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FOREWORD

This volume was prepared by the Westinghouse Electronic Tube
Division under subcontract to the Westinghouse Defense and Space Center,
herospace Division, Baltimore, Maryland on NASA Contract No. NAS 9-35L43. The
work was sponsored by the Instrumentation Equipment Systems Division of the
Houston Manned Space Center. Max Engert was the project engineer for NS/ (isC).

The program results presented began in October 1964 and were completed
in December 1966, Program Manager, R, A. White,was responsible for the program
management of the tube development and manufacture and H. 5. Wilcox was
Engineering Director.

The chief contributors and their fields of interest were Dr. G. Goetze
on the overall tube conception and design, A. van der Jagt on the heater
cathode, Dr. G. Goetze, A. H. Boerio, R. R. Beyer, H. ii. De Vries, and
K. F. Boll on the target, J. Vine on the electron‘optics, L. J., Haley on
reliability and D, ¥, Morehart on tube test.

This report is the final ;Technical Report" and includes all work
done on contract NAS 9-3548, Due to the voluminous material and classification

of some aspects of the work, the report is composed of four volumes.

VOLUME I This volume describes the overall objectives and require-
ments and includes unclassified design, development and

performance details.

VOLUME 11 This volume includes classifiedi design and performance
details.
VOLUME IIT This volume describes the development and qualification

tests and contains classified* performance details,

iii




VOLUME IV This volume is classified’* and describes development,
manufacturing, and performance details of the SEC Camera

Tube.

Declassified by NASA 8/1975

* Class ential.
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1. INTRODUCTION

Westinghouse Aerospace Division's Purchase Order No. 86KP-87-
96641-0S provided for the fabrication and delivery of twenty Secondary
Electron Conduction Lunar Camera Tubes. In addition to this, the
Westinghouse Electronic Tube Division was required to conduct extensive
" environmental, electrical and life tests. As supplemental tasks,Westinghouse

Electronic Tube Division carried out several investigations. They were:

(1) A Resolution Study for the Lunar Camera Tube

(2) Moisture Damage to the SEC Target

(3) The Ribbon Cathode Development for the Lunar Camera Tube
(&) A SEC Target with High Storage Capacity -

(5) Investigation of Target '‘Burn=-In"

(6) The Influence of the Reading Beam Diameter on Resolution

Establishment of Reliability and Quality Control plans was required
in addition to a high degree of documentation to piovide traceability of

parts and processes.

In spite of detailed electrical testing, there remains a subjective
component in final evaluation of the tube for suitability to its ultimate
use. As a result, considerably more than twenty operable tubes were delivered

from which tubes for the miss ions were selected.




This report deals with the production of tubes and investigations

to facilitate this by increasing yield and improving performance.




2, DES IGN CONS IDERATIONS

Changes in design of the tube as described in the contract
proposal have not been radical. They have evolved out of the necessity for
reliability in manufacture and for optimizing performance without causing a

tube/camera interface problem.

The first design (WX-30298) utilized a 1 watt cathode §n the
scanning section to get started, since the | watt design was avaliable for
immediate use. This was subsequently replaced with a .2 watt pelietized
cathode assembly bought from Sylvania Electric Products when the WX-3§034
was designed. Considerable effort was expended to ruggedize this cathode by
assuring a rigid anchor of the heatér and cathode leads in fg¢s support ceramic.
The amount of support is necessarily limited sitwce addjtiomed mass or increased
heat conductivity of supporting members tends to Yower its efficiency drasti-
cally. The ultimate performance of the assembly sti4§1 depends upon the
integrity of the assembly as received from the supplier. (See Ribbon Cathode

Development Report, Appendix C).

The target mesh assembly was modified to minimize the signal
generated by a change in capacitance caused by a variation in spacing between
target and mesh during vibration. The modification consisted of changing

the unsupported area of target and mesh from a circle whose diameter was the




diagonal of the raster, to a rectangle only slightly larger in each
dimension than the raster area. The intent was to reduce the excursion of

the membranes and raise the resonant frequency.

A major concern was the survival during vibration of the SEC
material deposited on the target substrate. Extensive tests beyond specified

limits indicate that the destruction level s well above our limits.

A requiremgnt caused by the tube/camera interface necessitated
change in suppliers of our fiber optic faceplate and resulted in a chemical
incompatibility between the new fiber optic plate and photocathode processing.
An entire new approach to photocathode processing was required to produce a
satisfactory photocathode without damaging the target. (See Section 5 for

further details).

The exhaust tubulation was removed from the button stem resulting
in a net reduction of overall length, an improved method of affixing flying
leads, and improved reliability through reduction of cracks and leaks in
that area. Exhaust is now carried out through a side-arm appendage which is

removed from the tube after processing.




3. MANUFACTURING

Production was initiated in the Image Tube Technology Laboratory
where assembly was carried out by technicians under the direction of the

lunar camera tube engineering section.

In September 1965, the lunar camera tuBe manufacturing program was
physically moved to the image manufacturing dcpartment which up to this point
had been concerned with the construction of image orthicons and vidicons.

The imposition of detailed control, complete documentation and rigorous
inspection was perhaps the most difficult facet of this move, However, the
assumption by the manufacturing organization of the scheduling and assembly
details permitted the rapid introduction of modifications such as "side-arm
exhaust', ruggedization modifications,and photocathode processing by the

engineeriny department.

Manufacturing capability was limited by the availability of exhaust
positions and one of the first changes was a reduction of the exhaust cycle
from 3 days to | day through the use of higher temperatures compatible with
the target. Considerable attention was given to the possibility of gas or
ion spots in the tube due to residual gas as a result of the shortened
exhaust cycle. But this did not prove to be a problem, possibly due to
rigorous cleaning and a pre-exhaust vacuum bake and storage of the major tube

sub-assemblies under vacuum until the day of final assembly and exhaust.
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Askls common with image tube manufacturing, certain problems appear
in epidemic proportions from time to time. The lunar camera tube was no
exception, but probably because of the precise documentation required of us,
causes were quickly discovered and remedial work initiated at once although
many tubes had to be ''run through the mil1" before an effective fix could

be found. The next four paragraphs briefly describe four of these problems.

3.1 Cracked Button Stems

This problem was caused by the difficulty of annealing the button
stem after sealing of the tubing to the exhaust system and subsequent tipoff.
The situation was avoided by elimlnatiﬁg the tubulation from the button stem
and using a Parker compression fitting to connect to the gxhaust sys tem
through an appendage on the image section. Removal from the system was

affected by pinching off a connecting copper tubulation.

3.2 Stripped Seals and Cracks in Image Section

This problem resulted in high scrap in assembly, and occasionally
showed up in compléted tubes. Improved cleaning of parts prior to glassing
not only reduced sérap in assembly, but permitted higher exhaust processing

temperatures without risk of cracks in finished tubes.

3.3 Low Photoresponse

This is an ever present problem that required constant vigilence

on the part of manufacturing engineering. As can be seen from the control




»

. chart (Finne i), the variation in sensitivity from tube to tube can be
greater than the average value of sensitivity for the tubes. The control
char' also demonstrates clearly that the average photoresponse increased
mificantly (beyond the 3 sigma limits of the control chart) as we gained
exper ience making this photocathode. Three innovations are believed responsible

for this improvement:

(a) Improved cleaning of the fiber optic prior to

assembly in the tube,

(b) Vacuum prebake of the image seci’sn of the tube after

the fiber optic assembly is heliarc welded on, and

(c) Higher exhaust temperatures prior to photocathode

processing.

3.4 Poor Cathode Emission

An epidemic of tubes having no or low thermionic cathode emission
was traced to improperly cured high temperature cement which was used in
the process of ruggedizing the cathode. A change in the design of this
cathode was made which eliminated the cement entirely and features supports
brazed to supporting ceramics. Modifications were also made in cathode
processing on exhaust to minimize poisoning of the cathode by products of
photocathode processing and incidentally to minimize poisoning of the

photocathode by products of thermionic cathode breakdown.(See Appendix B).

During the period of manufacturing in the factory, the entire

""clean room' area was re-built and equipment was upgraded to meet the rigorous
7




demands for "Lunar Quality".

Training and retention of trained assemblers was a serlousvproblem
particularly durirg the summer vacation period. During some periods produc-
tion was nearly shut down when rejection of assemblies reduced yield almost
to zero. Rejections were sometimes for appearance defects which probably
would not affect performance or reliability. However, it was necessary to
maintain an inflexible posture with re;,pect to quality in order to assure

no relaxation in the more critical operations.




L. ELECTRICAL TESTING

A test set was constructed to operate and evaluate the performance
of the tubes at 10,2.5 and .625 frames/second both in a static condition
and under vibration on a sine wave vibrator in an area adjacent to the test
set. From the start our major difficulty was the isolation of our tube and
test set from the electrical noise in the factory. Use of a screen room
attenuated the noise but did not eliminate it, particula?ly when the tube

was operated in the .625 frames/second mode.

Electrical testing was performed in four steps for a shipped

tube:

(a) Initial test to determine advisability of further

processing and test.

(b) 48 hours operation in overscan and reduced light level.
This ""dynamic aging'' was designed to stabilize the tube

operation prior to characteristic tests.

(c) Characteristic tests to determine if tube is potentially
suitable for shipment. If so, it is subjected to sine
wave vibration, thermél shock and hold under a positive

pressure of argon,

(d) Final "pre=ship'" to determine if any change has taken

place during prior tests and operations.

9




TYPICAL PERFORMANCE AND DISTRIBUTION OF
OPERATING PARAMETERS WX-31034

Figures 1 to 3
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5. RELATED INVESTIGATIONS

During the course of this contract, several investigations were
performed with the goal of improving the performance and/or reliability
of the device. A brief summary follows and the detailed reports are

appended.

5.1 Electrical Breakdown Through The Faceplate

As operated in the camera the fiber optic faceplate must withstand
an electrical stress of 8 kV between the planar outside surface and the

spherical inner surface that provides the substrate for the photocathode.

Early tubes demonstrated an intermittent spurious signal that
appeared as a flash in the resulting picture presentation. The source was
traced to an electrical discharge occurring in the body of the faceplate.

The Mosaic fiber optic conducted about one nanoampere at 8 kV in its raw
state and up to 10,000 nanoamperes on a finished tube. Similar tests of
Corning faceplates showed about .5 nanoamperes and 50 nanoamperes respectively

without the discharge typical of the Mosaic plate.

Production was immediately changed to utilize 100% Corning plates
and this immediately precipitated a photocathode problem, since it was found
that the Corning fiber optic was not compatible with the photocathode pro-

cessing technique then in use. |t was necessary to devise a schedule that

15




incorporated a higher temperature and still not damage the target. It
was finally possible to adjust the schedule to the paint that photoresponse
on the average equaled our previous results with Mosalc plates and individual

tubes exceeded our best previous results.

A copy of the report on this investigation is included as Appendix

5.2 Ribbon Cathode Development

As previously mentioned, the present design of thermionic cathode
is purchased as an assembly and modified to ruggedize it. But there have
been inherent difficulties with this, not the least of which is variation

of quélity beyond our immediate control.

A back-up design was initiated By A. van der Jagt in September

1965, the result of which is a directly heated ribbon cathode supported

between two cantilevered springs. Its vibration characteristics seem excellent
and reliability would be vastly improved over present design. It has sufficient
emission to operate the tube at the .2 watt input, but the necessity of a

directly heated cathode posed sufficient camera re-design problems to prevent

incorporation into any tubes. This work is reported in Appendix C.

5.3 Target Burn~-In Problems

As the project progressed, it was learned that intense lights
would appear in the field of view and be such a size that it would not

activate the automatic light control function. As a result, a high contrast,

16




high intensity light would be imaged through the lens of the camera to

the tube. Investigation showed that the photocathode was not affected by
incident light of this magnitude (several hundred foot candles). Our
attention was then given to determining the tolerance of the target to the
results of this exposure. Several tubes were subjected to conditions
simulating those described above and various combinations of photocathode
voltage, illumination and time were run to determine, if possible, parameters

for the onset of damage.

Within the limits of our investigation it was determined that
irreversible damage does not take place when the tube is operated to produce
an output current no higher than that of the maximum operating point. The

= -8 kV and

. i H 1 i -
maximum operating point being the signal current at Ephotok

illumination raised to the point that resolution starts to smear. A constant
current curve produced by decreasing photocathode voltage to compensate for
increased illumination describes the A.L.C. and defines the upper 1imit before
onset of damage. Above this point, the permanent reduction in gain is a
function of primary current, photocathode voltage and time. This work is

reported in Appendix D.

5.4 Resolution Study

A separate study to determine the resolution capabilities of
the WX-31034 was carried on concurrently with the production program. This
study was valuable in pointing out just which parts of the tube were limiting

the resolution and in establishing design centers.

17




The findings of the report established that the aperture respohsé
and limiting resolution for the tube as produced was close to the theoret €4l
limits for this design. The final report for the resolution study is in

Appendix G.




6. RELIABILITY

The end use of the tube necessitated considerable exberimentation,
test and evaluation u:{}Sure a high degree of reliability. The goal of the
reliability proéram was control of manufactdring material and processes to
assure that tubes delivered for the mission were, statistically speaking,

from the same population as those tubes from which information was derived

by destructive tests.

6.1 Environmental Testing

Environmental testing was used as a design tool to determine the
optimum tube configuration as well. as a method of assurance that the tube-

as manufactured will operate and survive under conditions of the mission.

6.1.1 Development of Ruggedized Design

Mechanical design of the ruggedized tube was carried
out by breaking the tube into three functionally different sub-assemblies.

They are the image section, the target-mesh section and the scanning section.

Mechanical samples of each section were subjected to
vibration, analyzed and modified where necessary. This method permitted us
to make many assemblies in a short time and eliminate the possibility of

spurious results due to non-environmental defects. A number of complete

19




operable tubes were then tested to destruction to verify the design. Tests
were devised to identify resonances in specific structures so that every
tube could be vibrated at non-destructive levels and any incipient problems

could be detected and corrected.

Specific changes made as a result of this program are

described in Section 2,

6.1.2 Qualification Tests

The following section of the report covers the program
to determine the suitability of design and construction of the WX-31034 with
respect to the environmental requirements of the qualification tests specified
in paragraph 4.3.2 of Purchasing Department Specification 21341, Revision C.
The environmental tests are part of the larger qualificafion test program
which includes life test of 7 of the 9 test samples. The remaining two tubes
are subjected to environmental tests but both tubes are not subjected to the

same tests.

Certain environmental requirements are imposed as
part of the acceptance tests for the 20 or so tubes shipped for eventual
operation in camera systems as well as the 9 gualification test samples. No
failures occurred in qualification samples or in tubes given acceptance tests

and shipped.

Operating environmental tests were performed with

considerable difficulty. In no case was a picture comparable to that achieved




in the test set. This was primarily due to long lead length and difficulty
in shielding. In all cases the operating environmental pictures indicated
only that no perceptible change took place during or after the test with that
set up. Pictures of good definition were taken in the standard test set-up

before and after each environmental test

Humidity tests were run in the operating mode for
only part of the prescribed time on one tube (432), and the second tube (411)
was subjected to humidity tests without operation because of the effect of
humidity on optical focus and associated equipment sucﬁ as the deflection
'yoke. Details are given in Engineering Memo No. 88 included as Appendi*

| of this report.

The procedure followed in qualification testing was
to perform the tests in the order specified and to check the tube in the test
set upon completion of each fest and perform a final test after the last
environmental test, comparing it with initial results. To keep this presenta~
tion within reasonable size, only the initial and final test results are shown,
but the condition§ of test and applicable supporting data are included in order

of the tests outlined in the qualification procedure listed on the following

page.

21




QUAL IF ICATION PROCEDURE

Acceptance Requirements Tube - to - Tube - to -
L1 432

Test Preliminaries X 5/24 5/26 X 6/8 6/15
Electrical Tests X 5/26 5/26 X 6/15 6/15
Argon Hold X 6/8 6/15 X 6/16 6/23
Checked X 6/18 6/18 X 6/23 6/23
Vibration | X 6/18 6/18 X 6/23 6/23
Glass Strain X 6/18 6/18 X 6/23 6/23 °
Checked X 6/19 6/19 X 6/24L 6/ 24

Environmental Tests
Vibration || X 6/29 6/29
Vibration 111 X 6/30 6/30
Checked X 871 8/1
Mechanical Shock X 8/3 8/3
Checked X 8/8 8/8
Acoustic Noise X 6/29 6/29
Acceleration X 6/30 6/30
Checked X 7/1 7/1
Thermal Vacuum (low temp.) X 7/5 7/6
Thermal Vacuum (high temp.) X 7/27 7/28
Checked X 8/1 8/1
Temperature Cycling X 8/8 8/8
Checked X 8/9 8/9
Temperature Storage (low) X 8/8 8/23
Temperature Storage (high) X 8/23 9/7
Checked X 9/7 9/7
Humidity X 9/13 9/23 X  9/6 9/16
Checked X 9/23 9/23 X 9/16 g/16

L5k 293

Lead Bend X 9/27 X 9/27




RESULTS FROM LCT NO. 432

(Elmira LCT Test Set Model E 154a)

1. Electrical Set Up Parameters
For Photographs.

2. Electrical Tests Before Qualification
Program (Photographs)

a. Monitor
b. Spurious Signal
c. Center Resolution

3. List of Tests Performed on
LCT Tube No. 432,

k. Post Humidity
Post Thermal Cycling Photographs

a. Monitor
b. Spurious Signal
c. Center Resolution

23




1.  TUBE #432

SET UP PARAMETERS FOR PHOTOGRAPHS

EgI = =52 volts

Eg‘co = =87 volts
Eg2 = 300 yolts
Eg3,6 = 600 volts

Egu = 97 volts
Egs = 300 volts

Eg7 = 25 volts
Esj = 35 volts
Epc = -8 KV
EH = 1.5 volts
'H = 149 ma
waL = -8 ma
lyaL= *7 ma

Isj = 7.5 X 102 amp. at 1 X 1073 ft-c. (10 £/s)
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L. POST HUMIDITY

Unable to remove yoke.

See Appendix |
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RESULTS FROM LCT NO. 411

(Elmira LCT Test Set Model E 154A)

Electrical Set Up Parameters
For Photographs.

Electrical Tests Before Qualificati on
Program (Photographs)

a. Monitor
b. Spurious Signal
c. Center Resolution

List of Tests Performed on LCT
Tube No. 411.
Post Humidity.

a. Monitor
b. Spurious Signal
c. Center Resolution

29




1. TUBE #u411
SET UP PARAMETERS FOR PHOTOGRAPHS

Eg' = =14 volts
Egco = =53 volts
E92 = 300 volts
E93,6 = 600 volts
Eg), = 98.5 volts
Egs = 300 volts

Eg7 = 25 volts

Esj = 25 volts

Epc = -8 KV

Ey = 1.5 volts

Iy = 144 me.

lHAL = 0 ma.

'va = *8 me. 3

Isj =1 X 10 " amp. at 1 X 10 7 ft-c. (10 f/s)
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3.

Test
Argon Hold

Glass Strain

Vibration |

Vibraticn 11

Vibration 1}

Mechanical Shock

Temperature Storage

Humidity

LIST OF TESTS PERFORMED ON LCT TUBE NO. 411

Paragraph
3.4.4

3.4.5.1

3.4.5.1

3.4.5.2

3.4.5.3

3.4.5.4
3.4.5.10

3.4.5.13

Description
168 hrs. in 4 PSI Argon

The(mal Down Shock
100 C to O C

2.5g Non-operating
Sine Wave

.2592/CPS Non-operating
Random

.0292/CPS Non-operating
Random

18 - 30g Shocks

15 Qays at -30.C and
+60 C

Operating 95%" Humidity
See Eng. Memo #88 (Fig.2)

Performed by

D.

D.

Morehart

Morehart

. Morehart
. Morehart
. Armstrong

. Morehart
. Armstrong

. Fleming

. Morehart

. Morehart
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VIBRATION It (3.4.5.2)

(plot of Z axis and excerpt of notes)
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VIBRATION til (3.4.5.3)

(plot of Z axis and excerpt of notes)
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MECHANICAL SHOCK (3.4.5.4)
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SHOCK TEST

Tube Type __ 2/0 3¢ Date _£-3-4&

Tube No. 411

The tube shall be subjec.ed to 30O g, half-sine,

and duration of // Ailliseconds. Apply 3
shock (s) in each direction aiong each lateral axis.

Apply 3 shock(s) in each direction along the
longitudinal axis. Total of /B shocks.

The tube shall be visually inspected and electrically
tested after shock test.

Remarks:
L Tabe mourted in Fixture wx-30/52.-T19 'ty wax,

2. Taf+ - Plerce Shoed Tesd chér’"g HSea/.
a. Haummeyr annle = 5'6.'0

b. Rubve, pawlf R~ V2" Thick ench
A -GAIN and LMR-2350 filher usea,.

Performed by_ﬁ_%
» n

Engineer

3. DirL-

Accelevermeder - BF—/6 - (z 55 mv@)
Osecillogeo pe Sesrsidive y S

Horizontal ~ 2 M5 fesr
Verdica) — & Ve,

Shock  aumphtude ;

DIRL-9-GAIN  ouTPUT = | v@_

FI‘M ;q;" - o, ?‘s'

; /ir»/a/.'}«q'c = Mo cf cm / 6“’/""’) [ /%,

0-28 i
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ACOUSTIC NOISE (3.4.5.5)

Acoustic Noise Plot and Excerpt of Notes
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THERMAL VACUUM (3.4.5.7)
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HUMIDITY (3.4.5.13)
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LEAD BEND (3.4.5.12)
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6.2 Target Breakdown Voltage

An experiment was conducted to determine the voltage that was

required to cause a complete breakdown of the high capacity targets.

A tube was set up at its normal operating pointn with a faceplate il1lum-

“ination just below the maximum operating point.

Without changing the beam,

the suppressor voltage was increased to specific values, an observation

made, and the beam turned off.

another observation made.

The beam was then turned on again and

The following chart is a summary of observations.

(A)

(8)

(c)

(D)

(E)

(F)
(6)

EG7

70

85

105

Repeat

(A) (B)

120

130
140

Observation before
beam turned off

Target started to

charge in from edge

Charged in from edges
Bright in center after
15-20 sec.

Extensive edge charging
bright central area

Same as initial run

Extensive edge charging
Bright central area

Same as (E)

Breakdown

Observation after
beam turned on again

Crossed over completely-
after discharge, cross-
over pattern remalned

Crossed over completely-
after discharge cross-
over pattern remalned

Crossed over completel

No pattern after discharge
Target appeared grainy
Crossed over completely
NO crossover pattern

after discharge

Crossed over completely
No return after discharging

Same as (E)

Not performed

* Faceplate illumination 9.5 x 1073 ft-cdl

Esj = 30V, EG7 = 28V
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6.3 Shelf Life Considerations

Due to the nature of the Lunar TV Prograﬁ, shelf life on the
order of 3 years or more can be anticipated. Direct data for non-operating
storage of Lunar tubes is not available, since the first tube having
essentially the final design (.2 watt cathode) was not made until April,
1965 and the present high capacity target was not incorporated until

August, 1965 - less than 18 months prior to the writing of this report.

We must draw on experience with image tubes in general to
approach this problem:
(1) There are L general possibilities for on-shelf deterioration
(a) Loss of vacuum through leaks
(b) Deterioration of ah unstable photocathode
(c¢) Outgassing of parts

(d) Deterioration of thermionic cathode

(2) These modes of failure manifest themselves as follows:

(a) Disappearance or change in appearance of getter flash
from metallic shine to chalk white and low or no photoresponse are symptoms
of loss of vacuum. There may also be a gas discharge glow with the applica-
tion of high voltage to tube elements.

