MIR #99 June 26, 1957

‘M VALUATICON OF COLOR TEIEVISION DISPLAY SYSTEMS

by
The Engineers of the Television Receiver Dept.

and
the Cathode Ray Tube Dept.

General Electric Co,
Syracuse, N. Y.

Abstract

The CRT-TVRD Color Study Group or Task Force was organized on November 30,
1956 with the goal of determining a marketable Color Television Display System.

The members of this group were:

TVRD CRTD
Jo. F. McAllister L. C. Maier
R. B. Dome Js C. Nonnekens
D. E. Harnett E. F. Schilling
D. W. Pugsley
G. A. Schupp
D. E. Garrett
W. E. Good

T. V. Zaloudek

In addition, the following engineers were active in preparing or presenting
information for this study:

F. G. Cole I. E. Lynch

B. Field M. J. Palladino
M. Graser, Jrs W. D. Rublack
N. Johannessen T, T. True

Sixteen discussion periods were held, including one presentation to the
Research Laboratory people of the basic finds of the study.

This report contains the individual technical studies, their summary and the
conclusions and recommendation of this groups,

W. E. Good (Scribe)

I. E- Lynch (Editor)
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AN _EVALUATION OF COLOR TELEVISION DISPLAY SYST=ZMS

June 21, 1957

BY CATHODE RAY AND TELEVISION RECEIVER DEPARTMENTS

PART I - Summary

A, Purpose and Conclusion

This study was undertaken to determine the feasibility of designing a
Color TV receiver consistent with cost and performance requirements as now established
by marketing, These requirements are:

1, Ultimately profitable operation at list prices of $319,00 for table
models and $350.00 for consoles, These prices reflsct a $100,00
list price premium for color over good quality monochrome receivers,
For adequate profitability, the permitted increase in manufacturing
cost is $50,00, (The $100.00 list price increase for color may also
be expressed, approximately, as a 30% premium over monochrome, )

2, The picture size must be 21%,

3, The design must be eventually capable of utilizing all information
present in the NTSC signal.

Consideration was given in this study to performance and cost, However,
cost stands out as the limiting factor. No color system known today, or feasible in
the light of today’s materials, meets the $350,0C market criterion. To achieve this
price, basic research level effort is necessary to provide invention in system and/or
materials., There is one system, "Apple-Super Index", which with moderate development
activity could achieve a manufacturing cost of $31.00 over objective,

It is recommended that GE proceed immediately to contribute to development
of this system,

B, Cost Summary

Manufacturing Costs of a table model set are presented on Chart #1 (page 3)
for the several systems studied. Inasmuch as the Aperture Mask Tube is the only tube
actually in production, the chart begins by comparing 1959 estimated AM costs with
1961 estimated AM costs, It is assumed that TVRD would purchase the picture tube
from RCA; so that provision for liquidation of tube development costs is not included.

As to alternative systems, tubes are not now available. Accordingly, for
the purpose of this report, CRTD has prepared Engineering estimates which reflect the
intrinsic cost differences between these and the aperture mask tube at comparable
quantities and stages of development,

The systems are grouped as: "Known Today"; "Feasible in Today's Technology",
and 'Basic Research Required", The objective manufacturing cost for color ($154) is
noted in the last column, It is computed from the theoretical list price of a current
monochrome wood table model, (Model 21T1543 less power tuning), which would list for
$219.00. The objective list price for color, then, would be $319.00, requiring $154,00
as the manufacturing cost,
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It is to be noted from the chart that the manufacturing costs of Aperture
Mask, Post Acceleration, current Apple, and Chromatron are $100,00 and $50.00 in
excess of the objective in the 100,000 and 1,000,000 quantities respectively, and
so do not meet the marketing objective, In the second group of systems (feasible
in today's technology) the costs are shown to be greater or equivalent to the known
systems with exception of "Two-Color" and "Apple Super-Index®, Two-Color is $29,00
higher than the cbjective; this system displays only twe primaries; orange and cyan,
and produces pictures which are similar to the "True Color" process of the movie
industry. The other system, "apple Super=Index™, is $31,00 higher than the objective
manufacturing cost. This could yield a list price of $379.00, as opposed to the
objective list of $319,00,

The hope of achieving cost compliance with objective is in the last group
of systems, The variable color filter, or the light amplifier conceivably could
yield a manufacturing cost consistent with objective, Basic research work is required
to invent and develop materials for these systems. The cost figures presented are
only an indication of what the cost might be if ideal materials are assumed, excluding
the costs of research itself,

In summary, all today's known systems, or those feasible in the light of
today’s technology, exceed the cost objective, Apple Super-Index approaches it,
New invention and basic research, alcne, offer hope of achieving it,

Reference is made to Part II of this report for details on all systems
studied.,

Co Recommended Program

An engineering Advanced Development program is recommended in both CRT and
TVRD to contribute to development of the Apple Super-Index system, An effort of
5-6 man years/year is recommended for TVRD to establish requirements and accomplish
circuit and component improvements. It is further recommended that CRTD support this
TVRD development with the required effort.
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(32% discount; 10% excise tax: 19.2% gross margin).

CHART I

MANUFACTURING COSTS
TABLE MODEL
Mfg., Cost
Mfg, Cost Quantity Color
Quantity 1,000,000 Objective
SYSTEM 100,000 Add. Dev, Mfg, Cost
T
I Known Today
1959 1961
a) Aperture Mask (AM) = RCA Type 267 209 154
b) Post Acceleration (PA) - GE Type 261 203 154
e) Apple = current Philco Type 258 213 154
d) Chromatron - Paramount-Dumont Type 266 206 154
II Feasible in Today's Technology
a) Aperture Mask Variation
1, Double Mask - 3 gun Greater than AM
2, One Gun Same as AM
3, In=line gun Same as PA
. L, Two-color (Gross type) 183 154
~ b) Post Acceleration - Double Grille Greater than PA
¢) Lafferty Same as AM
d) Penetron Greater than AM
e¢) Gabor Greater than AM
f) Projecticn Greater than AM
g) Eidophor Greater than AM
h)  Apple Super-Index 218 185 154
IIT Basic Research Required
a) Variable Color Filter 166 154
b) Light Amplifier 166
N
NOTE: To obtain list price multiply manufacturing cost by approximately two



SUMMARY OF THE TECHNICAL REPORTS -—
AN EVALUATION OF COLOR TELEVISION DISPLAY SYSTEMS

By: W. E. Good

This summary covers the highlights of the detailed reports in Part III
of this report, and the results of their individual consideration by the CRT-TVRD

Color Study Groupe.

1. Over 68 color tube types or variations were stuided and the detailed
reports or patent dockets are included in Part III.

2, Both the performance and the cost of these systems were compared and
a breakdown of the results is included in Table I under Color Systems
Evaluation. :

3, Of the 68 types, 47 were considered to be technically feasible in the
sense that it was theoretically possible to make such a system work,
Fifteen were considered to be practical in the sense that the systems
could be built in the laboratory and be made to function, Six systems
appeared to have about the same cost potential as the Aperture Mask
receiver, Six systems appeared to have the potential of costing less
than AM - four of these wers Apple variations (yet to be developed or
proven practical), and two were in the "future" category. Nine systems
were labeled as capable of adequate performance and 17 were pointed out
as needing further study in order to determine their full potentiality.

Several different ways wers used tc classify these systems - the one used
in Table I is by the function recuired to obtain color. In presenting this material
to the Research Laboratory we found it more convenient to use; "Current Systems,"
"Alternative Systems Which May Be Feasible in Light of Present Technology" and "Future
Systems Dependent Upon Major Development in Materials and Technology." Regardless
of how the classification was made, we arrived at the conclusion that we had a
complete classification. We feel that there are no basic gaps in the systems
considered,



A. Accurate Beam Scanning

.

TAELE I
COLOR SYSTEMS EVALUATION

TECHNICALLY
FEASIHLE

1. Transverse scanning (vertical lines)

a. Without sweep speed correction Marginal

b. With sweep speed correction Marginal

2. Parallel scanning
a, Manual adjustment
b. Servo comtrolled

3, "Checkerboard"

Marginal
Yes

Marginal

B. Color Signal Controlled by Beam

Scanning Position

1. Apple

2. Dome's comb

3. Gethman's slave tube
4, Kim's tube

5 U.V. phosphor tube
6. True's, Lynch's tube

C. Adjacent Image

Yes
Unk.
Yes
Unk.
Yes

Unk.

l. Three monochrome tubes with

a8, American Optical System (Projec-= Yes

be Trinoscope

Unk. = unknown
Pot L, - potentially less

tion)

Yes

Marg. = marginal

(ENGINEERING WISE)

PRACTICAL

No

No

No
No

No

Yes
Unk.
No
Unk,

Yes

Unk.

Yes

No

No

No

No
No

No

Same
Pot L.
No

Pot L,
Pot L,

Pot Lo

No

No

TNRL A RTAVTN

BILro.

CUMLAING L

™A

ADEQUATE

No

No

No
No

No

Yes
Unk,
No
Unk,

Yes

No

No

RTHER

NEEDS F1

STUDY OR DEVELOPMENT

No

No

No
No

No

Yes
Yes
No

Yes
Yes

Yes

No

No
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3.

L.

Two monochrome tubes with
optical addition (two color)

One monochrome tube divided
into three areas with Fresnel
lens addition

Baird two color tube

o

be

One gun on each side of
phosphor plane

Both guns on same side of
phosphor plane

Beam Control at Phosphor Screen

1.

2

3.

Lo

Insulated stripes with anode
voltage alternately applied

Interleaved deflection plates
or grill wires

8,

b,

Ce

Lawrence - horizontal stripes
Lawrence = vertical stripes

Snyder deflection plates

Mesh grill tube conmtrolling depth
of beam penetration

Lafferty tube (reflection type)

as

b,

One gun
Three gun
1, Inline guns at ecual voltages

2o, Closely spaced with cathode
voltages spread

Lafferty tube (transmisc on type)

Domet's magnetic tube

TECHNICALLY

FEASIELE

=

es

Unk.

Yes

Yes

No

Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes

No

PRACTICAL
(ENGINEERING WISE)

=
O

Unke.

No

No

No

Yes
Yes

No

No

Yes

Yes

Yes
No

No

v e e

4% se
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8z Hag
Yes No
Pot L. Unk.
No No
No No
No No
Same  Marg,
Same Marg,
No No
No No
Same Marg.
No Marg.
No Marg.
No No
No No

STUDY OR DEVELOPMENT

NEEDS FURTHER

=
(o]

Yes

No

No

No

No

No

No

No

No

No

No

No

No
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Direction Sensitive - Electron
Shadowing
1. One gun P.A. using space dis-

2
3.
L.

5e
6o
7o
8.
9.

10,

placement in the neck by:

a, Magnetic field

b, Electrostatic field

c. Sheet beam cathode

Three gun P,A,

Double grill P.A.

One gun AM with:

a, Dot sequential beam rotation
be Chroma rate beam movement
Three gun A.M,

Single mask post acceleration A.M.
Double mask post acceleration A.M.
Three inlinegun A.M,

Gabor tube

Possible modifications:

a, Unfolded neck

b, Single gun

ce Reflection type shadow mask

Three gun P,A. with horizontal
phosphor lines

Four phosphor - Zenith tube

TECHNICALLY
FEASTHLE

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

PRACTICAL
(ENGINEERING WISE)

No
No
No
Yes

Yes

No
Marg,
Yes
Marg.
Marg,
Yes

No

Yes
Yes

Yes

No

No

THAN. A.M.

COST IESS

No
No
No
Same

No

No
No
Same
No
No
Yes

No

No
No

No

No

No

PERFORMAN CE
ADEQUATE

No
No
No
Yes

Yes

No
Marg.
Yes
Yes
Yes
Yes

No

Unk,
No

No

No

No

NEEDS FURTHER
STUDY CR DEVELOPMENT

No

No

No

Yes

Yes

No

No

Yes

No

No

Yes

No

no

No

No

No

No
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G

H,

Direction Sensitive Nonplaner
Color Screen

1.
2,
30
Le
5e

Baird three gun tube

Graser two gun modification
Phosphor pyramids
Perpendicular phosphor planes

Honeycomb structure

Velocity Sensitive

1

2,

30

Lafferty tube = three guns
closely spaced

Three gun mesh tube listed
under D 3

Penetron

as One gun
1, Field sequential
2, Line sequential
3. Dot sequential

b, Three gun with different
volt ages

Color Filters

1,

"Porphyrite" - electrically
controlled color filters

2o. McAllister proposal - light

3o

amplifiers

Zaloudek proposal of color
control by:s

a, A second electron gun excitation

TECHNICALLY
FEASIHLE

Yes
Yes
Yes
Yes

Yes

Yes=

Yes

No
No

Yes

Yes

Yes

Yes

Unk,

PRACTTCAL
(ENGINEKRING WISE)

No
No
No
No

No

No

No

No
No

No

No

No

No

Unk,

COST LESS
THAN A.M,

No
No
No
No

No

No

No

Yes
Yes

No

No

Pot
Less .

Pot
Less .

Unk.

PERFORMANCE

ADEQUATE

No
No
No
No

No

No

No

No
No

No

No

Pot
Yes

Pot
Yes

Unk,

NEEDS FURTHER
STUDY OR DEVELOPMENT

Ne
No
No
No

No

No

No

No
No

Ne

No

. Yes

Yes

Yes
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Jo

Ko

'N

be U.V. light excitation

Mechanically moved filters

Two and Three Color Line
Sequential Proposals

1.

2.

Timbie - Devine proposal - field
of green followed by field of
red and blue line sequenced

Dome proposal - green presented
on each field, red and blue line
sequenced on each field

Light Valves

1. Eidophor

2. Scophony - Ultrasonically controlled
3. Reflection or transmission controlled
1. Color by current density changes

2, PoOoWo

3. Spot hesitation (Lynch's docket)

TEGINICALLY
FEASIHLE

<
=
~
°

=
o]

No

Yes

Yes
Unk.

Unk,

Unk,
Unk,

Yes

(ENGINEERING WISE)

PRACTICAL

=
k
°

2
(o}

No

No

No
Unk,

Unk,

No
Uni,e

Yes

COST LESS
THAN A.M,

=
&
o

Unk,

Unk.

No
No

Unk,

Unk,
Unk,

Unk,.

PERFORMANCE

ADEQUATE

=
o

63

No

No

Unk,
Unk,

Unk L]

No
Unk,

Unk.,

NEEDS FURTHER

STUDY OR DEVELOPMENT

Yes

No

No

No

No
No

Yes

No
Yes

Yes
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Detailed cost analyses were made for the basic systems considered. These
are summarized in Table II. The cost of each of the remaining systems was Judged
relative to the Aperture Mask receiver as indicated in Table I. Whereas the major
consideration in this study was to find a system which would potentially sell for
$350, there still needs to be an evaluation of performance, Performance was judged
to be adequate if it fulfilled the basic needs of the NTSC signal and would eventually
achieve the assumed brightness of 50 £t, Lamberts while using 50% Ultravision glass,
(See Display Device Characterisfics,) It was assumed that the AM tube represented
"adequate" performance even though its brightness, registration and grey scale
performance are open to question,

TABLE II

SUMMARY OF ST ANALYSES OF THE INDICATED COLOR SYSTEMS.,
THESE ARE MANUFACTURING (OSTS ON THE BASIS OF A 21 INCH
PICTURE IN A TABLE MODEL RECEIVER.

0 M em P @p D P S S S oD G oo e © M S oo o 3 o O @ & o o

TV Receiver Type Manufacturing Cost
Monoch rome $104
Color Objective 154
Aperture Mask (AM) '
(1956-57 Production 3,900 units) 517
Aperture Mask (AM Optimo) 267 209

(a) (1958 for 100,000
(b) Later for 1,000,000 with cost reductions)

G.E. Post Acceleration (PA - Optimo) 261 203
(Same Dates as AM)
Chromatron (Same Dates as AM) 266 206
Apple (Secondary Emission) or Ultra~Violet) 258 213
Apple (Ultimate possibility assuming much
simplified indexing) 280 (aporox)
Two-Color Aperture Mask 185
- (Preliminary)
Electrical Color Filter 165

(Speculative - assumes $10 color
filter and practical characteristics
for the materials involved)

Light Amplifier panel ) 165
(Speculative - Same assumrtions
as Electrical Color Filters)

Color Eidophor - (Speculative) L6E
(Materials cost only)
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The following systems were specifically judged to be greater in cost than
the Aperture Mask Receiver: Lafferty tube, Penetron, Projection, Double Grille PA,
Double Mask AM, Gabor flat tube and one gun AM,

Table II shows the relationship of the manufacturing cost of AM, PA,
Apple and Chromatron color receivers and their potential variations. It is quite
apparent that none of these systems meet the $150 manufacturing cost objective. Evenif
it is assumed that the Apple, single gun system, is technically improved until it is
possible to take a high level index signal directly from the picture tube, thms eliminat-
ing all of the present index amplifiers and converters, the resulting optimistic cost
is still $30 too high. The only systems thai come tolerably close to the cbjective are
the Light Amplifier and the Electrical Color Filter. However, both of these estimates
were based on the existance of materials which are still unknown, so that these
estimates are highly speculative,

A look at the performance of the more pertinent systems considered gives
us some idea as to their future potential and possibily which one should be used if
the price is permitted to rise,

CURRENT SYSTEMS:

Aperture Mask (AM) = The brightnsss of this tube is marginal., In fact, even
if the holes in the mask were made as large as theoretically possible it would be dif-
ficult to achieve 50 ft. lamberts through Ultravision glass without further increasing
the high voltage power. Table III shows the relative power required by each of these
types. Standard AM recuires 11 times the HV power as the equivalent monocchrome set,
Although reasonable registration is possible; it is clear that the triad gun arrangement
is not as simple to converge as an in-line arrangement. Applying a double mask or
using Post Acceleration on AM does not appear to be worthwhile. The grey scale stabi-
lity of the three gun tube has not been completely evaluated, If the AM type were to
be continued it would be in order to change to in=line guns; design the yoke to include
the major dynamic convergence corrections. and enlarge the holes or slots in the mask,
The result would be a brighter and bettey registered tubs Hut still requiring a large
amount of high voltage power,

TABLE III

RELATIVE VALUES COF HIGH VOLTAGE POWER REQUIREDM FCR EACH
COLOR SYSTEM TO EQUAL THE WHITE HIGHLIGHT BRIGHTNESS OF
AN EQUIVALENT MONCCHROME RECEIVER WITH 50% ULTRAVISION,

£ @ eo O e @m o> o © e 5 o G e o O £ o o oo S o B & o oo &

Monochrome M PA Apple Chromatron

Relative
HV Power 1 1 1.7 3 to 4 3
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G.E. Post Acceleration (PA) = This tube has high electron transparency
and requires only 1.7 times as much HV power as the equivalent monochrome tube., It
requires an internal grille structure, accurately placed relative to the phosphor
stripes, and a stable voltage ratio between the 7 KV grille and the 25 KV screen,
The main difficulty in this tube is in making reproduceable or interchangeable grilles,
Experience with the in-line gun arrangement indicates that 21! major convergence errors
may be compensated by means of the yoke design. This leaves only minor adjustments to
be made in the factory which should result in better and more stable registration,
The haze problem resulting from secondary electrons from the screen appears to be
capable of being solved. This tube in its present form would require a magnetic shield
to reduce the effect of the earth's magnetic field on the soft beam. The tube is
potentially capable of further improvement by use of a double grille, This would
result in higher gun wolrages which would improve spot size and reduce haze effects
due to secondaries. If a solution is found for economical construction of a single
grille PA then an evaluation of the double grille PA is in order, Two basic problems
then remain - one, the difficulty in going to wider angle deflection with this tube
and the fact that it has three guns (grey scale stability). Otherwise this tube
appears to have the greatest potential of any three gun tube and could satisfy all of
the performance recuirements, If this tube should be considered at some future date,
specific effort would be required in matching a yoke and gun design, haze reduction,
resolving the three gun grey scale problem and in investigating double grille
variations,

' Apple = The secondary emission type Apple has two basic difficulties: (1)
inability to obtain flat color fields (due to variation in secondary electron transit
time and unreproduceable electrostatic-fields within the tube) and the difficulty in
constructing the tube (M,0 secondary emission material vagaries and the difficulty of
accurately placing the 2¥ to 30 KV boundary near the screen, The brightness of this
tube is better than AM but still may not satisfy the requirements, The high frequency
index requires special handling ard the possibility of RF interference always exists,
The present structure of 16 triads/inch is found to be ocbjectionable to some, The HV
power required of this type of display falls between three and four times that of
monochrome .

New Apple with low frequency index = This Apple variation is truly a one
gun (no separate index beam required) tube and in one form makes use of an Ultra-Violet
emitting phosphor and a photo-multiplier tube pickup for indexing. Early indications
are that this approach shows real promise compared to the one above, because of general
simplification, i.e. no index beam required, no transit time variations and one HV
potential which greatly reduces the voltage field variations within the tube. Work
with this system and with variations may well lead to a practical and economical color
system. The gun and yoke problem need particular attention due to the ssvere require-
ments placed on spot size and beam current,

Chromatron = This single gun (Lawrence Tube) tube selects color at the screen
by applying a sine-wave (3.58 mc) to the double grille)., It is faced with all of the
problems of the G.E.~ P.,A, tube except for convergence., However, the burden on the
single gun is very severe. It is required to deliver approximately 10 times the peak
current of one of the PA guns. It also has the possibility for various moiré patterns
depending upon whether the grille wires are vertical or horizontal. It requires ap=-
proximately three times the HV power of monochrome plus 15 to 20 watts of RF switching
power for the grille, The radiation problem is not negligible, It requires continuous
switching even on white, This tube does not appear to have the performance or cost
potential of P.A. or Apple,
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It is apparent that the performance of all of these color tubes depends on
the basic sensitivity of the colored phosphors and the ability of the electron gun
to deliver sufficient current of the appropriate spot size to produce a given brightness,
Further improvement in phosphor sensitivity would reduce the burden on the electron
gun. In fact an improvement in the technique of laying down stripes or dots of phosphor
could improve the effective sensitivity of the phosphor almost two to one. The ratios
of HV power given above are based on the measured efficiencies of a settled powdered
phosphor screen, In actual practice the required HV power is almost twice the value
indicated,

The basic costs of the color tubes so far described is a direct function of
the increase materials cost and the increase in the number of operations required
during construction. This cost may vary from two to three times the cost of a mono-
chrome tube, The new Apple may be closer to two times because it requires no internal
structure and it may employ a monochrome-type bulb,

ALTERNATIVE SYSTEMS WHICH MAY BE FEASIBLE IN LIGHT OF PRESENT TECHNOLOGY

Apple variations, either of the U.V-photomultipler type or the conductive
comb types, appear to be headed in the right direction for the development of truly one
gun color tubes, They satisfy the desirable condition that no switching takes place
on monochrome and the errors in reproduction are thrown into the color portions of the
picture where they are likely to be more tolerable, Further study is required to
determine the best one of these variations, the optimum index frequency, the possibility
of an amplitude limited index signal, the limits in comb conductivity and performance
and the value of spot hesistation techniques,

Accurate Beam Scanning Systems — These are essentially precision scanning
systems (Apple - without servo) which require inordinately small position tolerances,
(say 0.001 inches instantaneous position tolerance), This is especially true in the
horizontal line type, Adding a servo to the horizontal line type is difficult because
of the need of matching each raster line to a color triad. Apple seems to represent
the logical development of this category,

Beam Control at the Phosphor Screen and Velocity Sensitive Types = Many of
these types require complex or unrealizeable structures at or near the phosphor screen,
The most practical of these are the Lafferty 45° reflection type Aperture Mask tubs in
either single gun, three gun direction or velocity sensitive types, It is now clear
that this type of tube could have run a clese race with the AM tube., However, at this
date, its potential does not seem to be as great as "Apple" or WPA,"

The Penetron type uses three layers of transparent phosphors and depends on
beams with different velocities or penetration to achieve color, The single gun version
requires some form of a grille along with switching voltages of the order of 5 kv peak
to change colors. The phosphors are low in sensitivity and the proper colors are not
yet available. The three gun penetron with three separate necks and yokes presents
very severe registration problems. The penetron may provide a possible solution for
two-color TV but three color TV is impractical at the present time,

The Gabor type of flat picture tube has this feature as its only virtue at
the present time, The tube is in the research stage and presents no basic color ad-
vantages over AM, as presently conceived,
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Projection systems which optically combine three color rasters require about
the same HV power as the AM tube because the optical efficiency of the system is about
the same as the electron efficiency of AM. The cost of the three tubes and the optics
is greater than the AM tube. Also the performance of the projection screen is poor in
both directivity and contrast. The changas of obtaining inexpensive optics, screen and
picture tube do not look good at this time.

Direction sensitive tubes which use phosphor geometry (eg phosphor pyramids)
at the screen were judged impractical due to the need of converging the patterns of
three guns (with three yokes) which have relatively large angles between them,

Mechanical scanning systems, rotating mirrors etc., were not seriously con-
sidered in this survey because none of the systems which came to note appeared to have
suf ficient merit to overcome the inherent problems connected with mechnical and optical
parts in motion,

SYSTEMS DEPENDENT UPON MAJOR DEVELOPMENT IN MATERIALS AND TECHNOLOGY

An Electrically Controlled Color Filter, in which such a filter is placed
in front of a "monochrome" tube, was judged to be theoretically feasible but would
only be practical with further development of electro-optic and fast decaying phosphor
materials, With present materials it would require several kilowatts of 3.58 mc switch=
ing power to select colors., The basic principles of such a filter are well known but
further study is required to develop application techniques which will place the mini-
mum recquirements on the materials, An experimental filter of small size could he
constructed to check the proposed methods of using the filters, It is suggested that
a preliminary study be made to determine the long range feasibility of this scheme and
the required properties of the materials to be used in a practical system. There is
no doubt about the attractiveness of a system of the type that selects color external
to the picture tube and thus permits the use of a monochrome type tube as the source
of light,

Light Amplifier applications fall in the same category as the preceding
system of selecting color external to the picture tube, Various methods of using the
light amplifier panel or panels are suggested which produce color by activating the
color-producing elements in the screen in synchronism with the exciting light from the
picture tube, Development of the characteristic of photo-conductors, electro-lumines-
cent phosphors, and techniques are needed for this system. Work has been initiated
towards the ultimate development of a monochrome light amplifying panel. This is cer-
tainly the first step to be taken in what appears tc be a long-term development.

The P.0.W., or picture-on-the wall is a logical follow-up to the light-
amplifier panel, with the additional complication of electrical scamning and brightness
control, The electrical input P.O.W. appears to be farther in the future than the light
amplifying panel,

The Color Eidophor could conceiveably be adapted to the home TV receiver if
a suitable gel could be developed for the light conmtrolling screen., However, even with
the existance of such a material, the cost of such a system appears to be considerably
more than AM,




=12-

Another suggested system takes the form of a light valve plate which is
scanned by an electron beam and the transmittance or reflectance is thereby controlled
picture element by picture element., It is intriguing to contemplate a reflecting
type screen whose brightness is a function of the ambient illumination shining on the
screen., Another scheme calls for phosphors whose colors are controlled by some
secondary means of excitation, such as ultra-violet light of different frequencies,

LINE-SEQUENTIAL, FIELD SEQUENTIAL AND TWO COLOR CONS IDERAT IONS

It is apparent that some of the display systems have been ruled out because
it was impractical to select colors at the 3.58 mc rate required by the NTSC standards.,
There is no doubt that the NTSC standards do use the existing channel space more ef-
ficiently than the field sequential system, however, some consideration was given to
the possibilitv of using field sequential switching in all of the systems investigated,
This was done to determine if some system might show an outstanding advantage for field
sequential switching. If such a system were found one might consider changing the
signal standards or be tempted to build a "convertor" to change the NTSC signal to a
field sequenti~l signal., The conclusion to all of these suggestions was negative,
except possibly for the "future" systems (i.e. light amplifiers and electrical color
filters)., Neither one of these is far enough along to warrant a decision concerning
the standards at this time, A "convertor" is Judged to be impractical and too costly.

Iwo color requires some additional remsies. Actual tests were made to
determine If either field or line-sequential two color TV was subjectively acceptable,
The reauired signals were derived directly from the NTSC signal. For field=sequential
it was judged that the flicker was too great for saturated and semi-saturated orange
and cyan colors. Line-sequential switching gave rise to a crawl and to a color breakup
with vertical motion which was Judged to be undesirable. A simultaneous two color
picture gave a pleasing picture which most persons preferred over monochrome, So it
could be concluded that two color simultaneous system would be marketable providing
the cost was not much greater than monochrome and certainly less than the objective
for three color, An estimate for a two color Aperture Mask set exceeded the three
color objective. Only remotely possible for the future are the two color penetron
and the electrical color filter system,

CONCLUSIONS

It has become quite clear that none of the systems studied can meet the
marketing objective unless events take place (invention or a major technological step)
that cannot now be foreseen. In spite of this, it is reasonably clear that there are
a number of directions that development might take which could eventually lead to the
marketable color TV receiver, Of all the possibilities it would appear that the single
gun approach using a low frequency index is the most fruit ful direction to follow,

It is judged that this system has the potential for acceptable performance and that
the potential for the cost to come down, with development and invention, is greater
than any other basic system, at this time,

6=26-57 . EJG
WEG :REL
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(A)

DISPLAY 1 VIC o CHARACT LISTICS

“onochrome and Color Performance

1.

P

Drirhtness

a, Produce 4O foot lamberts on crayon boy tablet after passing through
507 transnission untravision plass or equivalent. This is considsred
adequate for normal home viewing ambient levels.

Contrast Ratio

8. Larpge area - 50/1 measursd in the dark. This is considered adequate
for normal home viewing ambient levels. = 45/]1 measured in a lighted
room at an ambient level of 5 foot lamberts. The ambient light is the
reflected 1ight measured from a white card at the picture tube face,

b. Small area = 20/1 measured in the dark, Thie is censidered adequate
for normal home viewings ambient levels.

Resolution and Focua

a, Horizontal resolution - clearly define 325 lines for luminance signal.

b, Vertical resolution = at nominal briphtness interlacad raster lines
should be visible at a viewing distance of three times the picture
diagonal.,

Registration

8. 30 mils maximum error on the edges of a 21 inch picture tube.

b. Imperceptible error in center of tube at a viewing distance of thres
times the picture diagonal.

Phosphor Structure Visibility
a. No greater visibility than interlaced raster lines (monochrome and color).
Purity

a. Flat nonochrome and color fields should have no more shading effects than
a monochrome tube,

b, Saturated color fields shall not display any objcctionable huc or intensity
variat.ions.

Suseptibility to xternal Fields

a. Purity and registration should remain within specified limits as the display
device is rotated through 180°



3.

i0.

11,

13.

== 27:

b. Imperceptible effects when the display device is placed in & ./7 gauss

peak to pcak a.c. ficld.

¢, For any critical frequency the diazpla- device imst not be susceptible te
iF fields of 0,1 volt per meoter.

Reats and/or Undersirable Pattemns

a. No cbjectionable moving or stationary patterns or flaws should Lo viaible
other than those inherent irn the LT.J specifications.

Grey ©cale and Color Temperature

a. Display devico must be z2apable of producing 4000 to 8000% and maintaln
proper grey scale throughout zontrast and brightness ranges.

Phogphor Decay Time

a. Should not rive rist to objectionable transient offecte for moving objects.
b. Flicker should be no worse than monochrome.

¢. No perceptible color break=-up due to motion,

Radiated Interference

a. Must meet FCC specifications for RF radiation.

b, Xeray radiation must not exceed .75 m r per hour for a 40 hour week,
Saturation and Dominant Wave Length

a. fed = minimum tolerable saturation of 79% with a dominant wave length
of 611 mu.

b. Blue = minimum tolerable saturation of 82% with a dominant wave length
of 470 mu,

¢, Green = minimum tolerable saturation of 64% with a dominant wave length
of 535 mu.

Stability

a. Brightness should not fluctuate by more than és% nor vary by wmorc then éli%
during a reasonable on-off cycle.

b, Purity should remain within previously specified limits for short or leng
term durations, (Short term is considered a period of viewing and long term
is censidered as several months.)

¢. Grey scale should remain within previously specified limits for short er
long term durations,

d, Registration should remain within previously specified limits for short or
long tem durations,

@, All other display device variables should remain within previcusly specified

limits for short or lons term durations. —~ . ,

4 7 .
/ JV_’i"/ (’? _Ki’: B el
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DISPLAY DLVICF CHARACTTRISTICS

(8} Physical Characteristics
1, Aspect Ratie
a. Vertical to horizontal should be approximately three to four.
2. Pilcture Area {Masked Screen Area)
a. Usaéie. area should be equivalent to a monochrome 21 inch rectangular
tube.
3. Face Plate Shape
a. Flat
b. Cyilndrieal
¢, Spherizal
4. Length - short as possible but preferably no longer than a 21" - 9O®
monochrome tube,
3. Percent of Transmitted Picture area Displayed
a. 91% minimum with no over sweep.
4. Filter Glass
a. Should produce the equivalent of 50F transmission.
b, Color should not deviate from neutral density in such a way Lo
distract from the aprezrance of the set.
¢. Urey scale coler temperature should not be visibly affected by

ambinet light.

~2

Cabinet size
2. 1t would be desirable if the physical dimensions of the picture

tube and assembly are comparable to those of a monochrome tube of

¥, Jd. Palladine

eguivalent picture area.

MJP:REL
2/8/57
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Classification of Color Ture Types

\_ fA. Accurate Beam Scanning

10
2"3
A/
& 3

Transverse scannina = vertical phosphor lines.

a, Without sween speed correction

b, With sween speed correcti-n servo

Farallel scannina - horizontal phosphor lines with vertical

positi~n correction made by use of cdeflector plates. Correctinn

vnltages may be obtained by:

A, f©ircuit adjustments to correct errors observed visually.
This system depends upon the generation and proper
ad justment of a carfection wvaveform (desirably approaching
continuously variable! which is a~~lied to deflection plates
in the tuhe necka’

b. Serve control by screen secondary emis=ion or comb strictures

"Checkerboard" color screen requir ing accurate scanning in both

sweep directinns,

B, Golor signal controlled by beam scanuing position.

1()

2o

3o
O
o
5e
6o
L

fpple

Dome"s comb tube

Gethman's slave tube =~ uses second fube to perform the functions
of the pilot beam without producing light haze |
Kim's tube

UV, phosphor tube = same principle as Anple tube but with

ultra viclet 1i7ht pickup instead of secondary electrons,

True, Lynch tube using comb structure over guard band areasz thus

allowing high pilot heam currents
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C,

Ad jacent Image

l. Three monochrome tubes with optical addition

do

light from small tubes andi project it to a ground glass,
By using three such systens with color filters and proper

registration, coler pictures can be reproduced

b.
2o

3. One monochrome tube divided into three areas with optical

Trinoscope

American Optical System = usino Schmidt lenses to gather

Two monochrome tubes with optical addition (two cHlor)

addition = Fresnel lenscs,

Ac

Baird two color tu-e

Yhkang @

;P.‘ios:fﬂ‘g;- ~-="';\:9

b. Graser's proposal

,

O-~e gun and one phosphor on each s'de of a glass plate




D, Beam control at phosphor screen to produce color.

1,

2o

3o

Insulated stripes with anode voltane switched to color stripes
desired.

Interleaved deflection nlates or <rill wires at the screen.
Chroma switching arplied hetween alternate plates or wireso

a. One gun lLawrence = horizontal phosphor stripes and grill

wires using post focusing.

; RO
& e N, -
b. ©Cne cun Lawrence = vertical wires. j R
H oy ¥
- i'\" = 2 ;T
c. onyder proposal TN St
i e et
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. - i { ! @
. ! - ‘
i f R i
L o ’@ §
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Fine mesh grids at phosphor assembly. Green transparent phosphas

4s placed on face plate. Uehind this is a wire orill {#1) at

ground potential {(for a three jun tubel. DBehind this is a
wire mesh (#2) upon which red phosphor is uniformly settled.
This is again followed by a second grill (£3) (at about #60
volts for the three qun tube). The last mesh grid (¥} is
coated with blue phosphor. The facepliate, mesh #2, and mesh 7,
are at anode potential. Urids #1 and #3 control the depth of
beam penetration and hence the phosphor layer to which the
sequential

electrons return. This can be a one gun field

(grill #1 and #3 are switched) or a three gun dot sequential
tube, In the three gun version, correspocndence between guns

and phosphors is controlled by different cathode voltages
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o Lafferty L5° or Weimer Tube

a, OUne gun with reflector plate switching at dot rate, 305v p~p

3 4o
required for switciiing. fs.. 5% |

b, Three guns with constant reflectﬁ; Vﬁitageo éoaors may hbe
selected Dby:
1. Three guns inline at equal cathode voltages.
2. Three ‘uns closely spaced at different cathode voltages.
A 190 volt spread in potential prodiced color fields
in a 12 kv experimental tube.
5. Modified lLafferty j5 degree tube with separate averture mask and
phosphor on the nun side of the faceplate. Color is then
obtained by switching the faceplate vnlitage 600 volts peak=to-peak

around aperture ‘ask and faceplate d.c. voltage,
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Dome's magnetic tube

Direction - sensitive color screen using electron shadowing.

1.

2o
3.
s

5o
6o
To
8o

One gun P,A. using space disnlacement in the neck by?

a. Magnetic field

bo Electrostatic field

C. Shect beam cathode with control for moving spot back-
and=forth

Three gun P.A,

Double grill P.A,

One qun A M, with

a. °Spot rotation at constant radius from tube axis. Rotation

| is at constant angular velocity corresponding tc dot
sequential sampling.

b. “pot movement at variable distance from tube axis to produce
saturation changes. White wonld be produced with no beam
color deflection {beam on tube axis hitting all the
primaries at any instant. Color phase is cbntrolled by
direction of deflection. Cnlor switching by deflection is
at chroma rate (1.0 mc bandwidth!,

Three gun A,M,

Single mask post acceleration A,lM,

Double mask post acceleration A.l,

Three inline gun A.M; tube proposed by Reiches of the Park

Products Company.
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9. Three gun Gabor or Willys flat face tube with the following
possible modifications
a. Unfolded neck

Do Single gun with electrostatic, electromagnetic, or sheet
cathode color displacement of the beam.
¢, Reflection type shadow mask similar to that in the Lafferty

450 tube.
10, P.,A, three gun tube with the three guns inline vertically
(horizontal phosphor lines).

11. Four phosnhor (thr e primaries plus white) = Zenith tube,

Fo Direction sensitive nonplaner color screen.

x &
1. Baird three gun tube ™ 4
Pl e
Pg I 4
A
&b '
L i
O | ¥
AU
oo
P ] a4 :
A 04

2. Graser proposal for modified form of Baird two color tube,

ra
. i
o

b (N




3. Phosphor pyramids for three color

L. Perpendicular phosphor planes

~, :
1
5 o
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5. Honeycomb struc’ure .
&N,
=

Melocity sensitive.

i1, Lafferty }5° three qun tube with cathode voltages different
to make different beam velocities to common anode voltage.

2. Three gun version of mesh tube listed uncder D3, fathode voltages
wonld be spread with no switching in the mesh scrcen assembly
required,

3. Penetron
a, one cun

1, field sequentiatl
2. line sequential

3. dot sequential
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b. Three qun with each at different cathode voltage (three yokos),

B
Ho Color filters.
1. "Porphyrite" = electrically controlled color 1i “ht absorbing filter,
2, McAllister's proposal
3. <aloudek proposal of contrclled coalor of tube screen 1i-ht
b emission by:
a. A second electron oun excitation
b Ultra=violet 1i~ht excitation
i» “echanically moved ¢ lor filters
1. Two and three color line seguential proposals.
1. Timbie Devine Tube = one field of qgreen followed by a flezld of
& red and blue line sequenced,

2, Dome Tube = green presented on each field with red and blue

iine sequenced. Fatent disclosure letter May 18, 1953,

Jo Light Valves.
1. Eidophor

2o Scophény = Ultrasonially controlled light valve

K, Others.
1. Color changes produced by current density changes.,
20, P,O.W,
3. Spot hesitation = beam sweep velocity mocdulated to cause beam

hesitation on the color desired.

IEL/o'g : I1.£c Lyneh
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A NOTS Off LUMBNOUS SPPICISNCY OF COLOR PICTURE TUBES
By: T. T. TRUG 5 - Feuruary T, 1957

>

Similar color phosphors must be used in pract.lcallv all tri=color display
devieeg, It is therefore interesting to note the typleal luminous efficiencies which
can be achieved with known pnosp"xo:‘s, and to calculate what efflclency the “ideal“
display device would have when using these phosphors,

Consider the following phosphor characteristics:

Phosphor  Color Coordinate Luminous proportions luminous eff. in
x y required for IIL, 5.Q type® tube
"C" 3
Hlnes GBE 3203P AhB 9060 °085 ; 10
()&1‘6&.’10 e ja)S"‘P 1,235 a?OO 061&0 37
Red: G5 1092=1 670 .3C0 215 . i

The following table of efficiencies can be calculated from the above

2
datas

'?fyf;_a:-:e of tube P Luminocus efficiency when produeing
illuminant € field

fdeal : ; -

3-gun tube (non- 1503 > -+ 9,8 (Foot lamberts/watt

eguelized phosphors) YL frove/cm® for 21" tube)

Ideal

F-gun tub e (equalized 8,5 : i

phosphors

|
e
':
o
O
o~
J%
&
-
u
dve

e

A%

] 2.6
P .»'3,0 BOT - ’Oe t;uprd band '

In erder to compare the efficiencies which are realized in actual color
tubes with the "ideal"” velues given a.bova, the foliowing table is presented:

Lumihous efficlencms for
ill. C fieldgws

Type of tube . Ly Lg
FL/m/en? FL/watt for 21" tube
Menschrome tube 25.2 ‘ 15.8
“PA tube 8. 55 5.4
AV tube ‘  &.38(approx. ) 5.1
Apple 73 (approx.) 1,7

#Luminous efficlency is exxpressec: in Foot lamberba/rrdlliwatt/cm

ST
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COMPARISON OF HIGH VOLTAGE POWER AND GUN
REQUIREMENTS IN FOUR COLCR TEIEVISION PICTURE TUBES

By: M.J. Palladino

ABSTRACT

The four tubes discussed in this report are Apple, Aperture Mask,
Post Acceleration and Chromatron. The high wltage power and gun requirements
are compared and normalized to a monochrome picture tube,

CONCLUSIONS

The conclusions that may be drawn from this report are not intended to
show tube performance superiority, but to indicate relative power demands from
the receiver and relative severity in gun demands,

Table 1 in the discussion shows the Aperture Mask tube imposes enormous
demands in high woltage power as compared with monochrome. Even when the theoretical
phosphor efficiencies are considered it requires in the order of 11 times the
monochrome power. Consequently, on white, this tube requires the highest peak
current to provide a picture with ecquivalent monochrome brightness. In overall
gun demands, however, the Aperture Mask is not as severe as Apple or Chromatron.
Apple is the most severe due to the small spot size requirement.

The Chromatron tube, due to very low duty cycles, demands the most current
for color reproduction while Aperture Mask and Apple are nearly equal,

The Post Acceleration tube requires less high wltage power than any of
the other three color tubes and 1.7 times the monochrome in theory. In fact,
theoretically, only 0.6 of the monochrome peak current is necessary per gun to
obtain the same brightness on white or color. In terms of overall gun demands the
P.A. tube is not as severe as a monochrome tube,

To summarize, the Post Acceleration tube is least demanding in all
respects. The gun requirements are less stringent because the low voltage beam is
over compensated by the larger permissible spot size, non-limited duty cycle, and
post accelerating field. In addition the low velocity beam requires less deflection
and high wltage power,

DISCUSSION
In analyzing the performance of Apple, Post Acceleration, Aperture Mask,

and Chromatron picture tubes it is desirable to compare the relative capabilities
desired in the gun or guns. Table 1 shows the results of such a comparison.
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Mono=| Equalized| Partially Post
chrome| Phosphor | Equalized |Aper- Acce-
Apple Phosphor |ture lera- Chroma-~
T 7 M, 4 P
He e % a6, % |5 R[5 4
% % % ) % % S A S
7 7 Pl |5 Cu
% g T %l B g % & %
A 6 | % | % A
PhOSphOI" f?,LL 2 25 805 1109 15 03 15 03 805
Efficiency /4;76% 2,73 8.15 8,65
Gun Potential 17 KV| 27 KV 27 KV 25 KV 7 KV 7 KV
Sereen Potential 17 KV| 27 kv 27 KV 25 XV R5 KV 22,5 KV
Spot Size in Mils 20 8 8 30 30 30
High Voltage Power 1.0 L2 3.0 11.1 1.7 3.0
at Screen Relative 6.5 20,1 2,9 5.3
to Monochrome
Peak Current Per 1.0 2.6 1.9 3.8 0.6 2,7
Gun for Thite 4ol 7.0 1.1 L7
Relative to Mono,
Pegk Current Per Gun 5.3 3.7 3.8 0.6 8.0
for Color Relative 8.2 7.0 1.1 14,0
to Mono. for White
Figure_of Merit 82,4 25.6 30 .4 77.2 102.4 48,7
for White 0.6 56,8 78.9 36,5
Figure of Merit for | 1.0 3.2 2.7 1.1 0.8 1.7
White Normalized 4.0 1.5 1.05 2.3
to Monochrome
Figure of Merit 14.8 21.4 77.2 102.4 28,1
for Color 14.5 56,8 78.9 21.1
Figure of Merit for 5.6 3,9 1.1 0.8
Color Normalized 5,7 1.5 1.05 | 3.0
to Monochrome ) 3.9

TABLE # 7
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In this table the first row indicates phosphor efficiencies in foot
lamberts per milli watt per square centimeter of screen area., The "partially
equalized phosphor™ Apple was determined by taking the mean of equalized and un-
equalized phosphors. This was justified on the basis of an Apple tube with wider
red stripes than blue and green. The measured efficiencies in the second row were
selected from several sets of actual measurements,

The relative high voltage power required at the screen to provide 50 ft.
lamberts on high light whites through 50% transmission ultravision glass or equi=
valent, was determined in the following manner:

THEORETICAL

Equalized Phosphor Apple

P = 25 L pwfom [/ 0707 = 4.7 (1)
5 G5 Ftlymyjen® \0.50
where 0,50 = 50% guard bands

0.707 = 70.7% inherent ultravision

Partially Equalized Phosphor Apple

_ 25 (0.707)

2,97
/s?— /7.9 (0,50) e

Aperture Mask

/CD = _25
5 /5.3 (0./5)

where 0.15 = 15% transparency

/47 &

Post Acceleration

|

/67 (1)

S /5.3(0.98)

where 0,98 = 98% front end efficiency
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Chromatron

P o= .5

T (5)
8.5 (0.98)

where 0,98 = front end efficiency

The figures for measured high voltage power were arrived at by similar
calculations using measured phosphor efficiencies,

The peak current per gun required on white, relative to monochrome,
was determined by multiplying the high voltage power by the ratio of monochrome
screen potential to the specific color tube's screen potential, In the case of
Post Acceleration and Chromatron this number must be divided by 0.92 amd 0.85
respectively, due to grill transparencies. The average peak current per gun re-
quired on color was arrived at by assumptions, On Apple it was assumed the red
gun required half the total current on white due to relative primary phosphor
efficiencies; therefore, the figure for peak current on white was multiplied by
two, The Aperture Mask and Post Acceleration require the same current per gun on
color as they do on white. The Chromatron tube is operated with a 40° conduction
angle, consequently the figure for white must be multiplied by a factor of three
to obtain the figure for color,

The figure of merit is an arbitrarily factor intended to indicate the
gun requirements, relative to monochrome, for producing a picture of equivalent
brightness. This figure is calculated from the following formula:

M = O Sse 6
M. = (6)
Ve /]
when M = Figure of Merit
Ss = Spot Size in Mils
Esc = Screen Potential
Ipm = Peak Current relative to monochrome

Measured figures for high voltage power were not available for the
Chromatron tube; therefore, it was assumed to differ from the theoretical by the

same ratio as Post Acceleration measurements, 5

Michae . Palladino
MJP:REL



Today's Color TV Systems
A Comparison !n !%%C and in 1960+

There are four Color televisicn receiver systéms which have received
major development activity by industry; notably the Aperture Mask, Post
Acceleration, Apple, and the (hromatren, This discussion will deal

with the current and future co<t ;o:sibilities of these systems in

the light of the objective costs nresented by Jack McAllister, But
before we begin discussing costs, 1t us review briefly how these systems
work and what some of their periarmince di ficulties are,

Aperture Vask
First the Aperture Mask Systen. This system as you know, was promoted
by RCA, and is the only system 5w 'n nroduction. We have built
several thousand of these sets 'n Syracuse,

The tube, now all glass, is compose! o three electron guns, an
aperture mask containing some 311,000 holes, and phosphors deposited

on the face plate in the form o7 triads o’ red, green, and blue
phosphor. The mask openings are placed such that the beam from the
red gun can hit only the red ph sphory the mask shadowing the other

two phosphors, The same for green and blue., The phosphor being
excited then is a function of tie anule of approach of the beam, Thres
video signals are necessary (i.U.E,}) from the chassis.

