulse width was ultimately brought to a control-

lable range of 0.5~4 usec by the substitution of a silicon

=
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mesa transistor, which also had a somewhat higher gain-
bandwidth product and thus less heating, since the device
can reach saturation more quickly.

The blocking oscillator is the only circuit that seems

to be capable of meeting the stringent requirements that

R T CE R = =3 A ) Wi?

(a) output-pulse magnitude must be in excess of the voltage
rating of commercially avaﬁlagle transistors, (L) the rise
and fall times must be faster than those available with
medium~-power transistors, and (c) the storage timc must be
small, which eliminates available Ligh-power transistors.

The blocking oscillator essentially climinates all these
problems because 0f its use of a transformer in conjunction
with regenerative feedback. Moreover, ik provides the fol-
lowing advantages: sgtable operation, less stringent require-
ments on the trigger source, very small turn-on delay tinmes,
insensitivity to normal load variations, {ixed and controlled
rise and fall times, fixed pulse width, high efficiencies

(of the order of S0 per cent), low average-power consumption,
low heat generation, correct impedance matching to load,

small package size, and the use of standard components.

G. PANEL FABRICATION

Sen it eier s

During the present investigation, techniques for fabri-

v

cating phosphor panels were developed that perinitted
microsecond-pulse excitation at acceplable brightness levels.
Although no systematic study of the techniques employed in-

the fabrication of such panels was undertaken, the laboratory




techniques may be of interest and are bhriefly summaxrized

belowe.

A commercially available glass substrale coated with
L 4

+ e e . ALY

stannic-oxide transparent condyctinyg £ilm waz 053w

ducting strips were cuveated by electric-arc etching of

0.1-in. spacer strips. A layer of U.§. Radium NO.

phosphor was deposited frow a water suspension of the phos-

phor and its binder; the length of time during which the

suspension is allowed to z:t.ole conteols the th
the phosphor. Next, a film of dieleccric water

dielectric scrength is sprayed ~nto the pancl.

ictness of

ial with nizh

(opaque) set of strips is [.rned by vacuuam evapcration of

pure aluminum thirough a mass, ard a srotecuive pLastic Tila

cvating 1s then sprayed over che aluainua. Last
contacts are attaclod Lo he epds 0 boe Stx .8

connectionse.

Apart from the liwitations of mae phosphor itself,

principal problem encountersd in tre pecparation of pancis

by the above tecnniques was the relatively higya resistance

of the transparent conductive elewcncs. This problen could

~be doubtless overcome by an appropriate rescarch effort

directed toward minimizing the resistance.

%
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