(b) Experience has shown that unstable photocatﬁodes
generally slump within a matter of a few days after exhaust processing
which eliminates this as a probable cause of shelf life degradation.
Photoresponse loss can élso be symptomatic of poor vacuum as noted under

(a) and serves as a valuable check.




(c) Outgassing of parts during non-operating storage to
a small degree is not unexpected and should be absorbed by the getter flash,
Outgassing would cause an ion spot (bright central area in picture) first.
Should it be more severe, the getter flash would start to disappear, and
gasses in the tube would glow with the application of high voltage.
(d) Degradation of the thermionic emission would be
detected by:
(1) A drop in beam current (IGZmax.)
(2) An inability to discharge highlights at
moderate and high light levels

(3) Poorer resolution

(4) A lowering of the maximum operating point.

(3) Post exhaust festlng, glass strain, and storage under a
positive pressure of inert gas as specified are the best means of deter-

mining the integrity of the tube envelope as shipped.

Preship testing after all preceeding operations will detect any
short term deterloration or incipient failure particularly with respect to
photocathode or thermionic cathode instability. Forty-eight hour dynamic
aging helps stabilize the SEC target. Subsequent testing in the assembly
and final test of the camera unit further assures that there was no incipient

failure built into the tube.

The remaining question then is to determine that the tube was
not damaged or stressed during assembly into the camera unit. Since the

tube at this point is not accessible and virtually impossible to see,
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the only method of assuring that tube performance is unchanged is to

operate the tube-camera system. Symptoms of tube failure or degradation

at this point include:

(a)
(b)
(c)
(d)
(e)

(&)

loss of sensitivity

reduced resolution

ion spot

breakdown (noise) in picture

inability to discharge highlights.

Periodic operation is the only certain way of detecting

deterioration of the tube. There is certain degradation of the tube with

extended use as shown by life test results. This deterioration is associa-

ted with reduction in target with exposure to light while scanning.

Information on life test tubes indicates the possibility that

high operating temperatures are partially responsible for deterioration in

life test operation. Periodic short time operation, then, may not affect tube

performance.

A suggested operating check schedule is 90 day intervals for the

first year and six month intervals thereafter.




6.4 Life Tests

6.5.1. introduction

As required in Purchasing Department Specification 21341
Revision C, Section 3.4.6, 7 WX-31034 Lunar Camera Tubes were operated on
life test for a period of 1500 hours each. The tubes were operated under
normal set up conditions as described in éection 3.4.2.1 of the P,D.S, and
cycled at a rate of 50 minutes on, 10 minutes off. Tubes were checked at
intervals of approximately 50 hours for the first 250 hours thereafter,
for the following characteristics: target gain, signal current, photo-
cathode sensitivity, thermionic cathode emission, center resolution, lag,

and signal burn.

The internal construction of the tube includes a mask on the
target which lies very close to the scanning raster. This results in
excessive shading in that area, making raster burn measurements meaningless.
Readings of signal current were taken and recorded rather than signal to
noise ratio as specified, since the noise is primarily a function of the

amplifier and remained constant throughout.

The tube was removed from the life test set for the periodic
measurements and could not be reinstalled in perfect registration with the
specified test pattern. This caused difficulty in trying to read resolution
as the intensity of the burn approached the contrast of the test image and
a pattern using large black and white areas was devised to eliminate this
problem. With this new pattern we defined two areas: Area | is an area .in

which the target was exposed to photocelectrons as well as the scanning beam.

Area 2 was exposed to only the scanning beam.
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6.4.2 Test Conditions

It became apparent shortly after life test began that there
was considerable degradation of target gain and signal burn under the
specified conditions (50 + 5°C ambient temperature, 3 x 1072 ft-cdl

faceplate illumination). We then varied conditions to determine, if possi-

ble, whether ambient temperature or faceplate illumination were causal factors,

As a result, we tested 3 tubes at specified conditions, 2 tubes

at specified temperature and reduced light level, and 2 tubes with both ambient

temperature and light level reduced.

6.4.3 Results

The attached curves and fabulafions show the results of tubes
tested and are grouped to show the various results under conditions described
in 6.4.2. Readings of thermionic cathode emission, center resolution, and
lag were not reduced to a chart since they showed no significant change for
any tube in any of the three test conditions with respect to time. It is
interesting to note, however, that in all seven tubes the maximum GZ current
and the aperture response at 200 lines was equal to or better than the

initial readings after 1500 hours operation.

6.4.4 Cconclusions
This is a very small sample from which to draw conclusions,
but it appears to be necessary if only to give some indication to the direction

of further investigation. The data suggests the following statements:




a) Operation of the tube with the standard setup conditions
causes degradation of target gain and produces a permanent '‘burn'' of the
target.

b) The degradation is greater where the target is exposed
to the photoelectrons as well as the scanning beam,

c) Reduction of faceplate illumination to approximately
one tenth the specified illymination had no significant effeci on degrada-
tion of gain.

d) Reduction of ambient temperature from 50°C to 30°C had
a marked effect on loss of gain, reducing this loss to about 1/2 that
experienced on the standard tubes.

e) Lag, aperture response, and maximum 62 current, were not

noticeably affected by operation under any of the life test conditions.




Tube No Ambient| F.P. Change 1500 Hrs.

‘I Temp. Illum. | Photok | Area | | Area 2 | Burn

o Ftc % % % %

386 |50t 5 |3x10°% | 25 52 27 29
42| 10 69 49 38
428 7 45 29 22
384 5015 |4x1073 | +1 x| 65 50 | 26
398 Ixi002 | +5 45 25 26
517 |30 5 |4ax1073 2 4 ¥ 6
522 [30t5 | ixi072 ) 26 12 16

3 Degradation except where Indicated

Reduced Light :.°
" .Leve o

% Degradation

S Reduced =

Temperature
~ Reduced =
Lightl Lovoll "

800 1200 1600
Hours

Decrease in Target Gain of Area Exposed to
Primary & Scanning Electrons (Area 1)
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% Degradation

60

50

50Z-5°C ,
Reduced Light
Level

50%5°C
3x1073

"o _ ‘.—-__.-‘
- Reduced

10 ® o Temperature
: Reduced .
ight Legvel
0 .
0 400 800 1200 1600

Decrease in Target Gain of Area Exposed
Only to Scanning Beam (Area 2)
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LCT LIFE TEST REPORT

TUBE NO, 517

L x 10-3 ft-c
30°C
Ela?sed ‘ Tar?et ?.?.. | 200 F Lag Raster
Time Gain Sensitivity G2 Resolution _ Burn
0 50 121 1.55 6 1 0
63.9 L6 121 1.5 38 10 0
123.2 L7.5 119 1.6 39 L 0
192 43.7 118 1.6 Lo 0 0
283.7 42.3 118 1.6 L6 0 0
5L40.7 L2.3 118 1.6 L2 6 7
787.5 L1.6 118 1.63 43 10 8.5
1068.7 39.1 117 1.62 L7 0 7.2
1401 25.9 114 1.65 Lo 7.6 9.6
1561.5 41.6 118 1.65 L6 11 6
Elagsed Tgt.Gain Tgt.Gain %Gain Loss %Gain Loss % PR I . (nA)
Time Area | Area 2 Area 1 Area 2 Change S i
0 50 50 0 0 0 12.2
63.9 - L6 8 8 0 11.2
128.2 L7.5 L47.5 5 5 -1.7 11.2
192 L3.7 L3.7 12.6 12.6 2.5 10.2
283.7 L42.3 L42.3 15.4 15.4 2.5 9.9
540.7 L2.3 L4s'.5 15.4 9 2.5 9.9
787.5 4.6 45,5 16.8 . 9 2.5 9.9
1068.7 39.1 L2.2 21.8 15.6 3.3 9.24
1401 25.9 28.7 L8.2 L42.6 5.8 5.94
1561.5 L.6 Li.3 16.8 1.4 2.5 9.9




LCT LIFE TEST REPORT

TUBE NO, 522 2

1 x 107 ft-c
30°¢C
Elapsed Target P.C. | 200 L . Lag Raster
Time Gain Sensitivity G2 Resolution Burn
0 52.8 138 2.15 Ly 0 0
63.9 iy 138 2.15 L 0 0
128.2 L9.3 138 2.15 LY 0 0
192 L7 138 2.15 L 0 0
283.7 Ls.7 138 2.15 Ls 0 5
540,7 Ls.7 138 2.1 L 0 13.0
787.5 L1.3 138 2.1 Ly 0 13.7
1068.7 37.5 138 2.15 1 0 15
1401 22.9 136 2.15 30 0 12.8
1561.5 38.9 138 2.15 L6 0 16
Elapsed Tgt.Gain Tgt.Gain %Gain Loss  %Gain Loss % PR
Time Area 1 Area 2 Area | Area 2 Change si(nA)
0 52.8 52.8 0 0 0 14.8
63.9 L7 L7 1 R 0 13.2
128.2 L9.3 Lg.3 6.6 6.6 0 13.8
192 L7 47 11 11 0 13.2
283.7 Ls.7 L8 : 13.5 9.2 0 12.8
5L40.7 Ls.7 52.5 13.5 0 0 12.8
787.5 bi.3 L8 21.8 9.1 0 11.6
1068.7 37.5 Ly, 2 29 16.3 0 10.5
1401 22.9 26.3 56.7 50.8 1.5 6.3
1561.5 38.9 L6.3 26.4 12.3 0 10.9




LCT LIFE TEST REPORT
TUBE NO. 398

Area 1 - Area covered by beam

Area 2 - Area covered by beam

and primary signal at

50°¢C ambient.

only at 50°C ambient.

I lumination = 1 x 1072 Ft-c.

Ela?sed Target ?.9.' | 200 % | Lag Raster
Time Gain Sensitivity G2 Resolution Burn
0 111 79.3 1.25 34 0 0
L9 118 80 1.25 33 0 0
115.3 100 80 1.2 32 0 7
374.5 95.8 81.5 1 32 0 13

630.7 81 82.3 1 36 0 21.7
888.6 75 82.3 1.15 35 0 24.6
1192.7 63 82.3 1.1 34 0 25.7
1478 61.4 84.7 1.1 36 0 25.7
El?psed Tgt.Gain Tgt.Gain %Gain Loss  %Gain Loss % PR | . (nA)
Time Area 1 Area 2 Area | Area 2 Change si
0 111 111 0 17.8
L9 118 118 0 0 19.1
115.3 100 108 9.9 2.7 0 16.2
374.5 95.8 110 13.7 .9 0 15.8
630.7 81 ’ 103 27 7.2 0 13.5
888.6 75 99.4 32.4 10.5 0 12.5
1192.7 63 84.8 L3.2 23.6 0 10.5
1478 61.4 : 82.8 Ly 7 25.4 0 10.5




LCT LIFE TEST REPORT

TUBE NO. 384

Area 1 - Area covered by beam
and primary signal at
50 ¢ ambient.

Area 2 - Area covered by beam
only at 50 C ambient.

IMumination = &4 x 1073 Ft-C.

Elagsed Target f.g.. I 200 F Lag Raster
Time Gain Sensitivity G2 Resolution Burn
0 91.5 115 1.1 Ly 0 0
51.8 70.6 115 1.1 L8 0 11
141.7 59 115 1.1 Ls 0 20.5
L0o.9 53.5 115 1.2 51 0 24,7
657.1 50 117 1.2 L9 0 27.9
915 L7.3 117 1.2 L8 0 31.1
1219.1 41.8 117 1.2 51 0 28.4
1478.5 33.5 17 1.2 L8 0 26.2
"END OF LIFE"

Elapsed Tgt.Gain Tgt.Gain %Gain Loss  %Gain Loss % PR

Time Area |1 Area 2 Area 1 Area 2 Change |si(nA)
0 91.5 ~ 91.5 © 0 0 0 21.4
51.8 70.6 79.3 22.9 12.8 0 16.5
141.7 59 74.3 35.6 18.8 0 13.8
400.9 53.5 7 ' 41.6 22.4 0 12.5
657.1 50 69.3 45.3 24.3 0 11.8
915 47.3 68.7 48.3 25 0 1.2
1219.1 4.8 58.4 54.3 36,1 ° 0 9.9
1478.5 33.5 45,4 63.4 50.4 0 7.9
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LCT LIFE TEST REPORT

TUBE NO. 428
Area 1 - Area covered by beam
and primary signal at
50 C ambient.
Area 2 - Area covered by beam
only at 50 C ambient,
Elapsed Targét P.C. | / 200 L | La Raéter
Time Gain Sensitivity G2 Resolution 9 Burn
0 59 72 1.5 Ly 0 0
283 L9.5 69 1.4 38 0 14.5
537.5 43 68.5 1.5 48 0 22
796.6 L3 - 68.5 1.5 52 0 23
1075.5 43 68.5 1.3 53 0 28
1290.5 35.7 68.5 1.3 51 0 20.2
1571.3 32.5 67.7 1.6 hl 0 22
MEND OF LIFE"
Elapsed Tgt.Gain Tgt.Gain %Gain Loss  %Gain Loss % PR i (nA)
Time Area | Area 2 Area 1 Area 2 Change si nA
0 59 59 ' 0 0 0 9.4
283 49.5 58 ‘ 16 1.7 5.5 6.9
537.5 L3 55.2 27.1 6.4 6.2 5.9
796.6 L3 ‘ 55.9 27.1 5.2 6.2 5.9
1075.5 L3 59.6 27.1 0 6.2 5.9
1290.5 35.7 Ly .8 39.5 24,1 6.2 5
1571.3 32.5 Ly.7 L5 29.3 7.3 L.6
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LCT LIFE TEST REPORT

TUBE NO, 421
Area 1 - Area covered by beam
and primary signal at
50 C ambient.
Area 2 - Area covered by beam
only at 50 C ambient.
Elagsed Tar?et ?.?.. i 200 g Lag Raster
Time Gain Sensitivity G2 Resolution : Burn
0 91 69 1.6 L 0 0
50 70 65 1.6 37 0 13
101 50 65 1.65 L 0 18.5
261 LL 63 1.65 L3 0 28.5
512.6 L2 62.3 1.65 38 0 27.4
771.8 36.7 62.3 1.7 Lo 0 33.3
1027.3 28.8 62.3 1.7 Lo 0 35
1242 .3 28.8 62.3 1.7 L3 0 hy.2
1523.1 28.8 62.3 1.6 L 0 38
""END OF LIFE"
ElaPsed Tgt.Gain Tgt.Gain %Gain Loss  %Gain Loss % PR _(nA)
Time Area 1 Area 2 Area 1 Area 2 Change si
0 91 91 0 0 0 11.5
50 70 80.5 23 11.5 6 9.2
101 50 61.3 Ls 32.7 6 6.6
261 L 61.5 51.7 - 33.5 9 5.6
512.6 42 57.8 53.8 36.5 9.7 5.3
771.8  36.7 55 59.7 39.6 9.7 4.6
1027.3 28.8 Ly.3 68.3 51.3 9.7 3.6
1242.3 28.8 Lg - 68.3 L6.2 9.7 3.6
28.8 L6.5 68.3 L8.9 9.7 3.6

1523.1




LCT LIFE TEST REPORT

TU

BE NO. 386

Area 1 - Area covered by beam
and primary signal at

50°C ambient.

Area 2 - Area covered by beam
only at 50 C ambient.

ElaPsed Target ?.?.- | 200 g Lag Ras ter
Time Gain Sensitivity G2 Resolution Burn
0 69.2 82.3 1.8 43 0 0
L1 68.8 83.1 1.8 L6 3 5
93.7 61.2 82.3 1.8 Lo 0 9

183 50 81.7 1.9 38 0 17
LiL 3 Ly.2 79.3 2.05 Ly 0 18
679.7 Lo 73 2 L6 0 18
934,2 Lo.2 73.2 2.1 L 0 24
1193.3 Lo.4 73.2 2.15 37 0 22
1497.6 35.7 73.2 2.1 Ls 0 29
""END OF LIFE"
ElaPsed Tgt.Gain Tgt.Gain %Gain Loss  %Gain Loss 9% PR 1. (nA)
Time Area | Area 2 Area | Area 2 Change si
0 69.2 69.2 0 0 11.2
| 68.8 69.2 6 +1 11.2
93.7 61.2 67.3 11.5 2.8 0 9.9
183 50 60 27.7 15.4 -.7 8.25
LuL .3 .2 50.3 Lo.s5 27.3 -4 6.6
679.7 Lo L8.7 L2.2 29.6 -11.3 5:9
934,2 Lo.2 527 L2 23.8 =11 5.9
1193.3 Lo.4 51.7 L3.1 26.8 =11 5.9
1497.6 35.7 50.3 L8.4 27.3 =11 5.3
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From:  ELMIRA WORKS
Datc: MARCH 21, 1966

Subject: LCTTM - 66-001

TO: R. A. WHITE

cc: A. Szilasi
G. R. Feaster
R. A. Shaffer
V. J. Santilli
A. H. Boerio
M. Green
R. B. Randels

INVEST IGATION OF ELECTRICAL LEAKAGE
THROUGH FIBER OPTIC FACEPLATES

INTRODUCT ION

The fiber optic faceplate as used on the Lunar Camera Tube is subjected
to a -8 kv potential on the inner or photocathode surface, while the outer
surface is at ground potential. 1In this condition, a spurious signal was
noted in the monitor display which was ultimately traced to some sort of
discharge phenomenon in the fiber optic. The purpose of this experiment
was to investigate fiber optics of various manufacturers to see if this was
peculiar to a particular product, or a characteristic of all fiber optics.

SET-UP

An experimental set up was constructed to test several types of
faceplates in the as-received condition. The circuit consisted of an 8 kv
D.C. supply, an astrodata manovoltmeter and two resistors arranged as shown
in the attached figure.

PROCEDURE
The faceplate to be tested was cleaned in blacosolv, rinsed in isopropyl
alcohol and placed (outside surface) on a paper towel saturated with boric

acid solution. The towel was on an aluminum plate which was connected to the
positive side of the 8 kV supply through the nanovoltmeter. A small amount of

A-2
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LCTTM - 66-001 -2 - March 21, 1966

mercury (7.9 grams) was placed on the photocathode surface to serve as the
contact leading to the negative or ground side of the power supply through

a 100 megohm resistor. The voltage was then slowly applied across the fiber
optic faceplate while observing the meter and the fiber optic itself for
indications of a discharge.

RESULTS

Mosaic fiber optics were the first to be tested, it was found that the
average leakage current was approximately one nanoampere and that an erratic
discharge was present in all five Mosaics tested.

Corning fiber optics showed no evidence of a discharge and had an
average leakage of about .5 nanoamperes.

American Optics and Optics Technology,were also tested and it was found
that both had a leakage of a little less than .5 nanoamperes, with no
discharge characteristic, ‘

As a final test, two complete processed tubes of both Mosaic and
Corning were tested (Mosauc (229 and 147) and Corning (216 and a
WX-30152)) .1t was found that both Mosaic fiber optics had leakages above
10,000 nanoamperes, and that the Cornings had only 50 nanoamperes leakage.

CONCLUS 10N
Since the two fiber optics most extensively used in the SEC Camera Tubes
and other tubes requiring fiber optics are either Corning or Mosaic. Corning

would be a better choice between the two considering the main trouble to
be erratic discharges.

Brres & oo

D. E. Morehart
LCT Department

/cah
Approved by:

S (Nilea

.\S. Wilcox
Endiineering Director, LCT
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From: IMAGE TUBE E & M DEPT,
Date: JULY 26, 1966
Subjecs:  THERMIONIC CATHODE EMISSION

1. Description: The thermionic cathode used in the Lunar Camera Tube is an
indirectly heated .2 watt cathode consisting of a sintered '"pill' suspended
on a coiled heater. The heater leads pass through a ceramic and are
fastened down with ‘“'sauereisen'' high temperature cement.

2. Ruggedization: The cathode as manufactured by Sylvania is not designed
for environmental use and must be ruggedized prior to assembly. The
ruggedized structure consists of another ceramic similar to the support
ceramic which has supports brazed into it adjdcent to the holes through
which the filament leads pass. These are welded to the supports to restrict
their movement. Many of the cathode assemblies as received and more after
ruggedization have the ''sauereisen' chipped and cracked. In order to
restrict the movement it was necessary to ''repair'' the cathodes by applying
a high temperature cement to replace the ''sauereisen' which was chipped
off. At a later period, an additional layer of cement was placed between
the two ceramics to arrest any possible shifting of the two ceramics.

3. The cathode emission is given a numerical value by recording maximum G,
current with G, = 0. Specified minimum is 1.2 ma, average was 1.5 ma.
Starting with lube #423, the control charts show a significant difference,
At the same time, a new lot of cathodes was put into production.

Lk, Readjustment of activation and aglng schedules appeared to give temporary
improvement; however, emission dropped again after tube #459 and did not
yield to any other efforts.

5. We then made up 9 dummy triodes as follows:

Lot (A) - 3 from new lot as received;

Lot (B) - 3 taken from guns in production;

Lot (C) - 3 made up from new lot and ruggedized in normal manner.
The results were that the 3 dummies in lot (A) met or exceeded spec limits,
while no dummy in lot (B) or (C) exceeded 1 ma, and 3 showed no emission
whatever.
Lots (A) and (C) were from the same cathode. Lot (B) was from a different
lot. Llots (B) and (C) both had a layer of high temperature cement between

the ceramics. Lot (A) had none.

6. Conclusions: The cement is highly suspect and mounts are now being méde

without this layer between ceramics

/cah Hl S. Wilcox
B-2
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ET-20

August 10, 1966

The Ribbon Cathode Development

for the Lunar Camera Tube

by

Anton van der Jagt

. This work was supported by the Manned Spacecraft Center

of the National Aeronautical and Space Administration on Contract
No. NAS9-3548. This report is issued as a special technical report
as required by contract.

Approved by:

R. A. white
Program Manager
Lunar Camera Tube

WESTINGHOUSE ELECTRONIC TUBE DIVISION
ELMIRA, NEW YORK
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ET-20 The Ribbon Cathode Development

for the Lunar Camera Tube

A. van der Jagt "~ August 10, 1966

I Introduction

One of the requirements for the Lunar Camera Tube,
WX 31034, is low heater wattage. Therefore, this tube type has
been designed with the well-known Sylvania .2 Watt powdered
nickel cathode. However, since this cathode is periodically of
poor quality, a decision was made in September, 1965, to design
and ¢~velop a directly heated cathode as a back-up. Although
the use or such a cathode necessitates changes in the camera
circuit, it was felt at that time that these changes would be

justified if the design would give a better performance,

c-3
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I1 The Heater wattage;Temgerature Characteristic

A very Important requirement for this newly designed
cathode is a low heater wattage which, however, should give the
proper emission current.

K. Cooper had previously done some work on filamentary
cathodes. (A report: '50 mW Filamentary Cathode for Cathode
Ray Tubes' is available.) It was decided to use this work as
the starting point of the new design. Due to the Iow‘current‘
density of the filamentary cathode, it was necessary to use a
ribbon cathode, as advised in his report.

Most of the following tests have been made with a
Cobanic ribbon with dimensions .0005 x .025' except as otherwise
noted. All tubes were measured for brightness temperature and
heater wattage.

The first test, made by Mr. A, Hanna, contained a
ribbon cathode supported by micas and kept under tension by a
single spring of .005'" nickel clad molybdenum (similar to the
construction used by Mr. Cooper). The distance between the sup-
port micas.was .150". The ribbon had been cataphoretically
coated with emission coating.