Since the porousity of the mask is only 15%, the tube is limited &n
brightness, Since three beams are arranged In delta fashion, the
registration or convergence of :he "hree colored plctures is difficuit
and gives objectional fringinc of eclor, Since three guns are used; &
grey scale problem exists both in getting grey from black to white

and in stability during the s"crt and long time aging of the set., The
chassis requires 26 tubes, For calibration a current monochrome set
uses 17 tubes,

The performance limitations on :ny ~f the systems may not 1imit their
success at all, Perhaps the apsrture mask set of today can be sold in
large quantities if the price {: richt,

Post Ac-gleration

Now let’s look at the Post Acc:'eratlcn System, which, you will recall,
was developed by G.E, in Syrac:. o,

This tube is constructed with vertical phosphor lines of R,G.B,, 28
triads to the inch, A vertica! rii1! of fine stretched wire is

located just behind the phosphcor-s and run at a lower potential {7KV)
than the screen (25KV), Three ~uns are used in &an in-line arrangement,
The field between the screen a1~ the grill provides for post focusing
action of the beams., Here aga!n the angle of beam approach

determines the phosphor excitec, The porousity of the screen is .
high, 90%, giving g-~od brightr¢ss, The video signals required are

the same as in Aperture Mask,



Some of the limitations of this system are focus, since the beam
potential is only 7KV3 haze, caused by secondary electrons emitted
from the phosphors (work in this lahoratory has reduced this effect
greatly), Grey scale is a problem as in any 3 gun system, and the
earth's magnetic field has a reat effect, since the beam is at a
low potential, This chassis uscs one less tube than AM or 25,

Apple

The third system under discussf{on {s the Phileco Apple System, We
worked with Philco on Apple sons two years ago, and are now negotiating
a fresh look at their progres-.

This system is a single gun sy:tem with vertical phosphor stripes
arranged in a R,G,B, sequence., / wide red phosphor is used to
enhance red due to its low efficiency, Opaque guard bands are placed
between the phosphors, Eehind ihe phosphor triads a stripe of MgO is
placed to emit secondary electrcns which are collectad by the collector
around the rim of the tube, Twc beams are emitted from one gun. One
ifs the writing beam containin, ! and c¢hroma information, The other
is a fixed low level pilot ream. The secondary emlssion signal
called index furnishes beam posit!on Iinformation which is used to
modify the chroma signal such ! it red information wil! be on the
writing gun when the beam i{s cro:sing the red stripe,

This system is limited in that the *riads, practically, must be wide =
16 to the inch, in order to achiesve reasonable coior saturation, This
is a coarse appearing structure to some observers, This may possibly
be optically filtered, The Aopi: set uses 33 tubes today,

Chromatron

The last system under considera'ion !s the Chromatron., Now being
actively pursued by Paramount znd Dunont, We have not seen any late
pictures, and only try to evaluale what we hear,

The tube is a single gun, post --celeration device with vertical
phosphor stripes and a double gr’il., Color selection is accomplished
applying the color subcarrier s'gnal! (3.58mc) to the double grill
causing the post accelerated he:m to bend between the grill and screen
and hit the proper phosphor corresponding the chroma information

of the NTSC signal at the gun. This system probably suffers most of
the limitations of the other systems, 5Since one low voltage gun now
does the work of three, as In «ur PA tube, brightness is limited by
focus which is limited by low ream voltage., The haze problem should
be the same as on our PA; as wl!l] be ecarths field effects., This
chassis would contain 27 tubes.

Cogt Comparlison
1958

And so with this background in nind, let's proceed to our di lema,
COST, Jack McAllister discusse! with ysu the cost objective
developed by our department. [ -iefly, a color set must be priced at
no more than $100 more than fgs -ond quality monochrome cousin,
This means approximately $50 in manufacturing cost, Here is a cost
comparison chart showing the c¢osts of the four systems based on what
we could design for next year {7 thes picture tubes were avallable,
The costs here represent thnose o7 a tahle model of a total line of
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100,000 quantity, The chart shows the costs of AM, PA, Apple,
Chromatron, Monochrome, (for calibration) and the objective for color.
The costs are shown in terms of Picture Tube; Labor and overhead, all
parts including cabinet in Chassis, Other costs including engineering
charges, tooling, warranty and royalty, These costs are summed undep
Manufacturing Cost, You may note here that all of the Manufacturing
costs are within a few dollars and all over %100 from the objective,
Just not in the same ball park! We mayv note that the Apple trades a
simple picture tube with lower ~ost Tor a more comnlicated and
expensive chassis. We may also ots that if we took the picture tube
out entirely the objective cost sti!! wnuldn't be reached. The
picture tube costs will he discissed by the next speaker,

Moving on further to the Lis% Frices we see that at the current table
modeigprice of $495, we are $179 from the objective, And even at
this price we derive a substanderd marqin, he margin represents,

in part only, the profit. Margin alse includes administrative and
promotional expenses, The figure shown under monochrome indicates
small profit for the low end of the Menochrome line. The Color
margins indicate loss or just “reak even,

To sum up brieflys the situation looks rather bleek for mass production
of color television at a profit for the next few years,

Future Comparison
1360+

But let's not stop here in 1958, iet's carry on further and try to
factor in some product development that could po-sibly happen over
the next few years, We may note first that a color set is ommposed
of a monochrome section plus a color section, Any thing that reduces
costs in the monochrome portion of the color set will also reduce the
monochrome set costs, thereby reducing the objective for cdlor, The
amount we have to work with then is roughly 3/Sths of the current
color set costs,

Let’s take a look at what might happen to Aperture Mask, Let us
open up the holes in the mask ancd thus increase the tubes' efficiency
by, say 2281, and take the resultant ~ain by reducing the expensive
high voltage supply., Let us also consider some circuit cost
reductions which will develop over the next few years, Let the
quantity increase to, say, 1,000,000 and gain some quantity price
advantage, The picture tube will drop in price from §75 to 153, Al1
of the factors might reduce the Manufacturing cost to $213 frem the
previous $268, Even this dream leaves us $£59 from the objective,
Still quite a ways out of the bvall park, Nowhere do these costs
correspond to a List price which would achieve & market that wouid

bgy the quantity of sets necessary to achieve the price in the first
piace,

Let’s look at P,A, The picture tube also reduces to $53. Let us,
for instance, remove the expensive regulation circuit necessary to
maintain the sereen and grill ratio. Let us as before allow other
circuit reductions and Increase the quantity to 1,000,000, Here the
manufacturing cost drops to £207 from the previo's of 7260, This
figure is as with AM stil}] a long way from the objective,

Taking the same approach with Chromatron yields the same resulits,



COMPARIZON
1358
| 3 COLOR
AM | Py | APPLE | C'RON | ODJSCTIVE_ | MONO
ouassTs o 12 | owa | o 66
PICTURE TUEE 5 75| S el 19
LAROR AND OVIZHEAD 30 : 10 T 30 29 11
OTHUR COSTS =~ ENG, TOOLS R
WARRANTY, ROYALTY 33 |33 | 3 33 8
VANUFACTURING COST PYPR Y 266 154 104
MARGIN % 1o 1 12 19 19
“LI°T PRICE 495 1495 | 495 495 319 219
 —
CUANTITY & 100 000 )‘500 000
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There may be oniy one feint glimmer on the horizon, in the guise of
Apple, We have not explored the problem of indexing deeply enough to
feel that a much cheaper system could not be developed, A later speaker
will deal with this problem in detail., But if a simple index system
could “e developed the manufacturing cost might be reduced to %182,
putting us in the ball park., But a basic invention is necessary.

We may conclude this discussion by saying that we do not have a system
in hand that will meet the market requirements set forth by our
department, Ang furthermore, with the possibie exception of Apple,

we do not see that these systems can be developed over the next few
years to meet these market requirements,

Go A, Schupp, Manager
[}=30=57 Coler TV Product Engineering
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" DATE "o Nsses MODR. NUMBEE
i u,, 22-57 ! Color = Optimum +
TELEVISION RECEIVER DEPT. L BANDS CUNSELS | MANITACTURNG RANT
P _Prelimina Yy . ) . ¢
al" Table Model = Mahogany W od
AM Color TV = Glass Pix Tube
Optimum + Chassis (25KV HV Supply)
e — S — s — e e e
MATERIAL
CABNET _ 15,00 15,00
“ABINGY ACCESSORES 8,03 BL00 || UST Prce 95,00 395,00
\__ ‘ATHODE BAY TUBES 7600 5 DISCOUNT 32, 0 3%
orHer vusis  (2G) 1§: g% i
s 2 XN *"-Bﬁ- DISTRIBUTOR COST 3 SOOC 267 le
CHASSIS ASSEMBLY ;'?QL 8 72,00 || excsz 1ax % 30 5C 260 (11
PACKING 2.20 2.26 1 wer ok
SELLNG PRICE 301,50 240,68
FOTAL 98 6 uhoss 34, SG 31.24
198.55| 1 gogé MARGEY
FREGHT 1% l.gg 1a e coq il. 13.0%
SPOIAGE D% 3o 3, %0
o o . 100M 1000M
TOTAL A\ ~R!A~ 20 . _1_-9‘0 88 i}
LABOR COST SUMMARY
\__+555MBLY LAZOR MATERIAL 20 170,08
UNAPFLED (ABOR LABDR 12,0 10,00
VARIANCE 18, 18,0 12,50
TOTAL LABOR SHOP COST 230, 193, 38
. = Fece. 17:3 500
PECE. . WARRANTY -b o 3_4 L 01
PiA. DQUDATION 9,00 BRA COST D% B.2a 4,05
SPEAKER 20 MFG. COST
ELECTRONIC REPRODUGER 00 LESS ROYALTY 263- 36 206, Liy
GaN. DEVELOPMENT b.57 ROYALYY 3.0 3. V0
i 3000 TOTAL MFG. COST
Gen, lools .69 - et 267,00  209.LL

TOTAL PECE 1 7 «30 L 00
\_ e |
WARRANTY COSTS

SET WARRANTY ‘ ) -zh 1 RQ

FICTURE TUBE WARRANTY | L oo i
TOTAL WARRANTY ‘ 6.34 L.01

m—m e e |

PREPARZD BY

APPEOVAL—FINANCIAL !

APPROVAL-~ENGINEERING

!

APPROVAL—MARUFACTURMING



ATDA5812 (i DATE DA ramARER MODEL NUMBER

A i 42357 [ PA < Optime Color
TELEVISION RECEIVER DEPT. ClASS | ISSUE BANDS CHANNELS MANUFACTURING PLANT

U o ’ ‘Prélimi ary

RO PA=Optimo Color
21" CRT

Table Model - Wood Mahogany

[ — s e P—
__—_-m%_ LTI

SATERIAL

CADRNET

15,00 15, 00
“TSMNET ACCESSORIES o 03 FEAT, eca 95,0 o
\__/HODE RAY TUBES 00 00 —— 3203

oHer Tuses (D) 15,721 15,72 -
o > 8L TATREUIOR 08y 335,00 267,42
CHASSIS ASSEMBLY 75,1 EXCISE TAX 33 230 267l
PACKING o2 NET G.E.
A SELUNG PRICE 301,50 240,68
cross | Powam
TOTAL 191.98 | 160,48 MARS] |  peg conr

FREIGHT J% 1.92 1.61
SPOILAGE 2 3_8h 3,22 P

TOTAL MATERIAL 164,31
= COST SUMMARY

\_-SEMBLY LA80R MATERIAL 197, 164,31
UNAPPLIED LAZOR LAZOR 12,00/ 10,00
VARIAMCE IME 18,00 12,50

TOTAL LABOR - SHOP Cost 227.7hi 186,81 ]
= o P.EC.E, 17.27 5:00
P.ECE. ) WARRANTY 7,208 L, O
DA LGUIDATION 9,00 EXTRA COST 5.05 3.92
SPEAKER 0 MFG. COST
o SISt oo 8 L—lgoj 158 soww 25734 199,77
GEN. DEVELOTMENT D% L 55 ROYALTY 3.69 3.0
Bl cotmesiantna 3200 TOTAL MFG. COST

Uen, Tools 3% 68 261.02 202.T79
TOTAL P.ECE
1 5900
\J:W#

"WARRANTY COSTS

SET WARRANTY 19 20208 |
FICTURE TUBE WARRANTY 5. 00
)
TOTAL WARRANTY ; 8 I, 00
_iglé= e
<
Psy
reg. 1,40
N
z;ruc:a BY ‘ APPROVAL—FINANCLLL - l - APPROVAL~-ENGINZERING 2 APPROVAL—MANUFACTURING
E. K. Jacobs § T "
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a:o-‘smz {359 DATE §-22-57 l DA NUMDER “%rggmﬁpple (peeled)
TELEVISION RECHVER DEPT. CASS | ISSUE BANDS CHANNELS MANUFACTURNG PLANT
Prel!iminer o

DESCRIPTION:

21" Table Model - Mahogany wood

Apple Color TV

——————s M—Ws e =
JAATERIAL
CABMNET 15,00
“4BINST ACCESSORIES JU;()O usy Paca h95 395
\_, {HODE RAY TUBES 5[‘.0 00 ’{T 0 00 DISCOUNT o [}
GTHER TUBES 'Y cls DS
“PEARER - 8,. DISTRIBUTOR COST 3350 0‘) 267 " hz
CHASSIS ASSEMBLY 8), .00 EXCISE TAX 33,5 26.7h
PACKRIG 2.2% NET GE
- SELNG PRICE 301,50 540,68
TOTAL oross | O L3. 3} 27.80
189.2! MARGIN
FREIGHT 1% 1.89 e e 144 11.5%
SPONAGE 2% 2. 78 au T
TOTAL MATERIAL o 1000M
LAROR B COST SUMMARY
\_-SEMRLY (ABOR MATERIAL 194,91 173.54
UNAPPLED LABOR LABOR 120 11,00
VARIANCE LIAE, 1705% 12,50
TOTAL LABOR SHOP COST i
i 1 225,0 1 ?7 o Oly
— PECE. 10,6 5,00
P.EC.E. _ WARRANTY - 5657 3.6
2.4, UQUIDATION 9,00 EXTRA COST 2% 1o Gt .24
SPEAXKER o (n MFG. COST
FLESTRONIC REPRODUCER ,03 LESS ROYALTY 254,19 209,90
GEN. DEVELOPMENT 1,38 ROYALTY S0 90 2090
100U MAINTENANCE 3,00 212,00
Gefi—Tools - 9 TOTAL MFG. COST =J= 2580 17
TOTAL PECE. 1 8 g 1 5 00
WARRANTY COSTS
SET WARRANIY 2.19
PICTURE TUBE WARRANTY 3.3
TOTAL WARRANTY
L
Cenm 8y APPRGVAL—FNANCIAL APPROVAL ENGRIEE RN G [ APFROVAL—MANUFACTURING

[ ——

o
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- DATE | oA Mg #ODEL MUMDER
e L=22-57 l - | Crumbatron - Color
TELEVISION RECEIVER DEPT. CLASS | issug BANDS CHANNELS NAMUFACTURING PLANT
\__ . Prelliminary B .
DESCRIPTION:

21" Tgble Model - Mahogany wood
Chromatic Color System

s ‘ o ——q—— e
MATERIAL i
CABINET ! 15,00
“SINET ACCESSORIES 5‘:0 3 LST PRICE 0 00
\___-fHODE RAY TUBES 8 58.00 DISCOUNT 323
s s \DG) 17 DISTRIZUTOR COST
SPEANER .81 335,00 M
CHASSIS ASSEMBLY 70.53 EXCISE TAX 33,50] 26,74
PACKING 226 NET G.E. h
_ SELING PRICE 301,50 240,68
DOUARS
GROSS
TOTAL 198,08 | 163,58 35246 =
MARGRY PER CENT
FREIGHT 1% 1,98 1.6 11,8 14,
SPOILAGE g% 3. 9§ 2' 2 QUANTITY 100
TOTAL MATCRIAL — nooH
- 204.0
LABOR COST SUMMARY
\soemmt LABOR ‘ MATERIAL . 20l 8,50
“IATFLED LABOR i 11250 9220
VARIANCE LIE. 17.25 11,88
TOTAL LABOR SHOP COST 332‘7? ‘82 88
= . s s e———— —— FECE. _ma 59 00
P.EC.E | ; : WARRANTY - 7230 4o.21
DA, UGUIDATION 9,00 EXTRA COST %15 3,98
SPEAKER _ 08 MFG. COST
FHEFIONR FREEROPDHr. Tools 03 LESS ROYALTY 6 03.0
SEN. DEVELOPMENT D 1o 59 ROVALTY 350 300
TOOISVRIER X TOTAL MFG. COST
en, lools
TOTAL PECE
=
WARRANTY COSTS
SET WARRANY 1%
FICTURE TUBE WARRANTY i ) £.00 2032
TOTAL WARRANTY :
— 5 2030 | )21 |
_
“UREPAPED BY i APPIOVAL —FINANTIAL APPROVAL—ENGINEERING APPROVAL—NANUFACTURIG

P

Eoh, Jacobs i



COST RI'DUCED AM COLOR RICCEIVLR

This report presents the findings of the latsst effort to reducs
the cost of an aperture mask color reemiver “hat will still meet
minimum performance standards. The design phiiosophy used in this
investigation is based con the experien:e gainad in the design and
manufacture c¢f the current production receiver and the seversl sampis
runs which preceded it., The competitive perfcrmance of the latest
RCA standard and deluxe sets wes also -onsidersd,

Several assumptions regarding the _evelopmont of compenents weras
made and are explained below, The timirg of the design and tha
accompanying developments are keyed to possible wroduction in 1958,

A schematic diagram and cost estimate fcr this design are included
as a part of this report,

The major design considerations an: the philosophy behind them
are as follows:

ey
&

PICTURE TUBE

The design would use the new RCA AM round glsess tubs, This

tube having no exposed HV mateal other than the anods butten requires

no expensive insulation as in the prisent recsiver., The announcsd
price 1s unchanged fron tre metal tube, It is anticipated that by
1958 the light output efficieney wi.l be improved by vittue of
larger aperturs mask noles, The lilalihood of this tube being
availabie in 1958 is fair, We under:tund RCA 1is working on this
approgeh,

1I. HORIZONTAL SWERP A4D HV

These circulte are based on a HV canabllityr of 20KV at C.bma
as eompared to 2KV at Ima in ovr prerent production and 20KV at
ima in the RCA rsceiver. Ne hizh voltoge repulator is planned,
at least in the leadsr modelis, Tests ~ondurted on the current
receiver withouvt HV regulation indicat: that this operation mey be
satisfactory. Non-regulated HV perfornance is alded by tre lower
beam current 1idicated above and the uss of iC e¢oupling in the Y
signal which 'imits the variation of 4V losd vith plature content.
Without regul:tion, the eonvergence will bs impsivred 8lightly moere
at low 1line voltagse than with regulation, This ~harecteristic
needs to bs rvaluated further and possible compeisation schemss
investigated.

All of ths above considerations are valid only -»n the basis of
ths higher efficiency picture tube mentionad eariiler. t is
anticipated that the set would have brightness comparable to present®
RCA production. Thla design would permit sizeable tost reducticns
in the horizontali sweep, HV, and low voltage power uupply.

1t is inten:iled that both electrical and mechanicil design
considerations -would inclucde sufficient flexibility to permit the
manufacture of a step=up mcdel which would completely vtilize the
pix tube brightness capabilities,
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1T, . CONVIRGENCE

This circuit contains developments which will provide
improved operation over the present receiver, The convergence
U unit on the pix tube neck would be considerably cost reduced

by improved design provided quantity justified the necessary

tooling,
IV, BLACK AWD WH TE PHRFORMANGCE

The monoc¢hrome performance of this design would bs virtually
identical to present color production, These considerations
include picture quality, sensitivity, synestabllity, weak signal
performance, and video drive capability, As indicsted in the
HV discussion, it 1s intended to use AC courling in the Y signal,

Vo AUDIO PLRFORMANCE

Audio performance would bo aprroximately the same as present
production. The design utilizes the 6DT6 sound deteetor with
quisting sensitivity and AM rsjection roughly comparable to the
217500, Audio output would be about 1.5 watts at 10% instead of
the present 2 watts., The reduction in available power is due to
the B+ stacking employed to effesct power supply economy.

Vi CHROMA PiRFORMANCE

The chroma performence will be comperable to or better than
present production., ,It is intended that improvement will be
made 1n the chroms trensients, Chroma drive and reserve gain.
would be the same as the currsnt receiver.

VII, AGC CIRCUIT

The AGC circuit employs an amplified AGC system instead of
the preseht keyer., This circuit has been evaluated in & current
receiver., Performance is good at some reduction in cost.

VIII, HORIZONTAL AFC CIRCUIT

Hligh performancs has besn maintained in this circuit becsusse
of the requirement of accurate burst gating. Lack of high voltage
regulation imposes some additional requirements on the horizontal
AFC eircuit whiech have been provided for,

IX. TUBE COUNT

The schematic included with this report shows a total of 25
tubses including the pix tube, Careful chassis layout will permit
an additional tube combination which would reduce the ccunt to a -
total of 2|,

X. MECHANICAL LAYOUT

Because of the reduction in tubs count, it is planned to
N utilize one chassis in plece of the present two, Single sided
printed board construction would be used and would inelude all
eircuits except the power transformsr and ths horizontel sweap
and HV. Heving the horizontal circuits off the printed board
would give ths required flexibility for two models ss irdicated
in the disecussion on HV.
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Xf:/COMPARISON WITH MONOCHROME PERFORMANCE

The design of this recsiver takes cognlzaence of the fact that 1t
must be an integral part of the complete TV line fitting into a top-
of~the=1ine slot next to the U2 chassis. TFundamental operational
characteristics such as sensitivity, picture quality, syne stability
end AGC performance have not been eompromised and are consistent with
the rest of the TV line,

XII, PRELIMINARY COST ESTIVATE
The current escimate of the 21T500 shows the menufacturing cost

"~ to be 562,98, The net GE selling price of this model is £301.590. This
results in s negative gross margin of $261.48. A preliminary estimate
of the design deseribed in this report costed on the same basis ss the
current 217500 gives a manufacturing cost of $517.2C0, On the net GE
zel}ing price of £301,50 this results in a negative gross margin of
2154570

On & quantity of 100,000 the preliminary estimate shows a manufacturing
cost of {270,71. On the GE selling price of $£301.50 & gross margin of
+&30.79 results, Extending the quantity to 1,000,000 sets, the manufacturing
cost becomes (208,60, This gives a gross margin of +£32,08 on a net GE
selling price of $240.,68. More detailed cost information is included
in the preliminary cost estimate ineluded with this report,

\_ The following assumptions were made in the preparation of this cost
sstimate:

1o The picture tube, for the 40 per day and 100,000 quantity
estimates,was sntered at the current price of 83,30, For the
1,000,000 quantity, the price was projected to $53,00,

2. The total enginoeriﬁg budget charged against the color lins for
100,000 sets is estimated at {1,749,000,

3. Quantity disecounts of purchased material,
}o Manufacture our own yoke, convergence assembly and metal parts,
5. Cost reduction of components made feasible by the largs quantity.

b, That equipment used to manufacture such items as the yoks could
be used on subsequent chassis, due to the large capital outlay
that would bs nacessary,

A cost estimate of the U chaassis Model 21T056 is included with
this report for comparison. Note: This set utilizes a metal cabinet,

L/

P Zeloudsk

Col;r TV Producty Dnginsaring
TVZ:erh : Room 303, Building 5

L .
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COPY

a7 DATE DA. NUMBER MODEL MUMBER

RID458.12 (1-57) 2-9-67 COLOR - OPTIMUM
TELEVISION RECHVER DEPT. |“chass | msue BANDS CHANNELS MANUFACTURING PLANT

. | Preliminary

ESCRIPTION B

21" Table Model - Mahogany Wood
AM Color TV = Glass Picture Tube
Optimum Chassis

20 KV High Voltage Supply

MATERIAL ! L0/day
CABINET i 17,50 15,00
“A3INET ACCESSORIES 9.2 gfo 3 LST PRICE h‘;g:%_ 0 00
\___ [HODE RAY TUBES ?LL. 25 75 ,_80 53,00/ oiscount
JTHER TUBES 1. 1.83 n
o Bl X DISTREUTOR cost 335,00 | 335,000 267,
CRASSIS ASSEMBLY [ 100.751 76.79 EXCISE TAX 33 33,50 26,
ACKING 2.26 2,26 = NET G.E.
S SELLING PRICE 301,50 | 301,50 240,68
TOTAL g T 212,70 9 +08
228,75 201,05 | 170,00 marcey PER CENT
AEGHT 1% 2.2 2.0 % 13, 3%
bt . LD QuANTITY
TOTAL MATERIAL 235.62 | 207.08 I -3200... 1001 1__100QM
TR =
LABOR . COST SUMMARY
\__SEMBLY LABOR MATERIAL 35,62 | _m‘gp__lm
INAPPLIED LABOR . LASOR 25,00 | 12,00 10,00
JARIANCE _ , LME, 70,00 18,00 12,50
TOTAL LABOR | SHOP COST 330,62 | 237,08 192,50
) . _33.2_ e
57, UGUDATION 77.60 | 9.00 EXTRA COST 10,07 502 4,03
SPEAKER 201 201 MFG, COST
FLECTRONIC 2RO ET o0l 03 03[ e 513,67 | 26 205,58
GEN. DEVEOPRENT  36% | 1,9 . BO .75 ROYALTY 3.53 3.5 3.02
TOOL MAINTENANCE 33,90 3,00
Geno. Tools 1% 3,32 70 TOTAt HFG. cosT 17.20 | 260 208.60
TOTAL FECE.
" WARRAMTY COSTS
ST WARRANIY 347 3.32 2,37 1,93
FICTURE TUBE WARRANTY .00 = N0 2,12
|
TOTAL WARRANTY

PREPARID BY APPROVAL--FINANCIAL

A s

APPROVAL--ENGINZERING |

APPROVAL—AANUFACTULING



RTD-438-A-12 (16-56) BACK

N I
\ CHASSIS CABIN
Wk MATERAL 3900 100M or.|  Aclgssomes
T eowrr TranG, 7,000 6,00 DIAL SCALZ
1 [mEtawc recriiess oU73 ol}3 1] cack 21130 « 50
1 oursur Teans, 6511 146 1] car 2 158 012
3w o177 .18 2 m'm;g“" 1.572 1.25
TUNING CAPACITOR _ | 10/ kwoss o » 352 23 [
11 [mccwowics ERZN 3,50 1lowss Safetyl 3,260 3,26
§ | pAPER CAPATITCSS ANTERRA
91 Tmica caracirons 5. 305 L. 90 DIAL WINDOW
CERANMIC CAPACITORS ljsu:Baffle | 085 .06
HN. CAPAGITORS CRILLE CLOTH
\i BULPLATES DUST SEAL
2 | truamens 562 30 g | mas 1,130 .80
1 ph FI{ED RESISTORS 3. 565 3, 19 ¢ | TUSE MTC. Ash. o Sb_ } o115
11y | POTENTIOMETERS i.019 .93 2 | NAMEPLATE .039 Ol
2 | switaes . 319 25 MISC. HD'WARE
] |nesveisclentitet | 10) 970 9.96 MISS, URF.
X | WIRE CUTIING ST 2219l 2219 LiChannels 1.23h 1.20
] _|row= com 2151 215 1/Vent 187
1 |VIDEO DET, TRANS, 1. 160 1.0l
. lx:ﬁéc'%‘:'.‘“ 21031 .09
ERONT NG
_2_|w cous N .12
1 seeafaTun,Coill 2 20 o
. i T *,El *50 3 TOTAL ACCESSORES 5. SEE
i xeegumsnePurilty o 390 220
~— 1B 1 QBT 2290 220 LASO
53| aors cons 2,035 1.8¢ _ oevans Aot o ToTAL
7 |Homiz. SWEEr Taan, £ _c©00 2 40 SUS-ASSEMDULS & FESDER
“L‘ DEFLECTION YOKE 1 g‘_ QBO 10.00 AN
1 \®s8R 0, »357 o3l s, Wit
I &1 A28 <0 NSTRUMENT ASSENBLY & TEST
3 |womrosc.con 260 2l
h £m £ONRES 1L.30 Jn 'l
] JYEET SWERS W, 1.210 1.10
1 Cent, Maq 2300 1.50
2 |'_r_a!\ Coils 210 ~-1Q
-2-CGonv,Coil Pk, 6.28L. 1 R_QO TOTAL LASOR
i Sound TO _Caill 360 28 e
b._E.e.a.m..Ma.gnz.L% AT 3.10
7 _Ret Output » 707 & D. A
~Totlal Electric 21 _A5.8L SUMMARY
AL 5.000_ 100 SHOP WORK
2y (SR UM AT L.5 3.25 STYING
_D3_|SocKeTs/apns 1,100 1.10
2 RS9 Bdsl,  5:000 2,50
7_[rees. svaws 128 .10 N
SCALS DRIVE
E & O.
.’ : MiSC,
. .otal Mechan'll 15,783 10,95
TOTAL ICHASSIS MATERIAL 100,752 76.79 TOTAL D. A,




COPY

RTD-458.12 {1.571 DATE A DA, NUMBER MODEL NUMBER
=28~ f parts 631 21TO
TELEVISION RECEIVER DEPT. culés 2- sagz BANDS Bt _cumue?s ummuusg PLANT
- | B t 3 Syracuse
CESCHRIPTION:

21" Table Model ~ Mahogany Finish - Metal Cabinet
"U" Chassis - 4" Speaker

12 Position Cascode Head End

90° Es, Alum., Tube2lBTPh

Dark Glass - Conventional Top Tuning Line Rate 6264Da%
MATERIAL 121185. 217056 | Installed 21T056
5.7 '

csner I1linois |
“43INET ACCESSORIES NS

\_~THODE RAV TUBES Apt 17.88 DISCOUNT
OTHER TUBES i Se B ng
Sraan B - *Rpppkss™ | 100 70 14,51,
CHASSIS ASSEMBLY 36,13 EXCISE TAX 12,67 14.45
PACKING 1,20 NET G.E
SELUNG PRICE 114,05 130,09
Incoﬂe,mu“
roTAL in pREX — L. 26 7.64
REGHT 147 1,108 Sale 3.7% 5.9%
SPONAGE ljj’% 1.18 S T e
TOTAL MATERIAL 80.
r—:—% ="
LABOR COST SUMMARY
\_<3EMBLY LABOR E,'gu MATERIAL 80,7
UNAPPUED LABOR 1,33 LABOR 0
serarex COL I:‘Q'J‘%f 012 we  135% ©.79
TOTAL LABOR 50 03 SHOP COST 92,56
e ﬁ:::..—_m:m:r PECE , Z ° uu.
P.ECE. o To53
5.4, UQUIDATION N EXTRA COST 2% 1.93
speaer Opecitic o 01 MFG. COST ;
ELECTRONIC REPRCDUCER LESS ROYALTY 98,46
GEN, DEVELOPMENT 1 70 o3 ROYALTY LoU{f
o X F TOTAL MFG. COST
T001s Gen, 37 520 ‘ ; 99.53| 11.21| 110.74
100iS Spearer T
TOTAL PECE 3¢z .0 Memo 3 e
_ C o (i} Dollar Per Cen
WANEIRY CONTS Gross Margin 1 .?ii 12.7%
SET WARRANTY 1 76 073 Cé&aA Eﬁgense £10.26 9,0%
PICTURE TUBE WAREANTY , =I0) 3]
TOTAL WARRANTY : $ g'gsﬁ i'éargln §'19035 11;.9;
3 | 1.53 Xpense £11.71 9.0

Labor content of components $1.35
IME content of components $2.73

N

PREPARED BY APPROVAL —FINANTIAL i APPROYAL-~ENGINZERING APPROVAL--MANUFACTURING
i
i
4




N

RTD-458-8-12 (57 BACK

b KATERIAL W QY accessomes
" 21T056 21T0s56
i | eowen teans. $ 3 JM DIAL SCALE
MSTALLC RECTIFIERS TS 218l
I Toowimafiudid 1168 1| .0h3
2 | rusz . 165 1 | EscuTcHEoN _8fig
TUNING CAPASTOR & | KnOBS 1)
'y | BERONIIS 7 Séet],738 1.1 ST, Temp 1.870
N 1 5] earsn capacaons 1.171 ANTENNA )
1 CA CAPAZITONS DiAl WINDOW
391 Ceramic CAPACITORS 1.1 Ghill:
L TonstsiGlob, R 0 O o
AR 189 DUST SEAL
TRIMMERS 1 | mas -538_
Thi fie ressiors 1.)139 TUE: BTG, AShh .590_
7§ EOTINT.OWMETIRS 1.150 g | NAMEPIATE 021
SWITCHES 3| MISC HD'WaARz  naq
1 jrecEcscisttet | 9 1801(2 tubed-$1.61 3% MISC. GHF. .
105] wis curmNg pst o769 1. 1 Cabh.Supnaorit ohl
i FOWER CORD _15% h T
i VIDEQ OLT, TRANS 577 1_iVent 21
OSC. COlL
nf, cous T -
g L5, COLLS 2l
. FIL, TRANS, ' — e
Totar accessores | 5o 748
]| reacros 53 S——
i CENTERING RING 192
1 rusioed ~08L i LAZTR
5 g 136 i DETALS ARy uL TCTAL
1 HORMZ SWIIP TRAN, 2.100 (1B 653, 00) [| SUS-ASSDRLDS & FEDR
1 DEFLICTION YOKS 2 190 o EAADY _
FOTUS CON - WEARF, TEET .
LINEARITY COR. L INSTRUMENT ASSEIATLY & TEST
i |uowzQ ¥° _.129
' HORIZ. SIZE COIL
i VERT, SWEEP TRANS. 908 i
2 LLO H
383
L M ~1385 TOTAL LABOR
1 -3L0 —
._._02.3.O -
D. A
SUMMARY
bed 10 Rl 10110
T Onses mr. ¥ SHOP WORK
G OTHER METAL PARTS 1.11¢€ ]
> STYLING
1k SOCKETS/20ARDS SE 2
" | Pot PLATES/ADAPY i -
TERM. STRIFS & .
— SCALE DRIVE ~00 Eao
T |
i rm Bde 036 IS,
TOTAL CHASSIS MATERIAL @36 .126 | TOTAL D. A,

s




COPY

[ DA NuMBER

RID458-12 (157} DATE MODEL NUMBER
T500-
TELEVISION RECEIVER DEPT. I c&s{ € ggz BANDS of_parts %ﬂlﬁgs nmacmmgslmfro
U | B 11 Syracuse
DESCRIPTION: )
21" Table Model - Mahogany
Ad Color TV = 21AXP22 Picture Tube
"H" Chassis
1956 - 1957 Procram
MATERIAL }
|_21T500 217500 |Installed 21T500
CABNET ; 17.5
" SINET ACCESSORIES 9,3 s o
__ATHODE RAY TUBES 8 3h 3 DISCOUNT
OTHER TUBES 2; 17-8 i‘et sil .l“!g
ARIRXBEX
SPEAXER 5% ol rice 335.0 £354.00
CHASSIS ASSEMBLY 121.7h % EXCISE TAX 33, 35,00
PACKING 202 NET GE. '
Corona Reg, 7.5 SELLNG PRICE 301, 318,60
om 1& oross . 27728 270,70
260, MARGIN |  pea conr
FREIGHT 1% > 6 2,20k 85,0%
SPOIAGE D% 6.2 _T—'—_—"_—__
TOTAL MATERIAL 68,1 3200 All | Models
" LABOR COST SUMMARY
NC<SEMBLY TABOR 161 MATERIAL 268
UMAPPLIED LABOR 8017 s 27.80
VARIANCE 3, 2# LIAE 75,00
TOTAL LABOR 7.8 J SHOP COST 170.9 &
PECE.
PECLE. e %
D.A. LUQUIDATION 77 60 EXTRA COST 2L.63
seeaedpecific 20 MFG. COST
LESS ROYALTY
S T 25l s -
; - |
TOOL MAINTENANCE 3l.6% T
Gen,Tools 1% 3.7 | " - | __589.30
SRiketepls YT
) WAnRANw COsTS
SET WARRANTY 1% 3, 7
PICTURE TUBE WARRANTY 5.0
TOTAL WARRANTY

*

Chassis Assembly
- Tabor content of components is 52,23

N~

FINAL ESTIMATE

Two tubes with total value of £1,66 are included in

PREPARED BY

APPROVAL—FINANCIAL

APPROVAL—-ENGIECRING i

APPROVAL—MANUFACTURING



L 458-A-12 (1056) BACK

o e gt s
o CHASSIS ! QTv.i CABINET
e MATERIAL 21TH00 | ACCESSORIES 21 TEN0
1 |rower teans - 9,080 DiAL SCALE !
1| e RS 1y 21173 1] e 1130
1 Jouraur mais. Audilo N ilcar . 158
& [rus 626 2 | escurciion A0vet lay 1.672
2| RO F‘ 2 NN 10 oss 2355
21 |miawoiics § <t} ORE 6,738 1iouss Safetyl 1 3,260
3G | PAPER CAPATITORS 3., 718 ANTENNA

| MICA CAPACITORS 1.977 BIAL WINDOW
Ef) CERAMIC CAPACITORS 1. 542 1oz Baffle 055
3| RV capaziORs 1.900 GRILL: CLOTH '
1 :z»mseiﬁ‘% sistor 500 i ot
5 | eeaens -BQ? 1 | mas 1.130
1 By FIXED RESISTORS La 607 X | TUsE MTC. Asi .Sh8
) [roramioneeas T )y 2 | NamErLAT: _ 029
o5 [swicnes 3 18 B | msc. Ho'wars 01}
] |HEADEND(S.C.LessTobes' 10, Q?n WISS. UALF.
X | Vs OatG on 9 ’!3]1 I IChannel 1.23h
] JROWER oW .1 l'{l 1 Vent 187
] |VIDEO DEI TRANS. 1140

- A RESkRat 10Det 232N
1 KO Xtal Fiiter 1. 80
2 |1F cons 1,81,

L mo;‘il\ I YEILD «2912 TOTAL ACCESSORES $9.302
: 1.37 e ===
Fﬁ‘FW} 1 - 390
W Q LASCR
Q* e =Nechet > .2 68 DETALLS ADL UL rovrAl
7 |nomz sweze TRan 5.500 SUB-ASSEMBLIZS 8. FEEDER
3 |peRecton Yore 1 q ofn AN
1 MOSERYR T S h . 2357 ARt 8
1 e De T AYCSI 1 ~538 NSTRIAST SRR L TEET ]
i |womz osc.con | 260

HORIZ. SIZE COML
1 |VveRt. SWEEP TRANS. 1.210
1 _tentering Maq, 2,300
3 Frap Coils 2307 _
2 ~ONVerge CoildPack 6.284 TOTAL LASCR
* _pound T.O.Cdil 2360
_ _Beam Mac Maqnet? ho7UL6
- Ref .OutputTy jans. «707 D. A.
Total E;ectt ical 99.182 SUBMARY
x e 50 35.2 3
CHASSS WP, SHOP WORK
73 |OTHER METAL PARTS h.,, 604
26 |SOCKETS/BOARDS 200 bt
2 AN RumsaarPrt d. Bds. : 100 501
7 |wew swes 198

. SCAELEE I nen 1 iChne. 2.290 . %D

\__~—+nsul. Rina. (ting) 1,140
i_lnsul, Ring |{(Anocde) 2,350 st

Total Mechanical 22 €87
TOTAL KCHASSIS MATERIAL TOTAL D, A,
Paracis




COPY

WTD-458.12  {1.50) . DATE ‘ DA, NUMBER MODEL NUMBER
‘ =2= of ts 11 C700
TELEVISION RECEIVER DEPT. mh ussi? BANDS 2°PALLS. cumzmi umu?n%wma PLANT
I B 11 Syracuse.

DISCRIFTICRS

21" Console Model - Mahogany
AM Color TV = 21AXP22 Picture Tube
"H" Chassia

__.*%.Q;L%z ml

MAATERIAL tz lQ?OO 2 IC700 C 0
csTBeothiehem § 29,00
CABMET ACCESSORIES 9.23 il
\___ATHODE RAY TUBES 83, g() DISCOUNT
OTHER TUBES 17.86
» LA OBRRKDEXEST
GREAKER gé 1,79 Price 101,00
CHASSIS ASSEMBLY 121, 7 EXCISE TAX L0140
PACKING 206 NET G.E L
Corona Reg, 7.50 SELLING PaiCE 363,60
DOLIARS
TOTAL Gross 212,30
273,08 MARGIN | pep ey
reacir 1% 2,73 %
SPOIAGE ?Za g
TOTAL MATERIAL : l 1900..1L..ALL lodels..
LAGBOR COST SUMMARY
\_33EMBLY LABOR TR MATERIAL 281. 9%
UNAPPUIED LABOR B 12 LAsck 27.8
VARIANCE 3. 27 LA 75.
TOTAL LABOR SHOP COST
| s 27.80 8
1 PECE. 173.
F.ECE. ) WARRANTY - R.R
D.A. LQUIDATION 77.60 EXTRA COST 2L .9
SPEAKER Crocifie .03 MFG. COST
ELECTRONIC REPRODUCER LESS ROYALTY 591 5
GIN. DEVELOPMENT 1397 £7.61 ROYALTY 1 D
TOO ISR ‘uj_ 65
GERTTSoTE R ENN TOTAL MFG. COST B | é4ns. 78
UPHAT» 400LS y
STRTAK 5006 VAR ]
\__ :Wmmm
WARRANTY COSTS
SET WARRANTY f ) '/7 3004
PICTURE TUBE WARRANTY : 26 UL
TOTAL WARRANTY ; ¢
| §8.8) »

*Two tubes with total value of 31,66 are include: in Chassis Assembly
Labor content of components is 2,23

— FINAL ESTILATE

S;JEIFPA £3D 8y APPROYAL—FINANCIAL APPROYAL--EMGINZERING APPROVAL~~MARUFACTURING




RTD-5%A-12 (10-36) BACTK

CHASSIS

121,739

" MATERIAL 21C700 Q. ACchng}gglES 21C700
1 lrowen teans. 9,080 MAL SCALE
1 RERAXRRRAC P OnE Y] 1 |iax ﬁ o430
1 |owur anz, Audio 2065l 1 e ° lﬁﬁf
6 |rusz . =3 2 | Evcurcicon & Uvierlay 1.57
2 XRRREAAR T LY 0 10j wvoes 235
2y |mxmotics Sectlions 6 77 1 |cuss Safety 3, 260
3G | paFzR CAPATITORS 3, 718 ANTENNA
33| mica CAPALITORS 1.977 DIAL WINDOW
39 | CERAMIC CAPACITORS 1.56 GRILE
-} |Kv. capaciors 1,900 GRILLE CLOTH
L xeRsRH, V. Resistor 2500 B
By | TRowsaens Q2 1| mask 1,130
1 5 GRxeD RESiSTORS i, 397 X | TUSE MIG. Asia, o SILY
10| roiRImONEERS NL,800 2 | NamEpaTE -0 39
2 | swickes 2319 X | MISC. HD'WARE - NOYI
_1|meoseinieiag 10,970 s, bu,
X | Wike CUTTING ST 2 L E.héﬂﬂil 1.23
| rove G 2151 1 Vent L8 A
] | VIDEC DET. TRANS. 1,160 1 Hole Cover ,00&1 ‘
1 |%%&% RatioDet, 2374
S [MaesXtal Fiit, 1,540
3 |i£. cous 118
] AXtal Tun.C 222l coyme
Lé——'r%é‘gn i,: . 0ll Sases TOTAL ACiES.,On-ESr $ 9, 22;?;
O L |susismepta Aty .90
~ ION TRAPRY ¢, by ' a
W;Q —rcalue Guyn_Magnef 290 Foscpo ) £DL uoL TOTAL
] |HOMZ SWEEP TRAN, 5_500 SUS-ASSEMBLIES & FEEDER
§ | PEFLECTION YOKE 15.980 AN
1 dRuasBEEL A TOCK 357 A
1 RV COINe 1 a (el d 638 STRUMENT ASSE!BLY & TEST
] |HORiZ OSC. COR i 260 |
HORZ. SIZE COL
9 |VERT. SWEEP TRANS, 1,210
1 {entering Rilng Mag. | 2,300
3 Trap Coils 2 307
2 Yonverg.Coil & Fack| 6,284 TOTAL LACOR
i yound 1,0, Coil 0 360
6 Beam Magnet Lo, Tho
2 Kel', Qutput |[Irans, o 107 D. A
— otal Llectnical 99,1082 SUMMARY
2 22\;3”. 22E08 $HOP WORK
33 |omEr METAL PaRTS 1L 696
26 [cocrers/moamos 1,200 STANG
2 __jexmropowPrinted Bdsd 5,400 0018
T |vema. staps 0129
i xiscsspmpeinsul [Cone 2,290 & & 5
1 insul Ring (Maqg) 1,140 :
T __4nsul Ring (Anode) 20350 MISC.
. _total Mecharnical 220,557
TOTAL ICHASSIS MATERIAL TOTAL ©. A,




COPY.

D4, NURDER

R1D.458-12 (157} DATE '4“2"57 MODEL NUMBER
TELEVISION RECHEVER DEPT. CLASS | ISSUE BANDS of parts cu}vilg.ss Ejgg\)ulm PLANT
o et B 11 . Syracuse
GESCRIPTION:
21" Conscle Model - Walnut
AM Color TV = 21AXP22 Picture Tube
"H" Chassis
1956-1957 P
MATERAL 21701 | B 21C701 | UHF v
G Bethiehem 8. 31.86 * '
“ABINET ACCESSORIES éf 2] LST PRICE
\__ATHODE RAY TUBES 83, DISCOUNT
OTHER TUBES 2D 17.86 Net billing
. L 28 OSTHRIFESS 19395, 00 & 1414.00
CHASSIS ASSEMALY 121, 7h# EXCISE TAX 9050 41,40
FACRNG 2.66 NET G.E.
Corona Reg, 2 50 e 325050 372,60
- GROSS 2kt 236,11
5 21715, 3% MARGIN | pep cony ;
FREIGHT 1 07 g" QE é é} o1 %
SPONAGE gzz %n [ ——— e
TOTAL MATERIAL 3900 All | Models
— i 28
_ LABOR COST SUMMARY
\_-SSEMBLY LABOR 6 [ wrenia 283,59
UNAPPLIED LABOR 8.1 LAEOR 27,80
VARIANCE 3.2 LME. 75,00
TOTAL oR 27.80 ior conr 386439
— PECE. 17415
P.EC.E, WARRANTY 8,86
DA LQUIDATION 77.60 EXTRA COST 24,99
seeakiR Specific 203 MFG. COST
ELECTROMIC REPRODUCER LESS ROYALTY 594, 39
GEN. DEVELOPMENT ] 5395 57 .96 ROYALTY o112
TOUBSMASIUNIRER 34,6
Gen, lools i% 3,86 SRS (A S £598.81 | £9.9 $£608.7
PP piRPls :
T waRRANTY COSTS ]
SST WARRANTY ] % 3,86
PICTURE TUBE WARRANTY 1 5200
TOTAL WARRANTY : f/ 8 8 6

“Two tubes with total value of $1.66 are included in Chassis Assembly
Labor content of components is $2.23

. FINAL ESTiMATE
A

PREFARED BY

APPBOVAL—FINANTIAL

i APPROVAL-~ENGINIERNG !

APPROVAL—MANUFACTULING



RTD~58-A-12 (1056 BACK

. CHASSIS Qary. CABINET
" MATERIAL 21C701 ACCESSORIES 21C701
i | rower tRwNs. ¥ 9,080 DIAL SCALE
1 |seemr gksexChiroma Cl, ol73 1 | pac ¥ 430
1 [ourur mais. Audilo 651 1 [ o 150
& |rusz 0 526 2 | eseuicieon 80ver lay 1.572
2 voowmsmxGeirm, Di ode o L0 10 | xnoes o
21 |nxwowtics Sectlions 6,738 1 jouss Safety 3,26
3G | eaper capacirons 3, 748 ANTENNA
33 | MCA CAPATHCRS 1. 97‘7* DIAL WINDOW
Q) | CERAMIC CAPATITORS 1,562 GRIE
. |Hy R xResistor 1,900 GRILLE CLOTH
1| PRt » 500 DUST SEAL
L, | emsens 2992 1 | masx 1,130
1 CEFOED RESIETORS L.697 X | TUBS MTG. ASHL. » 5118
3 Q | POTRTIOMETERS 1. Bl 2 | mamgpLatz 2073
2 |swircuEs 2319 x| MISC. KD'waRE )
1 [reooogeigaxl | 10,970 T ,
X | WIRE CUTTING U3t 2,434 L {Channel 1.2
1 __|Fower coro .151 1 |{Vent ol
1__|VIDEO DET. TRARS, 1,160 1 |{Hole Qover 200
1xx8%xe% Rat,Det, N
1 |smsosxXtal Fiilt, 1,540
3 |k cons o 1B
A sxResStal Tun.Coil c22ly TOTAL ACCESSOR'ES
o JHas 1. 376 ——— %————
_ __|ssmEne e Purity King 2 390
1 @km" BL. Gu n ng o o 290 LAROR
5G |CHOKE cous 2.690 DETARLS ADL A bk
i [nomz swasp meam 5.500 SUD-ASSCMSAGES & FEEDER
1  |DERLECTION YOKE 15.980 MAIN
1 |weenssVert, B1,0sc. 0 357 MF-RF, TEST
1 |meseiy oy Delay Coil 638 INSTRUMENT ASSEMSLY & TEST
3 [nomz osc con . 260
HORIZ. SIZE CONL
1 |verr. sweer mans, 1.210
1_|Centering !Mag. 22300
3 {Trap Coils 2307
2_|Converg.CoijléPack | 6.28L TOTAL LABOR
1 _|Sound T,0,Cbi1l 2360
6__Beam Magnet Lo7h6
> __Ref,Output Trans. 107 D. A
—__Ilotal Electirical 99,182 SRy
X ;‘::m — 50352 SHOP WORK
OTHER METAL PARTS 696
;g SOCRETS /BOARDS Ll‘: 200 Mg
2 |BRMEHNEPrinted Bdsh 5,400 —
7 |Term, sTRs 2129
1| 1 Cone. | 2,290 oo
A R Magl le llLO ’
1Insul Rinc.{Anodel) | 2,350 MISC.
v;.m...lg.t‘a,l_.!!{lg.c.h.amm;__ﬁzzé 57
TOTAL ICHASSIS MATERIAL £121,739 TOTAL D, A,




CIRQUIT BY CIRCUIT COSTS = COLOR RECEIVER

{"H* - CHASS1S)
6~5-57

This report is the result of the attempt which was made to proportion all costs
of the "H" chassis production color receiver into individual circuits and further
to show how much of each total properly was due toc monochrome and to color.
Previous cost analyses have been such that it was not possible to determine how
much certain individual functions cost.

The basis for this analysis is the Cost Estimating Unit'e cost sheet which 1s the
result of very detailed unit costs, This cost sheet was based on 3,900 unit
production. Using this cost sheet as a base, some price revisions were estimated
by ®.K, Jacobs and new costs determined under the following assumpticns:

1. 1,000,000 unit production.

2. The high voltage regulator was deleted,

3. No pieture tube insulation included (assumed glass tube).

4. Resistor priees were unchanged.

50 Potentég;etersg coils, transformers and electrolytics were reduced
5% to 20%- '

6. Stand=up capacitors were given the same cost as equivalent standard
paper capacitors,

The costs-are broken down into 16 different circuits. Each eircuit has its cost
broken down intc three more areas, One is the electrical component cost, another
the material cost other than electrical components and the last is all other costs.
In addition each of these areas is broken down into monochrome costs and color ccsts,
Since in some circuits all costs are either for monochrome or color, the total manu-
fasturing cost of the receiver is distributed in about 70 different portions, This
is sufficiently fine to allow a good analysis of circuit costs to be made,

Some explanation of how the costs were proportioned is in order. First, the
electrical components were assigned to the proper circuits and further separated
into monochrome and color portions. Percentages of each subdivision were caleulated
with respect to the total electrical component cost. Where certain costs were to be
proportioned into only some of the 16 circuits; percentages were calculated with
respest to the total electrical component cost of the eircuits over which this pre-
portioning was desired.

The following tetal amounts of money were distributed as indicated.

A. Msasterial other than electrical componenis,

1. Spscific metal parts = assigned to specific eireuits. $1.65
2. Speeific wire cutting = assigned to specific circuits, 1,04
3. Horizontal printed board = distributed proportionally

into cireunits 7, 8, 9, 10, 13, 1.25
L. Vertical printed board = distributed proportionally

into eircuits 2, 3, &4, 5, 6, 11, 12, 1.21
5. General metal parts and hardware-assigned proportionally

ints all eircuits except 14 and 15, 560

6. General wire cutting - assigned propertionally into all
eircuits except 14 and 15, 1.40



Circuit by Circuit Costs = Color Receiver =2=
"Hr Chassis

7. Tube sockets - assigned @ {.03 each for all tubes

except picture tube which is ¢,30, $1.06

8. Packing = assigned proportionally into all circuits. 2.26

9. Cabinet = assigned proportionally into 21l circuits. 15.00
10, Cabinet accessories - assigned proportionally into

all circuits, 8,03

Sub=total $38. 5L

11, Freight = 1% of sub.tetal plus cost of

electrical components = assigned proportionally

into all circuits, 1.85
12. Spoilage = 2% of sub-total plus cost of electrical

components = assigned proportionally into 211

circuitse 3.70
Total {4409
B. All other costs
1. Labor = assipgned proportionally into all circuitse £10.00
2. IME {125%) - assigned proportionally into all circuits, 12,50
3. PECE = assigned proportionally into all circuits except
1 and 4. 5,00
L. Warranty - §2.12 assigned to picture tube = 1,93
assigned proportionally into all circuits except i, L.05
5. Extra costs - assigned proporticnally into all circuits, 4,03
6. Royalty - assigned proportionally fmto all circuitse _3.02
Total $328.60

The results are summarized in the following bleck diagram. This shows the 16 circuits
with the monochrome cost in the solid blocks and the additional for color in the dotted
blocks., The total eircuit cost is obtained by adding the amounts in the solid and
dotted blocks for the circuit. The sheets following the block diagram give details

on the circuits in each block.

Pinally, Table I shows how each circuit cost is broken down with respect to electrical
components, other material and other costs. Table II shows total material and manu=

facturing cost.,
JRL 4[5s7

J. R. Locke
Receiver Analysis Specialist

JRL:RFL



LS/S/9
oNooT *YH °f

Lol 1 or

NAO@IVEEE LSCO — WVHOVIA MOOH

Gl G s T
_ »

| | g
e s ).3 ® - ™
25°81% | _ £3° 6% _ | vy | 8 1Y
A (oo s A — —
° ST H% o363 T ULa
e wfw AR % Can0 °530 % 0dY £rddng
\w b M ~ o - T ey ® - P Oahtf., . .ﬂ.
*3Td ‘€T ZTIC0H *6 4TJdOH *3 d Ot

—
|
|

oo} N B 52 33 e £8°013
*32( 00°*0% T2° 8 *3mg 99° 14 ‘pry pue
Puls *21 emoIy) °TY #%0X °GT *qacp L dudg *g . |4 punog °§

A r 1

2 e B T =
' - “ X RPAF “ “ 71 9% " " oL° 0% | I 0c° 08 " | 0C° 08 .
S - | |
mﬁ\\.rn.vucw ~— U\m-ww Pl MM!QW
aqnl A% °519(d pU® €e°513
*ITd °rdury X °¥ il °PIA °2 4 °T *00SEY ‘®T

~” @~ W— —
9528 B ) A o |
J070) X0J 3800 TRUOTITPRY |

4500 SWCIYIOUON

°$HO0TQ JO U9 JUOT DI[TRIIP 40U JOJ S,99YS pelIBIE 995



b=

CONTNTS OF BLOCKS IN BLOCK DIAGRAM

1, RF Unit = This is the purchased pvart and is charged to monochrome.

la. Associated with RF Unit = Includes the local - distance switch, attenuating
resistors, antenna RC isolation and RF BZ filtering. All are charged to monochrome.

2. Video IF and Detectors - Includes all parts from output of RF unit through the
two second detectors. All parts are charged to monochrome except those required for
the 4.5 ¥C second detector and the additional 41.25 MC trap which are charged to color.

3. AGC = Includes all parts associatad with AGC and all are charged to monochrome,
4o Y Amplifier = This includes all parts from the video second detector through to
the cathodes of the picture tube. Those parts up to the grid of the cathode follewer
plus the brightness circuit are charged to monochrome and the remainder are charged
te coler {cathode follower, delay line, DC control circuit, contrast and drive
controls, ete.).

5. Sound IF and Audio = This includes 211 parts from the 4.5 MC second detector
1vad resistor through the speaker and all charges are to monochrome.

6, Syn¢ = This includes all parts from the take-off at the cathode follower through
the clipper-noise canceller circuit {6BY6) and all charges are to monochrome.

7, Vertical Sweep = This includes all parts from the clipver plate to, but not
including, the yoke. All parts are charged to monochrome except 3 = 6BL7 and part
of the sweer output transformer which are charged to coler.

8, Hariz. AFC and Ose. = This includes all parts from the clipper plate to the output
tubes grids and all charges are to monochrome.

Yo Horiz., Qubtput and HV = Thir includes all parts from the output tubes to, but not
including, the yoke, plus the high veltage and focus circuits, One ouput tube, one
damper, part of the sweep output transformer and vart of the high voltage rectifier
are charged to monochrome. One sieep output tube, one damper, part of the sweep
cutput transformer, part of the high voltage rectifier and the focus circuit are
charged to color. The H.V. regulator has been exelwuded from the cost .

10. Power Supply = This includes all varts, which are common to more than one eircuit
which supoly power at 400 V DC or lower. One rectifier tube, the CLC 4% filter

for 250 Vv DC, the circuit from AC plug to the transformer primary and part of the

power transformer are chargdd to monochrome, The remaining parts are charged to

color {two rectifier tubes, the CLC filter for 400 V DS, part of the power transformer,
some filament filtering and some RC filtering).

g%i__ehrogg = This includes 211 parts for the chroma take=off, burst gate, crystal
filter and the reference amplifier (not including the plate circuit) and all parts
are charged to color,

12. Synehronous Detectors = This includes the plate circuit of the reference amplifier,
the two synchronous detectors and the three color difference amplifiers, with their
coupling circuits. All parts are charged to color.
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13. Picture Tube Circuits = This includes a1l parts for convergence and controls,
centering magnet, purity ring, blue pun positioning magnet, magnet assembly and Gl
and G2 controls. All parts are charged to color,

1, Picture Tube =~ Fart of the cost is charged to monochrome and the remsinder
is charged to color,

15, Yoke = Part of the cost is charged to monochrorie and the remainder is charged

to color.

J R e C/S/S’?

J: R. Locke
Receiver Analysis Specialist

JRL:RL
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la, Assce. RF Unit W3l - <31 -11 = 9 | <09 - =09
2, Vid, IF & nst. | 373" 4Y 4ok 2.05 A7) 2,22 1.05 12 1.17
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8, Horiz. to Out.''Tube ’ 3.7 = 30L?. - 1.37 - 1.37 .98 = .98
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Tot:1 ;65031}81&015&6061 24,20 | 19:88 144,08 16,87 | 21.7538.62
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Report No., 57 Development kEngineering
11/1/56 ' Television Receivar Dept .

Miscellaneous Investigation Report

Post Acceleration Color Tube Status on 10/33/56

By: "“. E. Goed

The status of the post acceleration coler tube from an application and
rerform:ince point of view, based on eperating experience with both internal sandwich
and phesphor on the face plate post acceleralion eolor tubes, is as follows:

trightness: 40 foot lamberts (Crayon Foy; can be obbtained throvgh a 50% ultra
vislon glass at 25 KV = 230 ua {screen current; 280 ua cathode current; 5.8 W screen
power £ 0.4 ' psi power). (80 fool lamberts through clear glass). (Aperture Mask - AM-
27 foot lamberts {Crayon Boy) @ 25 KV « 360 ua; § watts - screen and mask power) The

post acceleration tube gives three times the brightness with less IV power than thes
AM tube.

Convergence or Registration: The post zcceleration tube appear o bz an
easier tube to converge because of the in-line gun arrangsment Thic puts all cor
rections into perpendicular axes rather than in the triangular system of AM. It alse
oarnits some corrections to be tmilt into the yoke. Today, only linear sawtosth
voltages at horizontal and vertical ratesar® mquired for basic registration {raster
size correction) and these are ob*ained directly fror the yoke currents. convergence,
equal to or better than the Al can be obtained with the zbove two waveforms and a
small amount of vertical parabola. Thus for dynemic convergence of PA, 5 adiustments
are reqguired; for AY 9 adjustments are recuired. Recent work by CRT on shlelding the
individual beams from the bacl: yoke field shows promise of "building in" the basi:
raster size corrections so that the five adjusiments will be reduced to second order
ones which maké th=m less critical and consequently more stable. An estimate of whatl
may be achieved by optimizing yok:s compensation and beam shielding, leads one Le
believe that the convergence of the red and blue yrastcrs will be within 1/8 of an
inch of the green raster before dynemiec wavetforms are applied.

Definition and Contrast Natio (haze): Pictures on PA appear soft compared te AM.
This now attributed primarily to the poor small-area contrast-ratio rather than te
poor focus guns.

Small area contrast ralio measurements indicate PA to be half as pood as AM.
(PA 8 to 1 contrast ratio; Al' 14 to 1 contrast ratioc - typical cendition, but net
the most severe). The poor contrast ratic is due toc the haze generated Ly hiph enAargy
secondary electrons emitted from the phosphor scresn and being returned to the phosphor
screen ty the post acceleration fleld. A halo extends out arcund each bright spot te
a radius of about 1} inches. Beyond this distance the large area or ulbimate contrast
ratio is comparable to A {140 to 1.

Haze has other bad effects. 1In addition to reducing small area contrast ratis
andt reducing apparent definition, it cances Zesptnratisn ~f the arim-ws aglers dus by

B
.



its uniforrm illumination of all of the phosphor stripes. In fact, the color of the
haze is determined by the relative efficiencies of the three phosphors. Colored
haze (usually blue) degradas thiz colorimetry of the picture particularly in low
brirhtness areas adjacent to bright areas. This one effect can be reduced by
chonsing the tint of the filter plass to eoualize the effective phosphor efficiencies
and make the haze grey. All measuremen's and observations indicate that the haze
must be reduced by at least 2 to 1 and preferably 3 to 1 to be competitive. Hx-
rerimental coating materials have been shown to be capzble of a 3 to 1 improvement
although none as yet have withstood the rigors of bake=out.

Little loss of definition i3 attributed to the oresence of the grill or line
structure (at 28 lines per inch) or to the secondary electrons from the grill itself.

Color Saturation: The saturation is poorer than the Al tube because of the
effects of haze. Saze must be reduced at least 2 to 1 for equivalent and satisfactory
parformance.,

Puritys Many of the hand made samples have bcen capable of producing three
simultaneous pure color fields, with some minor fringing impurities at the very edges.
This is certainly the first step but for commersial application of this tubs we need
at least half of the theoretical purity or nsi tolerance, in order to take care of
earth’s magnetic field effects ani for long and short time circuit variations. We
should b> able to live with a £ 2% psi tolerance. A simple magnetic shield wlill
probably be required in addition to coils for controlling the vertical anmd axial
field through the tube. No magnet belt is vwisualized at this time.

Grey Scale and Color Temperature: No basic difficulties, other than those ab.
tributable to the presence of haze, have been encountered in the J gtment of the
grey scale and in setting & desiraed coler temperature. The grey/stability in later
tubes has been geod,

Grill Wire Vibration: Most of the tubes have had damper bars and wire vibration
has been at a very minimum. lLater samples show very small pereeptability of Lhe
damper bar shadow itself. . :

Fhosphor on the Faceplate: The phosphor on the faceplate version of PA gives
& more pleasing picture than the internal sandwich tube. The POF tube will probably
need no pincushion correction. The reduction 6f optical reflections is a definite
advantage.

WEGREL

CC: JF MeAllister
DE Harnett
RB Dome
GA Schupp
TV Zaloudsk
DW Pugsley
DE Garrett




Syracuse - March 8, 1957

The purpose of this analysis is to develop a particular servo
color system, the Apple System, in such a way as to provide some ine
sight into the nature of the problem, Other servo systems will differ
from the "Apple" chiefly in the mechanism used to obtain a position
signal which can be fed back to the signal processing circuits in order
to control color rendition,

This description is aimed primarily at those engineers such as
the chemists who may not be familiar with circuit principles, To avoid
an excessively long presentation it will be best Af those readers who
are unfamiliar with such topics as gamma correction for non-linear trans-
fer characteristics, modulation and mixer action, and Fourier analysis
get in touch with me for a brief blackboard session, This minimum back=-
ground will be assumed in the text that follows.

The interesting development as given here by starting with a dot
sequential system was suggested by a lecture series given in Hldg. 5.

o Bl

/fmd W. Rublack



The color camera equipment is operated in such a manner that the signal
voltages derived (Ep, Eo, and E,) are of equal magnitude for a white fielde In
all that follows it is to be assumed that the signal voltages are gamma corrected,
Although the signals are not transmitted in this form they could be resynthesized
in the receiver if required, Let the reproducing screen consist of vertical
stripes of red, green and blue emitting phosphors suitably balanced so that a
dece scan produces a white field, The simplest scheme (in principle) is to sequent-
ially sample the similtaneous color information as shown in Figure 1. For the
present it must be assumed that some means is available to synchronize the sampling
with the instantaneous beam position on the screen to maintain proper color rendi-
tions The angular sampling frequency (w), ) must be related to the writing period,
that is, the time required for the beam to scan a distance equal to the screen
pitCh.

The signal obtained under ideal sampling conditions when only red informa-
tion is present is shown in Figure 2, Fourier analysis of this signal, taken with

respect to the center of a red stripe, yields the first series expression of equa=-
tion (1),

E= 33[0.333 *+ 0,551 cos (wy,t) + 0.276 cos 2(wt) +eene ]
+Eg [0.333 + 04551 cos (Lot =120°) + 0,275 cos a(ww‘;..lzo") +1
+ER [0.333 # 0,551 cos (w,t-2400) 4 0,276 cos 2 (o b =240°) *] (1)

If only green information were present, the series expression would be of the same
form except for a phase delay of 21‘1’/3 or 1209, This yields the second term in (1),
The signal in general which may consist of contributions of all three primary
colors will be given by (1) in its entirety, For a monochrome field Ep = Eg = Ep
so that equation (1) reduces to,

Ey = 1/3(ER ¢ Eg + Bg) = By = Eg = Eg (2)

For a constant luminance white signal this implies a d.c. scan of constant magni-
tnde.

It should be noted that the signal voltages are applied to the C.R. tube
that is suitably biased to cut-off for zero signal, The voltage E is not the grid
voltage but voltage above cut-off, '

In order to produce the response shown an infinite bandwidth is obviously
requireds At the expense of screen efficiency, the use of a fractional duty cycle
makes the square wave response unnecessary. As a first approximation assume that
the upper limit of the bandwidth of the amplifier in Figure 1 is just sufficient
to pass the fundamental (first harmonic) terms of (1)e In the practical tube this
writing frequency is approximately 6.imc. The signal applied to the orid of the
tube will have the reduced form,

By = Br[ 0,333 + 0.551 cos (wy ) J
+EG [ 0e333 # 0,551 cos ( -120°)]
+#Ep [ 06333 + 0,551 cos ( « =240°)] (3)



The reduced signals for a pure red field and alsc for a particular yellow (for
which ER = Eg) are shown in Figure 3. The light cutput indicated by the shaded
areas differs in form from the grid signal due to the power law,gun characteris-
tic, It is obvious that desaturation has resulted even for a duty cycle of 1/2,
We shall refer back to this expression (3) for signal E1 repeatedly in what
follows,

A better approximation is necessary if the desaturation due to limited
bandwidth is to be reduced, The extent of desaturation depends not only on the
gamma characteristic and the duty eytle but also upon the spot size and its
growth with current, Therefore only the nature of the saturation correction will
be dealt with here, :

First consider an expression similar to (3) in which the coefficients of
the fundamental terms have been increased from 0.551 to unity,

Ep = Er[ 0.333 4 cos (w, 1) ]
+Ec;EO.333 + cos (wwt—120°)]
+Ep (0,333 + cos (w,t -2h0°):\ (L)
To obtain the sum of the fundamental terms expand them by using the usual formula,
E cos (wt -X) = E costast - cosX + E sin w,t sinet
The sum of the three terms ¢an then be put in the form,
a cos ww‘\’. + b sin “w*

which is one term of a general Fouriér series, It can be written as a single cosine
function with a phase angle @ , in the form S cos ( w,t # 0 ) vhere,

s =+fa2 + b2 0 » ~tanl (b/a)
For equation (L) we have,
Ep =1/3 (Eg + Eg # Eg) # S cos (wyt + 0 ) (5)
where, A
s =/ Er2 # B2 + Ep? - Bglg - BgEp - Egfp €6)
8= tanl {% } (7)

The amplitude (S) of the cosine term is a measure of the saturation since, from (6),
it is zero for a white field, Also from (6) we see that S§/3 is equal to the dece
Jdevel for any pure primary color., If the quantity S/3 is subtracted from the right
hand side of (5), the signal will be unaltered for white fields but the signal for
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a pure primary color will be a cosine function with zero d.c. level, ie, the dece
level will occur at cut-off voltage if the tube is properly biaseds The desired
signal with the saturation correction becomes

E = 1/3(ER + Eg + Ep) 4 8 cos (wy,t+ 8)-1/3 s (8)
As before,

EM = 1/3(Eg + Eg + Eg)

The signals and light output for a pure red field and a yellow field are shown in
Figure Ls The required signal processing could be carried out as shown in Figure
5 where correction for the envelope function S is made,

Having developed the desired form of signal it is now necessary to deter-
mine how synchronization may be obtained, Our requirement is a position signal,
that is, a sinusoid whose phase bears a known relation to the position of the
scanning beam relative to the phosphor stripes, Such a signal will have the form
cos (wy,t + ) where P may be a function of the time,

Assume that index stripes of a high secondary emitting material are loca=
ted in a known position relative to the red phosphor stripes but on the gun side
of the aluminum film, If a de.c. beam were to scan normal to these stripes the
secondary emission would display a series of pulses as a function of the times
The angular frequency of pulse recurrence would be w, « If the secondary current
-were collected and passed thru on impedance it would generate a voltage of the
form,

Es=a+ 2 cos (wyt*+d) +apcos 2 (ot *P) + cene (9)

If this signal were passed thru an amplifier and limiter of restricted bandwidth
we would obtain the desired position signal cos(w,t + P ). Normally the phase
angle ¢ would be function of the electron transit time which varies with the
position of the beam on the tube screen. By proper design however, the transit
time variation can be compensated for when developing the printing pattern for
the index stripes,

In actual practice the writing beam which also contains a 6.lmc signal
would contribute to the output and would contaminate the desired signal, There=
fore it is necessary to modulate the pilot beam with a high frequency signal which
'is an odd multiple of one-half the writing frequency to minimize interference from
the writing frequency or its harmonics which will be produced, The index struc-
ture of the tube then acts as a mixer and the output consists of the sum and diff=-
erence components of the high frequency pilot beam and the position signal as
shown in a general way in Figure g. The extraction of the position signal from
the sum component will be discussed later,

Having obtained the position signal, the processing shown in Figure 7. may
be used to sample the color information, The proper sampling frequency is pro-
vided by the position signal itself and the maintenance of the proper phase in-
sures desired hue control. The output of the scheme in Figure 7 will be the phase



f
&
5
VAN
\ \ d.c- axis (G)Re.d ‘F\e\&
—
Livg —»
R S B _
—~ s
% /\\\

N

N
4\

\

Vo\l—o.c\g, —>

,
Z
-
i
i
N

(b Yellow Leld

time —

Figure L} - Signals with saturation correction (E2)

Amp
‘ O - 35 m
x |

" l

’1
AMP =
/"n S s8-7m | ,1 JC2 \
\ F/ x Y0551 I \  CRT
L 5 A ‘ ! LRT.
Y
| ENvELOPE
DETCECTOR. =
X 1/3 '%

Figure 5 = Circuit used to obtain saturation correction.



corrected form of B], equation (3),
By = B [0.333 + 0,551 cos (wyt + $) |
+5G [0.333 + 0551 cos (ot + P ~1200)]
+p [0.333 + 0,551 cos (gt +® -2400) | (10)

Applying the saturation correction tc this signal will yield the phase corrected
signal similar to (8).

The N.T,S.C, signal is not transmitted in the form ER + Eg * Ep but in the
form,

ENTSC = By + Bg sin (et # 339) + By cos{eo.t + 330) (11)

in order to provide a luminance signal Ey for monochrome sets and to provide chro-
minance signals Eg and By, These signals are defined in terms of Eg, Eg and Ep,

EY”-BOER*QS9EG*011EB
EQ = +u8 (Ep-By) + .l (Bp - Ey)
Er = o7h (Ep-By) = »27 (Ep - Ey) (12)
The chrominance signalé EQT;LM Ey modulate a subcarrier (of frequency We/2l =3,58mc)
in 90° phase quadrature. e N.T.S.C. signal could be expressed directly in terms
of Eg, Eg, and Ep in the form,
Exrsc = ER[.BOO + ,632 cos (Wt) ]
*EG{0590‘ + 0593 cos (wt* + 1370)‘_\
+8p [.110 + JLL7 cos (coct + 2UL0) | (13)
Thus the N.T.S.C, signal has a form very similar to signal E1, equation (3), except
for the d.c. terms, the carrier frequency and the sign of the phase differences.
The latter two differences are easily resolved by proper circuitry and will be
discussed later,

We may rewrite expression (13) as the sum of the luminance signal and the
chrominance signal,

Enrsc = By = («300 ER + 590 Eg # 110 Eg) (1La)
#Ec = ER[.632 cos (uwxt) )
4EG[e593 cos (w b+ 1370)-‘\ (1Lb)

+EB[.hh7 cos (wct+ 2440)]

Since the luminance signal required for balanced phosphors with N.T,S.C, coordine-
ates is Ey, for accurate reproduction we must apply a luminance correction to the
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Figure 7 - Possible mod}zlation scheme to obtain the harmonic terms
' of signal Ey
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N.T.S.C, signale This can be simply done by adding to By the quantity (BM - Ey)
which can be made available by using a synchronous chroma detector. Since,

EM = ¢33 Ep # .33 Eg * o33 Ep
Ey = «30 ER + .59 Eg + .11 Ep (15)
we have
(Em-By) = »03 Ep = .26 Eg + 422 Ep (16)

The coefficients in (16) should sum to sero, Therefore we may subtract By from
each primary voltage in (16) and obtain,

(Eu=By) = 403 (Eg-By) = +26 (Eg-By) + ,22(Ep-Ey)

Since the coefficients in (15) sum to unity we have,
0 = 30 (Eg-Ey) + 59 (Eg-Ey) + .11 (Ep~Ey)
or (Bg-By) = =.51 (Ep=By) =.19 (Ep=Ey)

Then,
(By-By) = +16 (Ep-By) + .27 (Ep-By) (17)

This signal can be obtained from the synchronous detector with a suitable matrix
circuit as indicated in Figure 8, Note that the detected I and Q signals are
(Ep-Ey) and (Ep-Ey) signals in disguise (see equation 12),

The chrominance signal E. (1hb) consists of three terms although chromin-
ance information consists of only two quantities, The signal Ec is shown in
vector form in Figure 9a, The three wvectors cannot all be independent and an
analysis of the vector diagram would show that any one vector is equal to a
diagonal of the parallelogram defined by the other two, The desired chrominance
signal is shown in Figure 9b, The angular deviations between the two signals
are small and it is customary to neglect thems The deviations could be compensat-
ed for by printing the color stripes with corresponding irregularity.

Since the recent practice has been to meglect the luminance correction and
the saturation correction they will not be included in the block circuit diagram
about to be described. Since the saturation correction has been omitted, it
implies that proper reproduction of saturated colors is not too important, Omiss-
ion of the luminance correction does not alter reproduction of white areas since
for white fields Ey = Eye Note that for this case there is no chrominance infor-
mation so that the output (M-Y) from the synchronous detector must be zero, How=
ever in color redition, blue fields (such as lake water) will be rendered too
dark while green portions will be excessively bright.

The signal processing circuits of the Apple receiver are shown in Figure
(10)e A pilot oscillator is used to produce a high frequency signal (Wporr = 38elme)
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of arbitrary phase Op. This is mixed with the reference subcarrier (ux[er =
3.58mc) whose phase is controlled by a transmitter burst. The sum component
cos (wpt + wet + 6p + B¢ ) is fed to the pilot beam, Due to the mixing
action of the stripe structure of the tube, the position signal (9) is injected,
The sum component cos (wpk +uxt+wyt+ Op +8c + & ) passes thru the side-
band amplifier tuned to 48,1 % lmc. If the sideband amplifier is too sharply
tuned it will produce a large phase error for small frequency deviations,

A separate pilot beam is necessary for several reasons, The high frequen-
cy pilot signal cannot be added to the video signal of the writing beam because
the C.R. tube is a non-linear device (ip= Q’°2°2). This would produce intermodu=
lation distortion between the two signals ard therefore could give rise to spur=
ious frequencies which may be passed through the sideband amplifier. Further-
more, the writing beam will often swing below cut-off and it would be preferable
to maintain the pilot beam at a fixed amplitude. This can be best carried out
by having a separate beam,

The output of the pilot oscillator is slso mixed with the N.T+S.C. chromine
ance signal Ec (14b) and the sum component is selected,

E3 = ER[.632 cos (wet +wyt +B;+ep§j’\
+Eg [.593 cos (ek +wpt +Be+6p 4 \‘ﬁ'\°ﬂ
4B [.blﬂ cos (Loct + wpk + Be =+ Bp+ 2440)] (18)

The output of the sideband amplifier is mixed with E3 and the difference signal
is selected,

E, = Ep [.632 cos (w,t + ®))
+EG [4593 cos (Lot + P -1370)]
+B5 [JU7 cos (Lot + & -2L10) ) (19)
The signal has the proper frequency amd contains the phase information,
Except for the luminance terms it compares with the desired signal Ej (10). De=-

perding on the fidelity desired the signal E), can be added to either Ey or Ey.
In the latter case the signal becomes,

Es = Eg [.300 + .632 cos (wyt + ¢ )]
+Eg [.590 + 4593 cos (et +P -137°)]
+Ep [.110 4 JL7 cos (Lt + P -21;2;0)‘} (20)
which is fed to the writing grid of the tube,
It is desirable to maintain the writing frequency as constant as possible

so that the sideband amplifier which is tuned to this frequency introduces a mini-
mum phase error, For this reason a stripe pattern should be used that compensates
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for the variation in sweep speed across the tube face. It is important that the
sweep width remain constant in spite of line veltage fluctuations, etce There-
fore a width servo is introduced as shown by the dashed lines in Figure 10. The
6elme output of the mixer is fed to & discriminator which supplies a d.c., signal
to control the horizontal size. If the freguency exceeds 6,Lmc the horizontal
size is decreased and vice versa,

The high frequency position signal is extracted from the C.R. tube by a
conductive band applied onto the panel skirt which forms a capacitative coupling.
This is fed to a tuned circuit across which the signal voltage is developeds
This tube and its equivalent circuit (current generation) is shown in Figure 1l.
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REPORT ON APPLE PAPERS AT THE IRE CONVENTION

Three Apple papers were presented by Philco engineers at the session on
Colar TV on Mareh 20, 1957. The first two dealt with the Apple tube, recent
medificationsand chavacteristicas. The thipd paper discussed some features
of the mods!l 8C receiver

i. Receant Improvements in the Appie Beam Indexing Color Picture Tube -

i

presented by Moulton

The most significant modification in the Apple tube is the change in
stripe widths. The red stripe has been widened at the expense of

blue and green to give a é0% increase in brightness. The tube originally
used equal phospher and guard band spaces of .0LO" giving a triad spacing
of . 060"

The new stripe dimensiona, given in thousandthg are shown belew:
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It will be noted that the piteh is unchanged and that red is now twice

a4s wide as blus o1 green. The white psint ie the same as the previous
tube. With this arrangemest, ¢he green phosphor is used undiluted

while blue is still diluted a small ameunt. The "tolerance band" gn

red (.032") 18 greater than on blue or green, A demonstration was givem

to show subjectively that green and blue have greater tolerance tham

rad to contamination from the other primaries. It was stated that Lhese
results are not contrary s Mac Adam's minimum perceptible color differsnce

chart because the demonstration was based on error the eyes would tolerate
a8 copposed Lo what the eye could perceive on a side by side comparison basis.

The second change in the tube concerns the relative configuration of the
phosphor and index stripes far which new printing masters have bean
developed. The change eliminates the need for pin cushion correction
which was accemplished by vertical modulation of the horizontal Bwesp.

The third improvement described i8 the cholce of a new material for the
guard band stripes. The new stripe iz more opaque and has higher light
absorption giving a darker face tube as seen by the viewer.

The fourth point discussed was = report of the latest life test dats.
IC was stated that s 2000 hour 1ife test of "almest 100 tubes® gave
rosulis comparabls to moncchroms. The speaker stated confidently that
cathode lsading is no lonpsr a problem. A larger aperture and an
improved eathode binder have contrituted to longer cathede 1ifa.
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Report on Apple Papers

XX. Accuracy of Color Reproduction in ¢the Apple System - presented by Chatten.

This paper describsd the aceuracy with which the Apple tube can
reproduce the chroma signal applied to its control grid. An excelient
presentation was given that cannot be reported in detail here A seriss
of slides showing portions of the Maxwell triangle wers displayed Lo show
the desaturation that szcure as a function of bsam current. The main
points were as follows:

a. Saturation holds up quite well o I ma beam current.
. The spot has a half power diameter of .016" at 1 ma beam current.

¢ The tube will preduce 60 fi _amberts white picture at { 3 ma. This
would correspond to 650 ua on a flat red field.

I11. An_Advanced Color Television Recelver Using a Beam Indexing Picture Tube
presented by Moore

This paper described t¢he physical aspects of model 8C as weli as same
of the eireuit simplifications that have been made. Photographs of the
set complete with cabinet and with Che side panels removed were shown.
Cabinet dimensions for the table model were given as height 19", width 28%

and depth 25"  The single vertical chassis is mounted on the right side wall,
ag viewed from the front. FPrinted wiring is used throughout with the esxception

of the horizontal and high wnltage circuits. The mechanical laysut looked
faiily elean indieating considerable product design effort .

The deflection circuits have besan further simplifled Four tubes hawvs
Desn vemoved from this area. Thess changes are:?

a. Horizontal driver reduced from 2 to 1.

b Horizontal damper reduced from 2 Lo X.

Elimination of the ringing damper.

(2

d@ Elimination of the horizental discharge tube.

The set still employs twe HV regulaiors for the 27 KV and 30 KV suppliss.

The focuser has been completely rad=signed and no longer requires the controk
tube of TA. The de¢ field 1s established with PM magnets while the parabelis
vertical correction waveform is formed with passive networks from the wertical

cutput stage.

Receiver 7A added Y and & & me zhroma at low level followed by two stages
of wide band amplification. Maiel 3C provides for separate amplificatien of

these two signals and they ars added at high level at the picture tube grid.
Reasons for this change wers nst stated.

Breliminairy evaluation cf the eifect of the cireuit changes describad
abeve would indieate that our "erab apple” design could be reduced to aboub
31 tubes. A revised crab apnle achematic is being drawn.
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Phileo reported on effarte Lo reduce the visibility sf the vertical
line structure by the use of eptical filters., A curve of filter
attenuation vs frequency was ploatted that showed high transmission in
the range of O to 4 mc with the attenuatinm rising rapidly at 6.4 me.

N\ The speaker summarized the mailn fsatures of model 8C as followe:
1. Impreved packaging.
2. Simplified circuits,

Improved getup and aiignment.

& »

Higher brightness

SR

An optieal filter ts reduce line structure.
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MISCELLANEQUS INVESTIGATION REPORT #8) ELECTRONICS PARK - SYRACUSE

DEVELOPMENT ENGINEERING MAY 2, 1957
COPY
COPY LAWRENCE TUBE INVESTIGATION LOr 1

by: M. PALLADINO

ABSTRACT

This report is concerned with the principles of operation of the Lawrence
tube, Included is a comparison of various sampling methods, a discussion of moire
problems, horizontal definition, and brightness limitations,

CONCEUSIONS

Precise equations have been formulated that indicate exact placement of
phosphor stripes depending upon deflection angle, grille and screen potentials, and
physical dimensions of the tube, With these equations it has been shown that a
constant pitch for grill and phosphor stripes will not cause appreciable errorss
therefore, in practice, the phosphor stripes are laid down with a constant pitch
slightly larger than the grill pitch,

The grill capacity and switching potential may be determined from the
physical dimensions of the tube., The horizontal stripe Lawrence tube requires
5L8 volts peak to peak to completely switch the beam from green to red and blue
stripes with a grill capacity of 1950 wuf, The vertical stripe tube has a grill
capacity of 2810 uu and requires approximately 1000 volts peak to peak switching
potential,

The vertical stripe tube is capable of resolving 392 lines horizontal,
thus the mumber of stripes are adequate to prevent deterioration of the arbitrarily
established horizontal resolution,

The table on the following page compares various methods of switching
and gating the Chromatron tube, The conduction angles indicated are the maximum
realizable when the switching potential on the grill is adjusted for the peak
deflections specified in each row. It should be noted that a 50% duty cycle can
be realized only when a second harmonic is added to the switching voltage,

The low duty cycle of the Lawrence tube inflicts a fundamental limitation
on the high light brightness capabilities, If simple sub-carrier switching is
employed with a third harmonic gating pulse and a }0° conduction angle tolerated;
than the high 1light brightness of the tube is limited to 32,8 foot lamberts per
milliamp of cathode current. However, a three to one increase on white can be
realized if the third harmonic gating pulse level is compelled to be proportional
to the chroma information, In this manner the gate is removed when white infor-
mation is present and a 100% duty cycle realized, hence 98,) foot lamberts per
milliamp of cathode current is realized.

One of the major problems associated with the Lawrence tube is the various
moire patternse There appears to be three basic moires, One is caused by the beat
frequency between the 2nd harmonic of sub-carrier and the grille frequency. This is
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MISC. INVES. #8l G

a moving 7.5 mc pattern which is not very visible, The second is an intensity variation
in phosphor stripes due to shading effects of the grill wiresy, which produces a more
pronounced pattern than the first, The third pattern appears to be the most noticeably
and most difficult to explain, It is a function of the number of grill wires intercepted
by the beam; so if the spot size is intercepted by 2 maximum of two wires during a
sampling period, the moire pattern results. The effect is that eight phosphor stripes
are alternately fully illuminated and not excited, This is repeated every 1.2 inches,
The integrated results are vertical dark bands in saturated fields.

DISCUSSION

Ae Principles of Operation

The Lawrence tube is a single gun tube which employs the principle of "Post
Focusings"™ A double grill is placed in close proximity to the phosphor screen;y the
potential of this grill with respect to the screen determines the post accelerating
fielde The grill wires are placed behind the red and Hlue phosphor stripes, The wires
associated with the red phosphor stripes are brought out to one electrode and the blue
to another, Between these electrodes - a coil is placed to resonate with the grill capae
city at 3,58 mco A push-pull amplifier drives the tank circuit to provide opposite
phase sub-carrier switching, Thus the beam is deflected from green to red and blue
stripes depending upon polarities. At zero and 180° phase of subcarrier the beam is
undeflected and therefore is post focused on the green stripes.

In terms of the potentials applied and the geométny of the tube, the physical

constants and drive requirements for the tube may be derived, The defining symbols for
the physical dimensions and potentials are shown in Figure 1,
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The mean velocity in the region between the wire grid and zluminum baCking
at any angle iss

- \
v = Te‘w/‘zf[/éf 5’055‘(/"*//7‘ £ )] (1)
é‘c’oseé

Defining % as the velocity of the electrons parallel to the grill in the
same region ard A# as the displacement on the phosphor screen due to V} s then

sy =/ 4
% (/@) (2)
{} - 1/5;?_{_0_7 SE  Sm 6 (3)
LAy = & (@’5//756) /S L2 ——_// (h)
1y - & /7 o

2
4;‘_5'059

Equation (k) tells where an electron will strike the screen if it has been
deflected by an angle @ and therefore determines the phosphor placement for the single
gun tube, Also, if the grid wire spacing is uniform this equation is used to determine
the electron arrival angle for the three=-gun version of this tube., In actual practice,
the phosphor stripes are laid down with a constant pitch slightly larger than the
distance between wires of the grill. Figure (2) shows the pitch variation with deflec-
tion angle,
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If the pitch is carefully chosen from this curve, the maximum errors in
wire placement can be held to ,0045" error, Figure (3) shows the variation of wire
placement error versus deflection angle using a constant pitch determined from
curve #2 for the 1l2nd wire,

Bs Grill Capacity and Deflection Potentials

Referring to Figure 1, the switching potential required on the grill to
deflect the beam to the red and blue stripes and the grill capacity may be determined,
If adjacent grill wires are permitted to bear a change of #q and =g coulombs then
by applying a modified Gauss' theorem and using a psi ratio of 3

< c _qut/em (5)

3.6 In Dy

£ =25 2 LD
7 Z £

(6)

!

where C = capacity per cm., of wire length

peak to peak deflecting potential

S}

spacing between grill wires

grill to screen spacing

g o o
n

= radius of grill wires

= deCe potential of the grill

=
=
[

O

dielectric constant

If these equations are applied to the horizontal stripe Chromatron picture
tube of screen size 12 x 16 inches, grill spacing of 30 mils, 6 mil diameter wires,
320 mils grill to screen spacing and a l KV grill potentials the switching potential
Ep = 548 v and total capacity C = 1950 uu.

Applying the same equations to the Chroma.tfl::on vertical stripe tubes D =
2 mils, R = 1,5 mils and E} = 7.5 KV results in Ep = 1000v ard C = 2810 uu for a
14" x 19" screens

Co _Phosphor Lines amd Horizontal Definition

The number of phosphor lines, when positioned at right angles to the direct=-
ion of scan, determines the horizontal resolution of the tube, The rumber of changes
along a horizontal line for a given bandwidth may be determined by the relationships
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= -
/o Ezj/a 7/;” >3 (7)

where HR = horizontal resolution

tha = active horizontal trace time

3/k

aspect ratio
Each element thus defined along the horizontal line should have the possi-

bility of being red, green or blue. Therefore the nmumber of distinct phosphor lines
per inch for a vertical stripe tube is given bys

Tn= 3% _,?_ = O e tmax (8)
w W

W = width of phosphor screen in inches

‘ Assuming the Chromatron tube with 12 mil vertical stripes and a 1" x 19"
phosphor screen, the maximum frequency the tube is capable of resolving iss

= L A& (19m)
f/}ﬂ’/ o In 6.0(5%us) &
fﬁmx = 49 wnc (10)

The horizontal resolution is therefore limited by equation (7)s

Y =‘?(54)(75)(¢,9)=392 Lines (11)

The specifications we have arbitrarily established for "Display Device
Characteristics" dictate that the tube must clearly define 325 lines horizontal
resolution for the luminance signal, Thus it may be seen that the number of vertical
stripes are adequate to prevent deterioration of the specified desirable horizontal
resolution,

D.__Beam Switching and Gating Methods

The Chromatron picture tube is essentially a dot sequential display device,
However, this term must be used with care, because it is often used with a specialized
meaning. The color changing action in the various instances depends on the type and
manner of operation of the one gun tube, One class of operation is called continuous
color sequence because it is characterized by successive primary colors repeated in
triad intervals, Graph #A in the appendix shows a switching frequency of fo (3,58 MC),
Here it may be seen that R, G, and B are gated once in a period of fo which provides
the "Contimuous Color Sequence": When the gating frequency is 3fy (10,7l MC):

(R=G=B) = (R=G=B) & ¢ o ¢ v o « « « &



Misce Inve. Report #8l e

If the beam is gated with the 6th harmonic of sub-carrier, as shown in Graph
#2A, then R, G, and B are each sampled twice in a period of 3,58 MC, This leads to
a class of operation termed "Reversing Color Sequence", The significance of the
nomenclature may be seen by selective placement of brackets in the color sampling
sequence =~

RR G BBGRR GBBGREBR cececcocan
R"(R"‘G‘B) - (B‘G"R) - (R-G“B) - (B“G‘R) - R @0 ee 0000900

Fourth harmonic gating is neither continuous nor reversing in their true
sense, As seen in Graph #3A, the green is sampled twice in a period of fg while
red and blue are sampled once which results in the following "Sequence of Fourtsg

(R=G=B) = G = (R=G=B) = G = (R-G~B)

The maximum realizable conduction angles depend upon the gating frequency
and amplitude of the sub-carrier switching potential, In Graph #1A it is assumed
that the peak amplitude of fo deflects the beam to the center of the red and blue
stripes, Since this deflection amounts to a complete stripe displacement, then the
beam crosses over from the green to the red and blue stripes at half amplitude of
foo (A sinw ot =-%-) occurs at 309, 1500, 2100 and 270°, therefore, this is an
equal time shared system where the dwell time amounts to 120° for each stripe, The
maximum realizable conduction angle, however, is limited by spot size if saturated
colors are to be obtained, If we consider that the "post accelerating” field will
focus the spot to a 6 mil width perpendicular to the stripe length; then the beam
may not be gated on until the sin@ ot = 9/12, (Assuming a 15 mil stripe width and
a full stripe deflection by peaks of the switching potential.) Likewise, if the
spot is to be restricted to the red stripe and not overlap into green, then the
beam must be gated off at a sub-carrier phase angle of 180° - (sin-lw ot = 9/12), The
result is a possible conduction angle of 830 for red and blue, It would appear that,
if pure sine wave gating is used, the fast transition across the green stripe would
restrict the maximum conduction angle, This is not necessarily true; as shown in
Graph #1, for saturated green the conduction angle 8, = 180° % (sin=iw ob = 3/12)
therefore 6y, = 180° % 1),,5° = 290, With 3fo gating frequency peaks occur atw ot =
609, 180° and 300° furthermore, for saturated red, the beam may net be gated on
before sin Wot = 9/12 or w ot = L48.59; therefore the conduction angle for red,
6p = 600 £ (60° - 1,8,50) = 230, Similarly the maximum conduction angle for blue,
6B = 3000 % 11,50 = 230, The preceeding shows that Red and Blue restrict the duty
cycle of the tube to 6,4% per primary stripe,

The maximum deflection permissible is 15 mils, if saturated red and blue
are to be maintained, With the sub=-carrier switching potential adjusted accordingly,
then 6p = 60° 2 (B0° - (sinly ot = 9/15) = 60° % 230 = 169, also g = )60, The
dwell time on green, however, has decFeased so that eg = 1800 *# (sinW ot = 3/15) =
23°; which shows the green dwell time to be the limiting factor, The preceeding
analysis shows that an optimum conduction angle occurs for peak deflections of f,
between 12 and 15 mils, When the peaks of f, cause approximately 12,5 mils deflection
then the conduction angles for all three primaries are equal, 6g = 6g = 63 = 289 so
the maximum realizable duty cycle is approximately 7.8% per primary color,

In the vertical stripe Chromatic tube a L0° conduction angle is employed with
a gating frequency of 3fy, If we assume that peaks of fo deflect the beam 9.5 mils
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then the conduction period for red begins when the beam is deflected approximately
6.1 mils (9.5 sin LO°), Therefore, with a 3 mil wide spot size about half the beam
overlaps into green at the beginning of the red conduction period. A similar
analysis applies to the end of the blue conduction period, At the start of the green
conduction period approximately half the spot overlaps into red and at the finish
half overlazps into blue, Consequently, if saturated green is called for, 30% of
each conduction period desaturation occurs due to the contribution of light from
other primaries, Conversly, green contributes light for 15% of the red and blue
conduction periods, From the standpoint of energy only L% of the beam energy excites
the green phosphor during the red and blue conduction angles and 8% of the energy

is lost to the red and blue phosphors during the green conduction period,

In Graph #2 the sub-carrier switching potential is adjusted for 12 mil
deflection at peaks of f, armd a sixth harmonic of f, is used for gating the beam,
With this gating sequence each primary color is sampled twice in a period of fo3
furthemmore, since peaks of 6fp occur at Wt = 609, 1200, 1809, 2400, 3000 and
3609, then gy = 60° 2 11,59, &gy = 120° # 11,59, 6 = 2L0° 2 11,59, egy, = 3000
211,59 € = 180° £ 11,50 and 635 = 00 % 14,50, The analysis is similar for any
deflection due to peaks of f,, therefore in every case the conduction angle per
primary color is doubled over the 3f, gating sequence, This resolves to a maximum
corduction angle of 56° or a 15,6% duty cycle per primary colore

In Graph #3, a fourth harmonic of f is indicated as the gating frequency.
Since peaks of Lfy occur at &/ ot = 0° - 900 = 180° = 270°, the dwell time on green will
restrict the sampling angles for peak deflections greater than 9,5 mils, The con-
ductionangles realized for this deflection are 6y = 900 % [90 - (sinlwyt = 9/9.5_7,
or 6g = 37°; o = % and Oy = 180° X (sinily t = 3/9.5) = 37° and gy = 3600 *
(sin=l w ot = 3/9.5) = 379, Thus the duty cycle for red and blue is approximately
10% each and about 20% for green; consequently the green phosphor would have to be
diluted,

The efficiency of the Lawrence tube may be increased by adding a second
harmonic to the fundamental sub-carrier switching potemtiale Graph #l shows a
switching potential of E = A sinw ot + A/2 sin 2w ot. Here peaks of the switching
potential occur at 60° amd 3000 and the dwell time on the green ssripe has inereased
considerably around W ot = 1800, therefore a gating frequency of 3f, is most
desirable, Under this condition of switching the maximum conduction angle is
realized when the beam is deflected as far into the red and blue stripe as possible,
When the switching potentials are adjusted for 15 mil deflection on peaks 6p & 250
to 950 ¥ 70, 6p = 265° to 3350 ¥ 700, and g ¥ 1340 - 224° ¥ 90°, This provides
a duty cycle of 19.5% per primary stripe which is the only mode of operation, of
those mentioned here, that will realize better than 50% duty cycle in a period of
foo

The preceeding discussion is tabulated in the conclusions for quick refer-
ence and comparison between the various gating sequences,

E, Mobire Patterns.