The emission of the tubes was good, i. e., comparable
with the Sylvania cathode.

Wattage versus temperature curves were measured. (See
Fig. 1, Curve 1.) In order to get a ribbon temperature of SOO.C,
a wattage of .L Watt 'was necessary. This was far too high
since we were aiming at .2 Watt (the same as for the Sylvania

cathode) .
Cc-4
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The test had also the disadvantage that micas were
used, which we would rather avoid since it is always possible
that mica particles may come loose and ruin the perfbrmance of
the tube.

In the next test the ribbon had been mounted on a
ceramic disk, again supported by a single spring. The wattage-
temperature curve is shown in Fig. 1, Curve 2. For a tempera-
ture of 800 C a wattage of .38 Watts is needed. This construc-
tion has the disadvantage that the support of the ribbon by a
single tension spring is mechanically unreliable. Therefore, a
new construction had to be designed (the same construction as
in Fig. 6 but with the ribbon welded to the springs and not to
the support rods). The ribbon is, in this construction, sup-
ported by two specially formed springs. Each spring has a flat
surface which will keep the ribbon flat. Since the springs are
~ coiled on each end around a .020" Nilvar rod, the tension is
equally divided in each leg; and, due to the relatively large
distance between the legs, the springs are rather stable for
‘vibration in a perpendicular plane through the ribbon. The use
of a spring on either end of the ribbon has the effect that, dur-

ing vibration, either each spring has a damping effect on the
other spring (the spring amplitude during vibration not in same
direction) or that the tension on the ribbon is maintained dur-
ing vibration (spring amplitude in same direction during vibration).

The wattage-temperature curve is shown in Fig. 1,
Curve 3. For a temperature of BOO.C, a power of .56 Watts is

needed.
C-5
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Although it is evident that the wattage should be higher
than for a single sprimg design, this construction is necessary
to warrant good performance during environmental testing. There-
fore, steps were taken to reduce the wattage by changing the
spring design, as well as the dimensions of the ribbon. A series
of tests were made with different spring dimensions, ribbon length
and spring material. The ribbons were not coated with emission
coating in order to speed up the processing of the test.tubes.

The wattage-temperature curves are given in Fig. 2. 1In Table |
the characteristics of the test tubes corresponding to the curves

are listed.

TABLE |
SPRING | RIBBON | WATTAGE FOR | CURVE #
MATERIAL __ HEIGHT | LENGTH T =800C ! INFIG. 2
NiCr .080 .200 415 1
NiCr 110 .200 42 2
NiCr .080 150 Ly 3
NiCr 110 .150 ks b
NiCr .080 110 48 5
NiCr L0 110 495 6
W .080 110 .56 7

The lowest wattage for 800°C was achieved by using a long ribbon
and a small spring height. ‘prever, the maximum ribbon length

is defiﬁed by the diameter of the ceramic and py the vibration
performance. It is not advisable to use a longer ribbon than
.200". The spring height is mainly defined by fhe characteristics

of the spring in view of environmental testing. A spring height

C-6
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bess than .080'" would give a higher tension but less amplitude
during vibration. The thermal conductance of NiCr spring wire
is significantly lower than tungsten wire so that the necessary
wattage could be reduced drastically by using NiCr.

Approximately at the same time a new test had been
made with the same ribbon cathode but etched till the ribbon
thickness decreased approximately 30%. The wattage-temperature
curve is shown in Fig. 3, Curve 2. In the same ffgure, Curve 1
of Fig. 2 has been drawn (this tube had the same dimensions,
except the thickness of the ribbon). The wattage decreased ap-
proximately .04 Watts at 800°C.

The etching did not improve the reliability of the
design. The burrs and roughness on the sides of the ribbon,
caused by cutting the ribbon to the proper width became ragged
due to the etching and weakened the ribbon. Therefore, the
spring tension in this test had to be reduced to less than 5 grams
(in all other tests the tension was at least 12 grams). A rough
calculation revealed that the cathode wattage was approximately
equally divided between the ribbon and the springs. Consequently,
a reduction in the electrical resistance of the springs would
reduce the total wattage. It was not possible to increase the
spring wire diameter (too much tension on the ribbon). Therefore,
a test was made with the ribbon supported by the top of the spring
but with the ribbon ends welded to the N%lvar support rods (Fig. 6).
By doing this the total electrical resistance of the springs was
reduced because the resistance of part of the ribbon was in paral-

lel with the resistances of the spring legs.

C-7
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Fig. &4, Curve 2 shows the wattage-temperature curve
of this test. Curve 1 of the same figure shows a parallel test,
run as the test of Curve 1, Fig. 2, The latter curve does not
agree very well With the other curves. This is very likely due
to processing (residual air in the tube). The construction of
Curve 2 seems to reduce the wattage approximately .05 Watts for
T = 800°C.

The wattage-temperature curve, given in Fig. 5, shows
the latest construction with all improvements combined. We used
.005"" NiCr springs with .080" height and mounted on .020" nilvar
rods. The tension on'the springs is approximately 10 gram. The
ribbon material was cobanic nickel (dimension, .0005'" x .015").
The distance between the springs is .200". The ribbon is guided
across the springs and welded to the nilvar support rods. The
result shows .18 Watts for a temperature of 800°C or .16 Watts
for 750.C. The emission was quite satisfactory (comparable with

the total current of a Sylvania cathode).
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11l Environmental Testing

Three tubes of the tests shown in Fig. 2 were environ-
mental tested by D. Morehart. The purpose of the test was to
determine the resonance frequency of the ribbon and to‘determine
whether the ribbon cathode would fatigue when subjected to 15 g's
for 5§ minutes at the resonance frequency of the ribbon.

The equipment was set up as shown in Fig. 7. |In Fig. 8
the heater is drawn schematically and the axis of vibration
indicated.

The three tubes hadvvery similar test results. Fig. 9, 10,
and 11 show the measurement results for one of these tubes.

The resonance frequency of the ribbon cathode was ap-
proximately 1800 c/s. The cathodes were able to stand the vibra-

tion with 15 g's during 5 minutes without any difficulty.

C-9
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IV Emission and Life Tests

A1l previously mentioned tubes which were coated with
emission coating were measured for emission characteristics.
The emission quality of the ribbon cathodes was, in general,
satisfactory. The level of the emission current was at least
as good as for the Sylvania .2 Watt cathode.

One tube was life tested under static conditions.
After 600 hours the emission level was still satisfactory; the
slump in emission was not significant.

One tube has been cycled at a heater voltage equal to
1.5 x nominal heater voltage. After 38000 cycles the tube was
still operable, and the emission level of the cathode was very

good.

C-10
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V Conclusion

The design of the ribbon cathode is satisfactory. Some
more work is necessary if the design has to be produted in large

quantities.

ojﬁ
NN
OU“ '

A. van der Jagt
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TARGET BURN-IN “
INVESTIGATION

Introduction

The use of the Lunar Camera tube involves a situation in which
intense, small 1lights may be in the field of view of the camera for consider-
able length of time. Consequently, the tube may be subjected to small area
highlight illumination imaged on the faceplate. |If the érea is not large
enough, the automatic 1ight control circuit may not be activated and damage
to the tube is likely. The purpose of this investigation is to study the
effects of such exposures and to determine, if possible, the limits of safe

operation. There were four parts to the study:

a) Investigation of photocathode damage
b) Damage to target at normal (-8kv) photocathode voltages
c) Damage at reduced photocathode voltages

d) Determination of on-set of damage

Set-Up

a) The tube non-operating except for -8kv between photocathode
and anode was exposed to small area illumination with exposures in excess
of 500 ft-cdl for 30 minutes. TheAphotocathode was masked off except for
the small area exposed and measurements of photocurrént were made before and
after exposure.

b) The tube was set up in the test set in normal operating configura-
tion imaging a resolution pattern that produced an illumination of approximately

1 x 10-2 ft-cdl on the photocathode. A microscope light was then placed in

D-2




the field of view and its voltage adjusted to give the desired intensity.

I 1lumination was determined by selecting a line of the display that included
the light and measuring its signal relative to the | x 10-2 ft-cdl background.
Other exposures were made by varying the ¥-stop of the lens and adjdsting the
background illumination. The light was moved about.in the field of view to
expose various areas of the target.

c), d) The set-up was identical with b) except the photocathode

voltage was varied to determine the effect of different primary energies.

Procedures
After the exposures were made, a line was selected from display
and the change in signal of the exposed area from the unexposed area was
determined. In the case of temporary damage, measurements were made periodi-

cally to determine the rate of decay.

Results

a)' No apparent change was detected from exposure of the photo-
cathode to the 500 ft-cdl illumination and after several repetitions of the
exposures, that part of the investigation was terminated.

b) This second series of tests was made with moderate photocathode
illumination and full (-8kv) photocathode voltage for periods up to 30 minutes.
in this mode, permanent damage resulted in all cases. The illumination was
reduced to 1 ft-cdl while the photocathode was run at -6kv for a L0 minute
exposure. This resulted in temporary damage that recovered within a few

hours of normal operation.




c) In this series the photocathode was run at considerably

reduced voltage (33.5 kv) while illumination was increased to 12-1/2, 25,
50, and 100 ft-cdl for various exposures on the target. At the end of the
exposures, the camera and tube was focused on a white screen for 1 hour
before the ''burned' areas were evaluated. Target degradétion consisted

of darker areas (less sensitive) where the light had been imaged. This
degradation was, in the worst case, a decrease in signal of 25% although it
apparently did not degrade resolution. In some instances, as wﬁen the
filament of the light was imaged, the damaged area produced a white signal

and a complete loss of information.

Not all exposures resulted in damage to the target, but no correla-
tion of illumination, time, or the product of illumination and time to degree
of degradation was apparent. Tests were also performed with photocathode
voltages ranging from 2 - 2.5 kv and small area illumination of 200 ft-cd)
during exposure. After exposure, the photocathode voltage was raised to -8 kv
and the photocathode uniformly flooded with 6 x 10-3 ft-cdl during the recovery
period. No damage was observed for any exposure (up to 200 ft-cdl) with
photocathode voltages less than -2.5 kv. At -2.5 kv target damage appeared,

however, this was not permanent damage and recovered.

d) The final series of tests were performed to determine the onset
points of permanent damage in the 2.5-3 kv range, and determine if there is
correlation between the A,L.C. and damage onset. Results show that non-

recoverable damage occurs when the tube is operated at any point equal to or




greater than the A.L.C. curve. The A,L.C. curve is defined as the constant
signal current curve which begins at the maximum operating point (or the
point just below which the picture starts to lose resolution as illumina-
tion is increased) and maintains constant signal output és photoéathode‘

voltage is reduced while light input is increased.

Summary

1) The photocathode is not the limiting factor to survival

from exposure to high intensity small area illumination.

2) High primary energy (photocathode voltage) appears to be

a necessary condition for permanent damage to the target.

3) Onset of damage can be expected where illumination-

photocathode parameters exceed those defined by the A.L.C, curve.

L) Temporary, recoverable damage can occur at exposures below

that defined by the A.L.C. curve.

5) it Is not known whether there is a time-brightness reciproc-

ity for either permanent or temporary damage or recovery from temporary damage.
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Purpose

The SEC target is normaily operated with a suppressor mesh
adjacent to the scanning surface of the target. This mesh is used to
limit the voltage excursion of the target which, for intense signals,
could exceed safe levels. However, even with the presence of this mesh,
the targét can be damaged due to exposure to intense signals. |If a
signal great enough to drive the target well into saturation is impressed
for some time, a temporary and perhaps permanent reduction in gain is
observed in the exposed area. Since in some applications intense expo-
sures are ineviiable, quantitative data is needed. Thus, the purpose of

this investigation was to determine:

1. The illumination levels an SEC camera tube can be exposed
to before first, a temporary loss, and second, a permanent
reduction in gain results.

2. The effect of the duratjon of such signals.

3.' Whether or not an initial loss in gain ''ages'' the target
so that much mére intense exposures are reqqired to cause

a further loss in gain.

E-3
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Me thod

Two WX~5419A SEC camera tubes were used for these experiments.
Both tubes employ a suppressor mesh spaced 10 mils from the target. In
all cases, this mesh was opérated at 15 volts so that no matter how
intense the exposure, the target could not cross over. A 6.1 cm2 Yec-
tangular aperture was focused one-to-one on the photocathode and the
resulting photocurrent was measured. The effective light level was then
calculated on the basis of a 100 uamp/lumen pHotocathode response. All

light levels specified in this memo were determined in this manner.

In all cases, the signal current from the area to be exposed was

3

measured at a photocathode illumination of 10 ° foot-candles. Then the
appropriate exposure was made and the signal current was re-measured under

the same conditions of the initial measurement. During the exposure only

2 X .
a 0.1 cm area was illuminated. After the exposure, a somewhat larger
area was illuminated such that the exposed area was contained in the larger
area. In this way, gain differences of a few percent could be observed on

the monitor. The absolute value of the signal current was measured by
compéring it with a reference signal which was generatéd By applying a
variable véltage pulse across the video load resistor. This pulse was
applied to each video line so that a vertical bar was generated on the
monitor. The amplitude of the pulse was adjusted to match the amplitude
of the signal current by comparing the two on a line selector oscilloscope.

This absolute measurement was accurate to +0.5 db.

E-4
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Results

A series of experiments was conducted with the gain of the
tube adjusted to give a signal current of 2.8 x ]0—8 amps at a photocathode

3

illumination of 10 ° foot-candles. Without changing any of the tube opera-
ting parameters, progressively longer time exposures were made at a giveh
Jight level. After each exposure, the signal current was re-measured

under uniform illumination at 10-3 foot-candles. Figure | shows the re-
sults for exposures at 10 foot-candles. Each of these exposures was made
on the same target area. As indicated in the figure, the signal current
was noted immediately after the exposure and again some time later. The
measurements made immediately after the exposure are rather inaccurate

since the gain of the target began to recower. The approximate recovery

time in minutes is indicated for each exposure.

In general, the recovery rate was rapid at first, then decreased
roughly exponentially. The total time required for recovery increased with
the intensity of the exposure, however, in no case did it exceed 5 minutes.

3

Uniform illumination at 10 ° foot-candles for further periods of up to an
hour were not successful in improving the situation that existed after 5

minutes.

Figures 2, 3 and L4 show the results obtained for exposures at 1,
IO-I and 10-2 foot-candles respectively. These curves, along with several
others, each measured on a different area of the target, were used to

construct Figure 5. Exposures in region | of Figure 5 have no harmful
E-5
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effects on the target while those in region 2 result in a temporary "after

image''. Exposures in region 3 result in a permanent loss in gain.

All the data presented in Figures | through 5 was taken from
the same WX-5L419A (6LL4LO36) operated in all cases at a priméry voltage of
6 kV. Target voltages of from 14 to 17 volts were used, corresponding to’
target gains of from 35 to 50. These variations in gain required to give a
constant signal current were due to inadvertant changes in the area scanned.
As we shall see later, the permanent ''burn in'' characteristic is essentially
independent of target voltage so that combining the data taken at slightly

different voltages is justified.

The transfer curve for this target was measured and is shown in
Figure 6. In order to further characterize the target, primary penetration
measurements were attempted with limited success. {Instability in the image
section limited measurements to 5 kV where 6% penetration was measured. This
measurement along with a measured capacity of about 110 pF/cm2 indicates a

""thin"' target.

Additional exposure studies were made on a second WX-5419A camera
tube in order to determine whether the results described above are typical
for SEC targets or whether they are peculiar to that target only. Fiqure 7

shows the results of a series of exposures made with this tube.

E-6
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The conditions and procedures were identical to those used in
obtaining the curves in Figure 3 except that the target voltage was 10 volts
in this case. The target gain at 10 volts was 90, corresponding to a signal

current of 4.0 x 10-8 amps .

In order to determine the effect of reducing either the target
voltage or the primary voltage during the exposure, two additional curves
were measured with this tube. For both of these curves, the térget gain
was reduced by a factor of 10 during the exposure only. Otherwise, the
conditions were the same as those of Figure 7. |In the first case, the gain
was reduced to 9 by lowering the target voltage to 1 volt and maintainiﬁg
the primary voltage at 6 kV. The resﬁlts are shown in figure 8. A compari-
son of Figures 7 and 8 shows that the permanent ''burn in'' characteristic is
essentially unchanged. While thetemporary reduction in gain was signifi-
cant at a target voltage of 10 volts, none was detected at 1 volt for

exposures up to 10 minutes.

The second curve made at reduced gain during exposure was
accomplished by maintaining the target voltage at 10 volts and reducing
the primary voltage to 3.25 kV corresponding to a gain of 9. In this case,
no "burn in", either temporafy or permanent, was observed for even the

longest exposure time, 60 minutes.
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Conclusions

The two targets used for these measurements are fairly representé-
tive of SEC targets in general. The results obtained Qith exposures at 10“I
foot-candles and 6 kV primary voltages for each target, Figures 3 and 7,
do not differ from each other by an amount significantly greater than the.
experimental accuracy. Thus, within an order of magnitude, the exposures
to which a typlcal SEC target can be subjected without.suffering a loss in
gain are given in Figure 5. The permanent '‘burn in'", essentially independent
of target voltage, is a strong function of primary voltage. It has been
measured only at 6 kV. The temporary 'burn in'' characteristic, shown in

Figure 5 for a target voltage of about 15 volts, varies with target voltage.

This dependence as well as that on primary voltage has not been measured.

The curve in Figure 1| shows that an initial loss in gain due to
an intense exposure does not enhance the ability of the target to withstand
future exposures. This fact and the fact that the permanent loss in gain
depends on the bombarding energy indicates that '""burn in'' is an appropriate
term. |t seems likely that the heat generated in the exposed area causes a
damaging structure change. Furtﬁer exposures producing the same or higher
temperatures would then cause further damage and aﬁ associated loss in gain,
The lack of reciprocity in exposures causing permanent damage also indicates

that the effect is a thermal one.

E-8
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An interesting phenomenon was observed during the course of
the experiments. Tube #6444036 initially showed a very pronounced pattern
of coarse blemishes. After each successive exposure in a given area, the
blemishes in that area grew less and less pronounced. Since only rela-
tively sma{l areas of the target were illuminated, the rest of the target
was generally unobserved. However, at one point the whole target was
illuminated and the entire pattern of bliemishes was gone, even those in
the unexposed areas. The finer ''grain'' structure was not affected.
Unfortunately, no photographic record of these observations was made.
Since the tube was operated continuously for quite lengthy periods of time,
it is possible that the heat generated by the focus and deflection coils

subjected the target to a mild bake.
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APPENDIX F
MO ISTURE DAMAGE TO THE SEC

TARGET
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Frem: ELMIRA WORKS
Date: March 1, 1965

Subject: Blemishes In The SEC Target

TO: G. W. GOETZE, MANAGER
Image Tube R § D

PURPOSE ¢

The purpose of the investigation was to determine if blemishes are
produced in an SEC target by exposure to moist air.

EXPERIMENTS ¢

An SEC target was evaporated under standard conditions and placed
into a demountable camera tube with the least possible handling time, The
camera tube was_pumped continuously with a Vac Ion pump and kept at a typical
pressure of 10-7 Torr, The target was operated in a standard manner, the
video signal displayed on a monitor and photographs taken from the monitor
with an exposure time of 0.5 - 1 sec, The system was opened and the target
placed in a humidity chamber for a given time, The chamber was kept at a
relative humidity of 30% by a saturated solution of aqueous CaCly in
equilibrium with solid CaCl,. The target was retested and then exposed in
the humidity chamber for a further period,

RESULTS :

Figure 1 shows a series of photographs of the same target. Photograph
A shows the target with no previous exposure to moist air at a target voltage
of 20 V with no input illumination., The target was overscanned and the white
and black rings are the result of beamlanding on the target mount, Photograph
B was taken after a 15 minute exposure to a relative humidity of 30%. The ’
target was operated under the same conditions as for Photograph A, Photograph
C was obtained after a second.exposure, this time for one hour at 30% relative
humidity. Photographs Dthrough F show the same target operated at a target
voltage of 10 V but with a uniform input illumination, The exposure of the
target to humidity in the pairs of photographs A and D, B and E, and C and F
are the same, It should be noted that the slight nonuniformities and the
dark areas in photographs E and F are caused by variations in photocathode
emission and are not relevant to the present discussion,

F-2
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»

Dr. Goetze Page 2 March 1, 1965

As can be seen, an SEC target once exposed to moist air develops
white blemishes and grain.

The extent of the damage to the target depends on the level of humidity
and the exposure time, It is also observed that the target readout speed )
becomes progressively slower and the TSE gain falls under these circumstances.(

It should be noted that a relative humidity of 30% can be produced by
inserting 1 mg water into a volume equal to that of the LCT at 25°C,

R. R, Beyer

mlr
Attach,

REFERENCE :

(1) M. Green, R.R.Beyer Second Interim Engineering
Report Contract No, AF 33 (615)-1271
(February 1965)
F-3
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Figure 1 MONITOR PHOTOGRAPHS OF AN SEC TARGET
A: Vp 20V : D: VT 110V
No illumination Illumination
No exposure No exposure
Bt Vo :20V E: Vp:10V
No illumination Illumination
1. Exposure: 15 min, 1. Exposure: 15 min,
30% relative humidity 30% relative humidity
C: VT:ZOV F: VT:IOV
No illumination Illunination
2. Exposure: 1 hour 2. Exposure: 1 hour
30% relative humidity 30% relative humidity
F-4
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APPENDIX G
A RESOLUTION STUDY PROGRAM

FOR THE LUNAR CAMERA TUBE

G-1

UNCLASSIFIED



UNCLASSIFIED

ET-2]
August 26, 1966

FINAL REPORT ON THE
RESOLUTION STUDY PROGRAM
FOR THE LUNAR CAMERA TUBE

J. Vine

Lunar Camera Tube Program
Purchase Order No. 86KP-87-96641-0S
from Westinghouse Aerospace Division

Prime Contract NAS9-3548
from NASA Manned Space Craft
Center, Houston, Texas

This report is prepared to cover a specific technical phase of the
program as required by contract.

Approved by

(Z
The work reported here o
was performed in the , R. A. White
Image Tube Department Program Manager-
of the Westinghouse - : Lunar Camera Tube

Electronic Tube Division, _
Eimira, New York, under .
the direction of Ma 1c W
Dr. G. W, Goetze.
' M. Green

Engineering Manager
image Tube Department
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ABSTRACT

This study program was undertaken to improve understanding of
the electron optical properties of the LUﬂar'Cémera Tube and to deter-
mine the feasibility of extending the resolution of the tube beyond the
level of the original specification. Separate studies of the reading
gection and the image section were carried out by the construction and
testing of experimental hybrid vidicons and image intensifiers. Work on
the reading section was concerned particularly with the effects of the
suppressor mesh. The results of these experiments are discussed in
detail, and conclusions are drawn regarding design changes favorable to
resolution. Some of the suggestions made have already been incorporated
into the Lunar Camera Tube. The original resolution specification is
shown to be very close to the limiting performance that can be attained
in this tube, without some pasic improvement to the triode gun, or with-
out a modification to the SEC target that will permit it to operate

without a low voltage suppressor mesh.
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FOREWORD

The author of this report was the project. leader on the study
program described, under the supervision of Mr. R. A, White, Lunar Camera
Tube program manager. The help of many colleagues, both within and out~
gide the Lunar Camera Tube team, is gratefully acknowledged. In particular;
Mr. R.. P. Carpentier was respon;ible for the construction and testing of
all the experimental vidicons, and many of the graphslpresented in
Sections 2 and 3 are reproduced directly from his results. The meticulous
work of Mr. W. E. Merritt in the construction and measurement of the
experimental image sections was ‘instrumental in clearing up difficulties.
in that area of the tube. Dr. G. R. Feaster contributed significantly
in the early stages of that work. Specific contributions from several

other people are mentioned in the text.
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1. INTRODUCTION

The resolution study program on the Lunar Camera Tube was
started in July, 1965, as a result of disappointment wi;h the performance
of early tubes. The original resolution specification called for a
0% aperture response at 250 TV lines/picture height and 5% at LOO TV
lines/picture height, these figures having been based on data available
on the image section and the 1'' hybrid vidicon. The deficiency of the
early tubes appeared to be attributable to two factors that had not been
fully appreciated. One of these factors was the critical dependence of
the image section resolution on the precise’shaping of the anode cone
tip, and the other was the degrading effect of the suppressor mesh on
the resolution of the reading section. The objéctive of the study program
was to improve our understanding of these and othervfactors, and so to
re-assess the potentialities of the tube. We wished to consolidate the
performance of production tubes at the level of the original specification
and to determine the feasibility of going beyond that level. The TV sys-
tems group had 'ndicated a desire to raise the resolution specification
to a 40% resporise at 300 TV lines/picture height and 5% at 600 TV lines/pic-
ture height.

Work was started on the electron optics of the image section
and the reading section. The resolution capability of the image section
being inherently high, effort in that area was directed towards establishing

the correct dimensions and the constructional accuracy necessary to realize

G-7
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the full potential in production tubes. The reading section was recognized
as the prime limitation to resolution in the complete tube, and in this
area the possibility of basic redesign was contemplated if an advantageous
electron optical configuration could be determined. Work on this section
included a study of the effects of various parameters on the performance
of hybrid vidicons both with and without suppressor meshes.

No study of the SEC target resolution capability was made; that
Belng the subjectvof other research programs in progress. At the present
stage of development the target does not appear to be an important limita-

tion to resolution in the Lunar Camera Tube,

G-8
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2, VIDICON STUDY

A diagram of the electron-optical components of an orthodox 1.0"
vidicon is shown in Fig. 1. This diagram shows .sdhematiha]Ty the action
on the electron beam of the focus lens (G3-G4-G5), the deflection yoke,

"and the collimation lens (G5-G6). The table shows the noﬁina] opérating
voltages for three cases which will be referred to as low, medium, and
hfgh voltage operation. MNormally the tube is operated with G3 connected

directly to G6 and carrying the highest potential in the tube. Other
methods of operation are possible and some of them will be discussed in
the following pages.

In principle, the electron optical action of the tube may be
described as an imaging, with approximately unit magnification,‘of the
small source of electrons represented by the beam-1imiting aperture,. onto
the target. In detail, the action is rather complex and it is not well
established whether the beam-limiting aperture acts simply as a small object,
or partly as an aperture-stop as well. Apart from the aﬁerture size and
the magnification factor, the size of the spot at the target is affected
by spherical aberration in the focus lens, and possibly by chromatic aber-
ration (spreading effects due to the variable emission energies of the
electrons). Practical evaluation of these details is greatly complicated
by the poor mechanical alignment that is achieved with existing construc-

tional techniques, due to which it is necessary to employ electrical

G-9
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Glq 62 63 G4- G5 Deflection G6 iTurget
LQ_,/\/
.—<¢] _ . = | )
=Y
l(Beam Limiting 3 :
Aperture
OPERATING POTENTIALS
Voltages Cc Gl G2 G3 G4 G5 G6 Target
(Typical) (Approx. (Typical)
Low Voltage 0| -40 300 300 50 180 300 15
Medium Volitage | O [ -40 300 600 90 300 600 15
High Voitage | 0 | -40 300 1000 150 500 1000 5

6693D-VA-22

FIG. I ELECTRON OPTICS OF THE VIDICON
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alignment of the beam during operation. This is done by means of small
coils in the vicinity of the G1-G2 gap. Ideally, the beam needs to be.
ceniored on the limiting aperture for maximum transmission of current.
It should travel centrally through the focus lens for nonastigmatic focus-
ing and emerge centered along the axis of the collimation lens for good
landing uniformity. Since only one alignment adjustment is available for
each of two perpendicular directions, some compromise between these various
objectives has to be accepted. Optimum adjustment of the alignment cur-
rents is probably the most critical single factor affecting resolution
performance of the tube. This has an important bearing on the study
described here because mechanical alignment represents an uncontrolled
variable which may be respensible for appreciable resolution differences
between tubes.

The principal geometrical parameters that are electron-optically
significant can be listed, together with what will be referred to as their

standard values:

beam-limiting-aperture diameter 0.0018"
G6 - :arget spacing about 0.100"
field mesh (G6) pitch 750 line/inch

During the program variations of these parameters were studied, together
with variations of operating potentials and electrode interconnections.

A total of 25 orthodox vidicons were built, details of which are summarized
in Table 1. Also included are tubes 264 and 265 which, although built

for a special expeiiment in the suppressor mesh study (see Section 3.6),
were capable of operation as orthodox vidicons with very small G6-target
spacing.

G-11
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TABLE 1 VIDICON DETAILS
Heater- G6- Normal
Tube }lInternal Cath Special Field Mesh | Target Response
No. Conn. ApertUﬁ: Type Features Lines/Inch | Spacing ] at 300 Lines
32 |G3-G6 L0018 I watt |Sb,S, photoconductor 750 .205% 34%
33 |----- L0618 L L u 750 RUTE 38
3 |emam- .0008! r u " 750 L1354 Lk
35  |63-66 .0018" LU SRR 750 .080 Ly
36 u .0018" I B L R T 750 .115 Ly
37 H 0018 B et T T E 750 .050 Ly
38 u .0018!" B L L PP 750 .075 Le
39 " .0018" L PSR S 750 .190 Ly
o }----- .0018" L L 750 .080 hs
7S I R .0010" L B —— 750 .085 52
6540012 {=~=~~ .0018" " .0LO'" aperture stop 750 . 130" L8
6540013 [-~~-~ .0018" tr . 100 " " 750 . 130" L8
6540040 {G3-G6 .0018" " e —————————— 750 .210" Ly
6540046 " .0018" R L L L L P ey 750 L3101 39
6540050 " .0006" “ Yinrecision’ triode 750 .1o5" 62
6540058 " .0018% H " u 750 . 1oo" 38
199 " .0018'" [0.2 watt |-====cmmmmcmmmmomns 750 125" 52
228 " .0007 1 watt |'precision" triode 750 . 100" 60
229 " .0o07" R R e e L EL e TR 750 .los" 62
264 G3-G5 .0018% |0.2 watt ] special experiment 1000 .o1o" LY
265 " .0018" o see Sect. 3.6 1000 .030" Ly
255 G3-G6 .0018 A Y e E TP Lt 2000 .1os! L3
259 " .0018" B T 750 L1259 48
6608091 " .0018" ] watt | ===---mcrmmme e 500 . 135" 39
6608009 | .0018" v lcat. coated cathode 500 15 30
297 " .0018" §0.2 watt | —===--mmmmmemmemmm e 500 125" Ly
304 " .0018" L S e L PP e e 750 . 130" L7
Se target unless SbZS specified.

3

Standard triodke unless precision specified.

4

G-12
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2.1 Operating Potential

It is well known that vidicon resolution improves with increas-
ing tube voltages, and this effect has been observed consistently on all
vidicons tested. Examples are shown in Fig. 2, which gives aperture
response curves for vidicons 35 and 36. Their performance is typical.

A steady improvement in resolution is obtained with increasing voltage

and a considerable further improvement when magnetic focusing is employed.
Roth thése fact; are consistent: with the theory that sperhical aberration
of the main focusing lens is a prime limitation to resolution of the hybrid
vidicon. At high voltage operation the lens effect bewteen G2 and G3 is
increased (because the G2 voltage remains fixed at 300 while G3 voltage
increases). This has the effect of reducing the beam angle into the main
focusing lens, which can explain, at least qualitatively, the improved per-
fomrance as’due to reduction of the aberration disc. It should be realized
that this reasoning is rather superficial, because the conjugates of the
multiple lens system change, as well as the beam angle. A full explanation
of the effects of voltage changes would therefore require a much deeper
analysis.

2.2 Field-Mesh Target Spacing

A number of tubes have provided evidence on the effect of vary-
ing target-G6 spacing. Results from 12 tubes, identical except for this
parameter, are summarized in fFig. 3. The three graphs correspond to three
different operating voltages; 300, 600, and 1000 volts. Each curve con-

nects aperture response values at a fixed line number for tubes with various

G-13
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(a)

G6 = 300 Volts
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(b)

G6 = 600 Volts
(c)

G6 = 1000 Volts
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'
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Target — Mesh Spacing (inch)

FIG. 3 APERTURE RESPONSE AS FUNCTION
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spacings. Curves for 100, 200, etc. TV lines per raster height are shown.

No clear cut trend is indicated by these results. The tube with .310 spacing
i§ a little worse than other tubes at low voltages, but at 1000 volts,

its performance is about average. The spread in reSponseAis‘quite large -

as much as 15% in the 300 TV line region. This results from small uncon-
trolled variations in the tubes, and the inaccuracies inherent in the test
procedure., One tube with 0,125" spacing (tube 199) is particu}arly good,
while the tube with 0.100" spacing (tube 6540058) is rather poor.

Tubes 32 and 33, which have the correct geometrical properties
for inclusion in this graph, were omitted. These two tubes, the first
constructed in this study, have Sb253 photoconductors instead of the selenium
type used in the other tubes, and both show poor resolution. It seems
doubtful that the poor resolution can be attributed to the photoconductor,
but it does not geem wi;e to include the tubes in Fig. 3. Together with
tube 34, which also has an Sb253 photoconductor, they can be considered
as a separate group (see Section 2.4),

From the data‘jn Fig. 3, we conclude that resolution is not
sensibly dependent on target-G6 spacing over the range 0.050" to 0.300".
It should however be realized that uniformity problems might arise with
veryllarge spacings, due to possible non-uniformity of the decelgrating
field. This would depend on the location of other tube members outside
the large gap. Such effects were not observed in this study, but they

were not specifically sought.

G-16
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‘The range of permissible spacings can be extended down to
0.010" as a result of experiments on tubes 264 and 265. These two tubes
were built for a special experiment which will be described in Section 3.6
but were capable of operation as orthodox vidicons with very small target-
G6 spacing, in which mode they gave resolution comparabfe to other vidicons
with 0.001'" beam limiting apertures.

The conclusion reached here implies that there is no signifi-
;ant chromatic aberration effect in the tube. Spot-spreading due to
emission energies should be dependent on transit time which, for a given
voltage, increases with target-G6 spacing. This further supports the
suggestion made in Section 2.1 that resolution improvement with increasing
operating voltage is due to reduction of spherical aberration. 1in an
attempt to study further the spherical aberration effect, tubes 6540012
and 6540013 were built (See Table 1). These tubes have aperture stops
located in field-free space in the G3 cylinder, such as to limit the in-
cident beam total angle to 0.04 and 0.10 radians respectively. The results
from these tubes are not included in Fig. 3. Both showed good but not
exceptional resolution. {t is likely that neither aperture stop was
really effective in restrictipg the incident beam anglé, although the
smaller of the two appeared to intercept the beam fo some extent, making
alignment difficult and requiring large grid dr}ve voltage. The alignment
difficulty would probably vitiate any experiment with still smaller aperture
stops with which effective beam-angle limitation might be obtained, and

so this approach was not pursued further.
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2.3 Beam Limiting Aperture

All results given in Figs. 2 and 3 are for vidicons with beam
limiting apertures of approximately .0018'" diameter. Several vidicons
have been built with smaller apertures. Three vidicons with different
aperture sizes are compared in Fig. 4. Each graphqcorrespondé to a dif~-
ferent mode of operation. In the hybr&d mode, at all operating voltages,
there is a clear substantial resolution improvement with decreasing aperture
size. Tube 40 is typical of vidicons with .0018" apertures (see Fig. 3). '
It was constructed at the same time as tube L1, the éperture sizes being
the only intended difference between the two. Tube 6540050 was made at
a later date and differs from the others ini:having a slightly larger
target-G6 spacing, and a precision triode instead of the standard triode.
Neither of these factors is thought to influence resolution.

Fig. L4(c) compares the performance of the tubes when magnetically
focused. There dées not appear to be any clear trend. it seem likely
that the important action of the smaller aperture is reduction of the beam
angle into the focusin§ lens, resulting in improvement in the hybrid mode
through r eduction of the spherical aberration disc.

Tubes 228 and 229 provide(further evidence on the effect of
smaller apertures. These tubes have apertures of 0.0007“ diameter and
show resolution similar to tube 6540050. A further comparison is made in
Fig. 5, between tubes 33 and 34 which have beam limiting apertures of
0.0018" and 0.0008" respectively. Superiority of the smaller aperture

is less marked in this case. As mentioned earlier, these tubes and tube 32,

G-18
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as a group, exhibit relatively low resolution, possibly due to use of an
Sb253 photoconductor instead of the standard selenium.

A disadvantage of the smaller aperture is the need to drive the
_cathode harder in order to maintain the required beam current at the tar-
get. This is evidenced by the Gl voltages of 38 and 18 on tubes 41 and
€540050 respectively, compared with the more typical value of 55 on
tube 40. These tubes had 1 watt cathodes, which were able to supply the

additional total current without difficulty.

2.4 Focusing Mode

The potential values listed in Fig. 1 are those used in the
standard method of focusing a vidicon. In this condition the main focusing
lens, G3-GL4-G5, is an unsymmetrical three-cylinder lens. Various other
possible arrangements exist and some study was made of thzir relative merits.

2.4.1 Alternative G3 Connections

In the past vidicons have been constructed alternatively with G3
internally connected to G5 or to G6. In this program tubes were built
with all three of these electrodes isolated on separate pins so that the
merits of the two alternative connections of G3 could be examined. This
study was inconclusive. Of six tubes, three showed systematically slightly
better resolution with G3 connected to G5, and one was better with G3 con-
nected tc G6. The other two performed almost i&entically in the two modes.
With G3 connected to G5, the focus lens becomes a symmetrical three-

cylinder lens.

G-21
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Typical operating voltages are:

G2 G3 GL G5 G6
Low voltage 300 180 Lo 180 300
Medium voltage 300 300 60 300 600
High voltage 300 500 100 500 - 1000

A point which may have some bearing on this question concerns
the motion of positive ions. With the G3-G€é connection, ions formed in
the main volume of the tube will tend to be trapped, whereas with G3 at
the lower G5 potential, some ions formed in the G6 region would be capable
of penetrating to the thermionic cathode.

2.4.2 'Inverted" Focus Lens

The orthodox operation of the three-cylinder lens sets the
central cylinder G4 at lower potential than its neighboring cylinders G3
and G5. Operation with G4 at higher potential than G3 and G5 ("inverted"
mode) is thought to resultiin lower spherical aberration. Fig. 6 shows
results of an investigation of this effect in tube 40, an orthodox vidicon
with .0018" beam limiting aperture and .080" target-Gé spacing. Fig. 6(a)
is a striking illustration of the improved performance of the focus lens
in the inverted mode. The lower curve is for ordinary low voltage opera-
tion, for which it represents typi;al performance. The upper curve was
obtained immediately after the lower, simply by raising the G4 potential
until the tube was refocused. This curve is comparéble to that obtained
in orthodox high voltage operation, as can be seen from the direct comparison
made in Fig. 6(b). However, it is to be noted that in the inverted mode
the improved resolution }s obtained without increased scanning power, since

the G5 and G6 potentials remain low. Scanning power requirement is roughly
G-22
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proportional to the G5 and G6 potentials and so is normally increased by

a factor of 3 in changing to high voltage operation, Fig. 6(b) shows

that orthodox and inverted lens operation offer about the same resolution
for a given maximum voltage in the tube. In the inverted mode apart from
the reduction in scanning power, the fact that G6 is set at a‘low potential
has additional significance in tubes having a suppressor mesh, as will be
discussed in Section 3. The electrode voltages used in this experiment
are listed in Fig. 6.

Tests on other tubes largely confirmed the conclusions drawn
from Fig. 6. Tubes 255, 259, 6608091 and 6608009 all performed in the
inverted mode as well as, or slightly better than, in the normal mode for
a given maximum applied voltage. The last two vidicons built, 297 and 304,
performed less well in the inverted mode.

2.4,3 Bipotential Lens Operation

The focus lens of the vidicon can be made into a bipotential
lens by connecting G4 either to G3 or to G5. Focusing can be achieved
either with the accelerating or with the decelerating form of lens. Four
different fypes of bipotential focusing are thus possible. No extensive
study of these operating modes was made in this program. Some results
obtained from tube 4l are shown in Fig. 7. Fig. 7(a) shows the results
of decelerating bipotential operation at ‘three voltage levels, with G4
connected to G3. The curves are quite similar to those for normal opera-
tion at the equivalent voltages. A direct comparison between normal, in-

verted and bipotential modes of operation is made in Fig. 7(b) for the
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1000 volt case. Bipotential operation appears slightly worse than the
other two, although limiting resolution is about the same in all three
cases. The main operating potentials used for the bipotential mode are
shown in Fig. 7(a). The G3 potenti;l was held at 300 volts in all cases,
and G5 was maintained at about half the G6 potential for normal action of
the collimation lens. A test was also hade on tube 41 with G4 connected
to G5, which has the effect of moving the bipotential lens further from
the target. Resolution in this case appeared to be considerably degraded.

2.5 Field-Mesh Pitch

Towards the end of the study some orthodox viaicons were buiit
with non-standard field mesheé. It was hoped that a coarser field mesn
could be used without affecting resolution. This would provide higher
transmission of the beam, which is beneficial. In a suppressor mesh tube,
for example, it would permit the use of a finer suppressor meshlto improve
resolution without‘reduction in overall transmission of the two meshes

The six tubes jnvolved in this experiment were Nos. 6608091,
6608009 and 297 with 500 line mesh, Nos. 259 and 304 with 750 line mesh,
and No. 255 with 2000 line mesh. Further details of the tubes can be
found in Table 1. All have .0018" beam limiting apertures and target-
mesh spacings in the rarige .105" to».iSS”. Apart from field-mesh pitch,
therefore, they do not differ in any respect that is éhoughf to influence
resolution; Tube 6608009 differs from all othérsinvolved in this work

in having a cataphoretically deposited cathode.

G-26
] UNCLASSIFIED



UNCLASSIFIED

Table 2 compares the aperture response figures obtained from
these tubes in normal operation at (a) 600 volts and (b) 1000 volts on G6.
The 500-1ine mesh tubes show wide differences--19% in the 300-1ine figures
at 1000 volts. Tube 6608009 looks particularly bad (it does not seem
reasonable to attributethis in any way to the cataphoretfc cathode). The
two 750~1ine mesh tubes are similar to each other, and comparigon with
Fig. 3 shows that they can be regarded as fairly typical standard vidicons.
]t is not easy to draw any firm conclusions from these results. Tube 297
is the best of the 500-1ine mesh tubes. At higher line numbers it falls
somewhat short of the 750-1ine mesh tubes (both in Table 2 and Fig. 3)
and so there is some suggestion that the coarser field mesh degrades reso-
lution, The suggestion is not supported by tube 255 with 2000-1ine mesh,
which shows results similar to typical 750-1ine mesh tubes. This experiment
is therefore rather inconclusive, but change to mesh coarser than 750 lines/inch
does not app;ar advisable. |Improvement in resolution by use of finer field
mesh, as has been c]aimed(]>, seems unlikely,

Neither does it appear likely from these results that improved

(2)

resolution is obtainable by the use of smoothed cathodes The cata-
phoretically deposited cathode used in tube 6608009 was probably as smooth
as any cathode obtainable, but this tube showed unusually poor resolution,

although its performance was normal in other respects. We cannot, of

course, draw firm conclusions on the basis of results from only one tube.
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TABLE 2

Variation of Field Mesh Pitch.

600 Volt Operation

Aperture Response.

TV Vines 100 | 200 | 300 | 40O | 500 | 600
6608091 96 70 39 18 7 3
500 line mc-h 6608009* 97 65 30 11 5

297 98 79 | W] 21 8 3

259 98 80 L9 26 | 8

750 line mesh 304 93 75 47 25 13 7

2000 line mesh 255 95 70 L) 22 [R] 5
1000 Volt Operation

100 | 200 | 300 | 400 | 500 | 600

6608091 99 81 L8 24 12 5

500 line mesh 6608009+ 99 | 67 | 33| 15 6 2

297 99 84 52 27 12 5

R 259 98 80 58 34 18 8

750 line mesh 304 99 84 59 36 20 ' 10

2000 1ine mesh 255 99 | 83 | 53| 33 19 8
*Cataphoretic cathode
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3. SUPRESSOR MESH VIDICON

The typical effect of introducing a suppressor mesh is illus-

trated in Fig. 8, which compares aperture response curves from tube 207

at two different suppressor mesh voltages with a curve from tube 36, which
is representative of orthodox vidicon performance. The two tubes are
-nominally the same apart from the suppressor mesh, which is placed at the
standard .010" from the target. It is seen that over 20% response is
.]ost at 200 to 300 lines with the suppressor mesh at 30 volts, a normal
operating value in the Lunar Camera Tube. Limiting resolution is reduced
by about a hundred and fifty lihes. This degradation is serious, and it
can be seen why the original estimates of LCT resolution, which were based
on knowledge of orthodox hybrid vidicon performance at that time, were
rather optimistic. The surprisingly severe effect of the suppressor mesh
is revealed as the primary cause of disappointment in the resolution per-
formance of’the early Lunar Camera Tubes. Since confirmation of this fact,
the suppressor mesh effect has been the main object of investigation in
this Study.

Fig. 9 shows the construction adopted for suppressor mesh vidicons.

The additional mesh is mounted on top of the standard G6 by means of a
ceramic ring with metal tabs (spider). The required separation of the
meshes is set by the introduction of cefamic sp;cers. Iinsulation of the
suppressor mesh from the target is provided by a mica washer, which auto-
matically sets the spacing between the twé electrodes when the completé
mount is inserted into the tube envelope. A washer thickness of 0.002"

is required to achieve the standard target-G7 spacing of 0.010',
G-29
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3.1 Variation of Suppressor Potential

To some extent, the degradation produced by the suppressor mesh
can be explained by the lenslet action that occurs at the mesh openings
when the field strengths on the two sides of the mesh differ. This effect

(3). It is not the full story,

has been analyzed quantitatively elsewhere
however. The lenslet action can be eliminated by adjusting the suppressor
mesh to such a potential that the field strengths on either side are equal- |

ized. This field-equalization point may be too high for satisfactory

operation of an SEC camera tube, but it can always be attained in the

vidicon tubes being described here. Invariably it is found that resolution,
although improved, still falls short of that of an equivalent vidicon with-
out'suppressor mesh. The curve for VSupp = 60 volts shown in Fig. 8

illustrates this point.

Surprisingly, it is found that resolution continues to improve
as the suppressor’mesh voltage is raised above the equalization point.
This effect is illustrated in Fig. 10 which shows, still for tube 207,
how the response at 300 TV lines increases with suppressor mesh potential.
The two curves correspond to 600 and 1000 volt operation, and the suppressor
mesh voltages for field-equalizationvin the two cases are marked with
corresponding symbols. For 600 volt operation resolution improves as the
suppressor mesh potential is raised to 80 volts, where it still is not
equal to the resolution of a vidicon without suppressor mesh. The curves

appear to be leveling off at the upper end. The crossing of the two curves

is an interesting feature. |t appears that at low suppressor mesh voltages
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the resolution improvement normally observed in the 1000 volt operation
mode is more than cancelled out by aggravation of the lenslet effect. The
advantages of the 1000 volt mode can be realized at higher suppressor mesh

potentials, and at vsu = 80 volts the response is approaching that of a

PP
vidicon without suppressor mesh (typically about 55%--see Fig. 3).