In the Lawrence tube a moire pattern exists due to the difference in
frequency between the equivalent frequency of the wire spacing and the second
harmonic of sub-carrier frequencies., The effects of the fundamental and third
hamonic of sub-carrier are small due to frequency interlace,
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If we consider a vertical stripe Lawrence tube with 12 mil stripes, 2l
mil wire spacing and a 19% horizontal width; then a linear sweep with 15% flyback
time produces an equivalent wire frequency of's

/ |
fy: (/39) 2% _ = 2T M (12)
(&5) 63.5 /0 °

For this condition, the moire frequency iss

£ = JE] =T = 5 #C (13)
ad the moire spacing iss
\5‘47 = /7f57_ X O.0CF= 0, 0¢7 rehes (1h)

Another moire pattern exists due to the interception of the beam by the
grill wires, This pattern depends on the relative spot size of the beam entering
the grill with respect to the diameter of the grill wires. The effect is an intensity
variation in phosphor stripes as a function of grill interception. If the beam is
wide, the comparative area shadowed by the grill wire is small aml consequently the
moire pattern becomes less apparent. The shadowed areas due to grill wires are not
vertical bands but are staggered from line to line because of frequency interlace,
Still a third moire pattern exists if the beam is not large enough, entering the
grill wires, to assure that all stripes will be illuminated. For example, if we
assume the followings

stripe width - 12 mils

diameter of grille wires - 3 mils and grill wiring
grill wire spacing - 24 mils

corduction angle = L0O©

spot size, entering the grill - 30 mils

switching frequency = 3,58 MC

gating frequency = 10.7L MC

active horizontal trace = 54 us ad
horizontal picture size = 19%

then during one period of 3,58 MC the beam traversess

s J / "
Y =S50t (5 ew) 19 Oy )

for a 0% conduction angle the beam traversess

Qé = c/% = /s (16)

with a 30 mil spot size the beam covers Ll mils during a conduction periods Conse=
quently, only two wires maximum are intercepted by the beam during any conduction
periods If a saturated red or blue field is desired, in every l.2 inches there will
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be eight phosphor stripes alternately fully illuminated and not exciteds Due to
frequency interlace, the four non-excited stripes will be displaced by two stripes;
therefore, the integrated effect is dark vertical bands in saturated fields, A
detailed analysis of moire effects in the Chromatic tube will be given in another
Miscellaneous Investigation Report,

F, Brightne'ss Considerations

- The Chromatron tube, since it has one gun, must utilize phosphors of equal
efficiency or an appropriate filter glass to produce white.

The highlight brightness may be caluclated as followss

Equalized phosphors = 8,5 ftol./mw/cm?

Phosphor screen potemtial = 22,5 KV

Phosphor screen area = 1% x 19% or 1700 cm?
Grill wires (diameter = 3 mils spacing = 2l mils

transparancy =19 - 19(,003) = 87,5%
002
19

If we consider the total phosphor screen area producing an illuminant C
field thens
Pnosphor Efficiency = 8,5 ftol./mi/cm =5 ft,l/watt  (17)
1700 cme (100 mv )
Watt

The power delivered to the screen depends upon the grill transparency
and conduction angle, For a i0° conduction angle the total beam current is availe

able for one-third of the times therefore, the screen current, in tems of cathode
current is

Zs = Z.(%) 5%

(18)
ard the screen power isg
R = &I = Zo(5)0.875)22.5 /v i5)
e =656 watts oer il omp 07160'770/3 carrert (20)
consequently the high 1ight brightness is-given bys
AL E=C.56CH Y, )= SEEH per . oFf cothode corrent

A major contribution to the Chromatron art is a circuit improvement which
achieves a three to one improvement in high light white brightnesse This is accom
plished dynamically by controlling the level of the third harmonic gating pulse in
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proportion to the amplitude of chroma information, Chroma is detected by a diode
detector and its output controls a suppressed carrier AM modulator. Therefore, on
white, the third harmonic gating signal is zero and full gating is realized only

for a saturated color, The resulting color distortions leave the flash ares un-
changed while greens go toward cyan and magentas toward red, When the gating pulse

is suppressed, the one=-third factor for duty cycle in equations 18 and 19 is elimi-
nated, therefore, on high light white brightness, the tube produces 98,4 foot lamberts

per milliamp of cathode current,

Michael J, Palladino
Devel opment Engineering
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Miscellaneous Investigation Report #°7 Development Engineering
June 20, 1957 Television Receiver Dept.

7
Moire Patterns it A Lawrence=Type Color Television Picture Tube

By: M. J. Palladino

Abstract:

X s . e b . T
This report discusses three basic moire patterns inherent in the
Chromatic Color TV Picture Tube, The tube under discussion is a vertical stripe
tube with specific stripe, grill, and spot size dimensions.

Conclusions:

There are three basic moirelpatterns that can be calculated. One exists
due to the equivalent frequency of the wire spacing and the second harmonic of
sub-carrier frequency. This leads to a moire’frequency of 7.5 mec and a spacing
of 0,047 inches.

The shading effect of grill wires due to beam interception is another
pattern. It is reduced as the spot size increases at the grill. The moire is
an intensity variation in phosphor stripes as a function of grill wires.

The third moire’ is the most prevelent ard is dus to grill wire spacing
relative to conduction angle repetition rate. The result would probably appear as
irregular and oscillating fine line intensity variation. In addition this moire
pattern may flicker at a 60 A rate, The frequency of this moire’ is approximately
300 KC.

Discussion:

The version of the Lawrence tube suggested by Chromatic Laboratories and
referred to as the Chromatron has several basic moire patterns. The specific tube
under discussion has 12 mil wide vertical phosphor stripes; a 24 mil wire spacing
in the grill assembly and a 19 inch horizontal width,

” »

One of the mcire’patterns exists due to the difference-frequency betwesn
the equivalent frequency of the wire spacing (fw) and the second harmonic of sub=
carrier frequency. The effects of the fundsmental and third harmonic of sub-
carrier are small due to frequency interlace. If we assume a 15% flyback time the
moire' frequency iss

‘ R S
f = f _L;,f — ( Y4 ),024"5/:)“;/73 - 3(3,5/776') (1
” e (0.85) 6 3.5 wrsec

S £ 77772 = 78 me (2)
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A
and the moire spacing is:

on = LEL 0.022" F 0.047 mehes (3)

A second moiré’pattern exists due to the interception of the beam by
the grill wires. This pattem deperds on the relative spot size of the beam en-
tering the grill with respect to the diameter of the grill wires. The effect is
an intensity variation in phosphor stripes as a function of grill interception.
If the beam is wide, the comparative area shadowed by the grill wires is small,
consequently, the moire’ pattem becomes less apparent.

The third basic moiré”pattern is the most severe. This pattern exists
if the beam is not large enough, entering the grill wires, to assure that all
stripes will be illuminated. In order to detemine the effects of this moire’
pattern the following characteristics are assumed for the tube and its operation:

stripe width - 12 mils

diameter of grill wires - 3 mils

grill wire spacing - 24 mils

spot size, entering the grill = 30 mils
swit ching freocuency - 3.58 me

gating frequency - 10.74 me

active horizontal trace time - 54 u sec
horizontal picture size -~ 19 inches
conduction angle per vrimary color - 40°

then during one period of sub-carrier the beam traverses

o = ! J /9 /00 mifs (&)
& ;3.523»,276. 5% /07° ///gch&

during a 40° conduction angle the beam traverses

(]

< = a/ 40 == V/4 AW//g |

Figure 1 shows how the third moire)pattern is generated, The 11 mil
conduction period is indicated by the blanked portion of the shaded areas. The two
circles, at each conduction period, indicate the position of the 30 mil wide beam
at the beginning and end of each duty cycle. The rays from these circles to the
phosphor stripes indicate how the electron stream is divided. The division of the
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beam depends on its position with respect to the oppositely charged grill wires,
The diagram shows that the beam covers 41 mils of linear distance from the begin-
ning to the end of a conduction period. Since the wires are spaced 24 mils the beam
may fall between two negatively charged wires, two positively charged wires, or one
of each depending on relative phases. If the beam falls between negatively charged
grill wires, then only one stripe will be illuminated during a conduction period.
If the beam falls between positively charged grill wires, then the beam will be
almost equally divided between the phosphor stripes during a conduction period,

If the beam strikes the grill between a positive and negatively charged wire then
it will divide unequally between two stripes., The end result is that three out of
twelve conduction periods only one stripe is illuminated; therefore, seven or eight
stripes are alternately fully illuminated and not excited. This p?enomena is re-
peated every 1.2 inches across a line., The frequency of the moire (fy) may be de=-
termined as follows:

I

/

ag m (6)
ZL/icz,

]

where

horizontal linear distance

= moire spacing

active horizontal trace time

T X

|

-
= (187) ze”
S ¢ _«sec

L 93 fe 7)

If the grill wire spacing is constant and the phase of the gating pulse does not
vary; then, due to frequency interlace the strives that were dark are fully excited
and vice-versa. Since grill wire spacing and conduction periods are not integer
multiﬁks this pattern is displaced by one stripe. The integrated result would appear
as vertical dark bands in a saturated field; however, since grill wire spacing
probably is not absolutely constant arnd gating pulse phase not stable, the meire

would be irregular and oscillating and could conceivakly flicker at a 60 A/ rate.

Mjchael J. Palladino
MJP:REL
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TRIP REPCRT - W, E, GOOD - March 19, and 20, 1957

CHROMATIC OLCOR TUBE

I spent two hours, on March 19, 1957, with Robert Dressler, Director of
Research and Development, Chromatic TV Labs, Inc., New York City; and on March 20th
listened to the Chromatic paper entitled "Brightness Enhancement Techniques for the
Single-Gun Chromatron® by R. Dressler, P, Neuwirth and J. Rosenberg,

The major contribution to the Chromatron art is a circuit improvement which
pemits a three to one improvement in white highlight brightness. Dumont is taking
over the production responsibilities for the tube and the West Coast Chromatic tube
lab has been sold,

Dressler spoke of a 23 tube receiver which might go to 21, This receiver
uses 3,58 mc sine wave switching at the grille from a push-pull 6AV5 amp with 30 watts
DC input. Third harmonic gating is used at the G grid. Chroma is applied to Gy
and Y to the cathode,
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He claims the 3,58 radiation has been reduced to B/QLYyﬁnb, at 100 feet by
using a torroidal tank coil, twinex shielded cable with link coupling and shielding
of the power amplifier. Other circuit points were: two high voltage rectifiers,
one for 22 KV, one for 7.5 KV3 no psi regulator; extra inductance in addition to the
yoke for energy storage and stabilization of the psi ratio; three tube sound channel;
pentode AGC; 18 db reserve chroma gain,

Normal operation of the Chromatron uses 3rd harmonic gating of Go resulting
in a 40° conduction angle for each color, giving a 1/3 duty cycle for the single gun,
This limits the white high light brightnesses to 15 or 20 foot lamberts. If the 3rd
harmonic gating is removed, white highlights of 40 to 60 F.L. are obtained but the
color performance is ruined. They achieve both conditions dynamically by causing the
level of the third-harmonic gating wave to be proportional to the amplitude of the
color signal. Chroma is detected by a diode detector and used as the controlling
signal into a suppressed carrier AM modulator. Therefore, on white, the 3rd harmonic
gating signal is zero. For a saturated color, full gating is present. The
resulting color distortions leave the flesh area unchanged while greens go toward
cyan and magentas toward red. Luminance errors were not mentioned except to point
out that blacks were stretched giving a more pleasing picture with an overall
of 1 or less. He claims no moirf troubles,

Their lab set up consists of a low power transmitter with facilities for
test signals, color bards; slides and movies., They had two chromatron receivers amd
a hi-ball RCA Aperture Mask Receiver in the viewing room, The Chromatron tubes were
internal sandwich type with horizontal wires and rectangular glass bulbs., They were
not turned on during my visit,

Dumont plans to build a phosphor-on-the-face-plate type of tube with vertical
wires. They are in preliminary contact with the glass companies. Dressler expected
to have samples during the Summer (1957) and be ready to give public demonstrations
in July or August,

He was agreeable to arranging a demonstration of their present set up, along

with further disclosure of technical information providing we will sign an agreement
to keep the information confidential for at least eight months,

Hattiom £

William E. Good
Development Engineering
Television Receiver Department

WEG: REL

COPY



Comparison of Monochrome and Color Tube Costs

Abstract:

The cost of the 21" - 90° aluminized monochrome picture tube is compared
with those of the Aperture Mask, Post Acceleration, and the Apple color tubes,
Shown in chart form are comparisons of material content, mumber of process steps,
shrinkages assumed and theoretical and actual tube costs at both the 300,000 and
the 1,000,000 unit level, Also included, is a discussion of the major factors
producing the cost differential, The figures used are in terms of 1956 dollars
and as such do not allow for increased labor or materials costs. However, antici-
pated process improvements amd cost reductions have been factored into the figurese

The tube cost data included in this study has been prepared by Cathode Ray
Tube Engineering from the most recent material price estimates and the present
concept of the manufacturing processes required to produce each of the types, The
data has been reviewed with the Financial Section, It is their feeling that the
shop cost and manufacturing costs are consistent with prior color tube cost
studies, However, due to the lack of specific information and experience in pro=
viding facilities equipment, personnel and processes, the details of the costs
can be no more than Engineering estimates.

Conclusions

Summarized in Chart 1 are the results of this reporte It is clearly indi-
cated that display tubes, of the type mentioned, which must perform the color
function within the tube will cost from two to three times that of an equivalent
monochrome tube, This is due largely to the increase in both materisls and pro-
cesses and in the tolerances involved in providing for the color display,

Discussions

The additional cost of the color tube is the result of having to produce
means whereby color selection can be obtained, Whereas, in a monochrome tube the
electron beam excites but a single phosphor, color tubes generally employ from
one to three beams whose path must be controlled throughout their transit to the
screen so as to be directed toward one of the three colored phosphors, Color
selection for the Aperture Magk, Post Acceleration and Apple tubes is obtained in
three different ways, The Aperture Mask tube employs a mask which shadows the
electron beams, The Post Acceleration tube employs a grille which provides for
electron optical shadowing and the Apple tube derives a signal from a different
emitting material which indicates the position of the electron beam at the phosphor
screen and consequently the color signal to be applied to the tube,



-2-:

The fact that color selection is needed implies:
(a) Bulbs with tighter glass tolerances
(b) Tighter tolerances for the production of and control
of electron beams
(c) A color selection mechanism
(d) The use of three colored (red, green and blue) phosphors
deposited in a pre-determined geometrical pattern
Chart 2 summarizes the total mumber of glass and metal parts that are neede
ed to provide color selection, Chart 3 indicates the mumber of process steps that

are required in the various tubes, Note that the color tubes require about twice
the mumber of steps as monochrome,



¢ of Color Costs over Monochrome

Units
300,000 g theoretical

) actual

1,000,000 ) theoretical
) actual

Metal and Glass Part Totals

Mono,
Bulb 1
Gun 33
Mask or Grille =
Total 3k
Process Totals
Tube Cap Fun,
Lype Prep Erep
Monochrome 20 2
Apple 65 15
&1 143 8
PA L3 7

Chart 1
Mono, mg
100% 2L8%
100% 281%
100% 205%
100% 232%
Chart 2
PA
1
166
15
182
Chart 3
Tube Tube
Asslx Finish
3 8
6 10
6 8
6 8

Aper Mask
328%
355%
2L9%
280%
AM
1
166
5
172
Mount Mask
Assly Grille
19 -
17 -
33 22
27 30

Post Acc.
3342
366%

251%
276%

Totals

52
11k
120
121



Chart L

Shrinkage

21" - 90° Monochrome (considered excellent)

Bulb Prep. 80% yield
Finishing 90% yield
Overall 72% yield

Color (shrinkage used in estimates)

Bulb Prep, T0% yield
Finishing 85% yield

Overall 60% yield

20% loss
10% loss

28% loss
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APPLE VARIATIONS

The four systems just presented represent all that is available for today's
color receiver. None of these systems in their present form appear to be capable
of meeting our cost objectives even under an agressive product design program.
However, it is our opinion that of these four types some variation of the Apple
system has the best chance of eventually meeting our objectives through new
developments. It is for this reasan that we ares negotiating with Phileo for a
technical exchange which would entitles us to current status knew how of their
Apple development. We have not s==n their recsivers for nearly two years. Our
new look will either strengthen ~ur apinien of the potential of this system or
serve to remove it from our consideratien.

The Apple variation category uers a single gun and vertical phosphor stripes,
alternating red, green and blue. The phnsphors are balanced to produce white
light when scanned by a dec beam ~r cne modulated with luminance information.
Color selection is achieved by ensuring that the phase of the chrominance signal
applied to the control grid corresponds at all times to the hue of light emitted
by the particular stripe being excitad. To maintain this correspandence between
signal phase and spot position, thers is gemerated at the screen an index signal
that contains positional phase information of the spot as it is scanned horizontally.

The signal applied to the contral grid is comprised of two separate components,
the O to 3me brightness information and the color writing signal. The color signal
may be described as thres equi-angie vectors each representing one of the primary
camponents of the picture. These vectars represent a frequency fw, the rate at
which the electron beam traverses complete color triads. The index signal sc controls
the phase of this vector system that the phosphor stripes properly sample the color
signal to accurately display the chrominance component of the picturs.

For proper operation it is essential that the index signal accurately describes
the spot position relative to the phosphor stripes. Thus, the index information,
its generation and processing, is the heart of any Apple variation system. The
accuracy and inherent cost of the indexing method will make or break any proposed
system. A number of methods have been proposed for the generation of this informaticm.
Four of these will be discussed.

1, Secondary Emission

The Phileco Apple receiver uses secondary emission from magnesium oxide stripes
placed in back of the color phosphors, spaced one per color triad. The secondaries
are collected at the rim of the tube, This method of obtaining index is known to
work, It has the disadvantage that the secondary transit time to the collector
varies as a function of spot position, thereby requiring phase compensation. The
level of signal available from the tube is low requiring comsiderable amplification
in the receiver.

2) Cambs

A large number of combs have been proposed for index freneration. In this
approach metallic stripes are deposited on the back of the phosphors. A large
number of comb configurations are possible considering such variables as tooth
width and spacing.

The feasibility of combs for iadex generation is not cempletely known.
Deposition of cembs having sufficiet conductivity nay sepresent = serious problem,
The effect of secondary emission fr-m the teesth on the signal to uolse ratic  af
the index is unimown. The comb represents a serious problem to the tube manufacturer
in that a single short between testh or & break in a tooth would reject an otherwise
gOOd tube.



3) Ultra-Violet Radiation

The use of ultra-violet radiation from suitable phosphor stripes on the
scresn has been suggested for index generation. This method has no transit time
or deposition problem. However, ef{icient ultra-violet collaction and possible
video signal contamination present seri~us drawbhacks,

L) Primary Sensitive Photo Tubes

This method utilizes phots tubes =ach sensitive to one of the primary
coleors. Cemments on this approach are similar to those for uv plus possible
difficulties from ambient light soirces.

Several references have besn nade tn the accuracy of index amd the possibility
of video contamination. An unmodulated heam scanning an array of index stripes
will produce an index signal that contains accurate positional phase information.
Modulation of the beam with color writing signals, for example, will cause
camponents of current to flow in the index circuit that may cause intolerable
phase errors in the index signal. A phase error results in lmproper color
reproduction, The writing frequency (6.4me in Philce’s Apple), harmenice, and
their corresponding modulation ecompeonents dominate a wide band of frequencies.
For successful operation of any Apple system, some means must be found to reduce
the effect of video contamination te a tolerable level., It is appropriate then,
at this peint to consider methods for minimizing these errors.

Index Generation in Philco's Apple

Phileo's Apple uses an index signal of 7.5 times the writing frequency ,
thus placing the index in a "packet” between twe fairly high order harmonics
where the level off video contribution is quite low, This index is obtained by
modulating & pilot beam with a 41.7 mc sine wave, As this beam scans Mg0O stripes
at a rate of 6.4 me, product mixing occurs making available a signal at 48.1 me.
This signal contains the necessary spot position information and 1s sufficiently
free of picture modulation. This method gives satisfactory performancs, but is
quite costly to achieve,

Phase Correction of the Index Signal

It has been sugpested that index phase errors caused by the video signal can
be ecorrected by the same video siymal. Fundamentally, this is probably true.
Suitable detectors and phase modulators could be used to operate on the index
signal to make this correction. It does not appear to solve the cost dilemms,
however, The non-linear characteristic of the picture tube would further complicate
this system.

A Saturating Index System

Consider the writing beam of an Apple tube so restricted that its minimm
current is adjusted to some low value, about 10 uwa. This component of beam
current could generate clean index. It would only be the videc modulation en
top of this minimum current that weculd cause trouble., Index could be taken off
at writing frequency if the signal could be amplitude limited provided no phase
distortion eccured in the process, Bacause of the low levels involved considerable
amplification is required. A very costly wide band amplifier would be needed to
avoid phase distortion of the fundaumental component while bringing the signal up
to a8 suitable level for limiting.



A

Howsver, it weuld appear that if the asurce of index, Mg0 for example, could
be made to saturate at 10 wi, that 2 =nlution to the prablem would be available.
We are not aware of any known teech ums to sccemplish this saturation effect at
low levels. This type of salutic ~suld raterially reduce the receiver eircuitry.

Several examples of Apple wariatisns in hleek diagram Suware appended to
this report. Vhile not complete, ¢ ov will cems to illustrate some of the above
considerations.

We believe that some form of /11 le wariation has a gand change of beating out
the other presently known systems., The relative simplicity ~f the picturs tube
is but one reason for this belisf, Tha Apple tube mest clasaly resembles the
present monochreme tube. Ths signal preesssing appears to have the most potential
for further simplifieation through additisenal fundamental cortribution. I nexpengive
index informatien, available at high levwel without video eontamination could be
the key to a successful Apple vari iion svsten,
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Electronics Park, Syracuse
June 25, 1957

APPLE TUBE WITH PHOTO ELECTRIC INDEX

A calculation of the operating levels on the apple photo electric multiplier
index system 18 shown herein to provide a full understanding of the system’s
operation,

PHOSPHOR OUTPUT

The phosphor to be used for index generation is the Pl6 phosphor which
has an emission peak well into the ultra-viclet region at 3750 angstroms. The
lay down of the phosphor is in vertical stripes with a 1:6 duty cycle. The phosphor
efficiency is approximately 1%, although density and thickness of the stripmay raise
this to as much as 5%.
The minimum level of beam current necessary for good index production, 7ua,
is used in this calculation. The high voltage at the phosphor is 27, 000 volts.
The radiant energy output from the phosphor is calculated as follows: :
Phosphor Padiant Energy Output =
{Electron Beam Power) (Phosphor Efficiency} (Duty Cycle) =
(7 wa) (27000) (.01) (1/6) =

314 uw

PHOTO MULTIPLIER ENERGY PICKUP OR INPUT

The photo multiplier to be used is the Dumont #6365, The photo cathode is
196 8q. inches in area and is located approximately 15 inches from the screen.
An aluminum coating under the P16 phosphor reflects the radiant energy that would
pass through the faceplace changing the radiation pattern from a sphere to a hemi-
sphere, An gluminum coating on the inside of the bulb reflects additional energy
towards the photo multiplier providing an improvement in energy pickup by a factor
of three,

Calculation of the energy pickup is based on point source radiation of the
phosphor radiant energy in a hemispherical pattern, The radiant energy pickup by
the photo multiplier is calculated asz follows:

Photo Multiplier Input =

{Phosphor output) (Photo Cathode Area/Hemisphere Area) ( Reflection Imp.) =

(314 uw) (W} {3) =

0.131 uw



PHOTC MULTIPLIER OUTPUT

The 6365 photo multiplier has a sensitivity at 3750 angstroms of 142 ua/uw,
The output load is a dynamic load of 8000 ohms, The photo multiplier output is
calculated as follows:

Photo Multiplier Output =
{Multiplier Input) (Sensitivity) (Load) =

42 ua_ (0.131 uw) (8000 ohmmg) =
uw

0,149 volts

This output is developed across a 9 mcs. tuned circuit in order to select
only the 9 mcs fundamental component, The photo multiplier input waveshape is
not completely known, therefore, the conversion from a pulse type input to a
fundamental component sine wave output was not taken into account in calculating
the above output.

This level of output should provide adequate index information,

Frol 4.CoCa

Frank G. Cole
Color T. V. Prod. Engineering
TELEVISION RECEIVER DEPARTMENT

FGC/mb

ce: JF McAllister
WE Good
DE Harnett
RE Dome
CA Schupp
Color TV Study Report



9,101 Single-Gun Color Picture Tube

- Syracuse, New York
April 26, 1956

Mr, D, N. Timbie
Lepal Department
Building 1

Flectronics Fark

This disclosure letter deals with the aesign of a single-pun color picture
tube suitable for the reprocduction of television bmages in full mtural wlor.

Several designs of single-gun coler picture tubes bave appeared in the past,
Some of these are: :

1. The aperture mask type of RUA

2. The Lawrence tube witn pgriil

3. The Lafforty 4%’ tube with aperture mask
4. The Philw "Apple" tube with indexing bean

Number 1 is very low in light cutpul and s expensive Lo manulacture because

of the mask Number 2 requires a high r.f. switching voltage and can produce r,t,
interference to other services and iz expensive to manufacture because of the inter
leaved grill which has to be inserted in the tube before the face plate is attached.
Number % requires keystone correction and is expensive to manufacture hecause of the
mask  Number 4 is probably the least expensive tube to manufacture of the four but
requires an auxiliary gun for indexing and requires rather complex additional cir-
cuitry,

+ The present proposal is for a tube somewhat like the Apple tube but differing
therefrom in several respects,. Only one gun and cathode-ray beam is used. No
secondary emission stripes are used. lInstcad, the signal that indicates the beam
position is taken from a special netallic coating deposited «r evaporated on the
back of the phosphor screen (\ This metallic coating is in the fom of a fine-teothed
comb as shown in Fig. 1.
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The fine-toothied comb consists of teeth 10, 10', ete,, connected to a strip
11 runnins horizontally across the top (-r Iottom) of tho tube and which is con-
nect~d to a conductor 12 leaiinz to an external connector 13. The coarsc<tootaad
comb consists of teeth 14, 14', 14", ete., comnected to a strip 15 mnning norizon-
tally across the bottom (or top) of tiac tube and wiich is comected by a conduction
path 16 to the intornal cortins 17 on the funnel of the cathode-ray tube which in
turn is connected to an external connector 17 on the side of the bulb.

Phosphor stripes are located as shown in Fig 1, the order of wiich is arbi-
trary, but shown here as having the sreen 1i-ht emitting phospher in line with the
fine teeth followed by blue and red i-ht smittineg stripes covering the coarse toetn
so that thc order is red, green, blue, red, ~reen, bluc, etc. A set of red, -reen,
and .blue stripes is known as a "triad". ior the purposes of the analysis which is
to follow shortly, it is assumed t'int th: width of a single triad is 360° or 2 T
radians. Tach of the three stripes of the triad is assumed to cover 1200, or 2,0
radians.

The picture tube is Hrovided with a scaining reans. As tae voar: of electruns
is swept across the screen the electron current will flow inte the {ine<toothed comb
either directly or indirectly by capturin: sccondary electrons frou tne LNOSPHCT pPUwW-
der, or by a combination of these wa's, tLo cause a geriecs of current pulscs to low
intc an extornal cirenit connected tc terrinal 13. When the beam terminates cn. the
broad teeth or on the phosphors bencath the broac teeth, ro current fiows in the
circuit connected to terminal 13; instead, the eurrent, consisting of broad puls: 3,
flows directly to the source of ai % velta e to waich torminal 18 is connected.

Now the series of impulses available at terminal 13 will be fed into an ampli-
fier 36 coupled by tuned circuits, tunocd to the frequencr corresponding to the rope-
tition rate of the pulscs, and the cutput of the amplifier vill Le a sinsusoidal
wave. This sine wave is supnosed to indicate, by the time josition of its poeaks,
the position of the ray as it strikes the screen Ultimately the sine wave will
control the rav at the intensity ccntrol clectrodes of the ~un Lo detormine the
color to be reproduced. This is dore by riodifrin the phasc of Lhe sine wave in
accordanc ¢ with received chroma infcrmaticn so that if red is called for th. wave
is made to crest at a time so that the beam strikes the red phosphor, ote

It is ovident, then, that the plses oicked up by the fine tectn must contain
a minimum amount of misinformation re ardint the actual spot position [isinforma-
tion can arise if the beam modulation changes its intensity in any unsymnet.rical
way as the beam is swept across n fine tootn. It 'is there fore an important aspect.
of the problem to deter ine the probable extont ¢f such misinformation and to ‘devisc
som> means for minimizins it. 1In Fi- 2, a wave ?0 indicstcs the clectron beam in-
tensity as a function of time or  ositlon as it moves across thnc screen. If a narrow
tooth is crossed at an interval 21, the ulse center of jrovity lies holf way alon.
the interval and no phase distortion results. Tae sare can be said for an intorval

= - T sexic el sl = A S e Sy
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Fig, 2

crossed at positicn 22. But if an interval such as 23 is crossed where the beam
intensity is not balanced with respect to the center of the interval, phase distor-
tion will result because the center of gravity of the pulse 23 lies to the right of
the center of the interval. The interval 23 is shown here divided into two sepa -
‘rate cross-hatched sections with cross-hatching of opposite slopes. The cross-
hatched areas are equal so that the center of gravity lies on the line identified
by the angle 0. The boundaries of the risht hand cross-hatched area 2, are O and { |
while the boundaries of the left hand cross-hatched area 25 aregi and O.

It is evident by inspection that if the fine tooth can be ade narrow enough ,
the center of gravity and the center of the interval 23 will coincide and no phase
distortion results regardless of the beam modulation. But this limit is zero width
for the tooth and so is not usable because the output would be zero. Consequently,
it is necessary to use a finite tooth width or interval 23 width and to determine
the relationship between interval width and phase displacement.

I have assumed that the probable worst modulation case is thiat shown in Fig, 2
namely, that of a sine wave fully modulating the beam current whose mean value is
1.0 (the horizontal dotted line 26). Thus, the mathematical axpression for wave 20
would be

?

y=14££sin g (1)
where @ is a variable

Now the center of gravity of pulsec 23 will lie on the line identified by @ =0
1f the area on the left is equal tc the area on the right, or mathematically when
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3 0 '
fyu s-fyw (2)
() ’ & =

Substltutinb for y the value given in €. (1),

,‘5 5
¢j§1 £deingd ) d ¢=;Ji;l # sin é ydad : (3)
Integrating, '0. /3 " . 0
(émcssg{)j = (#-cosg’)[ : (L)
0 : :

Substituting the limits in these terms, 3
/3 =cos £ 1 ==g%<1¢ cose

or, o
(3 = cos 3= = 2vf-concy : £5)

This tranecendental equation in 3 nay be sclved for /3 in terms of &S by trial

and error by direct substituticn of a scries of values for /3 for any & chosen. The
following table of - v lues was obtained in this way:

% ‘ Open Angig £$ﬁofj’%wtﬁww”
v o — 3 o, lse Centelt Pulse Center

o i ‘6 e SO0 a wel i

in cosON | <fe2vest]  in in in 2 &
Radiang ; ‘Radians| Radians | Degrees Radiang Degrees

G +|1.00000 | -1.00000} 0 0 o° c o®
U1 10,99500 | -0,90500/0.09086 [0.19086 10.93° 1.0.00457 =0,26°
=0,2 . [0,98007 | -0.81993{0.16627 |0.36627 21.0° |-0,01687 -0,970
0.3 10,9553, | «0,74066]0.22919 |0.52919 30.35¢  {.0,0358 =2,03°
<0.4 10,92106 | -0.6729410.28943 |0.68943 39.4°  |-0,05529 =3.160
0,5 10.87758 |-0.6224210.32518 [0.82518 L7.4° . |=0.08701 =5,000
0.6  10.8253L | <0, 5746610,3609 10,9609 55° =0.1196 | -6.850
0,8 |0.69691 |<0,50309{0.4129 [1.2129 69,59 10,1935 ° w1} 39 -
=1.0 [0.54030 |-0.45970{0.L435 Q.4435 839 -0,2772 =15,850
"‘10 5‘? 0 ““330[&-3 00 LP61¢2 2-; 03’{-2 lléo ‘30 b’t)o 5529 ”31060
«zo;g g?e42225 uooa1gés 0.4737 - R.4737 1420 =0,7632 - aa?ﬁ .
=2 0.79864 |-0,29864 10,552 .052 3 L
=%  1=1.00000 | 0.11159 ocszzg 309233 %Zgo zfigggg o 35&0
-&[4000 «-'0 ‘ih-g’h '403506 1046 59166 311‘0 =3-o-27 i 72c5°
<ka50 10,2079 | 2.2921 1.935 B.435 1368° L1.283 | <7350
=5.00 | 0.2924 | 3.2924 {250 {150 = [430° . L3.25 | <7159

| - .
- .

'TABLE OF PHASE SHIFT VS OPIN ANGLE

1
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In the sbowe table the pulsc width is expressed as the "opan angle”™, and cor=
responds to the width 23 in Fig. 2. The "shift of the pulse center" means the
angular displacenent of the midway distance across the pulse with respect to the
center of gravity of the pulse and is therefore the phase shift of intorest. The
data is shown graphically on the attached curve sheet. llote that the shift reaches
a maximum of about 73.5° for a sampling or open angle of 360° and then begine a
glight decrease.

It should be pointed out that the curve represents sbout the maximum error that
might be expected because of the 100 per cent modulation assumed. In picture areas
where the light variations are not so pronounced the shift will be considerably less.

A sampling angle of 9C° ought to be a rcod compromise; the maximum shift is then
about 20° (from the curve) and the chances are good that for most of the picture the
error will be 10° or less. If 90° is used, the 90 interval would be measured be-
tween the center lines of the spaces separating the fine teeth and the coarse tecth
in Fig. 1 so that the fine teeth themselves would be slightly less than 90°, say 639,
An idea of the physical width of a fine tooth can be obtained by simple calculation,
Suppose the trace length across the tube is 19 inches and that there are 380 triads.
Then one triad would have a physical width of

ws-%-g% = 0.050" (6)

Since W corresponds to 360°, the width of a fine tooth wonld be

W = 0.050" / -;%;- 0,00875"
or 8.75 mils (7)
The gaps scparating coarse and fine teeth would be
d .. 90° - 63° = 27° each or 3.75 mils (8)
The width of the coarse teeth wuld be
D = 360° - 90° ~ 27° = 243° or 33.75 mils  (9)

The methed to be employed in laying down the comb mmy involve a photo-etch
process. A continuous film of metal is first deposited or evaporated onto the phos-
phor screen. The surface is then photo sensitized and 2 photo imape of the desired
comb arrangement is exposed onto the surface. The surface is ther developed by a
suitable developer and a resist applied and then etched so as to remove metal cor-
responding to the required pgaps, leaving the desired combs,

With 380 triads being crossed in 55 microseconds, the time of one horizontal
scan, the fundamental frequency generated by the beam crossing the triads is

80
f = 2 @
1—-5-5 = 6.9 MC {10)

This output is fed into a phase detector 30 together with & local cscillator 31 at
6.9 MC, whereby the resultant phase detector output is used to set the local oscilla-
tor's phase and frequency to agree with that of the comb output. Fig. 3 sihows tnis
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schematically by block diasramg. Detailed diazrams are not noeded because thase

devices are well-known.

subcarrier of 3,58 MC in a mixer 32 rivine an unmodulated output at

3.58 MC £ 6.9 MC+10.48 MC.
with the 3.58 MC chroma sidebands to

bands = 6.9 MC sidebands.

35

é 9nc
| #

{ SRy

1> 6.9 McC =

ArmpulFIER =
L-/M TER

J’ PuASE

The local oscillator is now mixed with the color reference

This frequancy is fed into another mixer 33 fed also
produce a frequency of 10.48 MC = 3,58 MC side-
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These 6.9 MC sidebands are combined with brightness modulation in an adder 34 and

the output used to excite the control of electrodes of my cathode-ray picture tube

35. A clamp 37 may be employed betiieen the control electrodes of device 35 =m0 as

to prevent complete extinction of the spot except during flyback. In this way the
flow of 6.9 MC pulses is not interrupted during the scanning cycle. Other parts of
the receiver, not a mrt of the present invention, are shown but are not given symbols.

Somerf the basic concepts of this invention are covered by an entry in ny lab-
oratory notebook #1009, pages 63, 64, 65, and 66, dated April 25, 1956, signed and
witnessed on April 26, 1956.

Many variations of the proposed design will occur to those skilled in the art.
For example, one question that may arise is: what is to prevent direct pickup of the
6.9 MC voltage prescnt on the wires leading to the gun by the sensitive amplifier=
limiter 36 inut circuit tuned to the same frequency? Shiclding and isolation are
possible answers, but another scheme misht be to place a fine tooth behind every other
green stripe so as to produce half as many pulses per trip across the screen. The
amplifier<limiter 36 would in the example given then be tuned to éé?.m MC =53.45 MC.

.The output -of amplifier-limiter 36 is then fed into a frequency doubler to obtain the
required 6.9 MC. No phase ambiguity will result from this manipulation and yet the
gsensitive amplifier at 3.45 MC will not be exposed to a strong field since the field
in the picture tube is strong at 6.9 MC.

Will you kindly issue a patent docket covering this disclosure?

Signed

ited

Witness

Date

KBD/DL
Attached: 1 curve sheet
ce: JF MeAllister
DE Harnett
DW Pugsley
GA Schupp
TV Zaloudek
IC Maier - Bldg 6
JE Locke



{

IRERN|

R R ERE D

R

o
<

LAIHS SO  FTENE

o

z
&4 >

BE3 19601 hadut B}

aans ailil

0o/

PP 7 W BpPL 7 ’ WS AN CAGYLIINIHOS 'ANVIMOSI JHINITT IVHNINID T B e



Miscellaneous Investigation PReport 782 Development Engineering
May 29, 1957 Television Recelver Dept.

AN APPLT. SYST ¥ SIMULATGR UTING A 6ARS VACUUM TUBE

By: M. J. Palladino

Abstract ¢

This report discusses a closed loop simulated index signal and writing
frequency sirnal "Apple System" using a 6AR8 vacuum tube.

The e¢ircuit was desipned to provide an index signal similar to one ob-
tained from a comb structure in a single sun Anple color TV tube. The 6ARS plates
simulate a comb in which both sets of teeth are effectively ungrounded; consecuent.y.,
the output circuit is of the push-pull type or is balanced to ground, ground being at
a center tap,

The purpose of the experiment was to verify the phase shifts caleulated in
an analyticzl survey made by R. B. Dome. In addition the experiment would indicate
susceptibility to oscillations in the feedback loop.

Conclusions:

The results of this experiment substantiate the phase errors R. B. Uome
calculated in an analytical survey. Mr. Dome presented his analysis in a letter to
D. N. Timbie on Feb. 14, 1957.

In his letter, R. B. Dome calculated a maximum phase shift of 34.8° (pg. 11)
when the index sipnal is a souare wave. He further showed a maximum phase shift of
30° when the color signal is at ~n anpular position of 150° and the index signal is
sinusoidal (pg. 16, fig, 16). “ompared to this, the exveriment using the 6AR8 resultec
with a maximum phase shift of 34°,

All phase angles measured in the experiment agreed within 10% of the phase
angles calculated by R. B. Dome and tabulated in Table III pg. 11.

In addition the experiment showed that the loop can be closed without en-
countering violent oscillations. This statement can be applied to an actual comb-
structure Apple tube only if the feedback loop of the experiment is representative of
an actual system.
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Niscussion:

Figure 1 shows a schematic of the circuit used in this experiment, The
two plates of the 6ARE simulate two teeth of a comb structure., The plates are
balanced to pround by a bifilar winding tuned to the fundamental index frequency.
The 12AX7 is driven as a frecuencr doubler to provide the color carrier frequency.
The variable delay line is inserted in the feedback loop to provide the variablie
phase relationship betwe:n the fundanent:l frecuency driving the deflectors, and
the color carrier frecucncv on Gy, Gj of the 6AR8 is clamped by action of the
diode ani tre caihode is by-passed for T.I'. as well as low frequency components.
For this experiment a 1 ¥C index frequency was used and, hence, a 2 FC color carrier
frequency. Phase angles were measured with o 535 Tektronix oscilloscone vhich
showed & maximum phase shift of 34%.

Michael J., Palladino

MJP:RFL
CC: *T Rublack = “6
JC Nonnekens = “6
EF Schilling - 7
LC Maier = 6
GA Schupn»
TV Zaloudek
RBA Field
FG Cole
JF MeAllister
DE Carrett
RB Dome
D% Harnett
D'’ Pugsley
¥ Cood
TT True
IE¥ Tynch
¥ Graser
N Johannessen
fiJ Vanderlaan
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V. Co Qa.mpbell
Room 201 Bldg, 6 e g: gzgﬁzer

w. So Munday

Js Ce Nonnekens

E. F, Schilling

L. E. Swedlund

Electronics Park
Syracuse, New York
February 5, 1957

Mre R. J. Mooney
Legal Department
Room 11 Hldg, 1

In the disclosure letter of my invention of a new single gun color
tube with associated circuitries of the receiver, dated January 18, 1957, it
has been found that some modification is necessary, This is to disclose the
necessary modification and to explain its functional characteristicse

The widths of group 10 and 11 of conductive stripes, which cover one
triad amd two triads alternmately as shown in Figure 1 of the above mentioned
disclosure letter, are modified in such a way that the width of the each come
ductive stripe group 10 and 11 are equal and become 1.5 triad widths as shown
in Figure 5 of this letter, In addition to this, the tank circuit 30 in Fig=
ure 2 in the previous letter is also modified as shown in Figure 6, As a
beam sweeps across the comb of conductive stripes, the beam lands alternately
on group 10 and 11 of the comb, the camb acts as a beam switching tube, and
the current in the tank circuit 30 changes its polarity with the rate of the
beam switching, If this beam is a chroma signal of 9.ZSMC there will be a
3415MC (f3) component due to the beam switching provided that the comb is
unmm?e'l);rical as mentioned in the previous letter, and this is shown in Fig-
ure 7(b)e

However, if the comb is symmetrical as shown in Figure 5, the lowest
frequency component of the switching beam of 9.L5SMC chroma signal will be
La725MC and there will be no frequency component of 3.15MC as shown in Fige-
ure 7(c)e '

In general, the chroma information is phase modulated on the sub-
carrier 9,45MC ard, being the ordinary chroma band width of the order of less
than 1MC, the side bands of the chroma signal are mostly concentrated around
9eLSMC, Therefore, in the practical case, the frequency components of the
side bands in the switching beam will not produce the 3,15MC component which
could interfere with the index signal, and it is possible to obtain the index



-2

signal of the frequency 3.15MC from the D.C, beam.

_ Since thds conductive pattern leaves one stripe of one given color un-
covered for every two that are covered, there might be noticeable difference
in the luminance of the uncovered and covered stripes. If this was the case,
by narrowing the gap between adjacent conducting stripe or adjusting the width
of the stripes of this color, i.e. decreasing the width under the conductive
stripe and increasing the width of the uncovered stripe, it is possible to
correct the above luminance difference,

I will appreciate your including this letter into my previocus submitted
patent entry,

C’ S- X";,‘&
Signed: C. 8. Kim

Witnessed: E. F, Schillin

Att: 3 drawings \9_ 4 s /757

v

/fmd Dated: February 5, 1957
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Js We Dreher
L. Cp Maier
Je C. Nonnekens
E. F. Schilling

Syracuse - Januéry 18, 1957

Mr, R, J. Mooney
Legal Department
Building 1

This entry is to disclose the invention of a new single-gun color tube
with its agsociated circuitries of the receiver suitable for the reproduction of
television images in full mataral color, The primary invesiigations on this
invention were covered by entries ¢m pages 6, 7, 8, and 9, dated February 26,
195k, of my patent notebook #67 and on pages 51, 52, 53, and 5L, dated November
20, 1956 and on page 55, dated Jamuary 10, 1957, of my patent notebook #38.

‘ This new system applies the principle of cbtaining information on the
location of phosphor stripes and sampling the electron beam according with the
above index information to reproduce proper color images somewhai like the
Apple Tube.and Dome's tube, but differing therefrom in several respectse

s shown in Tigure 1, conductive stripes such as dlumimm stripes are
spplied back of the conventiocnal verticsl phosphor stripes on the screen 21
of a color tube 20, namely red, green and hHlue, such that one group, 10, of
copductive stripes covers a set of red, green and blue stripes known as a
“triad", and the other group, 11, of conductive stripes covers two triads in
sach a way that 10 & 12 are alternative in the horizontal direction and forms
a cemb, The toothed comb consists of teeth 12, 12! etc, of 10, and 13, 13!
etc. of 11, which are electrically connected respectively to external terminals
1l and 15 and where 10 and 11 are electrically insulated from each other,

The comb 10 and 11 acts not only as the pick-up device of the index
signal but dlso works as light reflectors as in an ordinary tube.