Complete aperture response curves for variouslsuppressor voltages
at two different field mesh potentials are given in Fig. 1.

The salient features illustrated in Figs. 8, 10, and 11 are not
beculiar to tube 207. They are observed in all the suppressor mesh tubes
constructed, to a degree which depends on some of the tube parameters, as
will be further discussed in following sections. The lenslet effect
already mentioned is not adequate to explain these features, although it
undoubtedly contributes to them. Additional contributing effects may be
electron scattering or secondary emission at the suppressor mesh, either
of which would contribute to reduction of contrast. However, it seems
unlikely that these effects would reduce as the suppressor mesh potential
is increased. Fig. 12 shows schematically how the field tends to direct
more electrons to the mesh bars the higher the mesh potential so that
scattering effects could be expected to get worse. It might be argued
that the improvement with increasing suppressor mesh potential is simply
the result of increasing the field in front of the target and hence reducing
electron transit time. However, experiments with ordinary vidicons, already
described in Section 2.2, tended to show that this effect is not as in-
fluential as is sometimes claimed. At the present time, therefore, there
is no satisfactory explanation of the suppressor mesh effects on resolution

described here.
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The most important details of all the suppressor mesh vidicons
built during this program are listed in Table 3.

3.2 Field-Mesh Target Spacing

Variation of the separation of field-mesh and target is closely
related to the question of suppressor mesh potential. Experiments described
.in Section 2.2 have suggested that field-mesh spacing ordinarily has no
significant influence on vidicon resolution. In suppressor-mesh vidicons,
therefore, the field-mesh position would be expected to affect resolution
only through its influence on the lenslet effect at the suppressor mesh.
On this basis spacings that tend to equalize the field strengths on the
two sides of the suppressor mesh should provide best resolution.

Tube 207 discussed in the preceding section has a target field-
mesh spacing of 0.112" and so, in normal 600 volt operation, requires a
suppressor mesh potential of 54 volts for fizld-equalization. Tocreduce
thé field-equalization potential, larger field mesh spacing is required.
To investigate this, tubes 6544010 and 206 were built, nominally identical
with 207 except for fieid mesh spacings of .200' and .296'" respectively.
Resolution performances of the three tubes are compared in Fig. 13 for
operation with 30 voits on the suppressor mesh. There appears to be a
steady improvement with increasing spacing, The improvement is more pro-
nounced in the high voltage mode of operation, which is consistent with
the fact that the lenslet effect is stronger in that case. For 600 volt
operation the field-equalization spacing is .200'", corresponding exactly

to tube 6544010. However, there is further improvement in performance
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TABLE 3 SUPPRESSOR MESH VIDICONS
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Tube Heater- Special Field Mesh Gb- Suppressor.

No . Aperture cath type Features Lines/Inch Target Lines/lInch
6544009 .0018" 1 watt 750 .200¢ 1000
6544010 .0018" " 750 .200 750
206 .0018" 0.2 watt 750 .296 1000
207 .0018" " 750 112 }000
250 .0007" 1 watt 750 .232 2000°
251 .0007" " 750 .232 1000
268 .ooio" " 750 .108 1000
269 .oo1o" " 750 .197 1000
266 .0010% " 750 .293 1000
6608026 .0o10" " 500 .233 1500
6608110 .oo1o" " 750 .232 1500
6608101 .ooto" " 500 .298 1500
6608109 .oo10" " 500 .389 1500
€608012 | .0010" r | 030" suppressor| 500 .253 1500

spacing
264 .0018" 0.2 watt | single mesh -—- -———- 1000
.010" spac :

265 .0018" " single mesh — ———— 1000

.030"

A1l have Se targets and standard triode assemblies.

All have .010" nominal supp. mesh spacing unless other specified.
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with still larger spacing‘such that the field on the target side of the
suppressor becomes stronger than the field on the G6 side. This effect
may be analogous to the improvement obtained by operating the suppressor
at potentials above the equalization value. A possible explanation of
both effects is that the target surface is not at zero potentfal, as
assumed in this discussion, but at some positive potential of perhaps 10
to 30 volts.

Fig. 14 compares three further tubes which again are nominally
identical except for field-mesh térget spacing. The same trends are
evident. Tube 6608109 has a spacing of .389", considerably ggeater than
that needed for field-equalization even in the 1000 volt operation mode,
yet it shows higher resolution than the other two tubes. These three
tubes differ from the three represented in Fig. 13 in having smaller beam
limiting aperture, coarser field mesh, and finer suppressor mesh,

Tube 6608026, witﬂ .233" spacing, seems to have surprisingly poor resolu-

ticn compared with the other tubes and is regarded with some suspicion.

it has to be borne in mind throughout this work tﬁat vidicon performance

can vary quite noticeabiy from one tube to arother for reasons that are

not well understood; The difficu]ty is to see through these random varia-
tions and detect any trends that may be due to intentionally varied parameters.
Sometimes the trend may be masked to the ‘extent that it could be detected
only by statistical analysis of the results from a large number of tubes.

In the case of Fig. 13, on the other hand, it may well be that the trend

is accentuated by unaccountably poor performance of tube 6608026.
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Further evidence on field mesh target spacing is given in Fig. 15.
The three tubes compared there are similar to those of Fig. 13 except that
they have smaller beam-limiting apertures. Because of this, each tube in
Fig. 15 would be expected to be better than its counterpart in Fig. 13.
This is true of tubes 268 and 289 but not of tube 266, which has the lafgest
spacing of the three. Tube 266 therefore looks like a bad tube, and we
are inclined to discount it. The remaining two tubes of Fig. 15 conform
satisfactorily to the pattern of improving resolution with increasing‘fie]d;
mesh target spacing.

3.3 Suppressor-Mesh Pitch and Spacing

Several tubes provide evidence on the effect of varying suppressor
mesh pitch. The first two suppressor mesh vidicons made, tube nos. 6544009
and 6544010, were nominally identical except for their suppressor meshes,
which were 1000 and 750 lines/inch respectively. Some of the results from
these tubes are shown in Fig. 16. Fig. 16(a) compares the 300 TV line
response of the two tubes in normal 600 volt operation as the suppressor
mesh potential is varied. The tube with the finer mesh is clearly superior.
Both tubes show improvement in resolution beyond the field-equalization
point, the characteristic already discussed in Section 3.1. Fig. 16(b)
compares the complete aperture response curves for the case of 20 volt sup-
pressor potential. Observation of limiting resolution on the test monitor

showed tube 6544009 to be generally the better tube by about 100 TV lines.
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Shown in Fig. 17 are results from another pair of tubes, also

identical except for suppressor mesh pitch. Again the tube with the finer
mesh has somewhat better resolution. These tubes have better resolution
than the previous pair because of the very small limiting aperture used
(.0007'* diameter). Tube 250 has the highest resolution of all the sup-
. pressor mesh vidicons constructed,due to its combination of small beam
limiting aperture, very fine suppressor mesh, and large field-mesh target
. spacing. It is in fact slightly superior to the orthodox vidicons repre-
sented in Fig. 3. However, the 200U line mesh used in tube 250 has a
transmission rating of only 22% which, in conjunttion with the small beam
limiting aperture, severely reduces the beam current available to discharge
the target. Because of this, it was necessary to operate the tube at near-
zero bias voltages and low light levels. The signal currents possible
were about half those for a more normal tube. These limitations weigh
against the }ntroduction of the features of thfs tube into the LCT.

From our results it seems reasonable to conclude that some reso-
lution improvement is obtained by use of finer suppressor meshes. This
conclusion Is im agreement with predictions made on the basis of an analysis

(3)

of the lenstet effect given elsewhere It should however be mentioned
that tubes 6608110 and 269, which essentially differ only in suppressor
mesh pitch (1500 and 1000 lines/inch respectiveiy) show very closely
similar aperture response curves. |

Consideration of the lenslet effect suggests that resolution

should be a quite sensitive function of suppressor-target spacing. As a
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(3)

result of the lenslet analysis and some eariy work on SEC camera tubes,
it now seems to be generally assumed that the smallest possible spacing

is desirable. This assumption influenced the present study to the extent
that nearly all the suppressor mesh vidicons were built with the standardi
.010" suppressor target spacing. However, towards the end of the work,

. tube 6608012 was made with a .030'" spacing. A typical comparison of it
with two other tubes is shown in Fig. 18. The other two tubes have stand-
“ard .010" suppressor spacing and slightly different field mesh spacings;
they have already been considered in Section 3.2. As mentioned there,

one of them, tube 6608026, seems to have unaccountably poor resolution.

If we discount this tube and compare the remaining two, it appears that
the .030" suppressor spacing may be responsible for quite a large degrada-

tion. However, firm conclusions cannot be drawn from this evidence.

3.4 Focusing Mode

=

Résults presented in Section 2.4.2 indicated that a vidicon
performs as well in the "inverted' focus lens mode as in the normal mode,
for a given maximum voltage in the tube. |In the iInverted operation the
maximum voltage is applied to the G4, and the 36 is held at a'relatively
low potential compared with that in the normal focdsing mode. One would
expect this to be beneficial:in a suppressor mesh vidicon since the lenslet
effect should be reduced. Tests carried out on the earliest suppressor-
mesh vidicons built confirmed this expectation. Fig. 19(a) shows results
obtained from tube 6544009 when operated in two alternative high voltage

modes, compared with performance in the normal low voltage mode. The
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suppressor mesh potential was held fixed at 30 volts for all three cases.
Application of the 1000 volt potential to G4 rather.. than to G6 is seen

to be beneficial, providing over 10% increase in response and an additional
100 lines on the limiting resolution. As with the ordinary vidicon, the
inverted focus mode also reduces the scanning power requirement.

In tube 207, results for which are shown in Fig. 19(b), the ad-
vantage of the inverted lens is slightly greater. This .tube has a smaller
target-G6 spacing of 0.112", which apparently accentuates the lenslet
effect to the point where the normal high voltage mode actually degrades
resolution. Tube 268, which also has a rather small target-G6 spacing,
shows similar effects. On the other hand, tubes with very large target-Gé
spacing, such as tube 206 (0.296"), display very little difference between :
normal and inverted modes of operation.

The majority of suppressor mesh vidicons built conform reasonably :
to the patterns described above. However, three tubes built late in the
program,.Nos. 6608110, 6608109, and 6608012, did not. These tubes per-
formed wors< in the inverted mode than in the normal mode, the reasons
for which are not known.

Tubes 6608101 and 6608109 were built with all electrodes con-
nected to separate pins to prpvide complete flexibility of operation. ' In
addition to the normal and inverted modes, these tubes were operated in
both accelerating and decelerating bipotential modes, with G3 connected
to G4. For a given maximum voltage in the tube, very little distinction

in performance was found among these various methods of focusing. In
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tube 6608101 the normal focusing mode was slightly worse than the others,
while in tube 6608109 it was slightly better. The decelerating and
accelerating bipotential modes provided identical performances withintthe
limits of experimental error.

We conclude from these experiments that the "inverted' focus
lens with G4 at high potential provides better resolution than the normal
method of focusing in suppressor mesh tubes with target-G6 spacings less
than about 0.200". At larger spacings the two methods are practically
the same. |t should be mentioned that the non-standard focusing methods
appeared to be more generally troubled by extraneous problems. For example,
ion bombardment of thé target becomes more pronounced when the field mesh
potential is low, as in the "inverted' mode or the decelerating bipotential
mode. Also, problems with tube alignment and astigmatism are often increased
with non-:tandard focusing.

3.5 Magnetic Fogus

Tube 6544009 was tested with magnetic focusing to provide informa-
tion on the possible advantages of that mode for SEC camera tubes generally.
Fig. 20(a) shows results for suppressor mesh potentials of 30 and 40 volts
.in comparison with normal electros;atic focusing. As with orthodox vidicons,
a marked resolution improvement results from magnetic focusing. |In Fig. Zd(b)
the curve for G7 = 40 volts is compared with results from an equivalent
tube without a suppressor mesh. The resolution degradation due to the
suppressor mesh is not so marked here as that‘shown in Fig. 8 for electro-
static focusing. The tubes concerned here, however, have larger target-Gé6

spacing than tho;e of Fig. 8.
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it appears from these results that magnetic focusing can provi&e
a substantial resolution improvement in tubes with a suppressor mesh. The
results were obtained with a magnetic field of about L0 gauss and a
potential of 450 volts applied to G3, G4, G5, and G6. Possibly better
results could be obtained from a tube in which the field mesh (G6) could
be operated at an independent voltage as is normally done in magnetically
focused tubes.

3.6 Single Mesh Tube

It is generally accepted that meshes degrade resolution and their
use in tubes is to be avoided wherever possible. Since the SEC target
does not at present permit satisfactory operation without a low voltage
suppressor mesh, it is logical to inquire whether that mesh can simultaneously
perform the function of the field mesh in a standard vidicon. Apart from
expected resolution advantage, such a single mesh tube would provide
superior utilization of beam current. The objective was achieved in this
study by redesign of the collimation lens, and although results obtained
were disappointing, a brfef description of the experiment is appropriate
at this point.

Since the beam leaves the»focusing lens at high potential and
is decelerated to a potential of about 30 volts at the suppressor mesh,
the basic requirement is a positfve decelerating electron lens. The standard
collimation lens of a vidicon, as depicted in Fig. 21(a), is positive only
if the beam is accelerated as it passes from G5 to G6. (f G6 is placed

at a potential lower than G5, the lens becomes negative and so accentuates
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the scanning angle instead of reducing it to zero. To get a positive lens
effect in the decelerating condition, it is necessary to attach a short
cylindrical section to the G6, as shown in Fig. 21(b). The lens becomes
a modified two-cylinder lens. With this configuration the mesh part of
G6 could become the suppressor mesh, and an operable single-mesh SEC camera
tube could be made. However, the cylinder length chosen for G6 would dic-
tate the voltage ratio required for best collimation, and the ratio of G5
potential to suppressor mesh potential would thus be set. To overcome
this inflexibility, it is better to separate the cylindrical G6 from the
mesh. Fig. 21(c) shows the practical form of decelerating collimation
lens that was used in vidicons 264 and 265. {n this form, adjustment of
the G6 potentiaf for best beam landing can be made independently of the
G5 and G7 potentials. The G6 cylinder length of 0.55'" was chosen to pro-
vide approximately the required strength of lens when set at a potential
close to that of the suppressor mesh. This design work was done with the
aid of the ray-tracing computer program., No attempt was made to be very
precise since it was only desired initially to obtain a working tube on
which the resolutioh could be observed. The cylinder length chosen is
therefore not necessarily optimum for beam landing uniformity.

As stated above, the results of the experiment were disappointing.
Vidicons 264 and 265 differed oniy in respect of their target-G7 spacings,
which were respectively ,010" and .030'. Both tubes showed satisfactory
beam collimation but resolution was very poor. Aperture response curves

for the two tubes are shown in Fig. 22. Both are rather worse than the
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orthodox suppressor mesh vidicon such as tube 6544009, the curve for which
is shown in Fig. 16. Because of this, the single mesh approach was not
pursued further. The operating voltages employed in obtaining the results
shown in Fig. 22 were G2 = 300, G3 = G5 = 600, G4 = 140, G6 = 65, G7 = 30.
The G6 potential of 65 volts, at whfch best beam landinngasvobtained,
was somewhat higher than had been predicted from the desién computations,
Both tubes 264 and 265 were operated also as orthodox vidicons
by connecting G5 to G6 and running the mesh at high potential, in which

condition they performed satisfactority.
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L, IMAGE SECTION

Three lines of investigation were followed in the image section
study, as follows:
(i) Construction of a series of diodes with.dimensions con~
trolled as closely as possible.
(ii) Construction of a diode with a bellows permitting the
phosphor position to be varied.
(iii) Conversion of the image section design to a triode, the
third electrode to allow individual focusing of each tube.
It was intended that the bellows tube should provide information
on the correct positioning of the output surface (i. e. target in the lunar
camera tube), while the diode work would determine the dimensional toler-
ances on the image section construction and our ability to achieve them
consistently in production. The triode study was essentially a back-up
program intended to provide a ready alternative if the accuracy require-
-ments on the diode proved too stringent.
Because of constructional problems experienced with the bellows
aiode, the program did not develop quite as it had been foreseen. |In
fact, satsfactory design centers for the image section were determined
quite early in the program'from the diode study, and it proved to be not
difficult to maintain the constructional tolerances required for good

resolution. Results subsequently obtained from the bellows diode work
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and the triode work confirmed conclusions drawn from the diode study and
provided useful additional information regarding tolerance requirements.

L,1 Image Section Construction

L.1.1 1image Diode

A sketch of the image diode is given in Fig. 23. It is basically
a lunar camera tube image section with the signal flange cut to a suitable
length for mounting a plain glass output window as shown.. The output
window flange was brazed to the signal flange prior to the frit sealing
of the output window. Final steps in the tube construction were the two
heliarc welds which fix the input and output window assemblies to the main
tube body. The output windows were mostly of lime glass which was of podr
quality, inhomogeneities being cleariy visible. Tube performance did not
suffer to any detectable extent due to this. Later tubes were provided
with output windows of 1045 polished crown glass of considerably better
quality. Both types of window were mounted to flanges of Carpenter 49
steel with standard frit-sealing techniques.

L.1,2 Bellows Diode

As shown in Fig. 24, construction of the bellows diode is similar
to that of the ordinary diode except that the signal flange is considerably
shortened to permit insertion of the bellows between it and the anode sup-
port flange. Complications arose here because the readily available vacuum
bellows were made of stainless steel and were of too small a diameter for
easy connection to the other members of the tube. The signal flange diameter

was simply reduced to that of the bellows flange for direct heliarc welding.
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The anode support flange could not be similarly reduced because of the

close proximity of the glass seal of the tube body, and so it was necessary
to build up the diameter of the bellows flange at this joint. This diameter
increase was achieved by first heliarc welding to the bellows flange a kovar
washer of the same outside diameter. To that washer a second kovar washer
was brazed of outside diameter equal to that of the anode support flange

to which it was then heliarc welded. The detail of this connection is

;hown in the inset in Fig. 2L,

This construction was not satisfactory, and out of several attempts
only one properly operable bellows tube was obtained and a second that was
operable for a short period. The main trouble experienced was failure
of 'the output window frit-seal during heliarc welding of the output assembly
to the bellows, which occurred on 4 tubes. This may have been due to a
stiffening of the output flange resulting from braze material between it
and the signal flange. A deliberate reduction of the quantity of braze
material in this joint did result in the single successful tube. However,
an attempt to repeat this failed just as had the earlier tubes.

It should be emphasized that the failures experienced in these
tubes were due to design modifications incidental to the introduction of
the bellows and not in any way to the bellows themselves. The bellows
components appeared to be completely satisfactory, and the single successful
tube confirmed entirely the value of this method of electron optical
investigation., It should certainlyibe possible to devise a detailed design

different from that described here that would provide a more satisfactory
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yield of successful tubes. Difficulties with parts procurement prohibited
such a redesign within the scope of the resolution study program.

For accurate adjustment of the phosphor screen position in the
bellows tube, a special fixture was designed. Fig. 25 shows a bellows
diode mounted in the fixture. The two heavy plates of the fixture have
fine inner edges that fit between the flanges of the bellows. The plates
are pulled apart by means of the three micrometer screws. A total move--

ment of about 0.150" was possible.

L.,1.3 Triode Image Section

Three different methods of construction were developed during
the program for electrical isolation of the cathode shield from the cathode
itself. The original design due to H. Glaser is shown in Fig. 26(a).
The outer cathode shield was cut down to the small ridge, leaving a lip
which could be brazed to the metalized ceramic ring. To the other side
of the ceramic and to the input-window flange were brazed metal washers

of equal outside diameter, between which the final heliarc weld was made.

‘This construction was satisfactory and was used in 4 triode tubes.

A rather neater design due to W. Merrit is shown in Fig. 26(b).
Here the outer shield is divided into two parts, between which is inserted
a thin ceramic ring. With this design the final tube is almost identical
with a diode tube, dimensionally and in appe;}ance. This form of construc-
tion was employed successfully on 2 triode image sections on experimental

funar camera tubes..
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A third design due to R. Nelson was used on a single image triode.
As shown in Fig. 26(c), this design insulated the cathode from the input
flange by means of a ceramic inserg)to which the input window is frit-
sealed. Electrical contact from the cathode‘to the metalized surface of
the ceramic is achieved by silver painting across the frit. The metalizing
runs under the frit to the inner cylindrical surface of the ceramic for
external contact. This constructidn was satisfactory, and results in a
tube dimensionally identical to a diod«¢. Ideally, a special connector
would be designed to fit between the input window and ine ceramic for con-
tact to the photocathode which is otherwise difficult to achieve.

L,2 Determination of Design Centers

A summary of the important details of all the experimental image
sections built is given iq Table 4. In the column headed '‘tube' symbois U,
T,and B are used for diode, triode, and bellows tubes. The list is in
chronological order. The three dimensions given are those labeled G, Q.
and T in Fig. 23. |f the shapes of the tube components are assumed not
to vary significantly, then these three dimensions are the most important
electron optical parameters in the design. All three of them can be ad-

justed during assembly of the tube. The original design specification

for this image section gave the following values for the dimensions:

dimension G 0.769"
dimension Q 0.882"
dimension T 2.169"

During the LCT program some difficulty had been experienced in

obtaining anode cones of the correct shape, and variation of the above
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dimensions had been tried in an attempt to compensate for inaccurate cone
shaping. Earlier experiences on the PIP program had indicated that the
electron optical performance of the design is quite sensitive to slight
variation of the formation of the énode tip. From the start of this study,
therefore, great attention was paid to this component. A number of anode
cones were selected for their similarity by close inspection on a shadow-
araph comparator. This ensured control over this important electron optical
factor. The selecicd components were very close to the design specification ‘
requirement, and so they are referred to as ''spec'' in the column headed
"anode cone'' in Table 4. During the study only two tubes were constructed
with anodes intentionally different from the specification; tubes Bl and
D3 had anodes with rather rounded tips.

The dimensions recorded in Table 4 are those measured before
the two final heliarc welds that complete assembly. By measuring the tube
overall dimension beic-e and after weld, the changes occurring due to the
weld can be recorded. 7This was done on all but the first two tubes. The
most important change was found to occur on welding the input window
assembly since this affects the cathode anode spacing G, the most critical
dimension. This change is therefore recorded in Table 4, and it affects
all three listed dimensions. Dimension T is also affected by welding of
the output window assembly, but this was found to produce only very small
changes which can be ignored. Dimension T is rather less critical than G.