_ Let it be assumed that a D,C, beam is scanned over the screen, Then if
the beam is on the teeth of 10 and no beam is on the other teeth of 11, there
will be the voltage difference between 1l and 15 provided that there is a im-
pedance across 1l and 15 as shown in Figure 2, Here if the spot size of beam
on the screen is much smaller than the width of 12, and if the tank circuit
30 is tuned to the frequency fjwhich is identical to the rate of the beam travel-
ing on teeth, say 12, 12% etc., it is possible to obtain across 30 the maximum
voltage of f;, which has the stripe index information having been phase modulae
ted with the index stripes 10 amd 11, Let f£j be 3,15MC with a small side band

which contains the index information, The reason for selecting this value will



be explained later., This index signal is tripled to the middle frequency of
94L5SMC with index side bands and then amplified to a constamt voltage using a
limitter circuit through index wave shaping circuit 31, Then, as was done in
Apple and Dome's system, the output of 9,L45MC is fed to the mixer 32 with the
other input of the 3.584C reference signal of 3. _

The 13,03MC ocutput of 32 is then again introduced into another mixer
33 with the other input of the 3.58MC chroma, This 9,45MC output of 33 are
added with O ~3MC brightness signal ani amplified by 36, If it is necessary
to cut down the 3,15MC which might be produced from the brightness si nal, a
trap circuit for.3,15MC gan be introduced in 36 to gnsure that no 3,15MC will -
interfere with 3,15MC of the tank circult,

. The output of 36 which comtain brightness information and 9,LSMC chroma
and index information will be applied to the cathode of 22 through a clamp
circuit 37 which is provided to prevent complete extinction of the spot except
during flyback so that the index information can be maintained without inter-
ruption and the A.C, beam will be able to reproduce proper color image,

The advantage of this system is due to the fact that the voltage across
the 15 from the A.C. bean scanning across the screen, has the components of
12,60MC, 9.45HMC, 6,30MC and the fundamental frequencies of the brighiness ine
formetion of 0~ 3.®C, but no 3,1MC, aml these components will be filtered
out Py the tank circuit, so that the system becomes an open loop type circuit.
Therefare it is possible to maintain good stability. The selection of the
tank circult tuned frequency of 3,15MC is now clear knowing the above mentioned
filtering action of the [, C, components reproduced by the A,.C, beam on the comb
and noting the fact that 9.45MC of the tripled frequancy of 3,15 of the index
information is identical to the rate of traveling of the beam on color triads
80 that, if there is for instance, the red video only, the positive part of
9.45MC color signal will land on red stripes, having corrected the landing
position of every third triad by the index signal, Of course the better color
reproduction will be obtained by keeping the smaller spot size which is pre-
ferred to be smaller than the width of each color stripe,

o A different system of a color receiver using the same color picture

tube 20 is shown in Figure 3, Here the tank circuit and the index wave shap-
ing circuit 31 are identical with that of the previous system. The output of
31 is so delayed that the index signal passing through L1 has the phase diff-
erence of the multiple of 180° electrical angle of 94L45MC with respect to red

- stripes 16 16" etc, of Figure L as the inmdex signal makes the one complete

loop starting from and ending at the screen, and at the same time that the
se difference of the inputs of I1, 42 and 43 is 120° The components L1,

» and 43 are identical mixer-clamps where 9.LSMC index signal is amplitude
modulated with a color video signal 51 and clamped in such a way that the neg-
ative half cycle 50 of the signal only is possible as shown in Figure L, Let
the signal 50 be called the sampling signal, Should greater amplitude of 50
be needed an amplifier with the center frequency of 9.45MC and the side bands
for the index and the video information, can be placed between the mixer and
the clamp of L1 etc,

~ The outputs of Ll etcy are fed into an adder Ll which not only super-
pose sampling signals of red, green amd blue, but also filter out the frequen=~



cies which are lower than the lowest frequency component of 50, Then the
output of Lk is finally introduced to the cathode 22 through the same clamp
cirucit 37 of the previous system.

Ae mentioned in the previous system the voltage across 1l and 35,
which is produced by the 4;C, beam, has no component of 3,1MC and the system
becomes a open loop type cireuit. Since there is no low frequency component
in the output of Ll, there is no danger of having some higher harmonics of
the video frequency which is in the range of 3.15MC, the tuned frequency of

the tank circuit 30,

The widths of each phosphor stripe and guard band 19, the black spaces
between two adjacent phosphor stripes are both kept to 60° electrical angle
of 9,L5MC as shown in Figure } and the angles between the center of, say, the
red phosphor stripe to the edge of adjacent green and hlue stripes become 90°,
Therefore by placing the peak of 50 and the center of red strip at the same
place in the time and distance domain as seen in Figure Yy, there is no A4,C,
beam overlapping adjacert blue and green stripes provided that the spot size
of the beam in infinitesimally mmall, However, in the actual case, the spot
is not infinitesimally small and 2s a result some of the said beam comld lamd
on:the adjacent gresn and bluey but since the light emission from these are
. are go mmall compared with that if red, the effect of this registration can
be meglected,

Then ﬁpﬂlly superimposing red, green and blue sampling signals of
50, 4t is possible to produce the proper color image on the picture tube,

: I will appreéiate it if you issue a patent docket‘covering this dis=
closure,

Atts L drawings

Signed; C. 8. Kim

Dates Jamary I8, 13957

Witnessed: E. F. Schilling

/fmd , Dates Jamary 18, I3 '57
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Je W, Dreher
L. C. Maier
Je Ce Nonnekens
E, F. Schilling

Syracuse- Jamary 2L, 1957

Mr, R, Jo Mooney
Legal Department
Building 1

In the disclosure letter of my invention of a2 new single-~gun
color tube with associated circuitries of the receiver, dated Jamary
18, 1957, it has been found that some printing errors were made, This
is to correct these errors amd the corrections are given as follcowss

Location Errar Correction

Sixth line of the third
paragraph, page one 10 and 12 10 and 11

Third line of the second
full paragraph, page two but no 3,1MC but no 3,15MC

Secord line of the first
full paragraph, page three 341MC 3415MC

Eleventh line of the second .

full paragraph, page three with that if red with that of the
red (the phosphors
are balanced)

I will appreciate it if you provide the necessary corrections in
my entry,

——

Signed: C. S. Kim

Date:

Witnessed: E. F. Schilling

/fmd Date:



Misesllaneous Investigaticn Report #98 Development Engineering
June 25, 1957 © Television Receiver Dept.

CAPACITANCE AND RESISTANCE IN THIN METALLIC COMBS, USED
FOR INDEXING IN COLCR TELEVISION TUBES

Bres N, Johannessen

Abstract

This report gives approximate values of capacitancs and resistance
for 3 mc and 6 me index combs. Values are caleulated for a comb sample, made
by the Tube Dept., and the valuea are compared with those obtained by measurement.,

.Conclusion

The capacitance of index combs is found to be extremely high, 16,000 uuf
for a 6 me index, ard 8,500 uwuf for a 3 mec index. It will be necessary to divide
the comb in several sections, and tune each section to resonance at the index
frequency, The resistanee of the 10 mils narrow teeth is found te be in the
order of 900 ohms. In case the capacitance is nmot resonated, this resistance
will cause phase variations of about 900,

Discussion

There are several different suggestions of wsing metallic combs im
color television tubes for generation of an index signsl., The advantages of a
comb index are:

1. No secondary electron transit tims.
2, Extra beam for index is not necessary,

' In the suggested systems; the index comb, at the same time, acte as
the ordinary aluminizing on back of the phosphors., This means that the spacing
between the comb teeth is limited to the width of the guard bands, (10 mils),

The close spacing, and the large number of teeth, with phosphor and glass as
dielectric, will result in a relatively high capacitance between the two sections
of the comb, '
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The capacitor formed by the comb teeth is of an unusual structure,
the capacitance due tc the uniform field between the two parallel areas is
negligible because of the very thin aluminum layer (4,000 Angstrom). The total -
capacitance due to this effect is:

W

whe?@ A = dielectric constant
@ = 5,000 Anstrom = & X 1077 .y
& =10 mils =25 11072 cpm,
L = 1 10, =35 com.

number of triads= 325

R L iy 0. ~3q5'x 2328
C % 5w . g3 = f%%‘i;%;ﬁtfr

The most capacitance is due to the edge affect. The capacitance for
a 6 mc index comb is calculated below,

C - 4ot [[,, UTLk) 4 1y b +f]zﬁ e,
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where A = dielectric constant El 5

stripe width = 10 mils = 25 X 10 © <7

< stripe spacing = 10 mils = 25 X 1072 comr

stripe length = 14 in. = 35 csy

3 D ORC >
[}

number of triads = 325

~ X -2
C% $PE i ST+ 2 <1 [é50 m

C & 74400 cm - /éﬁﬁﬁ/f:‘/}[

For a 3 mc index comb, the capacitance will be between 8,000 and 9 000 uuf,

A comb sample with a structure as shown in Fig. 2 was made up by the
Cathode Ray Tube Dept,

iS5 e ls
e IF fe

@ Hils
i

22 Heis

FZj. 2
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On the sample, the teeth were deposited directly on a glass plate, the aluminized
area measured 4" X 5", and there were 26 teeth on each part of the comb,

The approximate capacitance of the sample was calculated by use of
equation 1,

C- S22 [//7 UT-2703 , 5 ¢, o003, /]5—2 o

- g 73 &3 " 0.08
C = 366 cm = 40’7/¢_/4f
‘The actual capacitance was measured to be 400 uuf, If the sample
was caled up to 14" X 19", the capacitance would be 400 X 14 X 19 = 5,320 uuf,
4X5
This comparatively low capacitance id due to the small number of teeth (equi=
valent to 1.82 me index frequency).
In order to determine the phase shift of the index signal, the resistance
of the narrow teeth on the sample was calculated,
R+ 3§ z5— a
ar b
4 L3
where (4 aluminum = J,026 2 ﬂ/ﬂm/m.
@ = stripe thickness = 4,000 A = 4 X 107 yy .
4 = stripe width = 32 mils = 0.8 msm,
— /, = stripe length = 4 in, = 0.1 7,

. Lo2é2 a7
R gonmeios - 42 1

The resistance on the sample was measured to be 85 ohms or approximately 10 times
the calculated value. During the measurements, it was made sure that the resistance
in the contact points was less than 1 ohm, The resistance of the narrow teeth in

a 6 mc comb, where 4 = 25 X 10°2mm and L = 0.35 7

- 0.02£2r 0 35 .
E 4 rp0-* 0258 ?/{2
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If it is assumed that the actual resistance (as found before) is 10 times the
calculated value, the actual resistance of a 6 mc comb will be 910 ohms.,

This resistance is in series with the comb capacitance, and will cause
the phase of the index signal to change from 0° to almost 90° when the beam scans
from top to bottom. In case the comb capacitance is tuned to resonance at the
index frequency, the resistance will not cause any phase shift, but a very high
attenuation of the index signal, The inductance necessary to resonate the comb
is 0.045 uh for a 6 mc index, and 0.28 uh for a 3 mc indsx, In both cases, it
will be necessary to divide the comb in several sections, and tune each section

individually,
% » Johannessen

NJ:REL



Subject: Single Gun Color System

March 21, 1957

Me. D.N. Timbis
Patent Section

Room 222, Building §
Electronics Park

Many sipgle gun picture tube color TV receiver systems has 'wen proposed.
One such group of systems is referred to as "apple variations®. In this
category, the picture is formed by scanning vertical phosphor stripes where
the phosphor colors are altermnated red, greem and blue. Proper colors are
displayed by ensuring that the color video information supplied te the control
grid corresponds at all times to the color of phosphor stripe being scanned . An
index signal is derived from the screen that contains beam position information
relative to the phosphor stripes.

For all systems in this general category, the color accuracy is dependent
to a large extent on the accuracy of the index signal. The index signal can be
generated in any one of several ways such as secondary emission from appropriate
stripes in back of the color phosphors, conducting combs that intercept the beam
as it scans, ultra violet radiation from appropriate auxiliary phosphor in back
of the color phosphor, stc. In any of these methods, it is necessary that the
index signal contain beam position information whose phase is independent of
video modulation placed on the electron beam. Many schemes have been proposed
to insure the accuracy of the index information, but most of them become quite
complex in their execution.

The purpose of this disclosure is to describe a method to obtain a clean
index signal. The prineciple involved is simple and utilizes time sharing between
pregentation of video information and the generation of the index signal.

An index signal is generated periodically on certain selscted horizontzl
lines. Video information is blanked and thereby not displayed on lines that.
are used to generate index. Similarly, index information is not generated cn
lines that dieplay video. Thus, the index signals that are generated are
absolutely free of video contamination

Refersnce iz now made to Figure 1 where one embodiment of this idea is
shown in block diagram fomm.
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In this arrangement the vertical phospher triads are assumed to repeat at a
frequency of 6.4 me when scanned by the electron bsam- The index wignal may
be derived by means of a conducting comb, secondary emission, ultraviclet. o
other suitable means by virtue of an appropriate index stripe placed one per
color triad. Thus; the scanning electron beam produces an index signal whoune
fundemental frequency is 6.4 mc which im applied to gate 14.

The luminance and chrominance signals are combined in an adder 11 and
applied to gate 12. Gates 12 and 14 are actuated by a square wave generator 19
which runs at one half the horizontal scanning frequency to which it is
synchronized. Thus, the square wave generator operates at approximately 7 875 KC.

Cutput from the square wave generator 19 actuates gate 12 sc as to apply
composite video to the control grid of the picture tube 13 on alternats scarning
lines, such as lines 1, 3, 5, 7 ete. On the other set of alternate scan lines,
such as 2, &, 6, 8, etc., no video is applied o the picture tube control grid
In this arrangement only half of the video information is applied to the picture
tube. The resulting picture would be equivalent %o a completely non-interlsced
presentation- On lines where video is blanked (2, 4, 6, etc. ) the beam current
is held at scme small valus, about 10 micrcamperes, to be used to generate the
index signal.
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Gate 14 is so controlled by the square wave generator 19 that it passes
the 6.4 me index signal only on lines that contain no video signal, 2, &4, 6, etc.
The output of gate 14 is applied thru an amplifier 15 to a delay line 16 whose
time delay is approximately one line (63.5 usec). The exact time delay is
adjusted sc that the entire Loop delay is exsctly one horizontal scanning pericd.

The delay line output is combined with the 3.58 me reference signal in mixer
17 whers the output signal is 9.98 mc. This 9.98 me signal ies combined with the
3-58 mc chrema side bande in mixer 18 where the output signal is 6.4 me. This
6.4 me signal contains the chroma side bands in addition to color reference an:
beam position phase information.

Stated simply, this system derives index information during one horizontal
line to be used on the next line. The assumption is made, therefore. that the
index requirements will not change appreciably between tws successive lines.

Variations on this basic idea are immediately apparent. For example, it
would be possible to blank wideo on line and allow gate 14 to pass index
during this line.- Video would then be applied to the picture tube during lineas
< and 3 by appropriate contrel of gate 12. Likewise gate 14 would stop the
flow of index from the picture tubs during lines 2 and 3. The index signal
generated on line 1 would be delayed 63.5 usec for use during line 2. An
additional delay of 63.5 usec of the same imdex signal would prowide index fer
line 3  This additiocnal 63:5 usec delay could be obtained with a separate
line delay and appropriate switching eircuits. It might also be obtained by
& single delay line by using reflections in the line. Thus index for line 2
would be taken from the receiving terminals of the line and index for line 3 from the
the driver end.

The process would be repeated by blanking video on line 4 in order s
generate new index for linee 5 and 6. This scheme would throw away one third
of the transmitted video instead of one half as in the original proposal. This
system is based on the assumption that index requirements would not vary
appreciably over any three successive lines.

Stated broadly, it is proposed that accurate index information can be
obtained by either equal or unequal time sharing between index generation and
video presentation where the time units involved are equivalent to whole
scanning lines or multiples thereof, Index informaticn obtained on cne scan
line zan be made available or, subsequent lines by the use of suitable delay
lines.

Will you kindly issue a Joint patient docket covering this disclosure?

TVZ:BF/erh Signed

ce: JF MeAllister
RB Deme
DE Harnett Date
WE Good
GA Schupp
FG Cole Witness

Date




Subject: A Triad-Rate Indexing Color Tube
and System with Index Beam Current
Pulsing

Syracuse, N, Y,
June 11, 1957

Mr, D, N, Timbie
Patent Section
Room 222 - Bldg, 5
Electronics Park

This disclosure letter describes a clor tube and system operating by
indexing and dot sequential presentation. Several techniques used here are similar

to Apple Systems, Two basic new ideas are incorporated which improve performance and
reduce cost,

The tue consists of vertically printed red, green s and blue, phosphor
stripes with guard-banmds. The gnard-bands are composed of black non-light—reflecting
mterial. This mterial will improve contrast over mterial which readily reflects
light, Various possibilities now exist for the obtaining of indexing information.
One of these would make use of secondary emission material as in the Apple tube,
Another could employ a comb structure by which electrons are removed directly, In
either case, the indexing structure is to be placed over a guard-band stripe and not
over any light producing phosphor. This technique will allow beam current pulsing
during the instant the beam is landing on the indexing area, By such operation,
high indexing currents will be possible with no production of "haze" light which
limits contrast ratio in the Phileo Apple System, In all further discussions, conb
structures will be referred to for simplicity altho

ugh the same remarks apply equally
well to secondary emission and ultra-violet light tubes,

In Fig, 1 is shown a possible configuration of the phos phor stripes, guard-
band, and comb structure. The comb teeth have a repetition rate equal to the triad
rate, Two possibilities exist for laying down the comb structure over the previously
layed down phosphors and guard-band areas, One of these would consist of completely
aluminizing the screen structure, This would then be followed by a layer of insulating
material over which the conducting comb will be placed, Insulating mterial not
covered by the comb can now be washed away. The second technique would be to aluminigze
the phosphor areas and possibly the guard-band areas not covered by comb teeth, This
will now be followed by the placing of the comb structure directly on the proper
guard-band material, Care must be exercised to insulate the comb from the aluminized

phosphor, This technique is to be preferred over the first because of lower comb
capacity,
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Fig. 2 gives a block diagram representation of the proposes system. The
indexing signal is developed across a tank circuit of other impedanc e placed between
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Figu__re 2
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the comb structure and the anode voltage source, This triad rate signal fg is fed
to a bandpass amplifier and limiter (1), The limiter output (still fg in frequency)
is fed to a frequency tripler (2)9 the 3f5 output of which drives the picture tube
pilot grid. The pilot grid waveform will be sinusoidal in nature and three times
triad rate in frequency., The phase shift around this loop is adjusted such that the
peaks of the index beam current will occur at the instant the beam is striking the
guard-band areas, By proper biasing, the indexing beam current will be zero at times
when it is passing over the phosphors. With such operation, high indexing currents
are generated and possible since they produce no spurious illumination, High indexing
current will reduce the bandpass amplifier requiremenmts over any system where index
beam pulsing is not used. This loop as now proposed represents an intentionally
closed loop with positive feedback. This is desirable in that the ird exing beam
always operates at maximum peak current. However, near perfect limiting 'by (1)!
will be required to prevent amplitude "squegging® of the loop. An alternate approach
would be to replace the limiter by a phase or frequency conmtrolled oscillator,

The signal control loop of the proposed system again includes the bandpass
amplifier and limiter (1), the output of which is fed at fg frequency to mixer (3),
In mixer (3) the fy signal is beat with the 3,52 mc reference carrier regenerated
from the NTISC signal. The output of mixer (3) is the sum and difference of fg and
3,58 mc, Only the sum is used, It is then fed to mixer (4) where it is beat with
chroma information. The difference component is taken as the output of (4), It is
an fg carrier amplitude and phase modulated by chroma, By adding luminance signal
in adder (5),, a signal is generated which is dot sequential in form, It is applied
to the signal writing grid of the picture tube. No "MM type correction of this dot
sequential signal is shown. This correction could be provided if desired,

There are several advantages of the above system over previously proposed
Apple type systems, The principal of these are as follows:

1. There is no background haze illumination caused by indexing. The
index beam is cut of f while passing over the phosphors, This will
allow higher ult imate contrast,

2, Index beam pulsing will produce a much higher index signal output
from the picture tube., Less amplification will thus be required

in the index loop, Better signal-te-noise ratio will also be
achieved,

3. Because of high index signal output ; wider bandwidths may be
possible in the index loop, This will speed up corrections for

errors and will thus reduce requirements placed on sweep width
and linearity,

Lo One master can be used to print all phosphors and the comb structure
making printing simpler,

5. Comb structures, ultra-riolet light, and secondary enission materials,
are all equally applicakle to the proposed tube and system,

6o Circuitry is simplified and performance improved over conventional
Apple by the elimination of the pilot oscillator and associated mixers,
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7. Index stripes (regardless of material) of any thickness may be
used since the electron bean does not have to reach light
producing areas, Thus a high conductivity comb of high
efficiency u,v. phosphor may be used,

8. The use of u,v. phosphor or comb structures will have no transit
time problems,

9, Interference by outside signals should be low because of high
indexing signal level,

10, No phase ambiguity (loss of gun~to-phosphor correspondence)
can exist, Blemishes or momentary loss of indexing information
will produce only momentary color errors, The system will
always recover,

As an alternate to the above proposal, two techniques exist for operation with a
single gun, The first of these would make use of a space-displaced electron beam
from a single cathode, Two grid structures would be used with the beam being
deflected from one grid to the other at three times triad rate. The second al-
ternative would use a single gun., Time sequencing would be used at three times
triad rate, This will produce a dot=rate writing signal when the beam is striking
the phosphor, and a pulsed index signal when the beam is hitting guard-bands,
Either of these two systems will eliminate crosstalk,

The ideas presented in this disclosure are described on pages 59 through
64 of I.,E. Lynch's notebook #1018, Would you please docket this as a joint
disclosure,

Signeds

1.E, Lynch

Date:

Signeds

T.T. True

Dates

Witnessed:

Dates

TEL/TTT/REL



Subject: A Triad-Rate Indexing Color Tube
and System with Index Beam Current
Pulsing

Syracuse, N, Y,
June 11, 1957

Mr, D, N, Timbie
Patent Section
Room 222 - Bldg, 5
Electronics Park

This disclosure letter describes a color tube and system operating by
indexing and dot sequential presentation. Several techniques used here are similar

to Apple Systems, Two basic new ideas are incorporated which improve performance and
reduce cost,

The tube consists of vertically printed red, green, and blue, phosphor
stripes with guard-bamds. The gnard-bands are composed of black non-light—reflecting
mterial., This mterial will improve contrast over material which readily reflects
light, Various possibilities now exist for the obtaining of indexing information.
One of these would make use of secondary emission material as in the Apple tube,
Another could employ a comb structure by which electrons are removed directly., In
either case, the indexing structure is to be placed over a guard-band stripe and not
over any light producing phosphor. This technique will allow beam current pulsing
during the instant the beam is landing on the indexing area, By such operation,
high indexing currents will be possible with no production of "haze" light which
limits contrast ratio in the Philco Apple System, In all further discussions, comb
structures will be referred to for simplicity altho

ugh the same remarks apply equally
well to secondary emission and ultra-violet light tubes,

In Fig, 1 is shown a possible configuration of the phos phor stripes, guard-
band, and comb structure. The comb teeth have a repetition rate equal to the triad
rate, Two possibilities exist for laying down the comb structure over the previously
layed down phosphors and guard-band areas, One of these would consist of completely
aluminizing the screen structure. This would then be followed by a layer of insulating
material over which the conducting comb will be placed,

Insulating mterial not
covered by the comb can now be washed away. The second technique would be to aluminize
the phosphor areas and possibly the guard-band areas not covered by comb teeth, This

will now be followed by the placing of the comb structure directly on the proper
guard-band material, Care must be exercised to insulate the comb from the aluminized

phosphor, This technique is to be preferred over the first because of lower comb
capacity,



DN Timbie -2 &/11/57

UMY
MMM

7, 777077, 77

Fig. 2 gives a block diagram representation of the proposes system. The
indexing signal is developed across a tank circuit of other impedance placed between
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the comb structure and the anode voltage source, This triad rate signal fg is fed
to a bandpass amplifier and limiter (1), The limiter output (still fs in frequency)
is fed to a frequency tripler (2), the 3f4 output of which drives the picture tube
pilot grid. The pilot grid waveform will be sinusoidal in nature and three times
triad rate in frequency. The phase shift around this loop is adjusted such that the
peaks of the index beam current will occur at the instant the beam is striking th.e
guard-band areas. By proper biasing, the indexing beam current will be zero at times
when it is passing over the phosphors. With such operation, high indexing currents‘
are generated and possible since they produce no spurious illumination., High indexin
current will reduce the bandpass amplifier requirements over any system where index
beam pulsing is not used, This loop as now proposed represents an intentionally
closed loop with positive feedbadk., This is desirable in that the irdexing beam
always operates at maximum peak current. Hovever, near perfect limiting by (1)¢
will be required to prevent amplitude "squegging" of the loop. An alternate approach
would be to replace the limiter by a phase or frequency controlled oscillator,

The signal control loop of the proposed system again includes the band pass
amplifier and limiter (1), the output of which is fed at fg frequency to mixer (3),
In mixer (3) the fg signal is beat with the 3552 me reference carrier regenerated
from the NTSC signal, The output of mixer (3) is the sum and difference of fg and
3.5 mc, Only the sum is used, It is then fed to mixer (4) where it is beat with
chroma information. The difference component is taken as the output of (4)s It is
an fg carrier amplitude and phase modulated by chroma, By adding luminance signal
in adder (5), a signal is generated which is dct sequential in form, It is applied
to the signal writing grid of the picture tube, No "M type correction of this dot
sequential signal is shown. This correction could be provided if desired,

There are several advantages of the above system over previously proposed
Apple type systems, The principal of these are as follows:

1, There is no background haze illumination caused by indexing, The
index bean is cut of f while passing over the phosphors, This will
allow higher ultimate cont rast,

2, Index beam pulsing will produce a much higher index signal output
from the picture tube, Less anplification will thus be required

in the index loop., Better signal-te-noise ratio will also be
achieved,

3+ Because of high index signal out put ;, wider bandwidths may be
possible in the index loop, This will speed up corrections for

errors and will thus reduce requirements placed on sweep width
and linearity,

4, One master can be used to print all phosphors and the comb structure
making printing simpler,

50 Comb structures, ultra-riolet light, and secondary amission materials,
are all equally applicakle to the proposed tube and systam,

6o Circuitry is simplified and performnce improved over conventional
Apple by the elimination of the pilot oscillator and associated mixers,
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7. Index stripes (regardless of material) of any thickness may be
used since the electron bean does not have to reach light
producing areas, Thus a high conductivity comb of high
efficiency u,v. phosphor may be used,

8. The use of u,v, phosphor or comb structures will have no transit
time problems,

9. Interference by outside signals should be low because of high
indexing signal level, .

10, No phase ambiguity (loss of gun-to-phosphor correspondence)
can exist, Blemishes or momentary loss of indexing information
will produce only momentary color errors, The system will
always recover,

As an alternate to the above proposal, two techniques exist for operation with a
single gun, The first of these would make use of a space~displaced electron beam
from a single cathode, Two grid structures would be used with the beam being
deflected from one grid to the other at three times triad rate. The second al-
ternative would use a single gun, Time sequencing would be used at three times
triad rate, This will produce a dot=-rate writing signal when the beam is striking
the phosphor, and a pulsed index signal when the beam is hitting guard=bands,
Either of these two systems will eliminate crosstalk,

The ideas presented in this disclosure are described on pages 59 through
64 of I,E. Lynch's notebook #1018, Would you please docket this as a joint
disclosure,

Signeds

T, Lynch

Dates

Signed:

T.T. True

Dates

Witnessed:

Dates

TEL/TTT/REL



Subject: A Three-Times-Triad-Rate Indexing
Color Tube and System with Index Beam
Current Pulsing

Electronics Park - Syracuse, N. Y.
June 17, 1957

Mr, D. N. Timbie
Patent Section
Room 222 - Bldg, 5
Electronies Park

This disclosure letter describes a system for producing color TV pictures
which utilizes three-times-triad-rate indexing and index beam current pulsing,.
This system is similar in many respects to a system proposed in a previous letter
entitled "A Triad-Rate Indexing Color Tube and System With Indexing Beam Current
Pulsing." The major difference is that the indexing material in this proposal is
placed over all guard-band stripes instead of just one per triad. This raises the
fundamental indexing signal frequency from triad-rate to three times triad-rate,
The two advantages of this system over the previous are: (1) increased indexing
signal output by a factor of three and (2) higher frequency separation between
video frequencies and the indexing signal frequencies, However, an additional
factor which must be dealt with is the possibility of phase ambiguity,.

Figure 1 gives a representation of the picture tube screen assembly,
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A comb tooth is seen to be placed over every black guard band stripe. Indexing
voltage is developed between the comb teeth and the anode supply by use of a
suitable series impedance. The indexing frequency will be three times triad-rate.

A block diagram of a system using the above tube is shown in Figure 2,
In this system, three times triad-rate index signal (3fg) is taken from tube (1)
and fed to a band-pass amplifier and limiter (2). The output of the limiter (2)
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is fed directly to the pilot grid of the picture tube (1), This completes the
indexing loop. The phase shift of the loop is adjusted to pulse the index beam on
whenever it is passing over an index tooth., Feedback is positive and the system
wili tend to be self oscillating. Extremely good limiting in this loop will be
required if amplitude "squegging™ is to be preyented. A frequency and/or phase
controlled oscillator may be used in place of/conventional limiter (2) if necessary.

The 3fs output frequency of (2) is also fed to a three-to-one frequency
divider (3). This frequency division is necessary in order to obtain a propsr dot=-
sequential writing signal for the picture tube, The output of the frequency a:wvider
(fg) is beat with 3.58 mc color reference from generator (5) in mixer (4). The wvm
of fg and 3.58 mc  is taken as the output of mixer (4) and fed to mixer (6). In
this secord mixer, the output of (4) is beat with chroma information from (7).

The difference of these two signals is taken as the output of mixer (6), and is
composed of an fg carrier amplitude and phase modulated by chroma. Addition of
luminance information from (9) is made in adder (8)., The output of (8) is in the
form of a dot-secuential voltage which is applied to the writing grid of the tube,

In this three times triad-rate indexing system the possibility of phase
ambiguity exists. Unless preventive steps are taken, color correspondence can be
lost at the start of any line or following any indexing blemishes. Phase ambiguity
at the beginning of a line may be prevented in either of two ways. The first would
consist of always insuring that the first indexing tooth bears a fixed phase
relationship with a given color stripe. The second would utilize only one indexing
stripe per triad for several triads at the start of a horizontal line. This would
allow proper correlation before starting the three per triad indexing stripes.,

It should be noted that the system proposed above has several possibilities
for the type of indexing material to be used, Among these are secondary emission,
U.Ve, combs, infra-red, and possibly others. All would readily lend themselves
to pulsed=type operation.

As an alternate to the above proposal, two techniques exist for operation
with a single gun. The first of these would make use of a space=displaced electron
beam from a single cathode. Two grid structures wculd be used with the beam being
deflected from one grid to the other at three times triad rate. The second al-
ternative would use a single gun, Time sequencing would be used at three times
triad rate. This will produce a dot-rate writing signal when the beam is striking
the phosphor, and a pulsed index signal when the beam is hitting guard bands,
Either of these two systems will eliminate crosstalk,

Ideas relating to this disclosure are given on pages 59 through 65 of
I.E. Lynch's patent notebook #1018, Would you please docket this as a joint dise
closure,

Signed:
I.E. Lynch
Dates
Witnessed: Signed:
T.T. True
Dates ‘
IEL:TTT:REL Date:
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March 28, 1957

Mr. D.-N. Timbie
Patent Section

Room 222, Building 5
Electronics Park

This disclosure deals with the broad category of single gun color
systems know as "Apple variationa®.

BACKGROUND
" These systems employ picture tubes having vertical phosphor stripes,
alternating red, gresn and blue. Means are provided for deriving an index
signal from the screen that contains positional phase information. The
index signal is used in a variety of ways to modify the chroma signal
applisd to the picture tube control grid sc as to ensure that the chrama
information corresponds at all times to the color phosphor being excited.

Figure 1 shows the basic block diagram for apple variation systems.
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The _uminasnce and chrominance signals are combined in an adder and
appiied to the control grid of the picture tube. The luminance component is
the conventional O te¢ 3 me video signal. The chreminance information is
contained as side bands ¢n a earrier frequency, fp; the rate at which the
slectron Geam scans the phosphor triads. Signal fT also contains both chroma
reference and beam poeition phase informatiom.

The principle function Co be performed is the modification of the 3.58 me
chrema sipgnal to the fp chrowa signal which contains the information mentioned
above

The imdex signal, €4, is generated by the slectron beam scanning index
stripes which are a part of the picture tube screen assembly. The specific
manner in which the index sigaal is made is not relevant to this disclosure.

The ubs may or may not have a separate pilot beam. Suffice to say that means
are previded for the generation of an index signal the phase of which accurately
describes the bsam position relative to the phosphor stripes independent of
video modulation  The manner in which £, 3.58 mc chroma, and 3. 58 ms reference
ara combined to form fp alac i3 not relevant to this disclosure.

In the group of systems duscribed by Figure 1, ideally, the phase of fi
would be corrected instantaneously if there were any variations in the phase
of 3 due to printing errors or changes in swesp velocity. However, in
practical eirculls, the time delay in the loop is in the order of 1 usec so
that in effest the chroma signal %4 matches the phase of {5 as measured 1 usec
earlier. This deley imposes st ringent requirements on screen printing and
hoerizontal sweep linearity. '

PRESENT PROPOSAL

This disclosure proposes a method applicable to any system in the apple
variation group to greatly rod-es the accuracy requirements referred to abave
It is proposed that instead of trying to index with as little time delay as
possible that the separate funstions of index generation and index utilization
be separated in time by a whols horizental line. 4An index signal, {3, generated

&

)y the scanning of line 1 would be delayed one line and used to control the
Fhase of the chroma signsal, fp, on line 2. Similarly, index derived frem Line 2
woiuld be used on line 3. Thus the process would be continucus, but with & one
line time delay between the index generaiion and its use. Figure 2 shows how
this could be accomplished in the gemeral appie wariation type of system,
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Figure 2 is the same as Figure 1 except that the delay line block has
been added. The inserted time delay would be approximately 63.5 usec
(cne horizontal scan 1line)., The delay would be adjusted ss that the entire
loop delay would be exactly ons horizontali line.

This system assumes that the index requirements do not vary appreciably
between any two successive lines. It is assumed, tharefore, that printing
errors and variations in horizontal sweep velocity will be virtually the
same on any two adjacent linss. In this system any error in fj caused by
ringing in the swsep or errors in the printing of either phosphor lines or
index stripes would not cause a chrema error 1 usec later as might be the
case in present systems. Instead,these perturbations in the phase of f3
would be applied to the phase of fr on the next horizontal line at a time
when indeed, they would be required.

While & broad system application ie claimed for this disclosure, it may
oe helpful to shew how the principle could be applied to a specific system.
Refer to figure 7 in R.B. Dome's disclosure to you dated February 14, 1957.
Figure 3 shows how this sytem might be modified to embody the present proposal.
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The delay line, 301, is shown inserted in the loop at a peoint where the
index phase has already been corrected and the center frequency is 6.3 me.

In summary, this disclosure proposes a different way to use the index
information in any apple variation system. It assumes that the problem of
index generation has been sclved. It is proposed that accurate index, once
derived; can be used more advantagesusly en the line following the one on
which ;t was generated. The desired effect can be accomplished by the
addition of a delay line in the index channel.

Will you please issue a docket covering this disclosure:

Signed
TWé:erh Date
Witness

Date
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APRIL. 22, 1957 COLLL i LOv: LGN £105
ACCURAT . L o AHING
HORIZONTAL PHOSPHO Y LN ! . VG CONTRUL
b},’? e & . ;
ABOTRACT

This report is a discussion of n acsurate beam ssannins color display
device, In the discussecd svstam, the procision in vertical defiection is obtained
by feeding a correction voltage to a pair of o) ectrostatic deflection plates, Thie
voltapge is obtained by an index str tur: on the phosplior sorooa,

CONCLUSION

The main limitation of this system ssans to be +he amail spot  8ize required
te operate the tube, and diffienltics in sbtainine a index 3iznal, Furthermore, the
system requires extra circuits to prevont line Juping, and to obtain interiaced raster
lines.

DISCUSSION
In an accurate beanm scar ) Systen, the arlantatiocn of the phospior lines

can be chosen in any deeired dir-c' .

If however, tic phicsphor lines are orlentited in any angle Letween horizontal
and vertical, precision scanning in both directions are recuired, so it appears to be
most practical wit either vertical or horizontal oiientated phosphor lines,

The main limitation of a horizontal line systenm & s Lo be the dimensions
of the picture elements, It takes one triad to form a pleture element, so in a vertical
line system, the width of a triad can be made equal .o the horizontal width of a
picture element. Vhile in a herizontal line system, the widin of a trisd can be made
equal to the vertical hei-ht of a picture alement,

The ratio betwcen the hei~it "n') and the width "w", of a picture element is:

h _ Horizontal resolution i \apect ratdo _ B i G G

- Amais
—

- ~ - , 05
Vertical ras~lution B x [ = 8.5

A

This shous thot in a horizonta’ line grstem, all dimensions, such as triad
width, line iidin and spot size, arc restricted to one=ha'f the dimensions neecessary
in a vertical line system, Becau:~ of this a certain amowt of misrcgistration will
caves twice as much desaturation in w.ee of horizontal linex,

If we consider a 1.," haigrt picture tube with 440 inuerle e scanning lines,
the width of each triad will be 0.030". “hen a 505 muard band botes o snosphor lines
is used; the width of each phosphor linc will be 0,005",

In order to allow a reasin:blc crrar in Lhe regisirition, Yu wi) be nacessary
to keep the spot size in vertical directiovn down to aboo® (Loc¢ . T Pu=izontal direct.-
lon it is desirable to keep the spot widtl as large as possibieg I order *o decrease
the current density in the beam, From a starapoirt of resclution; che spot w*dth can
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be made up to six timos the heipht, howevoer, with such a wide beam, spot retatlon sw
- w12 A
bos a problem,

The recquirements to ths linecarity of the vartizal gweep will be very tight
If we asmune a perfact stair step switcohis £ the beam, and no servolng, tho swoep
has te be linear within C.03%, It ‘= ebwinus th this recvirement o lincarity can
not be fulfilled by the deflection systan, s the only wiy to keep the beam in register
with the phosphor lince is by use of 2 serm svatom,

Gonaration of indwxin- mals

-

The zeneration of indexin: sirsnnl will be much more ccmplizated than in a
vertical line svstem, Jecéndary slectron emittin: stripes piaced on i ack of the phose
phor lines can neither indicrte dircction nor mammitude of error, 1ln ord:r to got
this information, it will be necessirr o plice ‘he secondnry eloctron emittin: mat-
erial in certain patterns for exampls ns shown in Fipure 1. nen scanning this typs
of pattern, a square wave woltass will be gponerated, It can be seen from Figure 1,
that the duty cycle of this square wive sarrios both direction and magnitude inform-
ation. !ith no error (the beam ir position “a"! the duty cycic will be %%,  hen tho
error is towards red (beam in positicn "b"} the duty cysle will be Jess than 500, if
beam is in position "¢" (green erros), ths duty grele will be higher than SO%.
However, much distortion of this simal tan be expected, due to %ho fact that the
beam, in order to make colors, is d-"locted in vertical direection ov r one triad at
chroma sub=carrier rate,

Another approach for genaration of a indexing siznal i2 the metaliic comb
deposited on back of the phosphor iines, known fram !r. i, . lJome's version of *ne
Apple tube*., In a horizontal line systom however, tine comb zar not indic te mamituae
of error, because of variations in beam curront due to luminarce infermtion in vae
plcture, TMurthermore, a horizontal comb will have a wery hich capacit-nce, probably
more than 20,000 wuf, and a resistarco of about 200 ' . Theso characteristics will
limit the use of & comb type index for a horizental line syaton,

Trackin~ Servo:

In a horizontal line system, the generatad index s8imal can o~ datactad,
amplified, and then applied to the vertical sweop systan, and in this way correct Jor
an error in beam position. Due to inertia in a mametic defloction systen, Lear
position can only be changed at a slow epeed. Considermable increase in speed sun be
obtained by feedins the error witage o a pair of vertical siectrastatic deflection
pilates.

It will be recognized that the serwo syste  will sniv be able Lo track
within one triad. This means that Lhe larpest amount of earror that can exist before
the beam jumps, will be less than sne=hal{ a triad width, or atout G.012", In order
to assure that the beam will start cach scanning line within thiis 1imit, the vertisal
swoeep has to be linocar wAthin C094. "his ro uirement of sweep linearity can not be
met in a commercial TV aet,

Instead, the servo could be furnished with a memory circuit, This memory
should be arranged in such a way that theerror existin: when the beam starts sc.aning
one line, is stored in the momory, and is reapplied te the deficction plates at the
beginninz of the next scanning line. In this way the error woltace will be acoumulatec
from line to line, and eliminate th: use of precision scanning.

#* Described in disclosure letter to Mr, D. N, Timbie = April 26, 1956,
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The system will also reouire a clirzuit, which zan start an aven ficld on
A Aaven tr§3rjg and an added ield ~n oan wtl ol f e id, This is DoCesStAry in order to
obtain intarlaced rastor lin-es,
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ACCURAT. % AN SCAILING
FOUR B.oAM HGi LUONTAL LLNL SYSTM

WITH CONTIIUOUS 3 RYO

by: . JOHWiN S5N

ABSTRACT

Advantages and limitations of a four beam horizontal line system arc
discussed. The descriped system has a cormon electron run, through which the four
closely spaced beams are passed,

CONCLUSION
The advantages of this sysl a are:

1. Registration problems are minimized

2, Lower current density in boan

3, One beam available for indecing

L, Index beam can be operated ~% hish current level,

The limitations are essentially the same as in the one gun systcom, namely:

1, TFxtremely high precision of pun is necessary
2, High capacitance of index comb
3, Gating and storage circuits are necessary to prevent line jumping.

DISCUSSION

The proposcd electron gur has a common cathode in front of which an aperture
mask, with four very closely spaced rectanmular slots, is placed. Across each of
these slots, is a thin wire which acis as control grids. The four cross over points,
formed in this way, are now focused cn the screen by a common lens; and thus appear
on the screen as rectangular spots : by 30 mils, and 7 mils center to center spacing.

When an electron lans with a mammification factor of 5 is used; the dimens-
jons of the slots in the aperture plate wil) be approximately 1 by 6 mils. with a
center to center spacing of 1.4 mils. The tolerances on the dimensions and the
position of the slots must be kept extremely small, about O.1 mils, This is necessary
because with the close beam spacing, none of the beams can be position corrected
independently. It must be considered doubtful that an aperture plate with such a
high degree of precision can be made in mass production., There are two methods by
which these requirements for the aperture plate can be decreaseds 1, By decreasing
lens magnification factor to unity . By use of a more complex lens, with two
cross over points, However, both alternatives have their drawbacks., If the magni-
fication of the lens should be decreased to unity, the tube would be so long that i%
would be impractical in a commercial TV set.

If a double cross over zun is used, th: four beans will be separated more
vhen passing through the yoke, and result in misregistration, Furthermore, some
cross modulation can be expected due to the grid to cathode fields; and due to the

fact that the four beams are traveling as one cclumn over most of the distance from
cathode to screen,
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In Fizure 1 is shown a lay out of the phosphor screen with index stripe,
For a 14" high picture tube with interlaced raster lines, only 30 mils are available
for each triad including the index stripe., This leaves 7 mils to each of the phosphor
lines and 9 mils for the indexing.

The servo system has to be made in such a way that only the index beam can
generate an error signal, In order tu allow the index stripes to discriminatc between
the color writins beams and the index beam, it will be necessary to modulate the index
beam with a certain frecuency, which has to be higher than the highest video frequency,
for example 10 MC, In the case where the index beam is centered on the comb (no
error), an equal amount of index signal will be picked up by the two sets of teeth.
These signals will cancel out in the primary of the take off transformer. In case
of an error in one or the other direction, an error signal will be generated; the
phase of this signal, with respect to that of the index oscillator, will indicate
the direction of error. Due to the very close spacing of the comb teeth, the total
capacitance between these will be in the order of 20,000 uuf, The inductance
required to resonate this at the 10 MU index frecuency will be approximately 12 muh,
such low inductance will be very difficult to obtain in the take off transformer.

One way the effect of the capacitance can be decreased is to divide the comb in
several sections, and then tune each section individually.