Amongst the first 7 tubes, diodes 1, 2, and 4 and triode 2 were

reasonably successful attempts to achieve the previously specified design
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centers. Of these 4, only diode 2 showed center resolution of less than
80 line pairs per mm. |In diode ZJthis peak resolution was observed at a
radius of 5 mm, approximately half way to the edge of the tube, which
indicates too small a value for dimension G. This tube does have the
smallest recorded value for G out of the 4 tubes, and it is likely that
the dimension was further reduced by a rather large shrinkage on welding.
friode 2 has a sim}lar pre-weld figure, but because of the different con-
struction of the triode (see Fig. 26(a)), the shrinkage at weld in this
case is negligible. For the triode tube§ Table 4 shows two values of
center resolution, one with the shield at cathode potential {unfocused)
and one with the shield adjusted to the optimum potential Vf for center
resolution (focused). For triode 2 these two conditions are the same,
confirming the correctness of the dimensions in this tube. The results
from these four tubes seemed to establish that the originally specified
dimensions were satisfactory, provided care was taken to ensure proper
shaping of the anode. Results from diode 5 subsequently provided further
confirmation of this. The trouble with diode 2 suggested that the pre-
weld value for dimension G could advantageously be increased a little. so
. as to place the final dimension achieved nearer to the center of its
permitted range of variation. - Chances of reject tubes due to unusually
high dimensional changes during welding should thus be reduced.

The importance of the anode shape had been illustrated at this
stage by tubes Bl and D3. There were available a large number of anode

cones which, although slightly different from the specified shape, were
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all very similar. 1t was thought expedient to utilize these components,
provided a compatible set of dimensions could be determined. Two of the
cones were therefore used in tubes Bl and D3. |In the bellows tube
dimension G was deliberately increased by about 0.015" in an attempt to
compensate for the different anode configuration. The effect of the latter
was underestimated, however, and the focal length finally determined for
this tube was still nearly 0.200" longer than specification. This tube
actually had a slight leak at the output frit seal, which largely destroyed
the photocathode, but it was operable just long enough for the focal
length determination to be made. Unfortunately, diode 3 had already been
assembled at this point, or a larger dimensional compensation could have
been tried. |Inevitably, very poor center resolution was obtained in
diode 3. These results indicated the sensitivity of the design to changes
in the anode configuration. Because of the excessive dimensional adjust-
ments necessary to compensate for this effect, it was decided not to pur-
sure further study of non-standard anode cones. Rather, steps were taken
to facilitate the procurement of correctly shaped anodes. The anode design
was changed slightly to simplify accurate specification of its shape.
" The manufacturers were then supplied with accurately drawn comparator
charts of the new design, and the correct inspection procedure to be
followed was detailed to them by Mr. C. Beristain. Subsequent supplies
of anode cones have proved satisfactory.

Anode cones conforming to the changed specification are indicated

as ''"new spec' in Table 4. The slight change of shape from the original
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specification was not expected to have much effect on the electron optics.
Subsequent experimental results-and a computational analysis which will

be described in a following section have confirmed this. The results

from the second bellows tube suggest that the focal dlength is somewhat
greater than. is implied by the original design centers. Howgver, excellent
performance was obtained from diodes 7 and 8 with rather smaller dimension
"T'' than is suggested by the bellows tube. The latter results were particu-
larly pleasing since the tubes were constructed from image section assemblieg
taken at random from the camera tube production line. Diode 6 should

have yielded‘similar results, but the phosphor in this tube was spoiled
during photocathode processing and limited the resolution to 60 line pairs
per mm so that no judgment of the focusing in this tube was possible. On

the basis of these results the approp}iate design centers for use with the

new anode cones are established as:

dimension G 0.775" + .003
dimension Q 0.880" + .010"
dimension T 2.180" + .020"

These are pre-weld target values, a shrinkage of about .005" in dimension G
being anticipated during weld.

L.3 Resolution Measurements

Resolution measurements made on image sections included both
observation of limiting resolution with a standard USAF test pattern and
recording of the modulation transfer function. The limiting resolution

observation was made at nine points for each of two perpendicular directions.
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Fig. 27 shows some typical results. These observations were made on
bellows diode 2 operating at 6 kV, the three diagrams corresponding to

. three different positions of the phosphor screen. Diagram (b) corresponds
to the screen location that was judged to givenbest center resolution,
while (a) and (c) correspond: to positions .050" either side of that
optimum. In (a) the focal surfaces fall short of the screen and resolu-
tion is degraded at all points. In (c) the focal surfaces intersect the
screen, resulting in improved resolution in some off-axis regions. At the
maximum resolution of 100 line pairs per mm, it is probable that the main
limitation is set by the fiber optic input window. The phosphor, and
probably the electron optics also, are of rather higher resolution
capability. Limiting resolutions up to about 200 line pairs per mm have
been observed on specimens of the phosphof screens used in these tubes
when ultraviolet excitation is used. In diagram (b) it can be seen that
resolution of radial lines is consistently better than resolution of tan-
gential lines. This is typical of such tubes with flat output screens,
and results frdm astigmatism, the curvature of the tangential image surface
being rather sharper than curvature of the sagittal surface.

The modulation transfer functions of the experimental image tubes
were measured with the aid of a scanning microdensitometer in the experimeﬁtal
arrangement depicted in Fig. 28. Although this is a less subjective pro-
cedure than the observation of limiting resolution, it is nevertheless a
rather vague measurement due to the very complicated dependence of the

performance of each component upon the manner in which it is used. For
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example, the angular distribution and the spectral distribution of the
light affect the performance of the fiber optic and of the microdensitometer
optics. The spectral distribution also affects the image tube performance
since it determines the energy distribution of the photoelectrons. To
minimize the variables in the system no optical focusing needAbe emp loyed
on the input side of a tube with a fiber optic input window. In the
present study a Westinghouse diminishing-bar pattern was placed in direct
contact with the window, presenting an essentially 100% contrast square
wave input of spatial frequency varying from 5 to 50 lp/mm; This was
illuminated by a light box placed about 30 inches away. The incident
light is thus restricted to fairly small angles (quasi-collimated) as it
is when the input picture is imagedby a lens. This corresponds to normal
operating conditions for a lunar camera tube. Performance of the input
fiber optic is significantly better under these conditions than it would
be with diffuse light.

The output of the image tube is scanned by the microdensitometer,
which registers the intensity variations by means of a photomultiplier
placed behind a fine analyzing slit. To determine the performance of the
image tube alone, some correction of the results should be made to allow
for the deqradation introduced by the optics of the microdensitometer,

In determining the performance of the latter, care should be taken to
ensure that the operating conditions are the same as during the tube test.
This was done simply by moving the bar pattern fr;m the input of the image

tube to the output. The microscope objective was thus presented with a
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100% contrast pattern illuminated by the phosphor of the image tube. The
modulation transfer curve obtained iq this way was used to correct those
obtained in the tube tests. Only curves corrected in this way are presented
in this report.

Fig. 29 shows some modulation transfer functioqs taken from the
second bellows tube for three different positions of the phosphor screen.
The top curve corresponds to the center focus position determined by
limiting resolution observation, while the other two curves are for
positions .100" on either side of that. The focus curve is typiéal of
those measured on good tubes during this program, showing about 20%
response at 50 line pairs/mm. The curve has a very long tail, since
limiting resolution in the region of 90 to 100 line pairs/mm was observed
in this condition, Fig. 30 shows how the response at various spatial fre-
quencies varied with screen position. These curves suggest a focal length
about 0.025'" longer than that determined from limiting resolutfon observa-
tions. There is no known reason why the curves should be other than sym-
metrical about the focus position. This graph indicates a safe depth of
focus of + 0.025" on either side of true focus. In the lunar camera tube,
where overall resolution performace is limited to 25 line pairs/mm, a
tolerance of + 0.050" would probably be reasonable on dimension "T",
although the recommended figurg is reduced to + 0.020" in recognition of
the factothat other dimensions also will vary.

Variation of resolution with anode potential was found to be

quite slow. In a properly focused tube a potential change from 7 kV to
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15 kV typically results in a limiting resolution improvement of one or
two elements on the USAF chart, e.g. from 90 to 100 or 110 line pairs/mm.
In this focus:d condition the electron optical resolution is limited by
chromatic aberration and so should be directly proportional to the voltage
grzdient at the cathode. The slow variation observed is thusAan indica-
tion that the tube resolution capability is still a lot sﬁort of the
electron optical limit. Fig. 31 shows modulation transfer curves measured
on diode 1 at three different anode potentials. At low resolution the
variation is even less noticeable than it is near the limiting resolution.
In the lunar camera tube, where response is limited by the read-out section
to below 10% at 25 line pairs/mm, it is evident that no detectable resolu-
tion variations will occur with changes in the image section potential,
at least in the range 5§ to 15 kV.

In the triode image section variation of the shield potential
produces effects similar to movement of the screen of a bellows tube.
Some results from triode 2 are shown in Figs. 32 and 33. The dimensions
of this triode were such that center focus occurred when the shield was
connected to the cathode. The highest curve in ng. 32 corresponds to
this condition, while the other curves illustrate the degradation as the
shield is made negative with respect to cathode. Similar degradation
occurs with positive shield voltages, as can be seen from the curves in
Fig. 33. Comparison of Fig. 33 with Fig. 30 is made difficult because
the peak response values do not match. They are nearly the same at 15 line

pairs/mm, however, and comparison of the separations of the 80% points
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indicates that a change of shield potential of 138 voltsis equivalent to
a screen movement of 0,110", For the tfiode design, therefore, the move-
ment of the image surfaces is slightly less than 0.001'" per volt change
in shield potential at 10 kV anode potential.

L.k Computational Analysis

The ray tracing computer program was applied to the image sec- 1
tion to evaluate the effect of the anode-tip configuration. The general
imaging characteristics of the design are fairly well known from earlier
work on the PIP program. Some difficulty is experienced in computing the
properties of this particular design because of the small size of the
anode aperture and the very high fields in the vicinity of it. Fig. 34
shows the electrode model superimposed on the relaxation net (73.5 mesh/inch)
and some computed principal rays on which are marked the tangential and
sagittal focal points. The scatter of the focal points reflects computa-
tfonal errors incurred in the high field region near the anode tip. However,
it is thought that the axial focal point is probably more reliable than
the others, and since the curvature and astigmatism properties are well
known from earlier studies, we will not be concerned here with accurate
determination of the complete i&agg surfaces. The axial focal length
determined from this computation is 2,124, about O.QQS” shorter than the
specified cathode to target dimension. The computation was repeated with
a larger scale model (100 mesh/inch) and the value 2.141" was obtained.

Agreement between these two computations ,is satisfactory.
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With the same dimensions the computation for the new anode
specification (scale 73.5 mesh/inch) showed a focal length of 2.157",
i.e about 0.030" longer than with the orfginal anode. This increase
agrees with the findings of the experimental study discussed in Section 4.2,
The focal length value itself is about 0.025" shorter than that indicated
by bellows diode 2, which had dimensions almost identical to those used
in the computation. In view of the computational difficulty the agreement
with practice is very satisfactory.

To examine the action of the triode form of the image tube,
computations were also made with small potential differences between

shield and cathode. The results are summarized in Table 5.

TABLE 5
Triode image section. Original spec. anode, 10 kV
Cathode to anode 0.770"

Cathode to shield 0.875"

Shield voltage - 150 0 150 300
Focal length 2.005" 2,124t 2. 257 2 Loy
Magnification .842 .917  .1.002 1.098

Movement of the image surfaces is 0.00084' per volt change in shield

potential, which agrees closely with the value deduced from practical

results in Section L.3,

The distortion of the image section can be determined from com-

puted results such as those of Fig. 34, Distortion is the variation of
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magnification with position in the field of view. With a flat output
surface, as is of interest here, electrostatic image sections almost in-
variably dispiay pincushion distortion--magnificatibn increases steadily
with radius r from the axis. Fig. 35 shows the relationship of out t°
Min for princfpal rays in the LCT image section. The slope of this curve

is the magnification,. and in the absence of distortion the curve would

be a straight line. The second curve plotted shows the slope M = drou

dr,
in

as a function of Min’ Severe distortion is evident, particularly at the

t

edges of the field. The maximum radius used in the LCT is 0.31'" within

which distortion does not appear to be objectionable.
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5. LCT RESOLUTION

On the basis of the work on the readout section and the image
section, reported in Sections 3 and 4, the resolution performance to be
expected from the lunar camera tube can be eétimated. Fig. 36 illustrates
the procedure for the case of a standard LCT operated normally, with
30 volts on the suppressor mesh. The dashed curve represents the per-
formance of a good image section, as given by the bellows diode results
in Fig. 29. The broken curve for the readout section is taken from sup-
pressor mesh vidicon 6544009, which has a 0.0018" beam-1imiting aperture
and 0.200" target-G6 spacing as are now standard in the LCT. The full
curve in Fig. 36 is the point-by-point product of the other two curves,
which indicates the performance to be expected from a LCT. Strictly
speaking, the multiplication procedure should be abplied only to sine
wave response curves, but the errors involved in applying it to square
wavesresponses are quite small and will here be ignored. For comparison
is shown the performance of LCT 239, which is a fairly typical good tube.
Agreement is satisfactory, being within experimental error. It appears
that because of the high resolution of the image section, the resolution
of the LCT is essentially that of the readout section. Within experimentaf
error the results presented for suppressor mesh vidicons in Section 3
should indicate directly the variation of LCT performance with changes

in the various parameters considered. From Fig. 36 the assumption that

G- 87

: UNCLASSIFIED



UNCLASSIFIED

o]

o
Q
O
4
4
©
o~
-
S «
n“mﬂwl\
] -
- ®
B~ 9Y
D - @
(7 I
o6 —
e.mu
oo £ >
2 owo
Erl«
)
1
!
|

uoljo|npoy aADM 3is0nbg

%

TV Lines Per 3/8" Height

T, NORMAL OPERATION

FIG.36 ESTIMATE FOR STANDARD LC

30 VOLTS)

(SUPPRESSOR MESH

G-88

UNCLASSIFIED

i



UNCLASSIFIED

the SEC target is not an important factor limiting the resolution appears
to be reasonable. Further, it appears thaf'the requirement in the LCT
specification for 40% response at 250 lines is diffiéult to achieve even
" with the design improvements that have already been made. The limiting
resolution requirement for 5% at 400 lines should be readily attainable,
however.
The two most promising ways to improve resolution, according

.to results in Section 3, are reduction of beam-limiting aperture and re-
finement of suppressor mesh. Unfortunately, because of beam limitations
and the poor quality of availabir 7000 line/inch mesh, neither procedure
was considered practical in the LCf. However, one LCT was constructed
with a 0.0007" beam-limiting aperture. This was tube\282, which also

had increased target-G6é spacing of 0.264'', and a triode image section

(T6 in Table 4, Section 4.2). The image section was found to focus with
the shield at approximately -65 volts with respect to photocathode. Depth
of focus is so large that it was difficult to locate the focus potential
by observing the monitor, Fig. 37(a) shows aperture response curves taken
with the shield at the determined focus voltage and then at 50 volts on
"either side of it. It appears that the image section defocusing is just
about detectable. In Section 4,4 the image surface movement was established
to be slightly less than 0.001" per volt change in shiéld potential at

10 kV anode potential. Fig. 37 correéponds to anode‘poténfial of 8 kv,
. so that a tolerance of +0.050" on placement of the target with respect

to the focal point is suggested by these results. This experiment was
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carried out with high voltage operation of the readout section in order

to maximize the sensitivity of the performance to changes in the image
section. Performance of the tube in the normal 600 volt operation mode

is shown in Fig. 37(b). 1In normal operation the tube resolution is very
close to that of suppressor mesh vidicon 251, which has»very similar physi-
cal properties (see Table 3, Section 3.1). With the readout section
Aoperated in the inverted focus mode, the resolution of the tube was found
_to be comparatively poor, as shown by the lower curve in Fig. 37(b).

No explanation is known for this. The same eflect was noted in some sup-
pressor mesh vidicons in Section 3.4,

Another LCT with a trio&e image section was no. 277. This was
a standard tube in éther respects, having a .0018" beam-limiting aperture
and a 0.200" target-G6 spacing. In spite of the larger aperture this
tube performed very nearly as well as tube 282, Similar conclusions re-
garding the image section focusing were drawn. This tube showed that
LO% response at 250 lines is just about possible with the present tube
configuration.

Further studies of the relative merits of normal and inverted
focusing of the readout section were made on a number of tubes, with vary-
ing results. Tube 277, like 282, showed the inverted mode to be con-
siderably worse, while tube 222 showed it to be.only slightly worse.

Tube 220 showed no detectable difference between the two modes, and tubes 227,
239 and 258 all showed some improvement in the inverted mode. Apart from

282, all the tubes had standard readout sections, and so, no explanation
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ot their differing performances can be given. As with the suppressor
mesh vidicons some difficulties were expérienced in the inverted focus
mode with alignment and ion spots, and it is possible that these factors
may have a bearing on the results obtained.

Arn unexpected observation was a significant véfiation of resolu-
tion with G5 potential in the normal mode of operation. The standard
potential for the G5 electrode is 300 volts, which provides satisfactory
scan linearity and beam landing uniformity. It was found that reduction
of the potential below 300 volts (with, of course, accompanying adjustment
of focus) produces a steady improvement in resolution. Fig. 38 shows
aperture response curves from LCT 258 iilustrating this effect. At
G5 = 200 volts limiting resolution improved by over 100 lines. Unfortunately,
this resolution gain is accompanied by loss of scan-linearity, resulting
in severe distortion of the monitor picture,‘and the effect therefore
cannot be exploited in practice. It canjhoweveD be recommended that the
G5 potential be held at as low a value as is consistent with a geometrically

satisfactory picture, perhaps in the vicinity of 250 to 275 volits.
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6. CONCLUSIONS

This study has enabled the image section of the LCT to be
cloéely specified. The importance of the anode shaping was demonstrated,
and satisfactory sources of supply of well shaped components were estab-
lished. Proper design centers for the image section and the important
tolerances associated with them have been determined. OQOur ability to
meet the tolerance requirements consistently in production assembly has
been confirmed. Doubts about the image section should therefore be elimi-
nated, it is hoped permanently, and the question of conversion to a triode
no longer arises. It is worth remarking, however, that this position
could have been reached much earlier had the original tube design been
such as to permit triode operation of the image section.

The main contribution from the study of the readout section
was confirmation of the correctness of changes recommended earlier in
the LCT program, namely, refinement of the suppressor mesh from 750 to
1000 lines/inch and increase of the target-G6 spacing from 0.100'" to
0.200"., The modified values are now standard in the LCT. Results sug-
gested that still finer meshes may be advantageous, but the difficulty
of obtaining them with reasonable transmission and good quality prohibits.
their incorporation into the LCT. Also, it seems likely that the target-G6
spacing has now been increased to a pdint of diminishing returns. A
value of 0.250'" would probably be a reasonable value at which to settle,
although it is questionable if the advantage offered justifies the change

at this stage of the program.
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Because of the troubles experienced with alignment and ion
spots in some tubes, non-standard focusing modes in the readout section
cannot be generally recommended. The '"inverted' focus mode may provide
improved resolution in particular tubes, however. In the normal mode of
operatioq,resolution can be improved slightly by reducing the operating
potential of G5 below the normal value of 300 volts at some sacrifice
of geometrical uniformity.

Reduction of the beam~limiting aperture appeared to be the most
promising method of improving resolution in electrostatically focused
vidicons. but, because of accompanying reduction of beam current, such a
modification could not be made inAthe lunar.camera tube. The finding
may be useful in connection with other SEC camera tubes, however. This
result suggests that further studies of the triode gun design should be
made with the objective of achieving higher currents throughi the small
diameter apertures, if possible without increasing the beam anglé. Higher
resolution tubes with undiminished signal level could then be designed.
This kind of work on triode guns is difficult and probably requires the
construction of special demountable apparatus. The setting up of such
apparatus being initially costly and time consuming, no study of triode
gun modifications was considered within the scope of the present program.

The main objective of the resolution study program has been
achieved in that the original resolution specification has been shown to
be realizible, although only in a fairly small percentage of tubes. The

limiting resolution requirement for 5% response at 40O lines is more
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readily attainable than the requirement for 40% response at 250 lines.
To improve the yield of such tubes would require modifications that will
reduce beam current and so restrict the signal capability of the tube.
Without further research along the lines suggested above it would be
unrcalistic to accept the improved resolution specification réquested

by the systems group.
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1. INTRODUCTION
Elementary considerations suggest that the transfer function of an

SEC camera tube (the relation between signal current and bhotocathode
illumination or primary current density at the target) should show two
distinct regions. At a low primary current density the signal current

will be proportional to the primary current density. At a high primary
current density the signal current will be substantially“independent of
the primary current density. These two regions will be linked by a
transition region where the gradient of the transfer function will fall

frem unity to zero on a.log-log plot..

. The above characteristics have been observed in the measured transfer
functions of SEC camera tubes sich as the WX-5419 (see Figure 1). However,
measurements made more recently on other types of SEC camera ﬁubes have

shown significantly different behavior. In particular, the'region where

the signal current is independent of the primary current density has been found
to be small or even non-existent,and is often followed by a further upward
swing in the signal current (see Figure 2)., This "supersaturation" region

of the transfer function is also observed in image orthicons with a wide-
spaced target mesh, Here it is produced by "line" storage in the interelement
capacity of the orthicon targetl,z, Howevér, interelement capacity effects
do not appear to beAlarge enough to account for the supersaturation regions

of the SEC camera tube transfer functions shown in this report. From measure-

ments on image orthicons it is known that interelement capacity effects are
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negligible (with 250 to 525 scanning lines) when the: storage capacity per
raster is greater than 400 pF. This is the case for the SEC camera tube
whose transfer function is illustrated in Figure 6 (storage capacity per
raster 650 pF) yat the supersaturation region is clearly present.

Figure 3 demonstrates that the supersaturation region is controlled
by factors other than interelement capacity. With a Gl blas of -10V, a
"normal" transfer curve (circles) with a flat plsteau is ohtained showing
that interelement capacity effects are negligible. However, if the bias
is reduced to OV, a supersaturation region develops (crosses). The reduction
of the Gy bias produces an increase in beam diameter,and this increase 1s a
likely cause for the appearance of a further upward swing in the signal
current. In this report the effects of beam diameter variations on the transfer
function of an SEC camera tube are studied in some detail and are,in fact,shown
to be responsible for the behavior of the signal current in the supersaturation

reglion.
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2, THEORETICAL ANALYSIS

2,1 CHARGING OF THE TARGET DURING THE FRAME PERIOD - NORMAL SIGNAL CURRENT
We will review first the mechanism responsible for the 'normal’

response curve, Let the frame period be T and the charge built up on

unit area of the target during this perlod be Q. Then, if EH and EV

are the horizontal and vertical scanning efficiencies, the reading time

will be E E T, The signal current, Ig is given by:
Byv s
IS = _.%__ (l)

where A is the area of the raster, To calculate Q we must integrate the
incremental build-up'of charge over the frame period T, If G is the

instantaneous gain:
dQ = JG * 4T (2)

where J is the primary current density. Experiment shows that the gain

of an SEC target has a maximum value, G,, when the target surface potential,
V, is zero and falls to zero when the target surface reaches its maximum
potential VS' This maximum potential is set either by the target voltage

or the suppressor mesh voltage, whichever is higher, For a given primary
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voltage we may write:
G = F(V, Vg) - (3)

and since V = _Q where C is the capacity per unit area of the target we
c

may rewrite equation (3) as
G=FQ, Vg)
c
Therefore, from equation (2) we have
dQ=J « F(Q, Vg) 4T
c

The total charge is found by integrating this equation for the appropriate

integration period, in this case the frame period, T.

Q T
a9 =(J « aT (4)
e, Vg
(~] c o

Equation (4) is expressed in the most general terms. In order to
clarify the discussion it is convenient to introduce a simple empirical

expression for the gain equation, equation (3).