A block diagram of the systed is shown in Figure 2. The generated error
signal is after amplification fed tc a synchronous detector, The de error voltage
is now connected to a pair of verticol deflection plates through a pushepull amplifier,

When 7 mils phosphor stripcs and 5 mils spot sizes are used, the maximum
error there can be tolerated is 1.6 mils, This error will give the equivalent of a
10° change in color sampling angle, With a 2% gecmetric distortion of the vertical
sweep, the time it will take to reach this error will be 88 usec, or 1,37 lines.
This means that if distortion of the vertical sweep was the only source of error,
the time constant in the servo systan could be fairly long. However, there are
many other possibilities for error, for example, pincushion, yoke rotation, spot
rotation, distortion of spot shape and spacing, misprinting of triads, influence of
external fields, and so on, If for example, due to pincushion, the tangent of the
spot trace should reach an angle of 17 with respect to the phosphor lines, the max-
imum error of 1.6 mils, would be reached in just 0,26 usec, In practice several of
these errors would occur at the same time, and an extremely large band width would
be required in the servo system in order to correct the error at the proper speed,

Another serious problem is line jumping, it can be seen from Figure 1, that
the maximum error there can be tolerated at the beginnins of each line is 12 mils,
""ith a 2% distortion of the vertical sweep this error will be reached in 660 uscc,
or 10 lines., A proposcd scheme to provent line jumping is to apply the integrated
error signal to the magnetic deflection system, This, however, can not correect for
errors introduced by pincushion or yoke rotation. In case of symmetry, the integrated
error could be zero, while thec error at the beginning of a line easily could exceed
12 mils, To insure correct start of all lines, the error which occurs at the
beginning of a scanning line, should be gated out, stored, and then be reapplied at
the beginning of the following line,

Likewise, some difficulties can be expected in obtaining interlaced raster
lines,

N. Johannessen
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Subject: A Spot Hesitation,
Precision Scan,
Color System with an
Indexing Servo

Electronics Park, Syracuse, N, Y,
June 6, 1957

Mr, D. N, Timbie
Patent Section
Room 222 - Bldg. 5
Electronics Park

This disclosure letter describes a system for producing color TV
pictures which utilizes a vertical phosphor line tube and triad-period-spot-
hesitation as a means of controlling wlor. The system has provisions for
index servoing, and therefore may be classified as Yprecision scan with index
servo,"

A diagram of the screen assembly of the tube to be used in the propos ed
system; is shown in Figure 1. The phosphor, index area, and comb teeth are all
arranged in vertical columns,
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The comb teeth are represented by the @iagonally shaded areas, One tooth is

seen to be placed over a red and part of a blue phosphor stripe. A second tooth
is placed over a green and the remaining area of the blue phosphor stripe, The
comb teeth over red are all connected together giving an output, The teeth over
green are also connected together giving a secord output. Spacing mst be
provided between the red and green comb teeth for insulation purposes. It is

not necessary for proper operation of the system, that the width of the teeth

be equal, One set of teeth might cover the red and blue phosphors while the other
set covers only the green., The phosphor stripe sequence (R, G, B) shown in Fig, 1
is also not necessary for operation of the system although there may be an optimum
arrangement from the standpoint of color error minimization (smallest amount of
light produced by the indexing beam and by writing beams hitting the wrong phosphor),

The indexing stripe for the proposed tube is located between the green
and red stripes as shown in Fig, 1, This stripe will be black and non-light emit-
ting, Any electrons hitting this area will produce no light and also no comb
output, It should be noted that this is the only non-light producing area, No
guard-band is indicated between the color stripes, Guard-bamds could be used but
in no way would improve performance unless the width of the index stripe is made

less than a phosphor stripe., The reasons for this will become more apparent later
in this discussion,

The gun used in the tube of the proposed system is to have four closely
spaced beams, By having the beams closely spaced, comnvergence errars are minimized
(all four beams pass through approximtely the same yoke region), Any minor errors
which may remain may be corrected by proper phosphor printing (change of triad
pitch) to match the yoke being used. The actual gun used could consist of four
closely spaced gylinders, four co-axial guns, or any new gun type with four indi-
vidually controlled electron streams, Dr. W, E. Glenn of the Schenectady Research
Laboratory thinks it should be possible to construct a long narrow cathode
structure with the area separated into four areas, The emission from each area
would be controlled by a separate single or double wire grid stretched across each
of the four areas. The gun would be placed in a horizontal plane so that the beams
would strike a triad as shown by the four circles of Fig, 1, Minor aligment may
be required to provide equal beam spacing and proper landing on the triad,

Let us now assume that aligmment is correct, and that the undeflected

"beam bundle” is hitting a triad as shown in Fig, 1, If the index beam is now
modulated with say a 24,15 mc sine wave, none of this signal will be developed at
the comb output points (all current goes to the black stripe), The choice of
2415 mc is based on a 3,5 times the assumed triad rate of 6.9 mec to give a fre-
quency interlaced relationship, Several other possible frequencies exist such as
17.25 me or 2,5 times triad rate, If now the beam bundle of Fig, 1 is displaced
slightly to the left, a 24,15 mc output will be obtainable from comb group #l,
Displacement to the right will cause index voltage output from comb group #2,

It remains now to sweep the proposed tube in such a manner as to maintain
correspondence between index beam and index stripe, red beam ard red stripe, and
so on, Consider the sawtooth shown in Fig, 2a, This waveform represents the
normal magnetic sweep to be used in the proposed system., If to this sweep we add
a second sweep shown by waveform (b) we my realize a Jumping sweep,
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(b)

P

(c)

Fljvl-e. #* 2

The effect of waveform (b) is to be introduced by applying the signal to deflection
pPlates in the tube neck., By making the mgnetic sweep and the electrostatic sweap
oppose each other (during the gradual sicpe portion of (b)) it should be possible to
momentarily hold the beam bundle motionless on a triad. At the vertical disconti-
nuities in waveform (b) 5 this opposition ceases and the beam bundle will quickly
Jump to the next triad. The combined effect of waveforms (a) and (b) is shown by
waveform (¢), The amplitude » frequency, phase, and exact wave shape of waveform (b)
must be controlled to insure proper beam jumping or o lor impurities (loss of gan-
to-phosphor correlation) will result, The repetition rate of (b) will be 6,9 me

or the triad rate. The waveshapes shown on the right hand side of (b) and (e)
represents a practical waveform which might be used,

A block diagram of the proposed system (includes sawtooth gaeration
and phase control), is shown in Fig, 3. The two 24,15 me output voltages from the
picture tube (#1 and #2) (taken from the two sets of comb teeth) are fed to frequency
selecting amplifiers, The output of these two amplifiers (3) and (4), is then
separately fed to two amplitude detectors (5) and (6), These detectors are S0 anr-
ranged that (5) gives a positive dc output while (6) gives a negative output, The
magnitude of these developed biases depends only upon the degree of indexing beam
position error (assuming the index beam current to be constant). If now we assume
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that the index beam is in error to the left (hitting green) there will be a comb
output at #1 and a negative bias developed, This negative bias is then fed to a
reactance tube (7) which slows down the frequency of oscillatar (8) , delays the
phase of the sawtooth generated by (9) whose output is applied directly to
deflection plate (10), This delay of sawtooth phase on the plate causes the bundle
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to jump further on the next jump and the index beam to again strike the index
stripe. If on the other hand, the index beam is hitting the red stripe, index
output will come from comb group #2, the detectar output will be positive, the
oscillator frequency will be sped up, causing the sawtooth phase to change and
index beam to again return to the index stripe. When the index beam hits the
index stripe, no error wltage results so that the servo system may be considered
to be of type #2 or one with no correction voltage when there is no error. This
is dif ferent from the Apple System where a signal is always being fed back. This
system also differs from Apple in that no modification of chroma by servo control
is performed, Chroma and Y are detected, and fed to the three writing guns,
Matrixing can be either external or in the picture tube,

An altemate approach to the maintaining of proper beam bundle Jjumping
is possible, This would make use of varying the height of rise of the sharp dis-—
continuities in waveform (b) of Fig, 2. The repetition rate of the sawtooth
would be held constant (instead of the jump distance as before) and the jump
distance would be increased or decreased depending on the direction of the error,

An additional refinement of the system is obtained by differentiation
of the 6,9 me sawtooth with (11) to give a pulse-shaped output. This wltage is
applied to the indexing gun to blank it during the jump interval. This technique
prevents the index beam from striking the comb structure during the jump and
giving correction voltage where none is necessary. This feature is not reqired
if the comb teeth are equal in area since equal positive and negative voltages
will result at the reactance tube grid, and no correction will be initiated,

A final consideration relates to the possibility of incoherence or
failure of gun-to-correct-phosphor at the start of a horizontal line. It is quite
possible that the index beam might start off with the index beam hesitating half
on the read comb and half on the green comb (directly centered on the hlue stripe
of Fig, 1), If this were to happen equal positive and negative voltages would
result at the reactance tube grid, and no correction would be initiated. The
system would hang with incorrect gun=to-phosphor correspondence. This condition
or possibility of error can be prevented by moving the spacing between comb teeth
to a second location (say between the red and blue phosphor) for the first few
triads, If at the start of a horizontal line the system hangs, it will do se only
to the point where the spacing changes, If it starts off other than in the hanging
position, corrections will be initiated and completed before the point is reached
where the spacing is shifted, and i%t will then be impossible for the system to hamnd
at this point, It may be desirable to blank of f an area to the left of the tube
to insure proper crrespondence before picture writing is started.

Several advantages are realized by the proposed system over Apple
operation., Among these are: Low error illumination by the indexing beam provided
the index stripe is black. Only 25% loss in screen area (for the index stripe)
occurs as opposed to 50% for Apple guard-bands, and considersble improvement in
efficiency and lessening of gun current capability requirements results. Assuming
a 10f-of=triad time for jumping, the proposed tube will be 90% efficient while
Apple is 50%. Also, if we assume a 40° conduction angle per color for Apple,
only 16 %on white and 12% on prime 1y colors of the gunfs capability can be used,
With the proposed tube both of thesenumbers stay at 90%.
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A discussion of the ideas presented here are given on pages 67 through
72 of my patent notebook #1018, Would you please docket this disclosure,

Signeds _
I, E; Lynch

Date:

Witnessed:

Dates

IEL:REL
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ANGLEL GUN AR HTUHE MASE AND
POST ACCILIRATION COLOR TUBES
by y i
ABSTRACT

This report relates a coupl: possible methods of operating a single gun
Aperture Mask and Poat Acceleration colo ¢, The manner of ¢btaining color and

the deflection potentials required arc discussed.
CONCLUSIONS
The single ponvariceties in those tubes are not too encouraging, The major

drawbacks are the high deflection poter:t.mw required to realize color; and the brigit-
ness limitations on high light white.

In the A M, tube 3 KV P=P of chroma information is necessary to switch the
beam on saturated colors, In the P.A, tube 720 volts of sub=zarrier are required for
a dot secuential. presentation, In addition, the P.,A. is restricted to low duty cycles,
if saturated colors are to be realized., In this respect the A.M. tube has the ad=
vantage of a 100% duty cycle, However, te produce the equivalent birishtness of the
three sun A M, tube, the sinzle gun must be capable of three times the peak current
of one sun in the three pun version.

Color purity on both tubes is sensitive to deflection potentials, and
registration problems are similar to the three pun versions.

in the A.M. tube approximately 7% of the spot size strikes areas between
phosphors when white is called for. &hen complimentary colors are desired approxie
mately 14% of the spot lies in areas void of phosphors and about é% liecs on the
undesired primary causinz desaturation. If the emergy distribution is considered
constant across tiic spot area than, with equalized phosphora, 7.5% of the total
luminance causes desaturation. :

P

Sll'v”}lo; }LI& \oh.. TJB"

A sinzle gun could be utilized in an A M. tube by designing two palr of
horizontal and two pair of vertical deflection plates in the pun as shown in Fisure 1.

Detected R-Y and B-Y information may be applied to the deflecticn nlates
in pushepull; therefore, in Figure 1, tine beam will follow a path similar to that
shown with the particular pol.anties indicated, The angle of entrance of the beam
through the aperture mask is dependent upon the relative amplitudes of H-Y and 5=Y
on the deflection plates. Consequently, the tube operates similar tc a "wveclor-scope”
having an infinite number of color s:enters on the circumference of a wirecle. The
radius of the circle is determined by the color base required for the particular
phosphor dot spacing, in the present aperture mask tube it is 33 mils, The deflection
potentials necessary to achieve this color base can be very closely approximuted t‘m
the geometry of the picture tube,
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Approximatcly three to four inches of
of the gun and the yoke,
however, if we assign numerical values such

identical potentials thans:

deflection potentials will differ from the
It snould be noted that magnetic deflection

Vb= 2 (6.36) (C.5)

V
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space is available between the end
The dimensions of Figure

1, may be varied accordinsly;

that the four pair of plates require

T AT ST WM o maam AN e on o 4.,(2)

in equation 2 in equation 3
Dy 2 0,36 IN DZL.: 0.15 IN
dy = 0,50 IN d, = 0,90 1IN
Ii £ 1,50 IN Lo = 1.5 I
ip = 2,00 IN 1), = 1.50 IN

Frinzing of the deflection ficlds has bem noglactod sbove, so that actual

theoretical valucs of Iquations 2 and 3,

may also be used in which case the

deflection is less sansitive to variations

it is more difficult

botieen mun and yoke physical restrictions are automatica

Figure 2 indicates the position of the beam with re
vhen white is called for, The percentas

to realize mapnctic control; due to

in the aceelerating potential,
the small distance available
11y encountered, v

However,

spect to phosphor dots

e of spot size lost duc to space belweon dots
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may be calculated from peametric considsrations. The centers oI ~thre-phosphor dots
lie at the vertices of an equilateral triangle; therefore, the arca of the space
betueen the phosphors is equal to the area of the triandle less the arca of thras
identical sectors subtended by 60° angles, Hence the lost area is ~iven by:

AL & = %5 -’:"—"‘ ) A e e i i 1 e et LK e e s G4 O 20 gt S g (5)

P

with 16 mil phosphor dots,

Vs v i o { o
" AL TIFOR " >, s " A A ; € e 1 \
Ap = (i8] (I8 gin et ) - we® = 11 wile (8)
el ot g Sz —pma
& =

This eould be considered as the to:al lost spot area for a close appromi-
mation, so that the percentare of gpol size striking the arsa betwesn phosphora with
5 14 mil diameter round spot is:

Ajost % Honmiis" ® i3 = 93 § ol D)
i R it i -'wami¢_44 ——in ‘1 S q-‘
“spot wR 19 7

L0 &

Figure 3 shows the location of the spot when yellow is desired. Under thias
condition about twice the percentage of spol size, or 14% strikes the areas between
phosphor. The contamination of yellow due tu electrons striking the blue phosphor
is small, The percentage of the spot size siriking bluc can be ealculatoed aa follown:

The shadowed area on ﬁhe blue phosphor is the sum of twoe segments of cireles
of radii = 7 and 8 mils, So, according te grometry, the shadowed area is:
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nere. are two such ar=as envolved thercfore the percantase 7 ‘1 apot.
cavsing consamination due to illumination of the blue phosphor is:

: L
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Abenmn : . , :

The area of the spot size strikin: the red and preen phosphors = i poroxd-

mately 80% since about 14% strikes phosphor void areas and 6% the blue ph = s
Than if w- considered the energy distribution constant across the spot size instasd
\_ of nemal current density distribution; the ratio of energy in blue to yollio. |

or 7.5, ''ith equalized phosphors this means that 7,55 of ihe total lum
causes desaturation; however, since the eneryy is greater in the center o
compared to the edges, this fimre is somewhat pessimistic.

&
pt

This type of tube does have asdvantagee over many single gun tubes Prisa
because conduction ansles are not restricted, consequently a 100% duty cyclic i= real-
ized. /Alsc saturated colors can be obtained without contamination duc to th. cther
two primaries, :

W On the other hand, the gun must bo capable of producing three timcs o peak
current of one gun of a three gun tube on hizh lisht white. A further limit-. .-
be purity sensitivity to deflection potentials,
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SANGLE GUN P.A, TUBE

: A single zun P.A, tube could b2 censtructed with Just two pair of deflestion
plates since the vertieal stripes remuire color bases on a line. However, the beam
would bave to be switched at sub~carrier rats and gated in a similar fashion =s the
favronce tube (Miscellansous Investigntion Heport 784), Consequently, the tabe
would suffer from low duty cyels and loss in brightness, The sub-carrier deflcstion
potentials can be calculated from Pimire 1 and fquation 1, so if equal potantials
sre desired .

V.. = 2 (0,36 /1.5 ) (0.5/2) 67V = 9720 Volts Pe?P senwusll’)

® 2 (0,15 / 1.5} {0,9/1.5) 6KV = 720 v0118 P-P weuen{1b)

The clectrostatic deflaction voltages requirment is Yess than in the i.W.
tube primarily due to the lower sun potential in the F.A, tube, HMagnetie deflectien
may also be used in this tube, however ths clestrostatic is more attractive, particu.
larly whan the deflection sansitivity may be increased by tapared plates, Hunt
schlesingers' report on "Posteicceleration and llestrostatic Deflection” in May 1%50
L/ IR Proceedings shows the senaitivity zain by taper is given by:

: 5oy
‘ = 1 A5 o o i et B s i 9 S S o e o o s v < o 0 W e (17}
B¢ n

¢ goes § R

Therefors with a taper ratio of m @ 4/1 the sensitivity sain ie 1.83/1,
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SUBJCT: The use of Beaded Glass for
picture tube contrast improvement .

"LYCTRONICS PARK - SYHACUSE

April 8, 1957

Mr, D. N, Timbie
Room 222 - Bldg.
Patent Section

'LIECTRONICS PARK

This disclosure letter describes a method of improving contrast ratio
in a picture tube., The method utilizes a structure on the inside surface of the
tube, Operation is such that light emitted from the phosphor covering the back
surface of the structure is concentrated to small points or lines of light at
the structure to faceplate contact points. The area around the contact points
is filled with a light absorbing material to reduce the reflection of room light
back to the observer,

The advantare of this System over one which uses a neutral density
filter glass is "ultravision" effeoct with less lisht loss. In present monochrome
sets approximately 50% of the tube’s lisht is absorbed by the filter glass. A
second advantage of this system will be a contrast ratio, under high ambient light
condition, which approaches that obtainable in a dark room, This idea may also
be used in color television where such improvements would be even more significant.

The ideas proposed here wers derived in conjunction with Dr. W. L. Good
in a conversation relating to work being done by Dastman Kodak Co., on a beaded
screen for back projection. With the Gastman screen, parallel light rays enter
the beads and are focused to a point on the opposite side of the bead. By placing
the beads in a dark bonding substance, as shown by the following diagram, con-
slderable contrast ratio improvement is realized. The beads aro laid down close

together (to prevent a mottled screen structure) and in contact with the gElass
plate,
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In a TV picture tube, several atrictures are possible in addition to glass
spheres, Among these are ellipsoid; paraheloaid cylinder, elliptical cylindor, and
parabolic cylinder. Presently it is not known which of these might prove the most

efficient (most light directive). For purposcs of explanation only, the spherical
structure will be described in the £ollowin: discussion.

One possible technique fur making the tube mi-ht be as follows: The
glass beads are laid down adjacent to each other on form B {shown in the following
ficure). Form B should have a shapc and curvature similar to the inside of the
tube face plate. The beads are now ‘emporarily bonded in place. 3Side A of the
beads is now aluminized and the depressions filled in with low light reflocting
material as shown on the left hand side of the diagram. ‘'xcess material is then
removed to give the small openin~’s at. C (as shown on the right hand side of the
figure) by which light will exit. The aluminum coating must also be removed at
points C. The structure B is now moved and the exit holes C placed in contact
with the inside surface of the picture tube., These two surfaces must be bonded
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together possibly by the opaque material D. The bond between the beads and strue-
ture B is now disolved and structure B removed. The B side of the beads is now
covered with phosphor and the phosphor then aluminized. This procedure is not
necessarily the only or even the hest for makinz such a screen but demonstrates
one possibility and alsoc the desired product of the effort.

Operation is as follous: 'lestrons from the beam strikes the phosphor
produeing light over thc B side of the spheres. Some of this light passes dirsctly
through holes C, The remainder strikes the glass-aluminum boundry and is reflected.
After one or more such reflectionas this li-ht will be attenuated but will pass
through exit C. The purpose of the aluminum coating is to reduce light loss upon
reflection. Since the light as it exits from € is coming from 21l angles, the

observer viewing angle will not be restricted (unless a more light directive
structure is used).

For color tube operation it remains onls to arrange the beads in rows
or triads (depending upon the type of tube) and coverinz the beads with color
phpsphors (white phosphors with colored beads could be used). /s an example, in
an A.¥, tube, the beads (of diameter approximately equal tc the present phosphor
dots) would be arranged in trianm lar form. Tach beac of the triad would then
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be covered by a primary color., Tho shadow mask operation would be identical te
that in present tubes. In this t pc of color tube the improvement of contrast
ratio is much more important than in monochrome tubessince the already limited
1lisht ontput precludes the use of a dark safetv ~lass.

A discussion of the ideas presmnted here are ziven on pages 57 through
59 of my patent notcbook #1018, 'ould you pleass docket this disclosure.
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TRIP REPORT
PARK PRODUCTS COMPANY, CLEVELAND, OHIO
WEDNESDAY, FEBRUARY 26, 1957

COFIES TO: JF McAllister TV. Zaloudek
RB Dome BA Field
JA Griffin FG Cole
JD Walter DN Timbie
DE Harnett LC Maier = Bldg, #
WE Good (3) JC Nonnekens " "
DW Pugsley EF Schilling " L
DE Garrett

REs Coplanar Gun Aperture Mask Color Picture Tube

On Wednesday, February 26, 1957, a trip was taken by Messers, Dome, Griffin
and Schupp to the Park Products Compamny, Cleveland, Ohio to witness a demonstration
of a coplanar gun version of the aperture mask tube,

PARK PRODUCTS COMPANY - The system to be described was developed by Mr. Saul Reiches,
president of the Park Products Company, Mr. Reiches is interested, he claims, only
in the manufacturing and licensing for manufacture, the magnetic devices that he has
patented, His company is engaged in the mamufacture of magnetic devices, such as
centering rings, iron traps, etce The business is a $800,000 business consisting of
a second floor office and model shop, with production facilities at another location.
The production facility was inspected by Mr. Griffin, Mr, Reiches claims that he has
no basic color system interest but he is only interested in magnetic components,

He seems to be much of the promoter type and is, of course, anxious for color TV to
take off since this will enhance his business, He believes that a good market can
be established at $600,00 for color TV receivers,

COPLANAR GUN APERTURE MASK TUBE - Mr, Reiches allegedly conceived the idea of using
coplanar guns with the Aperture Mask Tube and was instrumental in getting Zenith,
Rauland and Westinghouse interested in his project. Rauland developed the mask and
printing while Westinghouse designed the gun structure. The entire tube was
assembled by Raulandy incidentally, Reiches claims that he saw our PA tube setup at
Rauland, The tube we saw was of the 22" rectangular glass variety with a dot face,
and with a neck very similar to our 22" PA tube. He had the equipment set up in a
corner of his model shop. The equipment consisted of the above tube hooked up to
a Warwich chassis, He claimed that this system accomplished better convergence,
reduced cost and good purity, He also felt that 10% more brightness could be
obtained by opening up the holes in the aperture mask because of reduced tolerances
required by the in-line guns., A diagram of the tube structure is shown at the end
of this report,

The units on the tube neck are described as follows:

a, Vertical Aiming Unit - The vertical aiming unit is necessary to provide
beam aligrnment in the vertical plane on the red and blue guns. Through-




D

out the convergence procedure, red and blue are matched to green which
itself is untoucheds, The unit contains two small magnets since the amount
of alignment required is very small because of the good gun alignment that
has been achieved in tube production,

be Convergence Unit - The convergence unit consists essentially of two
segments of the type used today on thedelta gun AM tube (which uses
three segments). The sketch shows the location of the convergence
plates within the tube neck, These plates are similar to those in
use on the delta gun, Note that there are two vertical plates
surrounding the green gun for shielding purposes,

Ce Yoke - The yoke used is a Sickles variety SK-100, This yoke, Reiches
claims, has a vertical winding best suited for in-line gun operation,
He claims that the yokes in use today have had distortion introduced
because of the delta gun requirements, These distortions produce much
more vertical bending of the beams at the extremities than would be
predicted by the unconverged geometric beam path,

de Trapezoidal Correctors - Reiches claims that the color yokes have
inherent trapezoidal distortion problems, He intends to aid the
trapezoidal problem by introducing four magnets, one at each corner
of the yoke correspording to the corners of the raster, These correc-
tors are magnets which can be moved forward and backward as a field
strength control, rotated and swiveled to provide proper field directions

€. Post Deflection Purity Device (PDP) = The DFD device had been suggested
by Mr, Reiches to us many months ago when we were first starting the
pilot run of our color sets, This device is essentially a unit for
producing proper beam bending for purity forward of the yoke, This
allows the beam to proceed down the center of the tube neck, through the
center of the yoke and then be bent for purity., This, of course, allows
the beam to utilize the best protion of the yoke field,

Mr, Reiches went through the operational setup of his equipment and then
dllowed Mr, Dome and myself to play with it as we wished, We spent quite a bit
of time setting up the equipment., The operation is described as follows: With
no convergence voltage applied, the vertical aiming unit is adjusted on a cross-
hatch pattern to provide coincidental landing of the red, green and blue horizontal
lines, The dynamic convergence procedure was then followed similar to our PA tube,
All adjustments were made relative to green, The vertical dynamic amplitude and
tilt were adjusted for parallel, vertical lines and horizontal amplitude and phase
controls were adjusted for equally spaced vertical lines. At this point, it was
quite ncticeable that the convergence was better than anything we normally see on
the delta gun, since the horizontal lines were nearly coincident over the entire
tube face, There were no droops and wiggles of blue as we see today at the edge
of our rasters,

At this point a dot pattern was used to adjust the trapezocidal correctors.
These adjustments were quite difficult, It is necessary to work in each of the
four corners of the raster. The trap correctors caused the dots in any one cluster
to rotate with respect to each other, A point was found which optimized their co=-
incidence, This is not a mass production operation and similar to the yoke tabs
of the old days, However, with these adjustments made, an apparently excellent
convergence pattern was produced, It was the best convergence that I have seen
around the entire periphery of the tube other than the CCIR PA set., The tube,
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itself, was somewhat of a dog for purity and could not be purified with the FDP
device, We have seen the PDP device on our AM tubes ard feel that good purity
can be obtained with this device., The purity adjustments, incidentally, were
made prior to convergence as we do conventionally today, We were impressed by
the ease of convergence which is very similar to the PA tube that we have worked
with, There was little or no inter-action between the beams while convergence
was being done except, of course, when using the trap correctors, Sine waves
were used as convergence wave forms, There was a noticeable vertical raster
size error on the order of magnitude of 1/32 of an inch, Again, the finished
convergence appeared much better than anything seen here on AM, however, the
brightness level was somewhat low and, of course, we know that the convergence
problemdoes not appear as bad at lower brightness. The convergence procedure
required no going back to touch up controls after the controls were once sete
The procedure we know from PA experience is fast and logical,.

Reiches originally claimed to our people that there would be a $35,00 cost
saving over the current RCA set. However, in discussing cost in detail, it
proved to be highly optimistice The yoke, he claims, would cost $10,00 as
compared with the $16.00 we pay today., This saving he claims is due to reduced
shrinkage because of relaxed tolerances allowed because of trapezoidal correction
external to yoke, He feels that the vertical aiming device should cost 254, The
four trap correctors should cost 154 each, The convergence assemhbly, he estimated
at $1,00. However, we feel that this price should be only 2/3 of the current
estimate of $2,50 for the delta gun. The post deflection purity device, he
estimates, at $1.50 in large quantities, This would replace our current purity
magnet at 204 and our current purity belt at $3.,10. A fast calculation in
materials shows that the overall cost reduced might be on the order of $6.75
plus a reduction in factory labor in the convergence area,

COMPETITIVE PRODUCTION PLANS - Mr, Reiches seemed to be very free in discussing
the plans of others interested in this project., Caution should be exercised in
talking with him since he doesn't seem to keep things too confidnetial, Some
of the plans he claims are as follows:

8e Westinghouse = This company is committed to build sets with coplanar
rectangular 22" glass tubes with a target production date in April 1958
and a release on December 1, 1957 with sample tubes and components
ready within a few weeks from today. He feels that Westinghouse is
enthusiastic about this system and also claims that they will attempt
to build the set without RCA patents.

be Zenith-Rauland - These companies are playing along with the system
but no firm schedule has been established to his knowledge. He thinks
that McDonald of Zenith is throwing up a smoke screen of negative
comments and will launch a program taking the industry off guard,

Ce Fnilco - This company has been approached and has been receptive to
- the idea, but no action is being taken to his knowledge.

de RCA = has not been approached,

€s GE - This visit was the first knowledge we had of this systems

G. A, Schupp, Manager
Color TV Product Engineering
Television Receiver Depte
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DOUBLE GRILL PA COLOR TUBL
by: T. T. TRUE
ABSTRACT

Major advantazes and limitations of the doubleegrill color tube are dis-
cussed, The conventional sincle-~grill PA tube is used as a basis for comparison,

CONCLUSIONS

The addition of a second grill to tho conventional PA tube appears to be a
lozical step to improve performance, Howaver, the gain in performance must be weighed
against the added tube complexity, somewhat® higher cost, and higher sweep pouer
requirements of the double=prill tube.

Major advantages and disadvantages of the double=grill I’ tube are tabuiatoed
as followss

ADVANTAG S DISADVANTAG S
1. HNo secondary emission haze: 1. Complex grill structure will make tube
difficult to build. (And consequently,
(a) Good contrast ratioc more costly.)
(b) Good color saturation 2. High sweep power required {comparable

to AM because of hish=velocity beam).
2. High anode voltage zun:
3o Possible field emission and arecing

(a) High brightness because of troubles (because of nish fisld=
increased beam current intensity between grills).
- capability
4. Possible moire (crossed zrills may
(b) Good resclution on high-lichts result in a beat between horizontal
(good beam focus) ' grill wires and horizontal raater
lines). This trouble cannot occur
(¢) Good purity stability under with in=line grills.

conditions of varyinsg mametic
fields, (High velocity bean.)

There are two physical orientations which the grills may have with respect
to each others

(1) Crossed zrills (grill wires mutually perpendicular)
This results in thce lowest ficld atransths between grills, but restricts
mechanical configuration toc a "flat sandwich".

{2) In-line grills
This allows use of cylindrical orills and P.0.F.; but requires nigher
g field strengths between pgrills,
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Consider the following example:

4

Fiours 1

The two grills and phosphors are assumed to have voltages Vi, V», and V., respectively.
There are numerous combinations of srill-spacing and veltage ratios whith will focus
the beam into lines at the phosphor plate, However, for purposes of illustration,
assume that the grill-to=grill spacin: ia 1/8 the grill=to=phosphor spacinz, The
following tabulation can be made*: (3oz naxt page) ;

The major differences between the Type A and Type B confijurations are as
follows: Type A gives complete suppreassion of secondary electron effects because a
retarding field is present in the visinity of the phosphors. However, it docs not
give as much brightness advantaze as the Type H, because the phosphors arc not
operated at the highest potantial in the tube,

Type B gives good, bt not perfect suppression of sccondary clestron affacte,
since the region of the phospnors is cssentially field-free.

A compromise between the Type A and Type B systems can be made providing
three separate voltages are supplied to the tube. However, this would complicate the
ratio-regulation problem for the receiver driving the tube, and would remire an extrs
hi-voltage button to be brought out {rom the tube.

# See RCA 1B-1026
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COLOR TELEVISION SYSTEMS

.

Alternative Systems Which May Be Feasible In The Light Of Present Technology
Part ¢
Beam Control At The Phosphor Screen And Velocity Sensitive Types.

(Lafferty Tube and Variations, Controlled Grills,
Penetron, Field And Line Sequential Switching And Two Color.)

Color television display devices may be divided into two broad classifications,
namely, simultaneous and sequential types. In general the simultaneous display devices
have one gun for each color to be displayed and color selection may be said to be built
into the tube by suitable mechanical arrangements of parts so that all that is necessary
to produce a given color is to supply the associated gun control grid with a video fre-
quency picture signal, The RCA aperture mask tube and the GE post-acceleration tube are
good examples of simultaneous display devices, each tube having three guns, On the
other hand, sequential display devices invariably utilize only one gun. In order to
produce a given color at a given time two events must occur in synchronism, The beam
must be made to land on the desired color phosphor and the beam current must be modu-
lated to a maximum at that same time in accordance with the presence of the desired
color in the received signal. The Philco apple tube and the Lawrence Chromatron are
good examples of sequential display devices, each having one gun.

One tube illustrating the sequential principle is the Lafferty tube(l)° In
one version of this tube, a single pun is employed. This gun directs a beam of electrons
to a metallic mask at an average angle of 45° with respect to the mask, The mask is
slitted horizontally, When the beam passes through a slit it is bent back by means of
a retarding field set up by a transparent conductive plate set parallel to the mask,

The trajectory of the beam is such that it eventually strikes the mask on the opposite
side from the gun, The back side of the mask is coated with triades of horizontal lines
of three different color producing phosphors. The number of triades equals the number
of slits. By controlling the voltage on the reflector it is possible to make the beam
land on a desired color stripe., In a practical tube built according to this principle,

a change of 300 volts caused the beam to go through a complete cycle of hues. The
reflector is thus excited by a dot-rate frequency. If there is no color signal present
in the beam, the rapid switching of color stripes gives the illusion of white, If a

red field is desired, a synchronous pulse present in the beam current will be transmitted
at the time the beam is over a red phosphor stripe so that color is produced,

Another version of the Lafferty tube is one built very much along the lines
of the reflector type but in which the reflector is replaced by a plate with phosphor
lines on it., This plate is operated at a high voltage and the voltage is modulated so

(1) "A Reflection-Type Color Television Picture Tube";, J. M, Lafferty, Research
Laboratory Report RL-542, September, 1951,
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that the beam is made to strike the plate on different lines as required. In one
design of this tube, a peak-to-peak voltage change of 600 volts produced a complete
gamut of hue change. As before, the modulation of the beam coacting synchronousing
with the modulated phosphor plate voltage produces the hues desired., This form of
tube loses some of the advantages of the reflector type because a registration problem
has been introduced as the result of the mask and phosphor stripes being physically
separated, :

Other variations of the Lafferty tube might include three-gun versions. For
example in the reflector type tube, three guns operated at cathode woltages differing
by some 150 volts in three steps would cause the three beams to land on different
color stripes. The reflector voltage in this case would be constant and the three
guns would be closely spaced so that the beams would all be in line. Another vari-
ation would be to space the guns vertically so as to produce three different arrival
angles. After reflection, the beams would land on different stripes to produce the
color desired by each beam,

In summing up the merits of the Lafferty type tubes, it can be said that a
receiver utilizing the reflector type would appear to be about as expensive as receivers
employing aperture mask type tubes wherein the mask and phosphor screen are separated,
But the public's non-acceptance of any tube wherein the picture is not on the picture
tube bulb face plate creates a difficult commercial problem in the face of competition,
On the other hand, the other forms of the Lafferty tube in which the mask and phosphor
screen are separated do not seem to offer any advantage cost-wise over other designs
such as the RCA aperture mask,

Another series of color picture tubes makes use of the principle already
described in connection with the Lawrence tube, In essence, a single beam is diverted
from its normal trajectory as it approaches the phosphor screen so as to cause it to
land on a particular color stripe, Ideally this would be done by switching the po-
tential of the phosphor stripes lying flat on the face plate, A calculation of the
switching voltage required for such a tube, however, shows that the voltage is at
least half the Ultor voltage so that arc-over difficulties as well as prohibitive
switching energies render such a tube design impractical, The natural resort, then,
is to build a structure out from the face plate so as to gain control of the beam over
a longer part of its path. One proposal involves hundreds of interleaved deflection
plates a half an inch to one inch high with the sides of the plates coated with differ—
ent phosphors. Other forms proposed include multiple sandwiches of phosphor backed
aperture masks interleaved with grilles to divert the beam to the desired phosphors,
All of these types, however, represent manufacturing complexities even greater than

designs discussed earlier by Mr, Schupp and so are not attractive as a solution to our
problem,

Another series of color picture tubes makes use of velocity sensitive phosphors,
This type of tube has been called the Penet{o?. The phosphor screen is made up of two
or more layers of different color phosphors 2), Color is determined by the ultor volt-
age, the higher the wltage the deeper the penetration. At the latest reporting, a
change of 5 kv is required to effect a color change when operating in the range of 10
to 15 kv, A screen of this type could be made into a color picture tube in & fferent

(2) "ultilayer Cathode Ray Tube Screens", L, R, Koller, Research Laboratory Report
RL-317, January, 1950,
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ways, One way would be to use one gun and one deflection yoke and switch the ultor
voltage at dot, line, or field rate. In order to compensate for size change with
voltage change, a post—acceleration design could be used so that deflection could take
place with a constant velocity beam, Such an arrangement would probably call for a
grille to be placed in the tube to be held at some intermediate voltage. It has been
estimated that the power required to switch the screen at a dot rate would be in the
order of 100 watts. It would be difficult to prevent excessive radio frequency radi-
ation with this much power, At line rate the switching power would drop to about

14 watts, while at field rate the power would be less. Field rate switching would
result in intolerable flicker, Line rate switching would result in a coarse structure
for any color corresponding to one of the primaries,

These conclusions were reached as the results of observing a test set up
about two months ago in Syracuse. In this test, a two-color receiver employing two
monochrome picture tubes whose pictures were superimposed by means of a 450 semi-
transparent mirror was arranged to have the beam currents of the tubes keyed on and
off alternately at line or at field rates. The 30 cycle flicker was extremely ob-
Jectionahle in field rate alternation, and the line coarseness in line rate alter-
nation, It was therefore concluded that we could not take advantage of the reduced
switching powers of field and/or line rate switching but that we would definitely
have to consider dot rate switching exclusively,

A non-switching penetron could be built by using two or more guns each in
separate necks, each gun operated at a different d.c, voltage with respect to the
phosphor screen, Each neck would have its own deflection yoke with the currents
adjusted so as to produce the same size picture for each color, Some keystone
correction would be necessary because of off-center operation, This scheme would
seem to be unattractive for a three-color tube but might be considered for a two-
color tube, although there seems to be some misgivings in the design area concern-
ing the difficulty of matching of yokes, the differential effects of the earth's
magnetic field and the prcblem of adequate high voltage regulation, At best a two-
color system would not meet our needs for a top-of-the-line receiver because such a
receiver should be a three-color set., Therefore the two-color penetron would still
leave us with the problem of what to do for a full-color set,

Summning up, then, while there are several feasible color tube systems
employing color selection by control at the phosphor screen, none of them shows
sufficient advantages as to make it more attractive than the current systems
described by Mr, Schupp, and, therefore, we must either explore new and at present
unknown forms of the system or turn to some other system for our answer for a low-

cost color receiver.,

R. B. Dome
Consulting Engineer
TELEVISION RECEIVER DEPARTMENT

ELECTRONICS PARK
SYRACUSE, NEW YORK

RBD:rer
L=25-57
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A GRID-CONTROLLED COLOR KINESCOPE

By: I. E. Lynch
COPY

ABSTRACT

~ This report relates to information presented to the Color Study Group on
March 29, 1957, concerning an R.C.A. developed grid-controlled color tube. Operation
depends on the switching of grid woltages in the screen assembly to control the point
of beam termination, and thus the color. A list of advantages and disadvantages is
given in the conclusions,

OPERATION
A diagram of the tube construction is shown below. The fromt end face-

plate is covered on the inside by a conductive coating and the green transparent
phosphor. This is then followed by a steel mesh Co used for switching colors,
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Behind C2 is a grill S, on which the red phosphor is placed. Behind Sy is mesh C
again followed by a grill structure S;. C2 is a second switching mesh. $j has the
blue phosphor deposited on it. Sy, Sy, and the screen S; are all tied to the anode
supply voltage. Cj and C2 are close to gun cathode potential. The electron beam

is accelerated to S] where a portion is wasted in grill current while the rest emters
the retarding field between S; and Cj. If C; is low with respect to the gun voltage,
the beam will reach zero velocity, stop, and then be accelerated back to the blue
phosphor or pass back through one of the grill spaces, If C> is higher in wltage
than the gun cathode, the beam will pass through C; and again be accelerated to S3.

COPY
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The same operation is performed by mesh Cy to select between red and green, Operation

can be either one or three guns. With one gun operation, C; and Co are sinusoidally

switched at a dot rate. Approximately 120 V p-p would be required. With three gun

operation, the three guns are biased as follows: Green cathode = =30 V, Red cathode =
30 V, and Blue cathode = # 90 V. By now placing Cy at # 60 V, and Co at ground,

each gun beam will hit the correct phosphor without the requirement of switching

volt ages,

CONCLUSIONS
A - Advantages of fered by such a tube =
l. No switching power required in three gun version.
2. Low switching power in the one gun version if the gun is switched.

3. A two-color tube can easily be produced by elimination of two grill
structures,

L., Low sensitivity to magnetic fields,

5. Gun differences in potentials (to produce color selection) is so slight,
picture size errors (red-to-green-to-blue fields) do not result.,

6. Operation can be either dot or field sequential.,
B - Disadvantages of the tube -

l. Usable viewing angle is limited by paralax errors produced by virtue
of the fact that the three phosphor screens are at different distances
from the viewer. On an experimental tube with a 300 line test pattern
and a minimum grill spacing distance of 25 mils (for 9 KV anode voltage)
the viewing angle was limited to 50 degrees,

2. The grill structures upon which the red and blue phosphors are placed,
reguire alignment. No other alignment is critical,

3. Phosphor must be prevented from plugging up grill holes. If this is not
done color errors will result,

L, A 10% blue haze results on red fields.

5. Beam blanking (for the one gun version) is required during the color switch -
over period for best color purity.

6. A 15% reduction in resolution is experienced on the color fields produced
on the grills over the one produced on the front glass surface., This is
caused by grill interference with the light produced on these structures.

C - Light efficiency of the tube
One Gun Three Gun
Blue 5% 15%
Red 7% 2%

Green 18% 5L%
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These figures include screen and mesh electron losses, screen and mesh light attenu-
ation losses, and electron losses which after direction reversal miss the desired
phosphor and are lost through a mesh hole. If proper one gun operation is to be
achieved, the one gun values must be equalized, to produce grey. Using the three
gun values, it is found by calculation fhat the light output luminance efficiency
for illuminant C is 3.62 F.L./m.w.,/c.m.“. This compares to a figure of 2.3 for the
three gun A.M. tube. ' .

REFERENCES

Stanley V. Forgue, "A Grid-Controlled Color Kinescope," Proceedings I.R.E. Vol. 39,
pages 1212-1218; October 1951.
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January 17, 1957

Mr, D, N, Timbie
Patent Section
Room 146 - Bldg. 5
SLECTRONICS PARK

This disclosure letter deals with a television receiver and picture tube
for the reception of pictures in color. .

A number of picture tubes for color picture reproduction have been. described
in the literature, such as the three-gun shadow mask tube, the three=gun post-acceler-
ation tube, the Lawrence tube, and the Apple tube. All of them have one or more short-
comings which tend either toward making the overall receiver performance unacceptable
or toward making the overall receiver cost excessive.

The tube I am about to deseribe is quite different from any of these and
overcomes the shortcomings of them, The tube is a single mun tube with its usual
control grid and cathode, The luminance or Y component of the N.T.5.C. signal is
applied to the control element in the customary manner as in monochroms practice,
The hue control is applied to the special face-plate that I provide so that if red
is desired in the picture, a voltage is applicd to the face plate connections to
cause the beam always to land on dots of red-glowing phosphor. A different hue
control voltage applied to the same face plate connections would be arranged to
cause the beam to land on blue-glowing phosphor to portray the blue colored portions
of the picture, This method, then, has an advantage that the hue control voltage
frequency need not be any higher than the color resolution degsired since hue in
nowise contributes to brightness and image detail rcsoluticn, Hazeltine has shown
color pictures with hue bandwidths as low as 100 kilocycles, although bandwidths up
to 600 kc are recommended for better color resolution.

The problem then resolves itself into the relatively simple one of pro-
viding some means for gwitehing hue at the picture tube screen at 2 rate of a few
hundred kilocycles per second as a maxdimum, I propose to accomplish this by means
of magnetic deflection, Figure 1 shows a portion of the screen of a cathode ray
picture tube built in accordance with my principle, ‘

The face of the tube is covered by a matrix of conducting strips A, B, C,
D, %y Fy, ete, zig-zagging as indicated, The hue control veltage is arvanged, for a
particular color, to cause currents to flow in the strips in the directions shown
\_ by the arrows, These currents will produce small magnetic poles on the face of the
tube as indicated by the letters N and S,
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Figure 1

If now the beam of electrons is caused to scan this area with horizontal
lines, it will be found that the lines will not be straight but will have wiggles in
them so ag to cause bunching at points marked x and vacanciss centered at points
marked o, Phosphor dots of one color may be deposited ot the points marked x so that
these dots receive current amd glow, The dots marked o may be dots of another color
glowing phosphor, and will not glow with the hue current in the direction shown.
‘However, if the hue current is reversed in direction, the scanning line bunching will
occur at the points marked o while vacancy will occur at the points marked x so that
the other hue will be obtained. I have described‘a tube suitable for two-color re-
production. One skilled in the art can conceive of an exteasion of the principle
whaereby three positions for color dats are provided whershy three-color reproduction
would be achieved.

I no current is sent through the conductors no bunching would occur and
the two colors would be equally excited, If the two colors are canplementary, the
mixed colors would be white if the phosphor efficiencies were properly chosen. The
tube could thus be employed for black-and-white monochrome reproduction,

I have demonstrated the principle of bunching and vacancies to i°. . i, .
iir, Do E, Harnett today in the laboratory by means of two permanent horseshoe megnets,
Either a bunching or 2 spreading could be observed depending on the ssquence arrange-
ment of the north and south poles of the two magnets, The tube used in this test was
& standard S-inch oscilloscope tube and the magnets were Leld outside the face of the
tube. The trace consisted of two closely spaced horizontal lines.
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Fipure 3

Spreading to form a vacaney is shown in Figure 2, while bunching is shown
in Figure 3. Note in the two figures that the two magnets have been turned over {poles
reversed) tc produce this difference. W and Y are unlike poles,

The condueting strip may be evaporated or deposited on the face plate to
form a continuous conductor with but two terminals external to the tube. The maze
may look like that shown in Figure 4 except that in a fullesized tube thers may be
hundreds of bends per picture tube height.
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The hue control signal may be derived from a single balanced synchronous
detector for the two color system whereby, for example, orange hue transmission
produces a positive direction current while cyan hue transmission produces a nege
ative direction current while no color transmission produces no current. This kind
of detector is well known to those skilled in the art, A simple circuit of this
type is shown in Figure 5. Chroma side bands are fed to the two rectifiers 1 and 2

¢
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REFEREBALE
SYBCARRIER,
Figure 5

out of phase by secondary 3 while the reference subearrier of 3,58 MC 4is fed in
parallel to the two rectifiers through a center tap on tne secondery 3. Impedance
matehing to the load may be accomplished by changing the ratios of transformers &
and 5 feeding the chroma sidebands and the reference subcarrier respectively to the
two detectors or rectifiers.,

It is seen that the tube I have described is devoid of certain shortcomings
that affect other color tubes, To name a few of them:

(1) The tube does not need a high voltage regulator.
(2) There is no bad effect from the earth's field,
(3) There is no convergence problem,

(4) A good manéchrome picture is obtainable,

(5) External cireuitry is minimized,

(6) No frequency greater than a few hundred kilocycles need be used
in switching,

(7) Vo separately supported mesh of wires or aperture plate is used
and hence no mechanical registration problem,

(8) The horizontal size my be varied at will without color contamination,
(9) Full fly-back time is available corresponding to horizontal blanking,
(10) No unduly gharp focussing is needed,

(11) The gun is a single gun of any good design,
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{12) The dots and meze can be put on by photo technigues through the
funnel without having to make a sezal near the rim of the face-
plate, '

(13) Any angle,deflection tube may bo built as desired - 709, 900, 1109,
obe., since the deflection problem and hue control are enbirely
divorced.

Will you kindly issue a patent docket covering this disclosure?

Signed

Date

Witness

Date

R.B,DOMBzper
1-21=57

cc:  DE Harnebt
JF MeAllister
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Color Picture Tube and Receiver
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Jamarty 29, 1957

Mr, D, N, Timbie
Patent Section
Room 222 - Bldg. 5
ELECTRONICS PARK

This letter concerns Mr, R, B, Dome's letter of Jamary 17, 1957, to
you.

Mr. D, E, Harnett asked me to make a calaalation about the magnitude
of the current through the conductors on the face-plate needed to deflect the

electron beam an amount equal to half the height of one rectangle of the maze
on the tube face,

For these calculations I assumed that the height of such a rectangle
would be equal to one line-width. Supposing there are 35 lines/inch on a 21"
tube, one line-width would be about 0,72 mm (0,028%), Computations showed that
a current of 5 mA flowing through a length of wire of 0.72 mm, with an ac=-
celerating wltage of 16 kV, would produce a deflection of the electron beam of
about 1.4 X 10~7 meters (55 X 10~9 inches) at the wire, i.e. at the face-plate,
Further approximate calmlations showed that a current of 500 amperes still
would produce a deflection of only about 0,2 mm (0,008"),

It is obvious that currents of this magnitude are not obtainable as
switching current at the face-plate of a picture tube,

(Signed) Henry J, Vanderlaan
Devel opment Engineering
TELEVISION RECEIVER DEPARTMENT

HJV:rer
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A DISCUSH1C OF TH', LAFF.RTY -
SIXTY DGR TUBYH
by: 1. &, LYUCH
ABSTRACT
A The present report deals with the 1957 status of the Lafferty tube, In-

portant factors relating to theory of operation, construction, basic differcnces from
other color tubes, advantages, disadvantages, and possible tube modifications, are
included. The purpose of the discussion is to present in concise form, the discussion
given to the Color Study Group on April 12, 1957.

N

S

CONC1.USIONS

A = Advantages of the One Gun Reflection Type Lafferty Tube

1. Low chroma switching power = 4.6 watts (215 volts r.m.s.) for a 24 inch tube,

2, Reduced projected tube lensgth,

3. No dynamic convergence circuitry.

Lo  Color purity more easily obtained and maintained since the phosphors are
layed down on the shadow mask and thus mask movement or distortion produces
the same phosphor movement.,

5. Mask heating is less critical for the same reason listed in b

6., Mask etching and phosphor printing can all be done outside the tube,

7. There is no mask to screen registration problem (only mask to reflector
spacing is critical).

8, Color control is independent of focus.

\u} - Disadvantages

1, Reflector-to-mask spacing must bz held parallel and spaced at 0.5 inches
plus or minus one=half mill (0.2%).

2,  The phosphor structure is visable and objiectionable both in size and curved
shape. The curved nature of the slits (and thus the phosphors) is nscessary
for most efficient operation. The curved structure could be broken up into
short horizontal slit and phosphor segments but would require a more complex
mask design,

\,; 3. Webbing lines are not visible but scanning lines and slit beating moire is

visible at low brightness.

4. Keystone correction must hLe provided.
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Unsymmetrical pinchusioning results because of the 609 neck offset.

Vertical dynamic focus may be requircd because of the difference in distance
between tlic jun-to-raster<top amd jun=to-raster<bottom.

Contrast ratio will be lowered because of four instead of onc glass-to-air
surfaces. Contrast will also be reduced boecause of haze light produced by
secondary electrons around both the aperturc hole through which the bean is
passing, and the spot wheres the beam is rcturming to the mask, On the other
hand, contrast will be imsroved because of the "ultravision" effect of the
66% liht transmission of the reflector assembly, and becausc of the 25%
non-light=reflecting area of the aperturec slits.

Light Output Capability

The following is a tabulation of basic liznt efficiencies and light losses in the
Lafferty tube. Both one and three gun fisures are given. Figures for the RCA
aperture mask tube are included for comparison.

[

<!

One Gun Three Gun Three Gun
Lafferty Lafferty AoMe
Calculated luminance efficiency for
an illuminant C field using G... 8.5 15.3 15.3
phosphors in Foot Lamberts/milli equalized non=equal- non=equal-
watt/square centimater. to produce ized ized
The numbers are based on measure- white
ments taken throuzh one clear
glass structure,
Mask transmission factor 25 25 o15
= AXB _ 2.12 3.83 2,3

fistimated light improvement factor

resulting from beam not having to 1.15 1.15 1.0
pass throush an aluminum backing

before hitting the phosphor.

=CXD 2,43 Lol 2,3
stimated light improvement factor

produced by beam landingz on the 1.15 1.15 1.0
viewins side of the phosphor.

= EX F = luminance efficiency pro-

duced at the phosphor surface in 2.79 5.06 2.3
FbLo/mowO/cDmozo

The numbers given in row G for theoretical luminance efficienciecs indicate

that the one gun Lafferty tube is slightly more efficient than the A.M. tube, The

iree gun version is roughly twice as efficient in lirht output. To produce these
ight output values, three additional factors must be considered in the cass of the

Lafferty tube. They are: gun conduction angle (one gun tube), peak gun current
capa?ility (one gun tube), and reflector transmission factor (both one and three gun
tube).

A switchinz conduction factor of LO¥ was proposed by Lafferty. The peak gun
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current, capability of the sinzle min tube must be better than the threc ~un ALY, tube

ravio
* 9

(for egual brishtness) by a factor equal to ta- product of the illuminance efficiency

conduction factor, And the factor three since the sinzle mun iz doing the

Lo, ot v R ! 2 a
work of three, Tiis rivesa walue of Ze —t X 3 = 6.2 for the increased current
Q §

capability remirciont of tho single qﬁn; The finsl factor to be concidersd is the
6% li~ht transmission factor of the Lafferty tube reflentor. since this factor
improves attainable contrast rmtio (in lishted room viewing) in the process of
attenuating phosphor lisht, its effect is not included in the above table,

TUBS CONSTIRUCTION R, ULiv3i NTS
— 1, Oblique slits in the mask (etched from both sides) Lo allow maximus practical
beam passaze for a ~wiven slit widih.

2, 51its held together by radial webbing lines to zive regidity.

3. !Mask vibration prevention by radial snare soldered to nask at mask center
with a drop of indium. The soiderins is done during bake out,

4e A 100 ohmm per suyuare tin oxide coatinz must be provided on the riusk side of
the reflector to which the switching voltase is applied,

Bs A several thousand ohm por square tin oxide coating rust be applied to the
viewin;; side of the reflector to prevent erratic charging.

& 6. Heflector to mask spacing must be held to 0.5 inches £0.5 mills or within
0.2% over the entire tube face.

7. Reflector to mask spacers must be provided ‘which will withstand 20 KV,
“ightlead silicate ~lass blocks are used which have a2 total of 53 ua.
leakage or onc watt of power supply loss,

8. An electron ~un of hish current eapability must be provided for the one run

tube. The sun developed focusad current from a large area cataode tarcugh
a small low=voltage first anode. Current density was then modulate: by a
three aperture einzel lenz. Resulting zero bias curront was from 1.5 to
3.0 m.a.

DISCUSSION OF TUB . OP KATION

The Lafferty tube may be either of two basic ﬁypesq Both arc showr in the

following diasram. The first is called the transmission ecase and the second, the
reflection case, In either case the throw distance L or So may be controlled by

changing either < , V., or V

"hen the voltage of V, and V_ are equal, the beam

will follow the dotted line higting the reflecetor (a misnomer Rere) at point 1 and
providing aperture mask operation. Vhen V. is larger than V,s the beam follows »
curved path to point B. This is the transmission case. Operation is quite comparahbie
to the post.nceeleration tube. The reflection case is realized when V. is lowsr in
voltage than V,- When the beam enters an aperture hole it enters a re%arding fiald.
This field affects both the beam trajectory and the beam focus. The ¥ component of
velocity is reduced to zero at point D (the X component remaining constant) and taen

\_increases in thc reverse direction with final termination at peint C, During this
process two types of focusing actions take place, The first is produced by the
aperture slits in the mask, acting as lenzes by virtue of the difference in electric
fields on the two sides of the mask. !ith the transmission type tube (V? > V4) the

v

action of this lenz is converging in nature. Uith reflection operation

e VO) the
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lenz action is diverzent in naturs. Thae seeond Locusing action occurs while the boean
is traveline throush the region betwesn the mask and the roflector and is produced by
the bendinz nature of the trajectory. Cince the desree of focusing action is dependant
upon V., V, and “*  as well as the previously mentioned aperture slit focusing
effact, these values must bec preperly set to insure a smaller beam width at the final
terminating point, than =t the aperture slits. Calculations by Lafferty(l show that.
. hest, focus is most easily obtainecd by centering the vertical sweep arocund an antle
60-degrees. This conclusion differs from that reached by Veimer(2) who chose

5-degrees for “. Such a tube will (because of less uniform focus} have less purity
tolerance. On the other hand keystonins will be less and phosphor structure will be
more uniform (S, will have less variation from top to bottom of the tube). Kaystone
correction in the 60-dezrce tube must compensate for a horizontal sweep angle change
of from Ll-degrees at the tube top to 8l«derreces st the bottom.

“'hen the Lafferty tube is operating in the transmission case, soveral new
factors must he considered. Among these gre: gix to eight times higher switch
.~ voltage (36 to 6/ times as much power) is required. Radiation woi.ld become 2 problesm.
Mechanical registration between the screen and the grill would bLe necessary. The
tube would be more sensitive to magnetic fiolds.

Other possible forms which the Lafferty tube might take, employ three guns,
‘me possible arrangement would be in-line mung at equal chthode voltages. Operation
\__ould be similar to the RCA shadow mask tube. No color switching voltage would be
- required. A second three gun possibility would have closely spaced suns (or three
coaxial guns) with the eathode voltages spread.  Thae spread in vollages would produce
color since the three different velocity beams would have different throw distances

S0 or L.

(1) James M. Lafferty, "Beam Deflcetion Color Television Picture Tubes,” Proc. L.i..
Vol. 42, pages 1478 - 1495: October 1954.

*y
/

\12) P. K. Weimer and N. Rynn, "A L5.degree feflection=Type Color Kinescepe,” Proc,
I.R.E., Vol. 39, pages 1201-1211: October, 1951,

L. . Lynchsrer
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ARSTHACT

The penetron is a cathode riy tube havin~ two or more continuous phosphor
layers on its face plate, The depth of penctration and therefore the choice of
laver can be selected by controllins the anermy of the scaming clectron beam, 1f
the layers emit different colored lisht, the possibility of producing a colored tele~
rision picture exists.

CONCLUSIONS

1. The simple, non=precision construction of the one sun pcnetron promiscs a
cost reduction as compared to the present HCA AM tube,

2, Dot-sequential (3,58 me) switching of the sin-le=min grille type penctron
wsing prosent-day hish switching volta~es (5-7 KV) does not seom practical.

3. Line-sequential and fisld-sequential switching .is pcisible, but of course
along with the usual defects of the systens.

L, Multiple=gun penetron tubes suffer from severe ccnvergence problens,

CONSTRUCTION

In its simplest form, the penetron tube is merel: a monochrome tubc with a
multiple layer phosphor screen. Firsure 1 shows tae lates’. two-color tube screen con=
struction which has been developed at thc General tlectri: illesearch Laboratory in

Schenectady .

= second l..yer
/ {vapor depcsited)
/
/ :
first laver
. o ' { powdered phosphor)
;Lai,f - 3y SRS Y N e ,',;”
4 , ,
£ R ST S faceplate
Fifure 1

Two~-Color Penetron ¢
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e first layer is a thin, very fine particle, settled phosphor. This has
* lirht transmission of 80%. The second laver is vacuum evaporatod over tho irgt
on2, Tha thickness of this laver must be earefmlly controlled to obtain the best

solor anparation with a minimuim suitehine yalt s '« A third layer could bs evaporated
npon the second layeor if thre: color anorution weve desired. The al uminizing is done

over the final layer,
0P RATION
LS

In operation, a low energy beam of clectrons will disgsipate most of its
enerzy in the second layer (the onc nearcst the clectron gun; and therefore give the
characteristic color of this phosphor, Some excitation of the first phosphor by
radiation from the sccond phosphor or by electrons that have peneirated the second
piogpnor nay occur and will result in a redvetion in color saturation.

A high energy beam will completely penetrate the second layer, dissipate
most of its energr in the first layer, and therefore emit 1i-ht characteristic of the
first layer, Some emission from the seeond layer will always occur, thereby reducing
the saturation, The maxirmum cclor satrration 1 either layer is less than 80% of
the saturation of a sincle layer of that pbosp;:\(g.\ An improvement, in saturation
appesrs to be possible only by the development, of new phosphors.

“xperimental tubes made at the General ‘lescarch Laboratory in Scaencetady
fave a4 blue powdered first phosphor and a y=llow vapor deposit~d second phosphor,
These tubes give yellow lisht at 15 ¥.V. and blue light at 22 K.V, ‘lork is presently
being done on tho development of an orange=cyan phosphor combination for two color use.,

The luminous efficisncy of the composits screen is less than 1/3 of the
efficiency of the same phosphor when used in a ningle layer. The evaporated pnosphors
have a lower efficiency than the corrosponding powdered phosphors. Improvements in
the phosphor deposition techniques may rais- tnc composite screen efficicncies somewhat.

Lowering of the switching voltages depends largely upori phosphor develop-
ments, Uith optimum phosphor layer “hickness 5 ¥ V. switching seems to be the minimum
value at the present consistent with scod purity.

SINGL S GUN TUR:SS

Assuming a one mun tube, colo® seiection can be accomplished by switching
the screen woltaze., Using a simple monochrome tube type of construction, where the
screcn and cone are tied to the secnnd anode, an a ppreciable rastor size change with
switching will occur. In fact, if macnetic deflection is used, Lthe raster size is
inversely proporticnal to the souare poot of the accelerating potential. For a case
where the screen voltage is switched from 15 K.V. to 20 K.V. a change in size of 13%
will occur. This will evidently neccasitate a correaponding sweep sizoe correction
to obtain eonvergence.

The chanpe of raster size preblem can 2 minimized by using the poats
acceleration principle. Here the ~un {and cone; 1is operated at a constant lower
potential and only the screen is switched, Unfortunately, if no grille is used,
there will be considerable distortion of th- picture when the soreen wltase differs
from the cone voltage,

: By using a grille, however, it iy pessinle Lo reduce tine picture distortions
fo a small value, For example, usin: a 90¢, 21 inch sylindrical face tube having an
internal face radius of 27 inches, the maxisum pi sconvergence at the edge when the
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\/’ sereen is switched from 15 K.V. to 20 K.V, (cone and pgrille at 15 K.V.) is only 30 mils
for a one inech ~rille=to-screen spacing, Since 30 mils is just within the maximum

allowvable misesnverzonce, a one [nch rrillestowscreen spacing is apparently the max-
irum permissible spacing,

Assuminz 2 21 inch tioce and a one inch screcn-to=rille spacing thic screen=
to=rrille capacity comes to 7C uufd. This capacity produccs difficultics wien high
switching rates are used. For 3.58 me sine wove switching with 5 kilovolts peak-to=
peak, the reactive power remired is § nVA, 1f 2 U of 50 is asswied the puwor' dissi=
pation comes to 100 watts., Jhis is evidently too hizh to be practical. The radiation
would also he quite severe.

Line=sequential 'witching looks morc promising. This rcquires a 7.87 K.C.
square wave of 5 K.V, peak to=peak amplitude. Osince a risc time of 11,5 usec. (horiz-
ontal blankin~ time) is reyuired, a handwidth of 30 K,C. is indicated. A 30 K.C. amp=
lifier with 5 K.V, peak-t(=peak output will dissipate 14 watts in the plate load
resistor, assuming that pakin~ coils are used to estend the bandwidth threc to one
over the uncompensated ¢ se, A transformer may Lo used to step up the output of the
amplifier tube to 5 K.V. This eases the voltage problem but will not reduce the power
requirement. Line-sequéntial switching therequ appears practical although the system
will suffer - from all f the defects of the line-gequential color system (erawl, coarse
structure, and color brzak-up.

Field=sequersial sw.tching appears to be easy with the low frequencies
involved. Unfortunate¢ly, the flicker with an N.[.35.C. sirnal without storage is
so severe that the syitem is rot practical.

Color=diff.rence switchinz presents an interestin;; 2-coler possibility,
Here the tube is operated witlr enoush D.C, on the screen to cause the electron beam
to give up most of ‘ts energy at the boundry betwecn the phosphor layers. 'hite
light is thereby pr>duced for monochrome repreduction, If a 5 K.V. peak-to<peak
0=Y sisnal is then used to sw tch the screen, 2=color reproduction will occur, A
600 K.C. bandwidt! amplifier vith an output of 5 K.V, peak-to-peak is required to
drive the 70 uufc screen. If peakin: methods are used to increass the bandwidtn
three times over the uncompersatved cas=, it turns out that 300 watts will still be

dissipated in t!z plate loac resistor, This is pronibitively high and rules out the
¢lor differenc: switching sethod.

MYLTIPL: GUL TUI.S

Swit hinz prol Le:qs can be alimin *od by usin: several suns operating at
N 4 different acce.erating oltages (cathede vultiges). Jr srtunately, the use of a

g oy ¥ -ras

common magnet:: deflec ion yoke is not possible because of the differing deflection
gensitivities,

A {wo or th- e necked tube is redulred. This produces some severe converg=
ence problems 'rcaugye jeparate yokes are reouired, Furthermore, keystone correction
of the off-zx'3 Muns is also necessary,

Fsr two=cclor Lse a two necked tube with both guns equally off-axis in a
b~ +zontal plane hay some possibilitiszs, Keystone correction of the vertical sweep,
,\/ «nich can be acconplished by unbalancing the vertical yoke windings, would be

required, ' Convergence, of course, would also be a problem but th
practical., g > prob ut the tube may still be
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i For throsscolor usc a three necked tube would be reaquired., The convor-mes
\ in this case is so much nore difficult that it is doubtful if this tube is proctieal,

+ gpeelal coaxial gun has becn proposad by Shepard Hoberts of th l.esearch
laboratory. In this arran tenent the i #: wvoltare =un 1‘ 28 throush the conter of tne
cathode of tne lew voltage sun to form o compositc beam. This composite bean is then
deflectoed by a suitable combination of mamnetic wd cloctrostatic defloction so that
hoth the hizh velocity and low valocity componants are deflected equally.

Unfortunately, the sun constmetion is cuite compl-x and L= conbined
deflection rather tricky, makinz th svsten somerhat costly. Of coursc this -un
\_ 1s only zood for tu~ colors.
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INVISTIGATION OF TH. GABOR COLOR
TILEVISION DISPLAY D.VICL
by: M.J. PALLADINO

ABSTRACT

This report deals with the principles of the Gabor flat color picture
tube and its operational advantages and difficulties. Included is a discussion
of the electron optical system, the technology of the scanning array and vertical
sweep; the construction of the shadow mask, phosphor screen and envelope, and reg-
istration and purity errors.

CONCLUSIONS

The unique features of this display device are its shallow depth, vertical
guns with reflecting lens system and the method of obtaining vertical sweep.

A 21 inch picture can be obtained from this tube constructed with approxi-
mately a 4% inch depth. This shallowness is achieved by using a vertically mounted
gun with three independently modulated cathodes and common grid. The three beams
leave the gun with £ 14° divergence, travelling down behind the screen and separated
from it by a mumetal plate. The beams then pass through a reflecting lens and
"collimator" which provide approximately /4 times the divergence; hence they sweep
the tube like vertical rods or columns. See Figure 1 in the body of this report.
The final bending is accomplished by a scanning array which consists of independent
conductors printed on a glass borosilicate cloth. The insulation properties of
this array are such that it requires a "potential gradient of one million volts per
cm. for breakdown", This novel electron optical system enables the handling of
three collimated beams and treating them as a single entity, thus eliminating
dynamic convergence corrections. In addition the final lens is capable of bringing
to a spot; of the usual size, three beams which diverge by 30° to 40°,

The vertical sweep is a traveling wave of potential variation due to the
differential potentials on the scanning array conductors. The charging and dis-
charging of these conductors is effected by the electron beam itself, In order to
realize the vertical sweep 3 to 3.5 watts of power is required with a gun capable
of delivering 1 ~ 3 ma of current for 8% of each horizontal line scan, and 1ms
during the vertical interval. The discharge current must be regulated to assure

constant vertical sweep and beam gating techniques employed for maintaining inter=
lace,

The charging of the array depends on the secondary emission from magnesium
oxide coating on the conductors. The second cross over point of the secondary
emission curve limits the ultor potential to 12 to 16 KV. In addition the trans-
mission efficiency of the aperture mask is in the order of 20%. Therefore; the
high light white brightness is limited to a maximum of 26 to 27 foot lamberts.

In order to maintain purity the beam must be held to within £ 1 mm
tolerance in a direction perpendicular to the phosphor screen. Consequently,
horizontal components of the earth's magnetic field plus any other extraneous
fields, transverse to the screen, must be attenuated to approximately 0.03 gauss,

The aperture mask is attached to the phosphor screen by folds or ribs in
the aperture mask cemented to the scrcen. Since they are separated by only 0,025"
they are handled as a unit and narrow phosphor stripes 0,005" wide printed by a
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screen sebtling process,

The envelope is made by pre-siresing and quenching, hence '"will withstand
pressurcs 3 to 4 times greater than normal glass®. In addition the flat tube
design has a built-in safety factor against implosions due %o the scanning array
3/L inch behind the screen and the mumetal plate another 1/8 inch behind the
scanning array.

The flat tube design offers a radically different type of television
receiver package. H owever, the cost of this tube would probably be in the order
of twice the cost of a normal aperture mask tube and more difficult to manufacture.
These factors, added to the additional receiver complexity, makes it apparent that
the Gabor tube does not provide the immediate answer to the "color display device"
problem,

DISCUSSION

The color picture tube discussed in this report was developed by
Dr, D, Gabor, F.,R.S., of the Imperial College of Science and Technolegy in London,
ngland. His invention is a flat tube having a 3 1/2 inch depth for a 12 inch
screen and 4 1/2 inch depth for a 21 inch sereen.

The tube is divided into two halves by a metal tray which carries the
electron optical system and simultaneously serves as a magnetic shield, The
electron gun has three independently modulated cathodes and a common lens system.
The guns are aimed vertically down and separated from the phosphor screen by a
metallic plate. The beams pass through a reflecting lens and "collimator" which
bends them back vertical so that they scan the screen like vertical rods. The
final bending is achieved by a "scanning array" which is charged differentially
over several horizontal conductors. The horizontal scanning is accomplished with
"X deflection plates" while the vertical scan is obtained automatically as will
be explained later, Color selection is obtained by passing the three beams
through the aperture mask slits at different angles; therefore, the horizontal
phosphor stripes are illuminated by independent beams.

ELECTRON OPTICS

Figure 1 shows the path of the electron beams from the gun to thes screen.
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As shown in the diagram, the guns have a common grid and accelerator,
they are rotationally symmetrical and essentially have three unipotential lens.
The first lens provides a triple cross over in a small stop at the ultor potential,
near the focus of the sccond lens which makes the three beams collimated; the third
is a field lens which provides an image of the triple cross over near the center of
the last lens for reduction of spherical abberation, Figure 2 shows three types of
focus controlling structures Dr. Gabor experimented with., The design of 2A provides

Figure 2

a parabolic locus of constant focus in the "X" direction and circular in the "Y"
directicn due to the parallel field. The channel design of Figure 28 provides
over focus in the X direction and under focus in the Y direction, consequently,
the locus of constant focus in the X direction becomes more parabolic while a
straight line focus is nearly wealized in the Y direction. The final design of
Figure 2C provided a locus of focus in the X direction with one<half the curvature

caused by the parallel plates of Fizure 24 and further reduced the circular locus
of constant focus in the Y direction.

The three beams leave the final gun electrode at ultor potential and pass
between the X deflector plateg which deflects them horizentally into a plane fan of
rays with £ 149 divergence., Following the X deflection plates are two pair of
trimmer electrodes to compensate for mechanical misalignments. The collimated
beams then enter the reversinglens which consists of a central, two side and a
repeller electrode and has several electron-optical functions. The repeller
electrode is at cathode potential, sc the plane fan of rays from the X-deflector
plates are converted into another plane fan approximately in the opposite direction;
however, they leave the repeller or reversing lens with about four times greater
divergence, Hereover, the reversing lens compensates the over={ocusing effect of

electrostatic deflection; this assures a near perfect focus during the scanning of
a horizontal line.

The three beams then pass through the "eollimator" which has a rectangular
magnetic circuit with an evenly distributed winding, therefore, a sawtooth correction

is required to obtain pure vertical beams. In optical parlance this electromagnetic
lens has a power of £: 0.5, {

TECHNOLOGY OF SCANNING ARRAY

The final bending of the beams is accomplished by a "scanning array".
This is a gystem of parallel conductors printed on glass borosilicate cloth,
varnished with silicone resin, "The array is outgassed at 3509C anc baked one
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hour at 400-420°C to ohtain the desired insulating qualitics.® The insulation
properties of the array were detemilned by evaporating stripes of gold spaced
0.4 mm on its surface and applying a potential. The breakdown votential was
measured as 10 KVs therefore, the maxinmum gradient before breakdown was approxi=
mately one million volts per em.

The 120 horizontal conducting lines have no direct relation to the line
number in the picture. They are not connceted to anything and their charging and
discharging is effected by the electron beam itself. The two sides of the array
are bent around in loops so that the clectron beam strikes the conductors in the
left loop during horizontal fly back, and the conductors in the right loop during
the vertical interval. In the looped regions the conductors are staggered upward,

The array is physically placed about 1/8 inch in front of the magnetic metallic
plate which separates the gun and screen.

VIRTICAL SW.P

The manner of achieving vertical sweep is the most unique feature of the
Gabor tube, Associated with the scanning array is a conducting strip at the top
tied to cathode potential and one at the bottom of the array at the ultor potential.
At the beginning of a field scan all conductors are chargec to the ultor potential
therefore, the beam travels up until it reaches the top of the array. Here the beam
is bent towards the screen due to the gradient caused by cathode potential. Horizontal
sweep is begun and, at the end of a line scan and faster than normal fly-back, the
beam rests for approximately 8% of a line scan in the ieft hand loop. Secondary
electron emission is suppressed in this loop so the conductors of the scanning array
are discharged to approximately 1/L the ultor potential. The beam is defocused in
this area so it falls on several conductors associated with line scans that will
follow. Once started, the transition zone automatically moves down as a wave of
potential variation until it reaches the bottom of the picture. The line scan is now
stopped and the beam rests in the right hand Loop,

The scanning array conductors, in the right hand loop, are coated with
magnesium oxide. A sereen grid is also placed in the right hand loop and held at
the maximum positive potential., Since the second cross over point of the secondary
emission curve for magnesium oxide cceurs at approximately 16 K¥, then the screen
must be held slightly below this potential to assure many secondaries per primary
electrons. While the beam is in the right hand loop it strikes the coated conductors
charging them up to the ultor potential: hence, the traveling wave moves up the
scanning array during the vertical interval. Thus, during the interval bhetween two
fields; the entire array becomes charged; when the beam reaches the top of the array
the eycle begins again.

In the Fnglish TV system the vertical field rate <~ % 5/ %{ﬁf and 405
lines per frame are used; therefore the horizontal frequency g
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The major capacity of the scanning array exists between the array and the metal plate
1/8 inch behind it. This amounts to approximately 250 uu/ft2, A 21 inch black and
white tube has about 2 ft2 of area. Therefore, the capacity of each conductor in the
arrays
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Assuming each conductor to be discharged from the ultor potential 12 KV to 3 KV in
2 or 3 lines scans, than the current recuired is: '
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Taking an average'cu rent of 2 ma and 8 us per line scan for discharging and 1 ms per

vertical interval for charging. than the averaze power reguired for renerating vertical
sweep iss
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The high voltage filter capacity required for the squivalent besam source impedance,
on the basis of a black and white tube (2000 volts per 100 ua), is determined bys
A = L2000 L~ cﬁ 2. 2 3.5 #eq s 7
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In order to assure that the beam advances only ore field scan line during
vertical sweep the discharge current must be regulated, Regulation is achieved by
taking an impulse off a one inch capacity strip running down the right side of the
tube, The signal sampled from this strip is in the form of .a sawbtooth of current;
if the peaks are too high the beam current is reduced, if the peaks are too low the
discharge current is increased due to the action of a current regulated amplifier and
integrating network. This same sawtooth of current is used for focus modulation to
aid in maintaining focus over the entire screen.

One difficulty encountered with the traveling wave type of vertical sweep
is the lack of interlace, There are several methods of achieving interlace which
require additional circuitry; however, automatic interlace can conceivably be realized
in the following manner., During the vertical interval the beam must remain in the
right hand loop to charge up the scanning array conductors; therefore, horizontal
sweep must be de-activated or a d.c. component added to the X deflector plates to
hold the beam in the right hand leop., If this d.ec, component is controlled by the
vertical sync pulse, i.e., an amplifier is turned on by the leading edge of vertical
sync and delivers the d.c, and turned off by the trailing edge; then a remote cut-off
pentode or an amplifier with a precise time constant could be made to remove the d.c,
during the first horizontal retrace of the first field, Interlace is then realized
because, on the second field of the same frame; a one half line time delay exists
and; consequently, the scanning array conductors are discharged to a different value
causing dissimilar potential gradients on two fields, It is obvious that .the precise
cut=off time required by the preceeding. coupled with the close tolerance and high
degree of stability, would amplify circuitry difficulties. As previously nmentioned,
interlace can be realized rather simply by adding another circuit not associsted with
d.c, control during the vertical interval. One method would be to use the trailing
edge of the vertical syne pulse to trigger & multivibrator on and the first horizontal
sync pulse of each field to trigger it off. The "trigger-on" signal can be obtzined
by integrating the output of the gyne clipper and differentiate the signal derived
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from the integrator, The multivibrator would then be uscd as either a gate for
turning the beam on, or off, during the time the beam rests in the upper left loop
awaiting for the first line of sweep. Interlace is then realized in the same manner
explained on the previous system; however, the precision timing is not required here,

THH SHADO™ MASK

The shadow mask is made of mctal copper foil of 0.0013" = 0.002" thick. On
this is printed a pattern of parallel stripes with a lithographers resist, The clear
spaces between the resist stripes, 50 lines per ihch, are about 20-23% of the total
area, This sheet is now crimped, so that it forms a ;reat number of sharp folds,
which stand out as closely spaced ribs at its uncoated back, about 0,025" high, The
apcrture mask ribs are then stuck tc the glass envelope, which is coated with a suitable
adhesive, such as silicon varmnish. The bare areas are etched, either with a mordant
or by electrolysis, and the resist washed off, A machine is under development which
can produce the crimped sheet continuously with the folds spaced by 035",

The end result is an aperture mask with 20-23% transmission. This low trans-
parancy, coupled with the restricted ultor potential, places severe limitations on the
high lipght brighthess capabilities., As pointed out earlier, the ultor potentinl is
limited by the second cross over point of the sccondary emission curve for the scanning
array coating in the right hand loop. Assuming the zun is capable of delivering 2 ma
at 15 KV and a 20% transmission aperture mask than the averare power at the phosphor
screen of a 21 inch picture tube is:
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Then on the basis of a "Luminous "fficicney” of 7ft L./ms/em? for an illuminant C
field yields a maxdimum "high light vhite" brightness of:
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PHOSPHOR SCH-N

The Gabor tube was made with 0.005" wide phosphor stripes by a screen settling
process, The aperture mask and screen are handled as a single unit since they are
separated by only 0.025", The apparatus desisned for the screen settling process
consists essentially of a column of air, in a large pipe, inte which the phosphor
powder is blown in such a way that the air column is not moved as a whole and the
powder evenly distributed in it. Durins the blowing the screen is covered by a
shutter below the powder cloud. Theo shutter is withdrawn when phosphor particles
below 10 microns had time to descend to its level, thus larger powder grains are
removed by the shutter. This simple process, coupled with the extremely small
aperture mask-to-screen spacing, makes narrow phosphor stripes realizeable,

Td.S TNV ILOPS

The envelope of the Gabor tube was prestressed by quenching to overcome the
need of extreme thickness neccessary with conventional glass. The tube envelope con=
sists of two glass shells, this desizn suggests the joint for bringings out all the
leads; therefore, the normal neck, capping and socket are not required, The leads
can be metal wires laid into notches in the rims of the shells, or they can be tapes,
in which case notches are not necessary. Glass solder in the form of a paste is
applied between the two halves and the envelope heated up. Durins this operation the
envelope is flushed with an inert gas to protect the cathode from oxidation, Once
the joint is made, the envelope can be evacuated and baked in the same heat, thus
avoiding unnecessary cooling.
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The end product is 12 inch tube with 7=-8 mm wall thickness which withstands
"3-l At. ocuter pressurc as compared to 1 At. for conventional glass." It was expected
that a 12 mm wall thickness would be necessary for a 21 inch tube to withstand the
same pressures.

The flat tube design has a1 built-in safety factor against implosions due to
the scanning array 3/L inch behind the screen and the rumetal plate another 1/8 inch
behind the array.,

ROGISTRATION AND PURITY

The color control is achieved by the normal shadow mask prinicple, but with
an important difference, In the conventional shadow mask tubes three beams are aimed
from separate guns towards one point on the screen. The beams are therefore separate
from the start at the cathodes, through the yoke, and up to the screen, Their exact
convergence must be ensured by deflection systems capable of handling a beam much
wider than any of the individual beams. In the Gabor tube, on the other hand, the
three beams are collimated when thoy leave the gun and remain overlapped throughout
most of their travel, They get separated only in what mizht be called the "screen
region” near the end of the trajectories, Here the three beans are separately
focused, near the entry into the final deflecting ficld, which throws them against
the screen. If this final deflecting field is correctly shaped, the three beams,
carrying the three fundamental colors azain come to a triple cross—over at the phosphor
screen., This has the advantare that the three beams separate slishtly, so that each
beam is collimated in itself, but falls on the screen at different angles. Thus
avoiding the moire cffect which mi~ht arise if only one or two of the finely pointed
beams passed throush the aperture slits. The strong final lens is of sufficiently
pood quality to bring together, in a spot of the usual size, three beams which diverge
by 30° to 409, It is due to this treatment of three beams as a single entity which
permits the oprration of this tube without conventional dyramic convergence circuitry.,

In order to maintain color purity it is necessary to guide the foei of the
threc beams along planes parallcl to the screen, with an error of £ 1 mm. in the
direction at right ansles to the picture, Consequently the magnetic shield must be
capable of attenuating the earth's magnctic field, plus any other fieldéﬁto a value
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Fisure 3A shows a transverse uniform masnetic field at the phosphor screen
which will cause deflections prependicular to the screen. FPFigure 3B shows a beam,
assumed vertically collimated, entering the bottom of the screen and traveling to the
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top. A 21 inch tube with a 15 inch heichth is assumed and a tolerance of £ 1 mm
indicated 2t the top of the sereen. Than the radius of curvature of the electron
trajectory, for this tolerance, is given by:
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Taen the maximum tolerable horizontal transverse magnetic field component is
determined from the relationship:

A —
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The horizontal component of the earth's magnetic ficld is several orders of
magnitude larger than this field intensity. Moreover, the magnetic shield in the tube
is parallel with the field components which will cause purity errors. Therefore, at
best, this shield will adeguately attenuate transverse fields in certain areas of
the screen, In addition 60 Ay components, which exceed the amplitude dictated by
Youation (15), will appear as floating purity errors similar to the effccts seen on
a post acceleration tube.

To summarize, the probable difficulties associated with the Gabor tube, in
addition to the cost of manufacturing such a tube, discourages the consideration of
this tube as the immediate answer to the color display device problem.
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h SUBJTCT: A Gabor Type Self Sweeping
, Tube Fmploying A Lafforty
Type Deflection Mask,

ELECTRONICS PARK - SYRACUS:

May 2; 1957

Mr., D, N, Timbie
Patent Section
Room 222 -~ Bldg. 5
ELECTRONICS PARK

This disclosure letter describes the combination of two existing tech-
niques into a new type of color picture tube, The combination has advantages
over either of the two techniques as they now exist in separate color tubes.

The present day Gabor tube is a flat, three gun, folded tube, which by
charging and discharging of insulated wires, provides its own vertical sweep.
Power for the vertical sweep is obtained from the picture tube's beam current.
Color is controlled by a "direction sensitive" screen and aperture mask assembly
-~ ‘both of which are attached to the faceplate of the tube, The arrangement used
\_ is shown in the following diagram:
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In region (A), the three beams are following parallel paths. In region (B), the
traveling wave of conductor discharging (which produces the vertical sweep)

U causes a field which bends the beams to convergence at the aperture hole (C).
"Direction sensitive" operation is re=lized since each of the three beams passes
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through hole (C) at a difforent angle. This tube can operate with a siygle un
provided the single beam is dot or field sequentially switched from position 1
to 2, and 3, depending on the color desired,

One of the principal disadvantages of this tube is the high cost and
construction complexity of the mask and phosphor assambly. The present proposal
will greatly reduce these factors by substituting a mask and reflector assembly
for the face plate structure previously shown, The new arrangement is shown in
the fellowing figure. The arrangement is similar to that used in the Lafferty tube.
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Operation is as follows: The three beams in region (A) are again bent into con-
vergence at slit (C), by the same field effect as described above. The three beams
after passing through the aperture mask enter a retarding field established by

the reflector which is ncar ground potential., This field causes the threc beams

to turn around and strikec the mask at some point in the region indicated by (D).
The potential of the reflector is held constant after original adjustment for
purity. Depending on tube geometery and the angle of beam entry through the slits,
the throw distance C to D may be set as desired, In practice this distance would
probably be in the order of one inch. Regardless of the distance chosen, color
purity is limited only by manufacturing variations in thc relatively small dis-
tance between (C) and (D), In the RCA type shadow mask tube, errors can accumlate
in any direction from one edge of the mask to the other.

For one gun operation, the proposed tube offers two possible methods of
selecting color, The first consists of dot-sequentially positioning the beam in
the region (A), to change the entry angle at (€), and thus the color. A more
practical approach would be to always have the beam in the center location (of

area A) and dot sequentially switch the reflector to control the throw distance
and thus the coleor,
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In making the msk, the slits and phosphor stripes can all be equal area,
parallel, and straight, only if the beams of clectrons in the region (A) are
parallel or collimated (not fan shaped with horizontal sweep). !'ith a fan shaped
sweep, the slits may still be straight {the vertical sweep traveling wave is
straight) but the phosphor lines will have to be curved to keep the throw dis=
tance constant. Alternate approaches would be to modulate thc reflector or uss
a curved shape reflector, DBoth of these complexities make thc collimated sweep
system appear the more attractive,

A discussion of this idea is given on pages 52 through 54 of my Patent
Notebook #1018 (dated February 11, 1957), Would you plecase docket this disclosure?
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Miscellaneous Investigation Report #79 Development Engineering
April 19, 1957 Television Receiver Dept.,

Light Amplifiers for Color Television

By: Michael Graser, Jre
Abstract

The present state of the art is discussed. Specifieally, the
construction and characteristicsof both single zlement and two
element light amplifier cells Is presented, The principle emphasis

A is upon the use of the light amplifier as a means of producing celor
by electrical switching of the cells.

Conclusions

1, The two element type of cell with its Iindependent choice
of photoconductor and electroluminescent phosphor appears to be
closer to practical realization,

2. The long decay times and the high electrical capacities of
the present designs make switching rates higher than field sequential
impractical,

3s Further development is required to obtain materials giving
the correct NTSC primary colors

.
Single Element Type
The single element light amplifier uses the same material as
both the photosensitive element and the electroluminescent phosphor,
The basic construction of this type cell is shown in Fig, 1,
Uv light
COﬁducﬂVe Coahng
y, :
por deposifed f;
L posi film J/

0 microns  thick -

sl f/afe / \\\\\\\\\\\\\\ T . DC

Fig. |

One material, which has been investigated to some extent by
D. Cusano of the General Electric Research Laboratory in Schenectady,
is zinc sulphide activated with manganese and chlorine, This
material when illuminated with ultraviolet light will glow with a
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yellow 1light. When the D.C, volitage is applied the brightness increases
considerably. Increases as high as 50 times, which correspond to a
gain of 10 photons for each incident photon, have been observed,

The decay times are rather long varying from 0.l seconds to
several seconds depending upon the magnitude of the excitation.
Similar decay times are observed when the D,C, field is switched,
These time constants are long even for field sequential displaye.

The electrical capacity of the cell is about 500 uvxfd/cmg
which means a capacity of about 1 ufd for a 21" screen. This

high capa city practically excludes any switching rates higher than
field sequential,

Development of other materials giving colors closer to the
N.T.S5.C. primaries and having shorter decay times is required before
this light amplifier appears to be suitable for color television.

Two Element Tvre

The two element 1ight amplifier consists of a photoconductor
electrically connected in series with an electroluminescent phosphore.
A source of low frequency A.C, (audio range) is applied to this
series combination as shown in Fig, 2.

electroluminescenT

P/)ofocohdu.cfor\ / phosphor
- /

| L

N

-—_>

()
9

Fig, 2

Under dark conditions the photoconductor resistance is higher
than the electroluminescent phosphor impedance thereby leaving only
a small portion of the applied voltage across the phosphor. Under
bright illumination the photoconductor resistance drops to a value
less than the electroluminescent phosphor impedance causing the
phosphor to be excited by the A,C, voltage, Amplification is achieved
by a proper choice of materials and the proper impedance match between
the photcconductor and the phosphor. Gains of up to 50 have been
observed,
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Fige 3 shows the basic construction of a typical two element
cell,

P/‘;of'o conduc/br*

conduclive  co af/'ng

dark ’ayCP —>C 7
e/ecrro/umin esc enf/ conduclive coaffnj
Phosphor

F/g. 3

Cadmium sulphide with the correct activator to secure the proper
spectral response appears to be a favorite photoconductor material,
Various electroluminescent phosphors are available to produce
different color outputs., The dark layer between the two materials
is used to reduce light feedback.

The decay times of the photoconductor may vary from 0.1 seconds
to several seconds. The decay times of the phosphors is around one
milliseconds It is evident that photoconductor decay is the
limiting factor in using higher switching rates than field sequential,

The electrical capacity of the cell elements will depend upon
the exact construction but same typical values can be given, The
photoconductor capacity may be 8 uufd/ema (assuming a 20 mi1 layer)
giving 0,01 ufd for a 21" screen. Thé electroluminescent phosphor
capacity may be 200 uufd/. 2 (assuming a 1 mil layer) giving 0.3
ufd for a 21" screen., Thése high capacities 1imit the exciting
voltage to the audio range and limit electrical switching to field
sequential rates,

Light Amplifier Applications

For obtaining color pictures, a panel containing many small cegls
is required. In the usual application a monochrome picture is projected
onto the photosensitive surface of a light amplifier panel consisting
of red, green, and blue emitting cells, Color selection would be
accomplished by suitable electrical switching of the cells, It is
evident that color selection rather than amplification is the primary
purpose of a light amplifier for celor television. A more detailed
study of the application of light amplifiers to color television is
givgn }a the next article "Use of the Light Amplifier for Color Display™

y L. rue,
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LIGHT AMPLIFL:R

FOR COLORR DISPLAY

by: T.T. TRUE

ABSTRACT

The use of light amplifier panels for color picture display is discussed.
“xample systems for both Dot-Sequential, and Simultaneous display are prescnted.

Requirements which must be placed upon materials and devices in order to make these
systems work are discussed.

CONCILUSIONS

A tri-color light amplifier pancl can be combined with a simple monochrome
picture tube to produce a coler picture display. This combination system may have
cost and size advantages over present color display tubes. However, in order to
make the system feasible, performance requirements are placed upon the light amp--

lifier device and upon the picture tube phospher, which are completely beyond thosc
which are realized in present technology.

Specifically, the performance requirements which are necessary are as
follows:

Picture tube =

This may be a conventional monochrome tube with onec exception - the phosphor
decay and rise time must be very rapid: (tg < -1 usec,)

" Licht amplifier -
(a) The lizht input sensitivity must be capable of being gated on and
off at 3.58 MC repetition rate (by electrical input),

(b) Tlectroluminescent materialks capable of giving NTSC primary lichtsare
necessary.

(¢c) The above function of gating and light production should be accomplished
with moderate amounts of power drivinz the light amplifier.

LIGHT AMPLIFI_: T CHNIOU:S

A - Introduction

Since monochrome television preceded color tclevision chronglg sically, the
concept of using an "adapter” for color naturally evolved. In the old CDS proposal ;
» whole color syvstem was built around the use of similar adapters (spinning “color
vheelg") for both the camera and the receiver,

7ith the present "cempatiblc” color system, the idea of using an adapter to
convert a monochrome display to color is still interesting, although rather difficult

to achieve, Consider, for a moment, whot restriction the NTSC system places upon the
color display.

Field sequential display, which involves di splaying successive {ields of
red, green, and blue, cannot be conveniently used because frame and field rate is too
slow to prewent "flicker" and "color breakup,"
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Similarly, line sequential display cannot be conveniently used because "line
crawl”, and low vertical resolution become objectionable.

This leaves two major possibilities for the display device:

(1) Simultaneous display may be used in which the red, green, anl bluc video
signals ar~ first derived from the composite signal, and then applied simultaneously
to the display device. ‘xamples of display devices utilizing this approach arc the
aperture mask tubes, and the post-acceleration tube,

(2) Dot _scouential display may be used, in which successive dots of red,
green and blue elements are displayed. The Lawrence tube and the Apple tube are
examples of display devices which utilize this method,

B - Light Amplifier Techniques

The light amplifier may offer onc possibility for a color "adapter" vhich
may be used with a monochrome picture tube. In Plgure (1), a simplified illustration
of a light amplifier is given., It consists of a layer of photo conductive material

physically adjacent to, and electrically in seriss with, a layer of electroluminescent
material ,

As incident 1isht on an elementary area of the photoconductor is increased,
the impedance of the photoconductor decreases, and the proportion of applied voltage
appearing across the electroluminescent material increases. Therefore, the light
emitted by the clectroluminescent material increases as incident light increases.
Thus, the incident light is "amplified” by the device. If a large panel is made up
of small elemental units, it can be seen that an incident picture may be amplified
and reproduced,

(1) Dot sequential display - One way in which the light amplifier device
might be utilized for color is illustrated in Fiure (2).

In essence, the "adapter" consists of three light amplifiers which can be
sequenced such that they are sensitive to incoming light only during desired periods
of time. The electroluminescent materials of the three amplifiers give lights which
correspond respectively to the R; G, and B primaries of the NTSC gystem. Three
separate panels are shown, although a single panel matrix might also be used., L-PC
material is deposited in vertical lines (say), so that a maximum of 1/3 of each panel
is "active," while the remainder is transparent. The active portions of each pancl are
staggered as shown in the figure.

The system illustrated in Figure (2) can be recognized as being sequential.
in synchronism, R, G, and B signals are sequentially applied to the picture tube
control grid, while the R, G, and B light amplifiers are sequentially energized. The
frequency of synchronizing, with respect. to sweep frequency, will determine whether
the system is field sequential, line sequential, or dot sequential. However, as
pointed out in previous sections, field and line sequential color displays are not
very practical when used with the present NTSC system. This restricts the frequency
of synchronization to one which is high enough to produce dot sequential display.
This means that the minimwm frequency of synchronization will be 3,58 MC. In. its
simplest form, the system would involve applying the composite video signal to the
control grid of the picture tube, and applying three 3,58 MC gating signals (approx.
120% apart) to the three light amplifiers.
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The techniques for signal circuitry which would be associuted with this
display are well known in present art, but realization of the display device itsclf
depends upon major development. The required performance characteristics which the
component parts must have in order for the system to be feasible, are as follows:

Picture tuhe recuirements
In most respects; the picture tube is the same as standard monochrome type.

However; one major exception is that a phosphor must be used which has a rise and decay
time of less than 1/10 u second. Thé tube light must accurately follow a sinusoidal
3,58 MC beam current variation. If this criterion is not met, color desaturation will
rasult.

One minor stipulation is that the imaged horizontal spot size must be no
smaller than a limit, determined by the stripe spacing of the light amplifier, If
the beam size becomes too small, moire effects may occur,

Light amplifier recuirements

The input 1i-ht sensitivity of each liht amplifier must be capable of being
electrically gated at 3,58 MC repetition rate, with an "on" period which is less than
1/3 of the 3.58 MC period. However, the output li~ht decay time does not have to be
particularly rapid, needing only to decay during about the period of one or sc frames
(1/30 second or sosf.

The photoconductor must be responsive to the spectm]l output of the picture
tube phosphor, and response time must be consistent with the gating requirements.

The electroiuminescent materials must be capable of giving light outputs
which approximate the NTSC primaries. Light output capability of 80 foot lamberts
(peak white) without "ultravision", or 40 foot lamberts with "ultravision" would be
desirable,

- (2) Simultaneous color display - Another approach which might be used with
light amplifiers is illustrated in Figure (3).
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The 1isht smplifier "sandwich" is similar to that of Fimure (2), exzept
that the required characteristics are different. The picture tube beam is unmodul ated;
tha light which it produces being uscd only to "scan" the light amplifier, i, G,
and B video signals arc applied to electrical inputs of the light amplifiers. Thus,
the plicture tube supplies the element position info rmationg while the light amplifier
electrical inpute supply the element intensity and color information.

The required performance characteristics for this system are as follows:

Picture tube -

Phosphor decay time of less than .2usec is nceded. No control 1rid mod-
ulation is applied to the tube, and therefore a simplified gun structure may be
possible,

Light amplifier -
The output light of each lisht amplifier must be proportional to its electrical
input signal. The equivalent electrical bandwidth must be at least 3 MC.

The electrical sensitivity of the lizht amplifiers must be capable of being
gated on and off depending upon prescnce of input light. The equivalent rise and
decay time must be less than .2 usec, :

&3

= POW (Picture-On-Wall) Display*

For some time now, the "ultimate” in television display configuration has
been visualized as a thin, flat, rectangular device which could be hung on the wall
like a picture, if desired. This type of device would be desirable for color display
as well as monochrome, but the problem of execution would naturally be more difficult
for color.

One way in which the POYW objective can be realized is by projection, using
light amplifying screens. Any of the light amplifier systems presented for color dis-
play might possibly be driven by incident light applied to the viewing side of the
screen, rather than to the back side. However, this adds two serious problems. Since
the input and output lights are not physically separated, regeneration in the light
amplifier will oceur unless the input and output spectra are sufficiently distinet
to be separable. Ambient lisht falling on the screen will also be amplified, This
will ruin contrast unless the input spectrum can be located in a region away
from ambient light spectrum. With sunlight, incgndescent, and fluorescent sources to
be considered, the region of low ambient excitation may be difficult to find.

One of the light amplifier color systems which may be capable of being reduced
to a rather thin dimension without using front projection is that shown in Figure (-3).
In this system, the picture tube provides only one function = that of scanning the
light amplifier. HNo modulation of the electron beam is needed; and also, no special
linearity of sweep, or sharpness of focus is required. Therefore, a very simple t'me
of small depth, wide sweep angle, tube may be used, the only requirement hein: that
the phosphor must have rapid decay time. In the end result, a flat scanning tube,
different from conventional tubes, may be possible because of the simple tub: remiire-
ments. 1f this type of scanning tube can be combined with a workable 1i-ht amplifier

# TIS #R56ELS62: "Feasibility Study of 'Picture-On-Wall® Display®
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"gandwich®, a color display which is substantially thinner than even present monochrome
tubes could result. However, both the scanning tube and the light amplifier need major
invention to be feasible,
T.T.TRUE: rer
April 29, 1957 -
E SYRACUSE, NI YORK T. T, True
MLECTRONICS PARK Development ingineering
TELSVISION RICSIV.R DIPARTH NT
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ELECTRICALLY CONTROLLED COLOR FILTIE

by; Ve s GOOD

The basic application ef an electrically controlled color filter would be
te place a transparent sandwich of appropriatc materials in front of a monochrome
picture tube and control its color filterinz action by applying electrical color
signals, This procedure would permit a direct view color display systen in which a
monochrome picture tube supplies the scanning and luminance portions of the signal
and the electrically controlled color filter provides the color.

There appears to be at least one method by which such a filter could be
made. That is a type of filter that depends on the action of an optical retardation
plate placed between crossed polarizers. Such a filter is called a Lyot=Ohman filter,
a birefringent filter, a polarizing monochromatic filter or a polarization interference
filter, In principle the retardation plate causes the system to become frecuency
sensitive, thus transmitting some wave lengths and cancelling others, giving rise to
a chammel or comb type optical filter. If the double-refraction or bi-refringence
effect of the retardation plate is varied by an applied field then the portion of the
gpectrum selected for transmission may be varied in a known manner, It is this funda-
mental principle I wish to describe and then discuss a possible method of applyiug
such a filter to a color TV systenm,

Color filters have been buillt for specific purposes and they all pe:form
essentially like this simple model., This one was made by placing stripes of scotch
tape between crossed polaroids. Quite a variety of colors are apparent in this one
stage filter, Let us briefly review the principles involved.