T s-W (5)
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or

T (5-9) (6)

Substituting in equation (4) and integrating, we find that:

OJT)

Q = CVg (1 -8 VSC (7)

Further substitution in equation (1) gives:

- Ig = _ACVg e ' (8)
S 1 - e Gdl
EyfyT ( - VsC )
for the normal transfer function. When G.JT ‘4Z 1 equation (8) reduces
VG
to the following expression:
Ig = JAG, ' (9)
Eyhy
and when GgJT 2 ]
Vgl
I ACV (10)
s~
EHEVT

Equations (9) and (10) represent the two distinct regions of the transfer

function described in the summary. They are shown schematically at the
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left of Figure 4. The dotted line joining the two curves represents the
transition region where neither equation (9) or (10) is applicable but

where equation (8), or one similar, must be used.

The significance of equations (9) and (10) is that they represent
two rather simple physical situations in the target. Equatioh (9) applies
when the voltage excursinn during the frame period, V, is small and the
gain has a value close to G, throughout integration. Equation (10) applies
when the voltage evcursion reaches its maximum value, Vg, before the end
of the integration period and a further increase in the primary current
density does not affect the amount of signal charge or signal current.
Although we have derived these two asymptotic equations for a particular
form of the gain variation, it can be seen that they apply whenever the
gain variation satisfies the following conditions; G = G, when V = 0

and G = O when V = VS'

2.2 CHARGING OF THE TARGET DURING THE LINE PERIOD - FIRST COMPONENT OF
THE SUPERSATURATION SIGWAL CURRENT
It would appear from the discussion presented so far that the
signal current should reach the so-called 'saturation' value given by
equation (10) and then increase no further unless the primary current density

attains a large enough value to actually change the physical structure of
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the target. However, this argument turns out to be incorrect., We may
identify twe further contributions to the signal current'which we will
call the f'irst and second components of the supersaturation signal current,
IS' and IS" » The first component occurs in any SEC camera tube where the
diameter of the scanning beam is greater than the spacing of the scanning
lines, (This is a normal situation in many camera tubes.) The importance

of the beam diameter may be best understood by reference to Figure 5.

If thé beam diameter is greater than the line spacing only a small
portion of the beamiis normélly responsible for‘depositing charge on the
target. In Fiéure 5 this region is shown shaded and lies at the bottom of
the beam cross-section when scanning takes place in the directions indicated.
The reason for the inactivity of the rest of the beam cross-section is that
it is covering a strip of target fhat has only recently been scanned and is,
therefore, at cathode potential (provided no significant charging has taken

place during the line period).

This last statement is the key to the origin of the first component
of the supersaturation signal current. If the primary current density is
high enough, significant charging will indeed take place during the line
period. The normally inactive upper portion of the beam, covering an area

of the target that has been returned to ground only one line pefiod ago,
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Figure 5
The Relation of Beam Diameter and Line Spacing
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~will deposit further charge and give rise to a further contribution to the
signal current., This conlriiulion is calculated in a similar fashion to
the normal signal current. The reading time 1is EHT/N, vhere N is the
number of scanning lines. Since the actual number of lines in the raster

is EVN, the signal charge covers an area (n - 1) A/EVN. Thus:

)
Ig=gA (n ~ 1) (11)
EHLVT
Q may be calculated, as before, by integrating equation (4), but in this
case the integration time is the line period, T/NH., For the specific gain
function given in equation (5)

I = (n - 1)acvs (l-e Coll Sol2_ ) (12)

I&}:T

ln general, for every point on the normal transfer curve, there is a
corresponding point on this supersaturation current curve at N times the

primary current density and (n - 1) times the signal current.,

When
G IT
NsC € 1
I = (n - 1)JAG, (13)
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when

GJIT % 3

Ig'= (nE;1 1;Acvs (14)

These two curves are shown at the center of Figure 4. By adding the

two terms, Ig and IS', the full signal current can be obtained.

The following points are characteristic of the first component
of the supersaturatiﬁn current:

(a) The current is only observed in normal continuous scanning
where there is simultaneous reading and writing. Where there is sequential
reading and writing, charging of the target during the line period cannot
take place.

(b) For a given beam diameter and a given raster size, increasing
the number of scanning lines, N, will elso increase the number of lines
covéred by the beam, N, The result is to shift the transfer function to
higher signal current valurs along a line at 450 to the two axes on a
log-log plot.

(c) Since an increasing fraction of the beam cross-section is

involved in generating the supersaturation current, there should be a

H-17
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simultaneous decrease in resolution,
(d) The normal signal current is not affected by an increase in the
beam current beyond that required to discharge the targét. This is not
true of the supersaturation current. As the beam current is increased, the
spot size tends to grow and hehce both N and the signal current increase.
(e) Both the onset of normal saturation and of supersaturation will
be easier to observe when the frame period, T, is long because they occur

at lower current densities,

2.3 CHARGING OF THE TaRGKT DURING THEK ELEMENTAL DWELL TIME - THE SECOND
COMPONENT OF THE SUPERSATURATION CURRENT
The second contribution to the supersaturation current occurs at such

high primary current densities that it has little practical significance.

It is, however, included in this treatment for the sake of completeness,

The normal signal current is produced by charging during the frame period.
The first component of the supersaturation current is produced by charging
during the line period. The second component discussed in this section is
the result of charging during the dwell time of the reading beam on the

individual picture element.,

Over an area, a, of the target equal to the cross-section of the

reading beam there will be & charging current, JaGo, flowing in the target
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even as the readin;; beam holds the target surface at cathode potential,
A8 the beam delivers a current to replace this charge flow, there will

be a correspohding signal current,

IS" = Jaﬂ(i‘ (15)

For a standard 4 x 3 aspect ratio raster

)
a = _317ncA
16 NZEV2

Therefore:

Ig = 31rnJAG
s T Znilly
16 N2E (16)
This contribution to the signal current 1s shown at the right of Figure 4.
It has simlilar characteristics to the first component of the supersaturation
current,

(a) It is only observed in continuous scanning.

(b) The resolution will be limited by the full beam diameter.
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3. COMPARISON WITH 1YPERIMENT

3.1 SIMULTANEOUS AND SEQUENTIAL READ AND WRITE

Let us first make a direct test of the supersaturation current
theory by comparing transfer curves obtained from the same SEC camera
tube with simultaneous read and write (normal scanning) and with sequen-~
tial read and write., In the latter case a 'normal' plateau should be “
observed. A comparison of the experimental results‘is given in Figure 2.
The transfer curves shown in this Figure were measured with a 320 line
non-interlaced scan and a frame time of_l/lO second, The tube was
operated with a target voltage of 50 V, a suppressor mesh potential of 40 V,
and a photocathode potential of 8 kV,

Up to a primary current density, J, of 10-8 A/cmz, simultaneous
and sequential coperation give the same output current,(only one set of
points is shown in the Figure). Above lO"8 A/bmz similtaneous operation
results in a short plateau followed by a further increase in signal
current as is normally observed with this type of tube. However, measure-
ments made during sequential operation (marked by crosses) show the well
defined plateau predicted by the normal signal current theory, Thus, the
observed behavior provides qualitative confirmation for the supersaturation

hypothesis advanced in Section 2.2.
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To make a quantitative comparison with theory,'we proceed as follows,
First we insert in Figure 2 the two curvealA‘and B‘coffésﬁonding to the best
fit of the asymptotic equations (9) and (10) to the éxﬁeriﬁental data, These
- two curves represent the 'normal! signal current. Curve B is particularly
easy to £it in this case as the measurements made during sequential operatidn
clearly establish the saturation plateau, Ve now add éurve‘C to thé Figure.
The form of this curve is given by the asymptotic equaﬁion‘(IB) which represents
the first component of the supersaturation current;. The pééition of C is
adjusted until the sum of B and C, shown by a doﬁted line, gives the best
£it to the experimental points, It.can be seen that,‘alfhoﬁgh there is only
one degree of freedom in matching the theoretical curve to the experimental
data, an excellent fit is obtained over a range of one order’of magnitude
in J, We shall see later that similar agreement isbfoﬁﬁd with transfer

curves from other SEC camera tubes, The excelient fit to the experimental

data provides further support for the general validity‘bf the theory.

3,2 ESTIMATES OF BiAM DIAMETER

A comparison of equation (9) and equation (13) shows that, for a
given value’of signal current, primary current densities on curves A and C
" are related by a factor, N/(n - 1). Since, for the transfer curve shown

in Figure 2, N = 320 and the value of N/(n - 1) giving the best fit is 80,
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*
we may deduce that n - 1 = 4 or that the beam covers 5 scanning lines, A

deterioration in resolution is observed at J = 10~8 A/cm2 which may be
partly ascribed Lo the effect of the supersaturation current flowing in a
beam of this diametér. However, other causes of poor resolution when the
target is ih saturation (such as beam-bending) should not be ignored.

This insight into the relationvof the beam diameter aﬁd the line
spacing now enables us to explain the striking dissimilarities between
Figures 1 and 2 noted in the Introﬁﬁction. The camera tube whose transfer
curve is preaented in Figure 1 does not show any of the characteristics of
the supersaturation current even when operated with simultaneous read and
write (normsal scanning). It is a magnetically focused tube (unlike the
tube whose characteristic is shown in Figure 2. This tube is electro-
statically focused.) It was operated with a much larger raster area
(6.2 cm2 compared to 1.2 cmz) and the scan is 525 line interlaced with a
frame period of 1/30 second. |

Since the tube of Figure 1 has a raster area five times that of
the tube in Figure 2 a beam of the same diameter will cover only 3%
lines (allowing for the difference in the number of lines). In fact,
measurements indicate that the beam actually covers less than 2 lines,
probably because of the superiority of magnefic focusing., Such a beam

»

Measurements of the width of the unblanked vertical retrace lines have

been made with the reading gun of this tube set to discharge the target

at peak signal levels. Assuming that the beam diameter is equal to the
width of the retrace lines, good agreement has been found with the deduction
quoted above; that the beam covers five scanning lines.
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size in a non—ip£erlaced scan would give a long plateau with curves A and
C spaced by a fﬁctor of approximately 500; that is 525/(2-1). However,
because the transfer curve in Figure | was measured with an interlaced scan,
where the béam moves 2 line widths after each line scan, there is no overlap
with previously scanned areas, and no supersaturation cﬁrreht is observed.
We see that the essenﬁial differences between the two caﬁera tubes of
Figures 1 and 2 contributing to the presence or absence of suﬁersaturation
current are as follows; differences in raster area, nature of beam focus
and type of scan (interlace or non-interlace). ,

It should be noted in passing that if the beam diameter is greater
than 1 but less than 2 lines wide in an interlaced scan, curve B should
be calculated from equation (10) by using an integration period, T, inter-

mediate between the frame period and the field period.

3,2 FRAME RATES

Figures ¢ and 7 show measured transfer curves for camera tubes of
the type illustrated in Figure 2. 1In Figufes 6 and 7 the tubes were operated
with a target voltage of 40 V, a suppressor mesh potential Qf’BO V, and a
photocathode pdtential of 8 kV, The photocathode sensitivityiof both tubes
was 100 uA/lumen. ‘

Results for two frame rates are shown, 10 frames/second (320 lines)
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Transfer Function of an Electrostatically Focused SEC
Camera Tube with a 16 mm Diameter Target - Tube 2
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and 0,625 frames/second (1280 lines). One rate is 16 times the other.,
Though the number of lines differs, it uill be‘seen that for a constant
rafater .size and beam diameter, N/(n - 1) is the same for both curves.
.Consideration of equations (9), (10) and (13) shows that the theoretical
curves A and C are the .same for both frame rates and curve B - is displaced
by a factor of 16.

Examining the experimental data we observe that the B curves fit
well with the theoretical spacing of 16, Furthermore, the combination of
the B curves ond a single C curve prédicts most successfully the super-
saturation current at both frame rates~(the sum of B and C are shown by
dotted lines). In both Figure 6 and Figure 7 the spacing of the A and C
curves gives a beam diameter of equal to 5 line widths with the 320 line
scan (as in Figure 2.

It is interesting to note that the 0,625 frame/second curve in
Figure 7 is beginning to show "saturation" of the supersaturation current,
as the photocathode illumination approaches one foot-candle. Also of
interest is the general relation of the curves for the two frame rates,
It can be shown that the signal current components Jg and IS' can be

written with greatest generality in the form

tant = __ 1 |
constan o P(JT) 5 (17)
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(see,for example,equation (8))

Thus, every polnt on a transfer curve measured with a frame period
T1 can be reproduced on another transfer curve measured with a frame period
T, by scaling I and J by a factor Tl/Tz. In Figures 5 and 6,T1/T, = 16,
By scaling Ig and J by a factor of 16 it will be found that the experimental

points on one curve accurately match the points on the other curve,
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4. CONCLUSION

The absence of a well «»fined plateau in the transfer curves of
certain SFC camera tubes can be explained as thg consequence of charging
of the targat during the line period., Since this effect occurs at primary
current densities greater than those required to saturate the target during *
Lthe frame period, it has little practical significance. However, the search-
for an explanation has led to further understanding of the transfer character;

istics of SEC camera tubes, and has provided new information about the

diameter of the reading beam.
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1

LUNAR CAMERA TUBE

WESTINGHOUSE

EN RIN {EMORA!
ENGINEERING MEMORANDUM ACTION

YES NO
] X
AEROSPACE DIVISION ' FROM: ELECTRONIC TUBE DIVISION
BALTIMORE, MD. EMNO: 88
ATTENTION: C. P. Hoffman DATE: 9-16-66

cc: A. J. Haley, D. E. Morenart G.0. NO:
SUBJECT: Humidity Test

In accordance with Paragraph 3.4.5.13 of P.D.S. 2134 (Revision C) Humidity
Tests, we have prepared two tubes and initiated the specified test. Several
problems have arisen-which indicate that the test is difficult at best and probably
not meaningful.

The test requires that the front end of the tube and the leads as they emerge
from the gun be potted and that the tube be exposed to (10) 24-hour cycles of
95 + 5% relative humidity. The tube must be operated and tested for corner and
center resolution under these conditions.

Tube #432 was potted and placed in the chamber with leads extended to our
test set. The resulting presentation was poor due to excessive lead length.
Under test conditions there is a continuous film of water over the whole tube and
associated circuitry making operation with specified voltages at the tube difficult.

Nevertheless, the tube was operated and pictures taken with the test setup
before and after exposure to humidity conditions. This water film is also across
the faceplate, creating water droplets that distort a projected image and which
succeeded in disolving the emulsion from the test pattern placed on the faceplate,
Subsequent to the 10 day exposure the tube was removed from the chamber, and it
was discovered that the coil form materijal had absorbed so much moisture that the
yoke has expanded, making it impossible to remove the tube to test it in the test
set and to use the yoke for the second tube (#411), which also is to be tested in
the humidity chamber.

In view of the above difficulties we have initiated the following steps:

1. Pictures were taken with #432 still in the test chamber to
compare with initial setup.

2. #432 was removed from the chamber, potting was removed, and
the tube checked visually for mechanical failure (none ap-
parent). It was also unchanged electrically (photocathode,
fila.znts, no opens or shorts). It cannot be operated in
the test set until the yoke can be removed. 6693D-VA=-24
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C. P. Hofmann -2~ 9-16-66

3. Because of the press of time, Tube #411 was potted without
the yoke (still on #432) and is now undergoing the humidity
exposure without periodic checks of resolution, but will be
tested in the test set at the conclusion of specified time.

\ .
. s?hL§hg%ﬁk”%;9A”

Engineering Director
_ Lunar Camera Tube Project
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l. INTRODUCT ION

A large signal-to-noise ratio is required at the output of

any camera tube to permit the presentation of high resolution images
of pleasing quality. In SEC cameratubes%{Wheredirect beam readout is
used, high signal-to~noise ratio$ are obtained when the signal current

is large compared to the equivalent RMS noise current of the preamplifier.
The maximum signal current available from an SEé camera tube with aone
inch diameter target results in a signal-to-noise ratio that is adequate
for many applications. However, the signal current that can be generated
with én SEC target of a given storage capacity/area fs proportional to
the frame rate and the raster area. Thus in tubes with a small target
operated at low frame rates it is difficult to obtain a satisfactory
maximum signal-to-noise ratio and hence an adequate dynamic range (the
ratio of the weakest and the strongest illumination that can be presented

in the same image without changing the operating parameters of the tube).

During the initial development of the SEC camera tube, 1 inch
diameter targets were used to provide standard resolution performance
(600 TV lines/picfure height) at 30 frames)second, but recently there
has been a growing interest in a wider range of operating conditions.
Attention has been focused on (a) increased resolution with the 1 inch

targets at 30 frames/second and (b) the development of camera tubes with
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0.625 inch diameter targets operating at rates as low as 0.625 frames/
second. Both these trends required increased signal current in order

to maintain or increase the maximum signal-to-noise ratio.

This report describes how far the desired increase in signal

current has been achieved by using an SEC target with a large storage
‘capacity/area. Before presenting the experimental results, we will

~discuss certain aspects of SEC target operation to establish.in detall

the relation between increased storage capacity and improved signal

current.
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2. THEORET ICAL DISCUSSION

Let us consider a typical plot of small signal SEC gain, G,
as a function of target voltage, VT’ such as that shown in Figure 2.1,

At the target voltage V. = V__ the target has the SEC gain G = G tf

T To 0’

now a certain target area is bombarded with electrons as sketched out

in Figure 2.2, the voltage excursion V_ at the target surface will

E

increase (starting from zero), and the voltage across the target (VT -
VE) will decrease in the bombarded area. Hence the effective target

voltage in the bombarded area is VT - VE. This means that during

integration time the operating point on the gain curve in Figure 2.1

is moving from the point (VT = VTO: G = GO) to the point (VT = VTo -

vEf; G = Gf) where V__ is the final value of voltage excursion at the

Ef

end of integration time (usually equal to the frame time) and Gf is the
final value of the gain at the end of integration time. It can be seen
that the average gain G during integration time will be smaller than Go.

If the average gain is plotted for different values of primary current
density jP (which is proportional to the photocatﬁode illumination),
the curve shown in Figure 2.3 is obtained. The average gain during the
integration period is a function of Jps YTO
the point G (jp') in Figure 2.1 and 2.3 be the average gain G for the

and integration time T. Let

operating range indicated in Figure 2.1. By increasing the primary

J-8
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current density and therefore increasing V__ the point G (jPl) slides

Ef

down the curve in Figure 2.3,

The operating range is determined by the shape of the gain

curve in Figure 1, the target voltage V o and the voltage difference

T
' VTo - (VTo - VEf) = VEf B (2.1)
The final voltage excursion VEf is given by :
T Jp . JpT -
Vep = f 6 (Vg - VR(0) de = § ——— (2.2)
0 ,
where C is the target storage capacity/area (assumed constant). It can

be seen from Figure 2.1 and Equation (2.2) that, for a given briméry
current density, by increasing C the surface excursion VEf‘can be decreased

and G increased in such a way that the ratio VEf/é is inbfeasedin pro-
portion to 1/C. For a given primary current density the increase in

G yields a higher signal current. The reduction in VEf for a given
primary current density enables the dynamic range to be increased. This
follows because VEf may now be returned to the maximum value set by
resolution considerations with a corresponding increase in the max imum
light level that can be handled in a given scene;# In order ‘to see how
the possibility outlined above may be realized in,pfécticg, it is
necessary to analyze Equation (2.2) in more detail and provide further

information about the target gain.’ In Equation (2.2) the function VE(t)

is given by the integral equation

T, jP ; I .
Ve (t) =-£ 6 (Vg - V) de (2.3)

J-10
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and may be obtained, for example, from the gain curve by solving the

differential equation

Vel e G (V V(1)) (2.4)
dt c To E i

which is the differential quotient of Equation (2.3).

Since the number of initially created secondary electrons is
proportional to the energy dissipation in the target, the gain function-

has the form

6 (V- V) = BpAX F(E) h (2.5)

where PM = target1nassdensity,l§xl= target thickness, h = collection
efficiency, B is the constant describing the nature of the target
material and f(E) is a function of the average energy E of the primary
electrons in the target. B and f(E) may be calculated from the Bethe
formula. The collection efficiency h is a function of the electric

ficld across the target and the target density, so that h would be

V. -V ~
h=h (—2—E;p). (2.6)
Ax
Hence we have
vTo - Ve
G (VTO - VE) = BPMAX f(E) h(——r ;PM). (2.7)
Let us define the energy dissipation k by
k = BpAX F(E) - (2.8)
J-11
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and keep in mind that

1
AX

- To increase the target storage capacity we now consider two

C = - (2.9)

approaches:

Approach 1: We try to keep Py = constant and decrease
the target thickness by decreasing the amount of material evaporated.
Under these conditions we have to expect that

k decreases in proportion to ZSX°<%

vTo - vE
h should be constant if the electric field ———zg;-——- is
kept constant. V__ has to be decreased because the maximum target voltage

To

that can be applied to the target is determined By the maximum useful
electric field and the maximum useful electric field is determined by
the inner structure of the target that is not changed when p is kept
constant. Hence according to Equation (2.7) a first order decrease in

gain with A X will be expected.

If this is true the voltage excursion V_ at a given primary

E
current density given by Equation (2.2) will decrease faster than pro-

portional to AX. This effect will increase the dynamic range of the

max
Ef

by resolutuon considerations and therefore possibly be independent from

target, if the maximum useful final voltage excursion V is determined

VTo’ because the maximum useful signal current
max max - AT
'S = vEf c T, (2.10)

J-12
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of a target with the raster area AT’ operated with an active frame time
Ta’ increases with C. [f, however, resolution is not important then the

maximum useful signal current is equal to the saturation current.

_ T
lsat = Vpo © T (2.11)

The saturation current might not be increased since VT has-to be
o

- decreased with decreasing target thickness and constant mass density.

Approach 2: We tfy to increase Py while decreasing AX
in such a way that pMAX = constant. Under these conditions we havé_to
expect that

k = constant

h decreases with increasing Py |

h can be increased again by increasing the electric field
across fhe target since targets with higher density can be operated
at higher target voltages as will be seen in Section 3, where the

experimental results are discussed. ~

" Hence thé gain represented in Equation (2.7) may be expected

to show less than proportionate decrease with ZSX-;}—»- il . The

M c
maximum useful signal current represented in Equation (2.10) will

max
Ef

to be unchanged. The saturation current, however, is increased substantially

increase to the same extent as the first approach if V is assumed

since C and V__ are increased by the second approach.

To

J-13
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We have neglected that

(1) f(E) is not entirely independent of AX, and

(i) the valﬁe of the integral in Equation (2.2) does not
necessarily change in proportion’to G since V_ has to

E
obey the integral Equation (2.3).

However, bbth of the factors we have neglected effect tﬁe two approaches
in the same way. Hence in order to compare the different approaches a
discussion of f(E) and the integral Equation (2.4) is not necessary. As
a result of these’considerations it is obvious that the second approach

is expected to yield the better result.

Another disadvantage of the first approach compared to the
second one‘is seen when we consider the number of fibers of target
material 'in an area representing a resolution element. This number
will considerably decrease if the target is made thinner according to
the first approach and, therefore, the relative local variation of the
number of fibers per resolution element on the target will increase.

This effect will result in an increase of image grain.

J-14
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3. EXPER IMENTAL RESULTS

Although both approaches in Section 2 have been tried in the
past, chiefly the results obtained with targets modified according to

the second approach will be reported because of the better success.

|n‘order td demonstrate the improvements in target performance
which have been achieved, first physical parameters such as the storage
capa?ity, electric field and charge density in the target will be discussed
in Section 2.1; then the parameters of practical interest discussed in
Section 3.2 will be seen to follow from the inprovements in physical

parameters.