UN PoLAR 1 2ED
LiCHT

A

S

£ A, — Ke7ARDATION PLATE

Figure 1

Figure 1 shows how the plane of the polarized light from P, is rotated during its
travels thru the 3 A retardation plate and is consequently transmitted at P,, In-
asmich as the 90° rotation holds true for only one wavelength - light will be passed
at ;,%0 5 but not at adjacent frequencies, thus giving rise to color., If the polareids
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had been parallel then a,;muld not be passed, The pass band for a 2 .\ plate is:
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With a simple 2(\ filter it ies possible to makec a green or magenta filter
by crossed or parallel polarizers, The expression for transmission is:

—————

/i r

7

a————
where d = the optical path difference for the 7 and O rays.

To cbtain more precise selection of wavelength it is necessary to use two
or more stages in cascade, For instance a six stage filter has been constructed for

viewing the radiation of the Hzy line from solar prominances., This filter was 4 ﬁ
wide and centered at 65638 .
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o
Our necd for "saturation" is not that great (say 500 to 10004 wide), If
an 8 X stape is combined with a 2 )\ staze the transmission is as follows -
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To make such a combination "tunable" or variable it is necessary to add a
plate of material whose magnitude of double-refraction can be varied with an applicd
\ field, Various substances show such effects when magnetic or electric fields are
applied such as the well known Kerr cell, The Kerr cell requires the electric field
to be applied at right angles to the direction of transmission of light, which is
somewhat awkward in a practical filter, ADP crystals, cut perpendicular to the optic
axls and equiped with transparent electrodes responds to an in line ficld.

If such a variable element is added to the second stage of the propcsed
filter it is possible to vary the transmission thru the range of Blue to lied and thus
perform the basic functions required for a color TV filter.
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If the potential difference of A and B is zero, the color is green, if B is
positive with respect to A, the transmission goes to Red and if B ia minus; the pass
band is blue. Thus with a sine wave applied to the variable element it shoulc be
possible to realize a dot-sequential color filter, If the composite ecolor signal is

N now applied to the menochrome picture tube and the filter placed in front of the tube,
it should result in a colored display.
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A variable plate of APD crystal requires 4000 to 5000 volts peak voltage to
make the simple filter described above. With a2 capacitance of 3000 uufds for a 21"
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screen, it would require socveral kilo=watt_s of 3,58 MC switching power,
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It is apparent that the picture tube could be coated with a phosphor which
has the same spectrum as the 8 A filter and then perhaps a 2 stage filter with both
elements variable could be substituted to obtain easier switching and better color
saturation, The decay time of the picture tube must be not greater than 1/3 of a
3.58 MC cycle or ~ 0.{425 « As far as the filter is concerned - both large shzets
of polarcid and retardation plate material are available. Practical materials for
the variable retardation plates are not, to my knowledge, available. It has been
suggested that some of the newer plastics which may be electrically polarized may be
likely candidates, Dr. Wolf of the Qectronics Lab has suggested the Isotacticz
Pelymers. What is neceded of course, is a material which can be made in large shects
and has a high electo-optic coefficient. :

Certainly some loss of light will take place in the filter besides tae basic
50% due to the initial polarization, In a two stage filter with 80% transmission per
polaroid, the overall transmission thru three polaroids would be 0.8x0.8x0.8 or 50%.
With the initial 50%, the resultant is 258, If now 1/3 of the light is transmitted
thru the filter from the source then the overall transmission mizht be 8%, This leads
one to believe that a system which permits continuous transmission of white lisht
such as the one which uscs color video applied to the color filter is required. This
would permit 25% off on white high lights and one third of this on saturated eolors,
which would be quite acceptable, Ultravision would come with such a filter, Ome
severe preblem in this filter is the change of eolor with tho angle of view, Suggest-
ions for using a double layer of retardation plate with optic axes adjusted to give a
congtant retardation over a wider viewing anpgle have been made,

With a variable material having a high electo-optic effect and with improvasd
techniques for switching the filter it may be possible to reduce the switching power
to the one watt range and make such a system practical, Switching voltages of the
order of 100 volts or less would be required,

LIGHT VALV3S: TRANSMISSION AND RIFL CTION
1. Eidophor
The Eidophor with Dr. Glenn's modification for introducing simultaneous



&/

SLrCTRICALLY CONTHOLL D COLOR FILTTRS , -5 =

color would certainly show potential for future hore application if the proper materials
could be developed, It is our understanding that this is a long time off, and therefore
does not present a very hopeful avenue of approach at the present time,

One interesting example of a monochrome light valve for transmission was
sugpested by Ralph Bondley several years ago. This "valve" made use of an ADP crystal
plate that was scanned by an intensity modulated electron beam. Light, transmitted
through crossed polaroids was caused to be passcd or absorbed by the degree of
rotation of the angle of polarization induced in the ADP platc by the scanned electron
charge, This system is proposcd primarily as a projection one. However, the same
principles applied to a reflection type of light valve might make a direct view screen
possible., Such a "reflection type" lirat valve would be illuminated by ambient light.
This is a concept to which we have not given very much consideration, but it docs
seem logical to strive for a screen whosc performance increases when taken outdoors
or to the beach - rather than trying to generate larger and larger quantities of
light and then placing an absorbing filter in front of the picture to keep it from
being completely masked by ambient lisht. Dark trace tubes would also fall into this
catagory. Color displays of this type would require frequency selective absorption
or reflection type materials, It appears worthwhile to give more thought to a tube
that uses only a small amount of energy to chunge the reflectivity of the screen
surface and which can be made brighter by shining more light on it!

Finally, another possibility that is worthy of note is that of obtaining
color control by sccondary excitation. Here is a suggestion by which, perhaps, the
scanning and the luminance are contributed by an clectron beam while the color of the
enitted light from the phosphor depends on the presence of another form of radiation
or energy, say, another electron beam, a particular frequency of ultra violet or
infra-red light. Tach color might have a particular UV frequency of light associated
with it. Thus three UV sources of different frequencies would be required for three=

color television.
Nz
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Evaluation of the Electrically Controlled Color Filter

By: WE Good and TT True

The electrically controlled color filter is of importance to color TV
because it may lead the way to selecting colors external to the picture tube,
This permits the construction of a color TV system which consists basically of a
monochrome type tube with an external transparent panel whose color can be controlled
electrically, It is apparent that this is the exact analogy to the old wlor wheel
system except that the electrically controlled filter can be switched at much higher
rates than was possible for the mechanical wheel, Thus the electrical color filter

is potentially capable of being adapted to a dot sequential system, and take obvious
advantage of the simple monochrome tube as the source of light,

There are two types of color filters which can be controlled electrically,
These are the birefringent polarized filter and the dichroic polarized filter
(combination of dye and polarized 1ight)., Both of these make use of a variable
electro~-optic wave-plate which rotates the plane of polarization as a function of

applied electric field, The color or hue of either filter is a function of the
applied woltage,

Simple calculations and a brief survey of the techaical patent literature
indicate that any degree of color saturation may be obtained with these filters,
provided a large number of stages (5 or 6) is permitted. For the saturations
required for color TV, two stages appear to be sufficient. For example, Babits &
Hicks, (Electronics, Nov, 1950) state that they were able to obtain saturations of

504 with one stage and 90 to 95% with two stages. The latter should be quite
adequate for color TV,

It would be possible, todgy, to build such a color filter using the dot
sequential switching technique, except for two serious drawbacks. The first is
that it requires exorbitantly high voltages to switch the known electro-optic
materials and the second is that a phosphor is required that has an extremely short
decay time., If one assumes that research on these materials directed towards
reducing the switching voltage and shortening the decay times was successful, then
we can predict that the future color receiver will be of this type. While it is
impossible to estimate just how much improvement might be achieved by significant
research effort in this area, it is apparent that the specific dot sequential system
that was assumed for this analysis puts the most severe requirements on these
materials of any system that one might imagine. If one could devise alternmative
ways of color switching, pprtiailarly with the above limitations in mind, it is

quite possible that the extreme requirements mentioned may be relieved sufficiently
so that the materials could be realized at an earlier date.

A preliminary survey of the technical and patent literature, along with
basic knowledge of the NTSC system leads one to believe that more practical switching
methods may be devised, These fall into two basic categories: the first is to
devise color filters or color filtering action that requires less than the full
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90° rotation of the plane of polarization of the electro-optic material in order

to achievethe required clor changes and the second is to explore the possibility

of switching at chroma rates (0 to 0,6 mc) rather than at the 3.58 mec dot sequential
rates, It would appear that chrom switching requires a filter that is clear for
white signals and only changes as color is required. This implies a subtractive
type of color filtering action. It is not clear whether the readily available color
difference signals can be used directly to switch this type of filter or not,

In view of the above, a more detailed study is needed to determine the
future feasibility of the color filter approach, The study would be directed toward
devising a systen which puts the minimum requirements on the electro-optic material
and phosphor decay times as well as the associated equipment, The specific re-
qQuirements for the materials wuld be spelled out, An analysis of the subtractive
color approach would be mde to detemmine if any basic changes have to be made in
the color signal processing, It is suggested that three man months be spent in
clarifying the above points and that the project be reviewed at the end of that time
to detemine the appropriate direction to take from thereon, From a broad point of

view this study should be applicable to any device or system that selects color ex=
ternal to the twe,

The specific suggestions for carrying out the above program are as follows:

1. Review the tehnical literature on electrical color filters,
2. Study in detail the 10 patents that appear pertinent to this field,

3. Obtain information directly from the Polaroid Corp. on these
types of filters, (They appear to have the patents in this field,)

Lo Amalyze the problem of the subbract ive color approach as to the
signal processing required,

5. Devise simplified systems for using these filters for wlor TV and
state the mterial requirements for each systeamn,

6o Set up a small size color filter experimentally and become familiar
with its mode of operation, Materials are available which would permit
the design and constriction of an inexpensive two-inch diameter
electrical-color-filter which can be used for basic evaluation of
performance and for checking the theoretical solutions to the above
problems, It is very likely that this filter could not be swit ched
at 3.5 mc, however, it could be switched at a field rate amd the
basic principles of color selection could be evaluated and developed
at this lower rate. In fact it would be possible to view a large
monochrome tube through this small filter and futher determine and
evaluate the problems associated with this approach, While it is
not likely that the experimental part of this project can progress
too far in three months, it is fairly clear how one might proceeed
after that time, provided the overall evaluation looks favorable
at the review time, Briefly, it would be to continue with the
simple filter as applied to a field sequential two-color display,
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True, the saturated orange and cyan would flicker, but it would

be possible to look at color transmissions and eyaluate the
potential performance of this apmroach amd of the technique of
using the filters, These techniques would be applicable later

to three color displays but the two color approach would pemit a
quicker and less expensive way of cbtaining a preliminary evaluation.
If it still looks favorable at this point, it might be worthwhile
to change to line-sequential two color to gain experience in faster
switching and to have a picture tlat is less objectionable in view,
It appears that improved materials would be required to make the
next logical step to that of chroma-rate switching of a two=-color
receiver, This would be the basic break-through that is required
for the eventual sucess of a three color electrical filter and the
probability of reaching this point would be the thing that we would
be attempting to tie down at all times, It is somewhat fortuitous
that the basic materials ard techniques appear to be available as
well as a fairly clear path is indicated for both theory and ex-
periment to take, in order to check the feasibility of a system
that is highly speculative today.

It is concluded that the electrical-color-filter approach to color TV
is technically feasible provided that major improvements are made in the characteris—
tics of electro-optic and phosphor material, In order to determine the magnitude
of the improvements required it is suggested that a three month program be under—
taken to explare the most promising techniques for applying these filters, and to
specify the required material characteristics, An experimental approach is indicated
to supplement the study and to permit futher evaluation of the problems pertinent to

this system.

WEG: TTT:REL

We E. Good = T, T. True
Development Engineering
Television Receiwer Dett.
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Miscellaneous Investigation Report #89 Devel opment Engineering
May 31, 1957 . Television Receiver Dept,

Color Eidophor Theory

By: Michael Graser, Jr,

Eidophor is a light valve, projection television system employing a
Schlieren optical system., Fig., 1 shows the basic Eidophor pro jection system,

Light from the pro jection lamp strikes the slit mirror s Which is front-
silvered in equally spsced stripes, so that half the light is reflected down
toward the Eidophor tube and half passes through and is absorbed., The position
of the fromt-silvered spherical mirror inside the Eidophor tube is adjusted to
precisely reflect the light back to the silvered stripes so that no light can
get through to the projection lens. This is the unmodulated condition which
results in a dark screen,

The constant current electron beam scans a raster on the transparent
gel leaving a negative charge on the surface car responding to the scanning lines,
If the beam is now velocity modulated by a carrier frequency (30 me for example)
applied to a pair of horizontal deflection plates, the density of the resulting
charge distribution along the lines will correspond to this frequency. The at-
traction between these electrical charges and the silvered surface of the
s pherical mirror causes deformation (ripples) of the surface of the gel core
responding to the charge distribution, These ripples make the gel behave like a
dif fraction grating as shown in Fig. 2 (section taken through a secanning line
and perpendicular to the gel surface), The diffraction rattern being symmetrical-
ly off-axis passes through the slits on to the projection lens which focuses the
raster on the screen, The amount of light that is diffracted depends upon the
depth of the ripples, Therefore, if the carrier is amplitude modulated by the

video signal (black equal to zero carrier) a monoch rome picture will be produced
on the screen,

Dr, W, E, Glenn of the Research Laboratory in Schenectady has suggested
the method far getting color from the Eidophor system that is illustrated in
Fig, 3. Here the slits have been narraved to admit only that part of the dif-
fraction spectrum corresponding to the red, green, or blue primaries, Changing
the carrier frequency alters the spacing of the ripples, which causes a shift of
the position of the diffraction spectrum thereby permitting a dif ferent part of the
spectrum to pass through the slits, For example, if red is produced at 30 me,
then green requires 34 me and blue requires 39 me, If these three carriers are
amplitude modulated by Ry G, and B signals a elored picture results,

Dr, Glenn has proposed a two-carrier system to replace the three-carrier
system, This might use 30 mc for red, ard 36,5 me frequency modulated by B=G ami
amplitude modulated by ByG. Fig, 4 shows how color is produced by this arrangement ,
The Color Eidophor receiver described in the next article uses this idea,

Although the Color Eidophor system appears to be fairly simple it is
actually subject to considerable practical diffieulties, For example, the gel
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which has not been developed to date, must possess certain special properties,
It must have the proper conductivity and viscosity to pemit the image to dis-
appear after one framewhile still retaining some storage properties, The gel
mst also resist the corrosive effect of the electron beam,

The electron gun must have a 30 mc resoluti on, which requires a rec-
tangular spot of 20 by 30 microns. Finally, the Schlieréen optical systen must
have sufficient accuracy amd stability to block out all undiffracted light and
to select the proper clors accarding to the modulation,

Michael Graser, Jr,
MG:REL
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Subject: Color Eidophor Receiver

Electronics Park, Syracuse, N. Y.
June 11, 1957

Dr. W, E, Glenn
Research Laboratory
The Knolls
SCHENECTADY

At the May 1, 1957 meeting, held at the Research Laboratory in Schenectady,
you mentioned the possibility of using color Eidophar in a home TV receiver, As a
follow-up to this sugsestion we at TVRD have investigated the idea. B.A, Field ard
I have come up with a block diagram and cost analysis of a receiver using your
principle of obtaining color directly from the Eidophor diffraction pattem.,

Figure 1 shows the optical arrangements we would use., We assumed the
existence of a gel that could be placed on a stationary mirror inside a sealed off
tube, Furthermore, we assumed the characteristics of the gel were such that the
extreme scanning accuracy requirements could be relaxed, With these assumptions
we were able to draw the block diagram shown in Figure 2., We employed your scheme
of using 1 AM carrier for red (30 MC) and 1 amplitude and frequency modulated carrier
(center frequency of 36.5 MC) for the blue-green axis, To insure stability both the

low and high voltages were regulated. We further assumed that sweep width and height
servos would not be required,

The block diagram had a sufficiently close resemblance to the Crabapple
schematic (Crabapple is an optimized Apple receiver chassis) to permit direct
comparison, A slight modification of the Crabapple costs then was used to arrive
at the Eidophor chassis costs given on the cost sheet, This cost is based on a
100,000 unit per year production rate,

The breakdown of the optical system is given at the bottom of the cost
sheet. These prices are rather crude estimtes and are probably on the optimistic

side, The slit mirror and special long-life projection lamp prices are particulady
dOU.bt.ﬁllo

The Eidophor vacuum tube price was estim ted by J.C. Nonnekens and E,F,
Schilling of the Cathode Ray Tube Dept. They envisioned a gel-coated, spherical
surface mounted in a two-piece bulb having an optical faceplate and equipped with an
extremely fine focus, rectangular spot, eléctron gun, As the construction details
are largely unknown, the tube price is merely a crude estimte and according to
J<C. Nonnekens, definitely on the optimistic side,
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The total material cost comes to $466.09, This figure is at least $250
higher than the other existing color TV systems such as AM, PA and Apple, On the
basis of cost, the color Eidophor system does not appear hopeful,

We would appreciate hearing any comments you might have regarding this
analysis,

kel by,

Michael Graser, Jr,
Devel opment Engineering
Television Receiver Dept,

MG:REL
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June 3, 1957 Television Receiver Dept.
N—
Color Scophony
By: Michael Graser; Jr,
The Scophony television syster is 2 mechanical searming, light valve
- projection system, A simplified optical arrangement showing the basic principles
is illustrated in Fig. 1. N
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The heart of the system is the supersonic light valve. This wvalve
consists of a fairly long liquid-filled chamber containing a quartz piezolectrie
crystal at one end. When the crystal is made to oseillate, compression waves
travel down the chamber until they are absorbed at the other end by a layer of
absorbing material. As the index of refraction of the compressed and rarefied
regions is different, a pattern of variable index of refraction corresponding to
the compression waves is formed, If the spacing of the compression waves is
made small enough by using a high erystal frequency (arourd 10 mc), the liquid
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will act like a diffraction grating,

The intensity of the light in the diffraction pattern is a function of
the amplitude of the supersonic waves, Therefore, if the crystal frequency is
amplitude modulated by the video signal (black corresponds to zero amplitule)
the diffracted light will also be modulated by the video, The stop shown in Fig. 1
permits only the diffracted light (modulated) to reach the screen,

The modulated wave pattern travels down the length of the chamber with a
velocity equal to the speed of sound in the liqud. A rotating mirror is therefore
required to compensate for the moving pattermn, that is, image the moving distribution
as a stationary pattern on the secreen. By making the liquid chamber the right
length a complete horizontal line can be stored in the moving pattern,

It is evident that the compensating mirror ecan be a horizornt al line
scanning drum which will rotate at high speed (for a 20 face drum about 47 ,000

revolutions per minute are required for a 525 line picture), A second rotating
mirror drum is used for vertieal scanning.,

Color pictures can be obtained by using three Scophony units with red, green
and blue filters respectively, The three pictures then must be added by some
optical means to form a single, converged image,
Conclusions:

1. The Scophony system suffers from all of the disadvantages of a
mechanical scanning system,

2. The Schlieren optical system requires rather high mechanical
accuracy and stability,

3. Color Scophony will have convergence and grey scale problems,
Lo Since the picture brightness is determined by the light source; there is
no inherent brightness limitation,
References:

l.D&.Hw,%hﬁﬁmEmh%ﬁmHmwthmmwmu,HW,
PePe 3-=49,

2. V.K. Zworykin and G.A. Morton, Television, 2nd Ed., John Wiley &
Sons, 1954, pp. 274 - 278,

Michael Graser, Jr.
MGs REL
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FI LD AND LIN. 5.2 U.NTIAL T U-COLOR

JITRODUCTION

A cheap system for a twos=color receiver misght be feasible if the information
fi» the two colors, derived from a [l.T7.5.0, signal, field-sequentially were applied to
a L'o=color tube, e.g. a penatron, whore durin: the even and oad fields alternant
orage and cyan pictures are produced.

In order to determine whether such a systam would render an acceptable picture,
i has been tried out on the two-color recciver, mentioned in TIS 55-/AT=5, (J.i. Allen,
" ptember 9, 1955)., In this receiver two monochrome picture tubes, 17AVP4=A, have been
istalled; on the face of the tubes an oranze and cyan gelatin filter was placed respect -
vely. By means of a partly transparent mirror, the pictures of both tubes were combined
;0 one picture in two colors., The gray-scales were adjusted for a good monochrome

performance.

After evalurting field-semuential two=color, with the same sct-up, line-scquent.-
ial two-color was obs:rved.

T7ST_SLT-UP

To get field-sequential two-color, a 30 ¢/s square wave was applied to the G,
of both picture tubes so that during one half cycle the orange picture tube was cut-
off and the cyan tube normally conducting, and during the next half cycle the reverse,
The 30 ¢/s square wave was obtained from a Tektronix square wave zZenerator, and two
amplified phase=iiverted output woltages were produced by means of a cathede-coupled
phasc Inverter. A double diode clamped the top of the obtained square wave voltages to
the veltage levels of the original G, voltages, and then the output voltages were fed
to the G,'s of both picture tubes.

For the phase inverter at first a 12AX7 was tried with an anods supply woltage
of 450 volts, However, in order to cut-off the picture tubes completely during each
other half cycle, the brightness level had to be brought down to an unacceptable low
value. To be able to work with a reasonable brightness level, the amplitude of the
output voltages of the phase inverter had to be increased, For this purpose a 6BK7A
wag used instcad of the 12AX7, the anode voltage was increased to 600 volts (obtained
by a series connection of the outputs of two separate power supplies), and the square
wave generato: was terminated by a resistor of 300 <Linstead of the specified 93/ ,
in order to iicrease the output from 15 to about 30 volts.

The following circuit has been used for the tests.
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Fipure 1

FLICK R-T 5T FOR FIULD=S: UINTIAL T 0=COLOR TV

Both color and monochrome pictures were unacceptable due to bad flicker,
though the flicker was not as bad as three=color field-sequential with rotating disc,
which has been watched in the "lectronics Lab, Building 3. The brightness was about
half of that before applying the square wave. Further, when moving head or eyes while
the tube face was within the ficld of sizht, even unintentionally, a very noticable
color-breakup occurred; e.g, if the eyes were moving from right to left, a row of
successive oranie and cyan fields was seen, as shown in Fisure 2.

Figure 2

The whites flickered worse than the saturated colors, as the briphtness was
higher. On monochrome the flicker was as objectionable as on color.

— Next an attempt was made to get the least possible flicker in the whites and
in monochrome performances, by balancing the primaries for equal luminance. '/ith the
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G» controls the gains were adjusted for minimum flicker in the hipghlights, and with the

3 controls a uniform gray-scale was obtained. This gray-scale proved to be reddish for
minimm flicker. It was found however, that about 509 of the observers would adjust for
the same pray-scale, but the others wanted a settins either on the eyan or on the orange

side, for minimum flicker. For instance, a person with eyes less smsitive for ¢yan flicker

would adjust for a gray-scale more on th- cyan side than average, for minimim flicker,

The oranve seemed to Le more saturated than the syan. To increase the cyan
saturation, a second zelatim cyan filter was placed on the tube face, and the gray-seale
was readjusted accordinsly, It was still on the reddish side for minimum flicker in the
whites and in monocirome, though less than before. The monochrome picture was not bad
(barely perceptible flicker) although the brig-tness level was rather low comparcd with
monochrome sets, In highliphts of 20ft.1., even if there was no monochrome flicker,
still an impression of the presence of successive oranze and cyan fields was obtained.
‘he sensitivity of a person for flicker shanged with time however. Color=breakup was
very noticable too. In a color picture, the more saturated colors flickered very ob ject-

ionably,
SUMARIZING

The unanimous opinion of all who watched two=color field-sequential (at a 3C ¢/s
rate) was: Mo good; too objectionable flicker and color=breakup.

LIN =5 U NTIAL TWO=COLOR TV

Now that field-sequential proved to be not practicable, line-sequential two-
color was tried to see if it would render an acceptable picture., The frequency of the
square wave generator was increased to 7875 cycles per second, and synchronized with
horizontal instead of with vertical sync. The resultant picture for a white field is
shown in Figure 3, for an interlaced and for a non-interlaced picture. (To obtain a
steady 1007 out-of=interlace picture, pulses at line frequency were fed to the vertical
multivibrator-oscillator.) : ;
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(_ The slantine lines in Fipure 3 show the crawi. For a non-interlaced pictu?e, there is
4 not obvious up and downward crawl at equal speed; there is interline flicker, For
an interlaced picture, there is a very cbvious upward crawl at the same specd as the
non=interlaced crawl, and a not obvious downward crawl at thrice this speed.

From a distance,for cach field the eye combines ons oranje and one <yan line
together to one white line;, which is very obviousicrawling upwards. 4As a rcsulzi an
interlaced picture looiis to all extents as course as a non=interlaced picturs, For a
anturated oranre or cyan ficld in the picture, only one of four lines was scanned:
ecually conrse as white or nonochrome.

\_~ 0BT RVATIONS

Line=sequential, like field~soquential, has been watched by the group of
Dr. "'. . Goed and by Messrs. D.:, iamett, R,3, Dome, J.F. licAllister, G.A. Uchupp,
T.V. 7aloudek, G.F. Devine, D.N. Timbie, i..F, Schilling and other people.

Surmarizing the opinions after observatlons:

Interlaced line-sequential: objectionable crawl.

llon-interlaced line-sequential: not obvious crawl.

Joth equally coarss; whites, monochrome and saturated colors four timegs as coarsa

as B normal monochrome interlaced system, Both color breakup, crawl alens ed -es

in the picture: small bright objects and lines change cantinuously from orange to

cyan and vice versa, which makes those look like sparklinz jewels. Coloraed moire

effects are present. There are intensified beats compared with the interferences
\_ which may be present in monochrome systems, becausc these interferences now arc

beating too with the 7.825 kc.

Line-sequential was observed with cqual luminance primaries (reddish gray-scale)

and with white gray=-scale; no difference in performance was noticed,

In general, line=secquential two-color was considered as being too coarse, and

having objectionable crawl, color breakup and beats.

Mr., D, N. Timbie mentioned that flicker in blue is less noticable than in other
colors for the same brightncss. This was checked for field-sequential 30 c/s flicker,
The face of one tube was half covered with a blue filter, and the other half was
left uncovered. The brightness of the white part was mcasured, and the flicker observed.
Then the brightness level was increased till the brightness of the blue part was equal
to that of the white part before. The flicker was indeed less, but still present at a
brisghtness of 4 ft. 1.

\— PROrOSAL OF TIMBIC-DSVINY

A consideration has been given to a proposal by llessrs. D.N. Timbie and G.F. Devine
for a field=line-sequential three=color system: Scan odd fields green, and aven fields
line-sequential red and blue. The expected results are shown in Fiisure 4.

It is expected that thore will be no obvious crawl effects; that there will be
interline flicker. Obviously all saturated colors will flicker at & 30 ¢/s rate; green will
be twice as coarse, and red and blue four times as coarse as an interlaced monochrome
system. On a basis of the results of the two=color tests, this gystem seens also to be

\__ too objectionable.
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results are shown in Fimure 5,
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this report has

For red and bluc this system will
have the same effccts as the line-
sequential two-color; however, as thegs
are the colors in which the flicker 1is
less noticable than in green, and in
which a lack of information is les-
obvious, the objectionable defects
will be less noticable here, duc to
the always present grecn fizld.

On basis of thc above experiments
and considerations, it is felt tiut two-
or three-color field= and/or line-
sequential systems appear not to be
feasible, as far as N.T.5.C. spocif=

been carried out in cooperation by

sy J Samlor fonvn

H, J. Vanderlaan
Development -ngineering
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WE Glenn
June 21, 1957
Drs LoRo Fink
Research Laboratory
The Knolls

Schenectady, New York

During the May 1, 1957 Research Laboratory meeting you
ralsed several questions concerning field sequential color
television recelver operation. These questions have served as
the basis for two investigations by IE Lynch, TT True, and
mysslf on field sequential recelvers and field sequential
standards conversion. Reports on these invastigations are
attached,

We would appreciate hearing any commente you might have

regarding these reportso
Tl 2 Gla

Frank G. Cole

Color TV Product Engineering

Television Receiver Department
FGCserh Room 303, Building 5

Engs (2)
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MISCELLANEOUS INVESTIGATION REPORT
Plcture Tubes and Systems Considerations
Under Field-gsequential Cperation
By: TG Cole
and
IE Lynch
Abstract

The followling investigation relates to considerations of receiver operation

with field-sequential standards, All presently known tubes were given consideration.

The purpose of the investigation was to determine if any reduction in receiver
cost or improved performance resulted. With the presently available compatible
signal, such cost savings would have to offset the cost of a signal or standards
converter. Consideraticn is also given to future cost savings should field-
eequential standards again be adopted.

Conclusions

Several picture tubes indicate improved operation under field-sequential
system standarde, Chromatron and penatron are the iwo tube types that show
above average improvement. Both of these types have irmproved brightness and
require less switching power,

The results of a system analysis using the chromatron and penatron tubes
operating with field-ssquential standards indicate that clrenitry and cost
reduction can result. However, the $150,00 mamufacturing eost objective
established by the TVRED Marketing group can not be met through this cost
reduction. In view of the complexities of changing the standards, the design
problems of fisld-sequential, and the relatively low cost reductions, a
recomnendation for field-sequential standards ean not be mode,

Jubs Evaluations With Fisld-Sequential Operation

The following general comments can be made about present day color tubes
when operated field-secuentially:

1. Three gun tubes offer no improvement. Convergence problems still exist, and
tube brightnesps is reduced by approximately three times. Examples of this
tube type are RCA - AM, GE<PA, thres gun Lafferty and penetron, and the
Gabor tube.

20 One gun tubes with "accurate beam location® either by indexing or accurate
scan, are not improved. There is no easing of sweep tolerance or indexing
requirements, and brightness is again reduced by a factor of three, Examples
of this type of tube are "accurate beam scan tubes” and Apple.

3o One gun "direction sensitive" tubes are slightly improved by reduction of the
switching power required to change the direction of beam approach. Brightness
is increased by increasing conduction angle frem approximately 40 degrees to
gpproximately 120 degrees per color. Convergence circuitry is required end
registration would probably be more difficult than with three guns, Examples
of thle type of tube are the one gun M, one gun PA, and ons gun Cabor
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(with position switching in the neek). Exceptions to this statement are as
follows: The one gun AM with chroma rete switching or movement of the beam
in the tube neck, and the one gun Gabor modification with a reflector
electrode aimil‘ar to that in the Lafferty tubs, With the AM tube field-
sequential operation would produce the same white brightness but reduced
color saturation. Convergence problems would remain. With the Gabor

tube variation brightness would be improved.

Lo One gan tubes with "color processing at the screen®, offer improved operation
bacause of increased conduction angle and brightness, and because switching
power is generally reduced, Examples of this tube type are the Chromatron,
single gun Lafferty, and Dome’s magnetiec tube.

From the above discussion, it is seen that only the following four presently
aveilable tubes show improved operation with field-sequential operation:

L La.fferty

2. Gabor tube with lLafferty reflector.

3. Dome's magnetic tube.

4o Chramatren
Thess will now be discussed in move detail.
Laf'fertv Tuhes

Field-sequential operation of the Lafferty tube will result in deereased
switching power, Since switching power is small even at dot rate, this is a
minor factor. Brightness will be improved since the donduction angle per
color can be incressed from approximately 45 degrees to approximately 110 degrees.
Disadventages to be considered are secondary slectren haze, keystone cerrection

require;enb, power supply regulation requirements, and & mask tranamission of
mly 25 o

Gaboer Tube with Lafferty Reflector:

All comments made on the Lafferty tube apply here with the exception that
"eollimation®” will eliminate the need for keystone correction,

Domela Magretic Tubes

Field-sequential operation of this tube will dscrease switching power but
switching current and power will remain high. Physical size of the conductors
required to carry 500 amps switching current would be excessive. Only two=
color cperaticn can result. .

Chromatron:

Field-sequential operation of this tube will reduce switching power. Brightness
on saturated colors will be improved by a factor of three., White brightness will
not be improved over current Chroamatron circuitry where dot rate switching is
stopped when white is being produced. Subcarrier radistion will be eliminated,
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This tube scams to offer the best field=sequential possibilities of the four tubes
discussed even though tube cost is high.

In addition to presently available tubes and systems, several proposed and
experimental systems could be operated at a field-sequential rate. The most
preminent of these are:

1. Electrieally controlled filters.

20 Light Ampliﬁers':

3. Mechanically moved filters.

4o Secondary excitation.

50 Eidophoro

6. Secophony.

7. Single gun pentron,

Hlectrically Controlled Filters and Light Amplifiers:

Field=-sequential operation of these systems will réduce the recquired switching
power to the polint of practicability. With dot rate wwitching, an extremely fast
rise and deecay time (lees than 0.1 us) is required of the phosphor in the light
sourece, Field-sequential operation greatly lessens this difficult to attain
requirement. High-voltage regulation is required but may prove only slightly
troublesome if overall efficiency can be made high. Picture brightness should be
higher than with dot rate cperetiem since switching would be square-wave instead
of sine-wave,

Based on a filter capacity of 3,000 uwuf, a switching voltage requirement of
#ho5 kv, and a blanking time of 445 us the following numbers were calculated for
awitching power:

Power delivered to tube capacity = 3 watts.

, Power rsquived of broad-band amplifier to deliver this power in
the available time = 400 waits.

The actual power required for such switching may be anywhere between 3 and 400
watts depending upon the efficiency of the system designed.

The fcilowing calculation is an estimate of the theoretical switching power
reduction factor which should be saved by field-sequential operation. The factor
is proportional to the frequency ratio and is modified by a factor of 50 mince Q
miltiplication no lenger exicts, and a factor of 10 because square wave switching
1s required instead of sine-wave,



Report No. 96 el

power raduction factor = £ subecarrier e
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Mechanicallvy Moved Filters:

Mechanically moved filters offer operation with a monochrome tube. Picture
tube size is limited by filter rotation problems. Mechanieal systems always
preduce nolse. Color synchreaimm is difficult. The power supply must be
regulated to maintain registration. Receiver cost would probably be as low
or lower than any other known typs.

Secondary Excitation:

Switching power of this sytem may be reduced slightly by field-sequential
operation. High-voltege regulation is required. Picture brightness would be
improved since conduction angle would be increased. '

Eidephor:

Field-gequential cperation is presently used in this system. Picture size is
not limited by filter whesl sige. An altemaiw systiem proposed by Dr. WE Glenn
makes use of a more closely spaced defraction greting to produce color. Field=-
secuential operation of this system offers no advantages over simltaneous operation.

Seovhonyt

To produce simlteneous color, three units with color filters would probably
be used, Field-sequential operation would use only one unit with a color wheel.
With this arrangement, ewitching power would be low, picture size would not be
limited, brightness would be reduced (less units and light sources), registration
and regulation would be no problem., An altemmate mppreach would be to produce
the desired color in the eell, Field-sequential operation in this ease would
prebably produce equivalent operation.

Single Cun Penetront

With field-sequentisl operation, the penetron tube will require less switching
power, but switching voltage would be high with present phosphors. Using 2 square
wave type switching veltage, it is £calculated that a driving power scurces of 17
watts (besed on 100 wuf capaecity, £ 50007 switching, and a blanking time interval
of 445 us) will be sufficient. The power actually -iissipated in the tube's capacity,
is insignificant, Color reproduction with presently available phosphors would be
poor. FPhosphor efficisrdes are between three and five times poorer than powdered
phosphors. Should future phospher development eliminate this disadvantage, the
penetron would become a good field-sequential candidate,

_ggst and Circuit Consideration

The preceding section has shown that the Chromatvron and Penetron picture tubes
‘have the potential of providing above average improvement when operated under
field-sequential standards. Circuit and cost analysis of these tubes in complete
receivers are presented in this section in order to determine the improvement.

For comparison purposes only & color wheel machanieal system is alzo presented.
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The transmission standards used for this cost estimste are the 1951 CBS
standaxds. These were chosen baca2uss they are known in the industry and require
& ninimam of eircuit changes and no transmission bandwidth ehanges

Many observers judge the 1951 CBS standardes ae inadequate. In view of this,
stendards capable of production of a picture with NTSC quality were also considered.
These standards recquire higher frequency sweeps and switching and about 12 mes
trensmission bandwidth necessitating additional KF, IF and video bandwidth., Circuitry
and cost analysis indicates that an increese in manufacturing cost of $27.00
would suffice to handle the improved performance wregardless of the tube typs.

The cost estimates are for the manufacturing cost of a complete coler
television recsiver. The basis for the cost is a standard present production
monochrare U2 table model recsiver. Necessary eircuitry is added to this recedver
to operate the given tube and then a cost estimate ig made of the resulting receiver,
The receiver manufacturing costs are as follows:

Receiver Manufacturing Costs - Field-Sequentisl
%;? NTSC %tz
Chromatron Tube o o

Penetren Tube 188,17 215,17
Color Wheel with Monochrome Tube 175.00 202,00

Typleal NTSC receivers operating at dot sequential rate are shown below for
comparison:

Receiver Marmfacturing Costs - NTSC

Chromatron Tube $266,00
#Apple" Tube 258,00
A Tube 268,00

The Chromatren receiver, the one common to both field-sequential and NTSC
cost estimtes, shows a small cost reduction through use of transmitted field-
mequential signals. Considering the problems and cost involved with a standards
chenge, this reduction is not enough to warrant a change recommendatiom.

The Penetron receiver shows a greater reduction over the averege NTSC receiver
then the Chromatron. The projected tube cost accounts for this difference, The
pentron is now only in a stage of early development -~ too early to draw any
conclusions or recommendations from present projected costs,

The spinning color wheel represents a sizable cost reduction over the average
NTSC recsiver although pest history dictates that the marketability and the
viewing problems are ¢oo seriocus to give further consideration to this system.

In conclusien, the field-sequential standards do provide a raduction in
receiver costs bub not to the $150,00 objective of the TVRD Marketing groupo
In view of the protlems of the standards change, circuit design,and resulting
low cost reduction, a recommendation for fisld-sequential standards canmnot be made.

Zurl D L gdermndd Zoend

Frank G. Cole I Edward Lynch
Color TV Product Engineering Color 1V Development Engineering
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CORNVRSION OF Til . NT3C SIGNAL TO Fl1.1D-
SSOUSNTIAL O LIN =500U NTIAL SIGHALS
by:  T. T. TRUZ

ABSTRACT

Systams are presanted for conversion of the NTSC signal to one suitable for
application to field-semential or line-sequential color display devices.

COTICLUSIONS

It is technically possible te convert the NISC color signal to either field-
sequent izl or line-sequential type simals. However, the system required for this
conversion is both complex and expensive. There are certain basic functions of
scanning, storage, and rescanninz which are fundamentally necessary in the "converter”
It is therefore very doubtful whether the system could ever be economical or practical
enough for use in a mass=production color receiver.

Figures (1) and (2) show systems for field and line-sequential conversion,
respectively. Being extremely optimistic, it is estimated that thc cost, over and
above normal A.M. receiver circuit costs, will be 108 for the field=sequential
converter and 366 for the line-sequential converter. It can be seen, from these
costs, that any possibie savings which mizht be realized by use of a field sequential
or line-=-sequential color display device will be more than offset by the cost and
complexity of the necessary converter.

If a choice is made between the "lesser of the two evils", line=sequential
conversion appears to have the most future potentialities. Storage recuirements are
much less than in field=scquential systems, since only one or two lines of element
information need to be stored.

INTRODUCTION

In seeking possibilitics for a cheap color set, it has been proposed that

- fielde-sequential and line-sequential color display systems may be simpler and cheapar
than the presently used dot-sequential and simultaneous systems. Unfortunately, however,
the NTSC color signal does not lend itself to direct use with either field or line-
sequential display devices, But, with the hypothesis that field=sequential or line=
sequential display devices are cheap, a receiver system may be proposcd in which the
NTSC signal is first "converted", and then applied to a sequential color display. If
the "conversion" could be accomplished cheaply enough (say, twenty dollars), then the
overall receiver cost misght, indeod, be low enough tc be commercial,

TECHNICAL RUNWIRIMANTS FOR Til. CONV RT R

The NTSC signal has the following scanning rate:

Field rate 60 cps
Frame rate 30 cps
Line rate 15.73 KC

The red, green, and blue color signals can be derived from the NTSC composite
signal and applied either simultaneously or dot=sequentially to a color display device.
However, if the NTSC color picture is toc be presented by field or line-sequencing,
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without degradation, the scquence must be completed during the time of one NTSC fiald
(1/60 sec,), or during the time of one NTSC line (1.5_,17.;.5 sec.). This necessitates
new scamning rates as follows: s

Field sequential:

Field rate 180 cps R, G, and B fields presented
Line rate 47.25 KC sequentially, 1/60 sec. being
Frame mte 30 cps required to complete a semenze.

Linc sequential:

Field rate 60 cps R; G, and B lines presanted se-

Line rate 47.25 KC quentially, sec, being re-

Frame rate 3C cps quired to 15,734 complete a
sequence,

Now, the NTSC signal cannot Lo converted to the above scan rates by any
simple process, such as clectrical gating, The conversion fundamentally requires
some form of storage and rescanning. This is necessary becausc the new scanning
system calls for signal element information at a different rate and different tima
than it is presented by the NTSC signal.

The amount of required storaze is different for a field-gequential convertear
than it is for line-sequemtial. For a field-sequential converter, it is necessary to
store at least one complete field, and usually a complete frame of clement information,
However, for line-sequential conversion, it is only necessary to store one or two lines
of element information. Therefore, it appears that the storage problem will be much
simpler for a line-sequential converter,

PROPOS D CONVIRT!R FOR FINLLD-SiXU:NTI1AL

In Figure (1), a block diagram of a proposed scan converter is given. The
system operates as follows: Ked, Green, and Blue video signals are derived from the
NT5C composite signal by use of normal circuitry. These signals are applied to
separate storage tubes using normal 60 cps and 15.73 KC sweeps. The signals are read
out of the storage tubes at the new sweep rates, 180 cps and 47,25 KC. The signals
from the three channels then need only to be sequentially gated into a common output
in order to generate the desired field-sequential signal.

The knoun storage tubes which might be used in this application have very
high signal transfer less. For about S0 volts input video signal, only 10 millii-
volts or so output can be obtained. Thus, a high gain, wide band video amplifier
mst be used to amplify the output to ressconable levels, A voltage gain of 300 is
needed to ebtain second detector sismal levele, and a gain of 12,000 is needed to
obtain picture tube driving levels, The bandwidth must be 9 MC in order to corrns-
pond to an original video bandwidth of 3 MC in the conventional scan system, l!eed-
loss to say, this will introduce noise and stability problems.

If the reading and writing scan lines are oriented parallel to each othar,
moire effects will cause light and dark "bands” in the rescanned picture, However,
this can be prevented by such techniques as spot wobble; controlled beam size, or by
"cross scanning®, The first two methods do not presarve interlace resolution of the
original picture, whereas the latter approach does. But s 4n order for the cruss
scanning system to preserve all of the original interlace resolution, a bandwidtih
of better than 11 MC is necessary in th» video amplifiers following the storuge tube.
Bandwidths this wide would not be very practical, and therefore scme compromising of
vertical resolution will be necessary.
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CO5T OF NTSC-TO-FIELD-BIOU ATIAL CONVIRTIR

It is not nocessary Lo go into an exact cost analysis of the converter
system (Figure (1)) to tell that it will cost considerably more than 520, The major
cost is tied up in the storags tubes, but even the circuits which are associated with
them, when considerad separately, cost more than {20 to manufacture, Storazc tubes
of a type which mizht be used for this purpose in the immediate futurc cost around <600
apiece. Naturally, thc cost of these tubes in mass-production would be considerably
less, but it is not reasonable to expect the cost to ever be leas than thec cost of a
picture tube (say, i20 apicce)., The following is an approximate tabulation of the mass-
production costs of thc converter. Ihese costs do not include the video processing
circuits necessary to produce R, G, and I signals, nor any other circuits common to
the AM receiver,

hstimated mass-

Function: production cost
Storage tubes (3) Present cost 1800 %60
leceiving tubes (10) and circuits %30
Misc.: Yokes (6 matched) $18

TOTAL COST 108

The above costs are considered very optimistic, and actual cost of the
converter would probably be higher. :

PROPOS WD CONVIRT!R FOR LIN=SUUUINTIAL

A proposed scan converter for line-sequential display is shown in Figure (2),
The basic operation involved is very similar to that of the Fisure (1) system, Major
difference is that 60 cps and 180 cps sweeps are not necessary on the storage tubes.
Lines of R, G, and B signals are stored at 15.7 KC, and are read out at 47.25 KC sweep
rate. The sequential gate now operates at 15,7 KC rather than 60 cps.

COST_OF NPSC-TO-LINE-SHQUINTIAL CONVRTIR

The line-sequential converter should cost less than the field-sequential
converter because of the decreased storage and sweep needs., However, it is difficult
to estimate the exact cost for the storare tubes involved because their exact form is
not knewn.

Estimated mass=

Function: production cost
Storage tubes (3) : $30
Receiving tubes (8) and circuits w2l
Misc.s 6 yokes (Horizontal coils only) %12

TOTAL COST o

ALTZENATIV S APPROACH!S

Although the systems shown in Fisures (1) and (2) appear to be the most
straight forward approach to standards conversion, there are many variations and
alternatives which might also be used. Unfortunately, none of these appear to bo
appreciably simpler or cheaper. Some of the alternatives which arc considered arae
as follows:

Other storage means may be used, such as magnetic tape or drum storage.
This approach usually requires mechanical movement of beth the storage medium and the
pick=up heads. A "color wheel" field-sewential display device might be used with
this system, the same rotating means being used to drive both the color wheel and the
storage device,
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Different signal processing may be used prior to storage. For example,
the quantities Y, (R=Y), and (B-Y) might be derived and stored instead of R, G, and
B, This would complicate the matrix circuitry since it would now follow the storage
devices, but it would allow two of the storage devices to operate at reduced band-
width (500 KC) for the (R-Y) and (B-Y) signals).

The NT5C composite video signal could be stored dircctly without going
throuzh the processes of sub-carrier regeneration and color-difference sipgnal de-
modulation. This would requirc only one storage device, witi the color processing
circuits occuring after the rescanning operation. However, in order to derive a
consistent sub-carrier reference signal (which would be 10,7 MC in the new scan
system), extremely accurate time consistency would be required of the storage and
rescanning sweeps, Also, the storage device would need to be very linear to avoid
luminance errors caused by the presence of the sub-carrier signal.

T. T. True
Develeopment ingineering
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COLOR TV_SYSTEMS PATENT SEARCH

In order to complete the study of all the known color TV systems, & search
of the U.S. Patent Office files was made. A total of 246 patents were found that
pertained to color TV receiver systems and color display devices. Specifis
circuit patents which did not embrace the system concept were not included. 'The
degree of completeness of this file is indicated by the fact that the issue dates
range from 1912 to 1956. To facilitate the investigation, the patents were
divided into ten categories as follows:

1. Direction sensitive color selection.

2, (olor switching at the phosphor s¢reen,
3. Velocity sensitive color selection.

4o Light smplifiers and elsctroluminescence.
5. Accurate beam scan.

6. Color filters and light valves.

7. Projection.

8, Beam indexing systems.

9. Mechanical systems.
10, Miscelléneous,

Each of the above groups were carefully examined to determine if they
contained any significant contributions that would affect any of the system
analyses. No patents were found in any group that in themselves of fered the
possibility of the major cost break through for which this color study group
has been searching. None of the patenis presented information that affected
any of the conclusions presented elsewhere in this report. However, patents
were found in both the Beam indexing and Color Filter categories that
described techniques worthy of further investigation. For example, about ten
patents were found on contreollable color filters that present possible
approaches to this method. While none of these patents show color systems
that hewe been reduced to practice, they should be thoroughly analyzed on the
basis of receiver requirements in the light of the development of new materials.

In summary, none of the patents reviewed disclosed infermation that
altersd the conclusions pressnted in this report. A few patents were found
that should be studied further on the basis of future developments of materials

and precessas. ?
' % afbradek

TEVZserh Color TV Product Enginsering
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