3.1 Physical Parameters

Except for the storage capacity most of the interesting
physical parameters such as the electric field at the target substrate
and the charge density present in a completely scanned target, cannot
be measured directly. |In order to show how these parameters may be
‘derived from measurements of the storage capacity, we start in Section
3.1.1 with a discussion of the storage capacity and its relation to the
electric field at the target substrate and the charge density in the target.
It will be seen in Section 3.1.2 that the electric field at the target
substrate may be calculated directly from measurements without any addi-
tional assumbtions, while in Section 3.1.3 the calculation of the charge

density must be restricted to a first order approximation.

As far as data are available the results obtained with the
improved high capacity target will be compared with those from low

capacity targets.

J-15
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3.1.1 The Storage Capacity Per Area

To determine the storage capacity per area

_ 1 _do |
C=3-v (3.1)

E

a known area A of the target was exposed to primary electrons for an
integration time of a few seconds in such a way that only a voltage
excursion VE slightly exceeding two volts was obtained. The target vql-
tage VT then was decreased by two volts and the signal caused by the

excess voltage V. - 2 Volts was readout with a single scan. A second

E
scan was applied to insure completion of the readout process. After

this the target voltage VT was increased by two volts (reset to its
initial value) so as to produce a surface voltage difference dVE = 2
Volts. The residual charge dQ was then readout with single frame readout.
The output signal of the one line displayed on the scope compared with a
calibrated comparator pulse, the output signal duration and the known
number of lines in the area A were used to calculate the output charge

dQ associated with a surface voltage difference dV_ of two volts.

E

In Figure 3.1A the storage cébacity/area of some
high capacity SEC targets is plotted vérsus target voltage. The increase
of capacity/area that has been achieved by the modification of the SEC
target can be seen by comparing Figure 3;1.A with Figuré 3.1.8B where a
set of similar curves obtained with low capacity targets is presented.
At first sight the curve No. 1 in Figure 3.1.A seems to indicate that

this target would have the highest dynamic range. As has been pointed

J-16
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out in Section 2.1, howéver, not only the storage capacity determines
tﬁe dynamic range of the target but also the maximum useable target
voltage does. In-order to understand that the target voltage might
be limited to lower valu§s for a target with high capacity than it is
for a target with low capacity we first have to consider the increase

in storage capacity/area caused by increasing target voltage.

As has been pointed out by A. H. Boerio, et.a|3, the
increase in capacity with incrgasing target voltage can be explained{by
the fact that in charging the target, the scanning beam electf&ns coﬁe 
under the influence of the internal electric field and can thérefor;
penetrate a significant fraction of the target. |(f this is true it
should be possible to measure the curves shown ih Figure 3.1.A and B
without applying a primary beam to the target merely by increasing the<'
target voltage in steps of 2 volfs and detefmining the charge added
into the target by the scénning‘beam for each two volt stebl This has_
been aone and the results are shown in Figure 3.2. Obviously Fhefe
is good agreement within the limifations of the measurement accuracy.

.Therefore we may now discuss the storage capacitY’withOﬁt taking into

account the primary beam.

When the target has been completely scanned with
the reading beam at a given target voltage there exists throughout the
target a negative charge distribution being described by the charge
density p which in genel;al is a’'function of the three space coordinates

X, Y, 2z and the target voltage V For our further discussion, however,

Tn
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we may assume the target to he uniform over its entire area and
R g R

neglect any edge effects. In this case -

8p (x; y; z; V.) dp(x; y; z; V.) ;
P x. Y Z' T _ P\X: ¥y 2 T = OW’, (3.2)
3y 3 o

and therefore the charge density is p = p (x; VT). This distribution

function Is qualitatively illustrated in Figure 3.3 for.jow and high
target voltages. The curves shown there cannot be measured directly.
Some conclusions, however, may be drawn since p (x; VT)‘is g?ter%ined
to a certain extent by the measurement shoWh'jn-Figure 3.1 and other

observations, which wili be discussed now.

The electric potential ¢ (x, VT) in the target is
connected with the charge density ¢ (x, VT) by Poisson's equatioﬁ which
according to equation (3.2) has the form

_9_2_%_ Y S o : (3.3)

d x € ‘o

If we neglect the thermionic distribption of the
séanning beam electrons, consider the thermionic cathodefto be on 7
potential and presume thét‘tﬁe target is scanne& completely so th:
more electrons are accepted by the target, the law of conservati:
energy then detefmines the potential at the target surface (sur!

tage excursion) to be

$ (& V) =0 S ¢
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where d is the target thickness.

Moreover the sume of the forces applied to an
electron arriving at the target surface must be zero in order-to

prevent it from entering the target and hence the electric field is
€ (d, v;) =0 (3.5)

if we neglect the eiectric field caused by the suppressor mesh.. This

assumption will be justified in Section 3.1.3.

The Equations (3.4) and (3}5) are the necessary
and sufficient boundary conditions to determine the solution of Poisson's
equation. However, there is another condition given by the conductive

target substrate and which Fequires
¢ (o, vT) = V.. (3.6)

This third condition therefore determines already
to some extent the bharge density p (x, VT)° As result of this we
hay derive an interesting equation for the ""integrated' storage capacity/

area
d
-]
C, = —— 9v d .
e [ e 6.7

which is closely related to but must be distinguished from the differential

storage capacity/area
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d d o }
» V dx - ,V d
Lo o Pl Vg k- T plx V) X
Av,
d pd : : : o B ,
e Lrewel  ee

measured and represented th Figure 3.2, By inserting equation (3.3) in

" equation (3.7) and using equation (3.5} after iIntegration we obtain

ce, E0, V). (3.9)

i v | o

If we now cénsidef‘the primary beam to be turned on
and the‘térget be}ng operated in sﬁch a way that during integration time
the target is just“geutralized (thé tafget surface reaches the substrate
potentialj we then obtain durinjnréadbut the saturatfon:siénal current*.
In this case>the effébtivé‘stbrage capacify would just be the integrated
storage capacity given in Equation (3.9). Hence the integrated storage
capacity Ci determines the saturation current of the~t§rget and therefore
the dynamic range. In Section 2 it has been explained éhat the dynamic
range also increases wftﬁxthe target voltage. If we comsider that the maximum
usable electric field at the target éubst}éte cannot exceed a certain value

Emax given by the structure of the target the equation 3.9 sets the limitation.

: Ci‘VT. & e‘.o,-a. max (3.10)

s
w

As will be discussed in Section 3.2 in more detail the saturation of
the target by the primary beam pratically observed is not equal to the
neutralization mentioned here. For the conclusions to be drawn in this
section, however, a distinction.is not necessary.
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rhis means that Qnder any circumstances the dynamic range of the target
is limited by the maximum electric field that the target can withstand
without breaking down or becomihg seriously conductive. |f, therefore,
the maximum usable target voltage is limited by conduction in the target
no increase in dynamic range can be expected by decreasing the target

thickness alone,

Besides the limitation given by Equatibn (3.10)
another limiting factor may be seen by interpreting Equation (3.7). The
integral appearing in Equafion (3.7j represents the total charge avail-
able for producing a signal current with normal target operation. This
charge is trapped in trapping center§ (stable energy‘levels). The
electric charge density - p (x, Vf) therefore is equal to the density
pt‘of trappingkcenters multiplied py the occupation probatility

p(x, VT) and Equation (3.7) can be written as
‘[d , :
C, VT = Jo Pt p(x, VT) dx. S (3.11)

If we consider the density P of trapping centers to be constant through-

A~

out the target the Equation (3.11) becomes

d
¢, Vr = P, L p(x, v,) dx. (3.12)

The maximum charge that can be stored in the target under most optimistic

conditions is given when all trapping centers are occupied by electrons

T

be further increased more electrons would be accepted by the target but

and therefore p(x, Vf) = 1. |If- at this point the target voltage V_ would
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could not be trapped. They would then be collected at the sgb;;rate
and hence make the target appearing conductive. |In practice this ''sat-
uration conduction'' will be observed already before the maximum charge
given by p(x, VT) = 1 is stored in the targét. Therefore we obtain

from Equation (3.12)

C; V< ptd. | (3.13)

This limifation describes the fact that no substantial increase of
dynamic range can Ee expécted'by making the target thinner withdut
increasing the density of‘trapping'cehters in order to increase the
storage capacity/area. The Iimitatidn (3.13) therefore seems to be the
essential réason for the limited success of apﬁroach No. 1 discussed

in Section 2. / -

Since the electric field £ (0, VT) at the target
subs;ratevand the maximum vslue of the charge density p(x, VT) in the
target are the fundamental physical parameters which detgrmine the dynamic
range of the target, it is necessary to evaluate £ (0, VT) and p(x, VT)
as far as possible from measurements done on the high capacity SEC target
and on the low capacity target in order to explain the improvement that

has been achieved. This will be done in the following two sections.

3.1.2 The Electric Field at the Target Substrate

To evaluate the electric field at the target:substrate

from Equation (3.9) we first have to determine the ihtégrated'storage
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capacity/area C, from the differentfal storage capacity/area C which

i
has been measured. From Equation (3.7) and Equation (3.8) follows
d
dv

T
According to the experimental results represented in Figure (3.1) and

C= (c; vy) (3.14)

(3.2) the differential storage capacity/area can be represented by

C=C, + kv . (3.15)

where Co and k are constants which can be determined from the capacity

curves, Hence the electric field at the target substrate is

1 2
+ - Kk .16
by covT 3 vT (3.16)

€ (o, vT) =

Using the capacitycurves of target No. 3 in Figure 3.2 (solid line), of
target No. 7 and target No. 8 in Figure 3.1.B as examples for a high
capacity target, a thin low capacity target and a thick low capacity
target respectively, the electric field curves (¢ £(0, VT) versus VT)-
in Figure 3.4 were obtained.  The high capacity target is indeed
“operated with considerable higher electric fields at the susstrate

than the low capacity target, when both targets ;re operated with the
same target voltage. The total effect, however, is seen if we consider
that by experience the low capacity target has a maximum target voltage
ranging betwéen 20 to 30 volts while.the maximum target voltage of the
high capacity target ranges between 35 to 45 volts. Assuming € = 1 the

maximum electric field is in the order of 20 kv/cm for the low capacity

target and 100 kV/cm for the high capacity target.
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3.1.3 The Charge Density, the Electric Field, and
the Potential in the Target

The charge density p (x, VT), the electric field
£ (x, VT) and the potential ¢> (x, VT) in the target cannot be measured
directly as functions of x; only parameters which are integrated values
along the x-axis of the target can be observed‘experimentally. in order
to determine parameters which are a function of x from integral values
which have been measured, it is necessary either to make assumptions
which already determine to some extent the parameters as function of x
or to restrict the evaluation to a first or second order approximation
which might be very crude. Since a general form of the charge density,
the electric field and the potential can easily be derived without additional
assumptions, a first order approximetfon for the‘three parameters as func-

tions of x will be calculated.

The charge density in the target can be represented

by the series
plx, V) = T A (VX" (3.17)

The coefficients An are functions of the target voltage V By integrat-

T
ing Poisson's equation and using the boundary condition Equation (3.5)

the electric field in the target is obtained.

o0 dn + 1 _ o+ ]
Z A (V) X
o n=o n+ 1

~1
€€

€ (x) =

(3.18)
The potential may be obtained by a second integration and using
Equation (3.4).
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$x) = —— I ) * ntl g2 _ 0t
€€, N0 n+ ] n+ 2

NEIRERY

n+ 2 (3"9)
To determine the coefficients An we have from Equation (3.6)
] . A (V)
Uy = T 42 (3.20)
“o n0 n + 2 :
and from Equation (3.18) and Equation (3.16)
| = A (V) |
cVv +-'—kv2'.—.-'-2‘, T g+l U (3.21)
o T 2 T o . 4

From the last two equations the coefficjents”Ao and A' may be completely

evaluated in the sense of a flrst'ordgr approximation (An =0 for n 2 2).

2 . 3"‘0‘ _ ’ )
Ao = -J VT i——;——— -2 co k VT§ (3.22)

6 . 2¢¢ i -
A,=?VT;L°-————9-d +-2-va (3.23)

‘In order to ;alculatp Ao and Al' the measurement of ¢ and d seems to be
necessary. Calculating the first order approximation consequently,

however, the value of d/¢ is determined by the fact that
€€

o j:x p(x, VT) dx

= = x (o) = lim = 24 (3.24)
) Vi—so r plx, v;) dx 3
: o
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Since it Is reasonable to assume that € is close to ohe, we obtain
| from Figure 3.2 for target No. 3 the thickness d = 10-3 cm. Based on
this value and the experimental values of Co and k the first order

approximation of the charge density

pxs Vo) = A (Vo) + A (Vo) x (3.25)

was evaluated and plotted in Figure 3.5 for several target voltages.

In Figure 3.6 the charge density at the substrate and the chérge density
at the target surface are plotted versus the target voltage. The charge
density at the substrate increases monotonously with VT’ while the charge
density at the target surface has a maximum at VT = 40 volts and decreases
thereafter. The existance of this maximum cannot be real. |If the target
is continuously scanned and the target voltage is increased slowly from
VT =0 to VT = 75 volts, the charge density should assume the values
indicated by the curves in Figure 3.5 and especially the charge density

at the target surface should trace the lower curve in Figure 3.6. As

long as no primary beam is applied to the target, however, there is

no physical effect by which the scanning beam may ''decrease' the
negative charge density p (x, | VT); hence no crossing points in Figure
3.5 are possible and in Figure 3.6 only curves monotonously increasing
with target voltage can be true. The crossing points in Figure 3.5 and
the maximum of the lower curve in Figure 3;6 therefore show that useful
results may be expected from the first order approximation, Equation

(3.25), only for the vicinity of the target substrate.

In Figure 3.7 the charge density p (o, VT) at the target

substrate for a high capacity target and a low capacity target are
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plotted versus target voltage VT. Considering the fact mentioned in
Section 3.1.2 that the high cépécify target’usually can be operated at
target voltages between 35 and 40 volts compared to 20 to 30 volts
applicable to the low capacity target, the maximum useful charge density

in the target has been increased by one order of magnitude.

The electric field in the target and the potential in the
target are plotted in Figure 3.8 and in Figure 3.9 respectively. Although
the curves were obtained by using the first order approximation for the
charge density, Equation (3.25), their validity along the x-axis is better
than Equation (3.25) because of the fact that the values for the electric
field and the potential at x = o and x = d are not based on the first
order approximation but are given either by the boundary conditions or

experimental results as shown in Section 3.1.1.

With Figure 3.8 the validity of Equation (3.5) can be justified.
This equation was introduced in Section 3.1.1 by neglecting the electric
field caused by the suppressor mesh. Considering the mesh voltage, VM’
to be 30 volts and the distance between mesh and target 0.25 mm, the

3

electric field between target and mesh theh s 1.2 x 107 volt/cm and,
therefore, small compared to the average electric field in the target

at any target voltage of practical interest. Neglecting the induced
charge on the target surface caused by the finite mesh voltage is equiva-
lent to neglecting the electric field between target and mesh with respect

to the electric field at the target substrate. As can be seen from Figure

3.8, this is a consequence of the first assumption.
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3.2 Practical Target Parameters

Target parameters of practical interest are the small signal
gain, the large input signé] sforage capacity, the dynamic range and
the storage‘fime.‘ Acco?ding to Section 2, the dynamic range of the
target depends on the storage capacity/area,vthe maximum useful target
voltage and the small signal gain. Cohsequéntly, in Section 3.2.1, the
small signal gain and the maximum useful target voltage of some typical
high capacity targets Will be compared wfth the results of some typical
low capacity targets; the large input signal storage capacity aﬁd the
dynamic range then will be presented in Section 3.2.2 and Section 3.2.3

respectively.

It will be seen in Section 3.2.4 that the storage tihé of the
high capacity target is not as long as the storage time of the low
capacity target. However, the storage time turned out to be more than
adequate for continuous scanning operations. In Section 3.2.5 the
effect of the high capacity target on the performance of the reading

gun briefly will be discussed.

3.2.1 The Small Signal Gain

The small signal gain'is one of the factors which
determine the sensitivity of a camera tube. Since in Section 2 we saw
some indication that the gain of.a high capacity target might be lower
~ than the gain of the low capacity target, it is of special interest to

compare the practical results obtained with both targets. In Figure

' J-37
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3.10 the target gain curves of four camera tubes are plotted; the tubes
were equipped with low and high capacity targets as indicated in the graph.
The maximum usable target voltages shown in Figure 3.10 were found by

increasing the target voltage,V_,at constant illumination and determining

T’
the value of VT at which the overall appearance of the target starts
loosing its pleasing quality. This determination of the maximum usable
target voltage infers a subjective judgment, but the values obtained seem

to be in fair agreement with those determined by finding the target voltage

at which the target shows conduction.

It can be seen from Figure 3.10 that a considerable increase
of maximum usable target voltage has been achieved and a gain has been
obtained at this voltage, which is comparable with the gain of a low

capacity target.

It is well known that higher gain values than those represented
in Figure 3.10 have been observed with lﬁw capacity targets, but this
is also true for the high capacity target. Here, however, are typical
énd practical values under discussion, obtained from one tube type which
was equipped over a long run with a low capacity target and over’another

long run with a high capacity target.

Of practical interest is the value of primary voltage necessary
to get the maximum SEC gain. In Figure 3.11 the normalized gain is
plotted versus primary voltage for a high capacity and a low capacity

target. The curves are close together which indicates the energy
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dissipation to be approximately the same in both'targets.

3.2.2 The Large Input Signal Storage Capacity

in Section 3.1;1 tﬁe “differenfial" storage capacity

was defined by Equatfon (3.85 and’the ﬁintegrated“ storage éapacity by
Equation (3.7). Of practical interest, hOWevéf, is especié]ly the
“large input signal storage capacity. Only if thé primary current would

exacfly neutralize the target when saturation is reached; th; iﬁtegratéd
storagé Capacity, as défined by Equation (3.7) wou|d be equal to the large
input signal storage capacity. In order to outline fhe trend of the storage
capacity with increasingAinput current under this conditioé; we have to

recall some results of Section 3.1.1.

As shown in Section 3.1.1, the differential storage

capacity/area, C, is given by ;

C=C,+ kv »' : - (3.26)
and the integrated storage capacity by

T
C; = Cy + 5 KV B | ) (3.27)

Since, as also demonstrated in Section 3.1.1, the low input signal
capacity is equal to the differential storage capacity, the storage

capacity/area at a given target V_ is expected to start at low input

T
signals with the value given by Equation (3.26) and approach the value
given by Equation (3.27) as satﬁration is reached. Hence, under the

condition of complete neutralization at the saturation point, the storage

J-41
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capacity of the target should decrease with increasing input current.
This is indeed not observed. In Figure 3.12 the storage capacity/area
is plotted versus the voltage excursion VE

= L0 volts (solid line), in addition, the curve

for the target voltage VT = 20
volts (solid line) and VT
of the differential storagé'capacity/area versus target voltage (dotted
line) is repeated from Figure 3.2. According to the regults represented

in Figure 3.2, the solid lines start at V_. = 0 with the value of the dotted

E
line at VT = 20 volts and VT = U0 volts respectively, but increase with
VE (increasing primary current) rather than decrease. This effect has
considerable practical importance since the higher values of the solid

curves in ngure 3.12 that can be used practically determine the dynamic

range.

In order to understand the increase of storage
capacity with increasing input current, we have to remember the facts
discussed in Section'3.l.3,‘especia1ly those connected with Figure 3.6
and the discussion of the charge density ;:(x) at the target surface
(x = d) and its dqpen&ence on the target voltage. The curve p(x = d,
VT) in Figure 3.6 cannot go below zerq as long as only the reading beam
operates. With primary ;urrent applied to the target, however, the
target surface may well be loaded with positive chérge and fulfill.in
the meantfme'the'conditionﬁ given by Equations (3.4), (3.5), and (3.6)
after havihgybeeh scanned out. If this is the case, tﬁe amount of
positive charge at the targetksurface should increase with increasing
brimary current and thekcehter point of the negative charge-gravity comes

closer to the target substrate with increasing primary current. Since
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the’targgt gain must be expected to increase with increasing negative

charge density, the secondary electrons are created more closely to the
target substrate as the input current is increased. The result is the
positive Slope of the storage capacity curves versus voltage excursion

VE in Figure 3.12.

The dependence of the storage capacity/a;ea on the
voltage excursion VE can be handled in a similar fashion to the treatmgnt
of the differential storage capacity/area given in Section 3.‘ From such
a treatment one can deduce the electric field at the substrate, the charge
density in the target, etc., when a primary beam is épplied to the target.

This discussion will be presented at a later date.

3.2.3 The Dynamic Range

The dynamic range of the target can be determined
from the transfer curve (signal current versus primary current density).
The improvement that has been achieved becomes especially evident if
transfer characteristics are measured at low frame rates. |In Figure 3.13
the transfer curve of a high capacity target is compared with the transfer
curve of a low capacity target both measured at 10 frames/second. At
the'points on the curves indicated as ''smear points', the resolution of
the tubes started to decrease. The transfer curve of the low capacity
target téhds to saturate at the smear point, while this is not the case
for thé high capacity farget. From Figure 3.15 againhthe good sensitivity

of the high cdpacity target is seen.
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In order to compare a high capacity target operated
in a normal camera tube with target No. 3 which was operated and"
extensively measured (Section 3.1) in a demountable camera tube, the
transfer curve of target No. 3, measured at 30 frames/second in the
demountable camera tube, is added to the transfer curve of the high
capacity target in Figure 3.14.  The scanned target area was the same
for both measurements. The readihg beam current of the demountable
system was limited as indicated in Figure 3.14. The maximum voitage

excursion_that could be readout in the demountable tube was VE = 2 volt.

Since the curves in Figure 3.14 are measured at the
same target voltage and agree very well, we may assume that both targets
have approximately the same storage capacity. The surface voltage excur-

sion at the smear point on the transfer curve of the high capacity target

max
E

explanation of this limitation is not yet known; two possible explana-

in Figure 3.13 can be estimated to be V = |5 Voits. A conclusive
tions, however, can be given. The first one is the electric field
disturbance between suppressor mesh and target surface caused by the
varia£ions of the surface voltage excursion which represents the bright-
ness distribution of the scene. The second explanation might be found

in a possible leakage current caused by the electric field parallel to

the target surface which represents the brightness gradient in the scene.
In Figure 3.15 the transfer curve of an SEC camera tube witﬁ.hfgh capacity
target is shown which was measured at 0.625 frames/second. As far as

known this was the first time that an SEC camera tube could be operated
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successfully at such low frame rates.

3.2.4 The Storage Time

A given charge distribution in the target does not

_remain unchanged indefinitely, also if no primary beam or scanning reading
beam is applied to the target. This fact indicates that at least some of
the electrons trapped in the target havea finite lifetime in the trapping
states. This lifetime limits the storage timg{pf»the target, that is,

the time during which an imaée can be,étgfed in the target without
significant deterioration. |f two or mo;é‘different processes take place
to release electrons out of the trapping sta;es,‘more than one character-
istic lifetime should be observed. However, only the shortest lifetime

that becomes effective is of practical interest.

In order to measure the lifetime of the electrons
trapped in the target, the prihéryxbeam was shut off and the target
was scanned with the reading beam at a given target voltage,VT, to such
an extent that no further charge was accepted; and the voltage excursion,
therefore, was zero. The reading beam was then turned off tbo. After the
time t the aecfease of charge in the target was determined by meésuring
 the voltage excursion VE(t)Z The’rgsultsjare‘plbtted in Figure 3.16 for
va = L0 volts. Since the;target was operated in a demouﬁtable camera
tube, measurements could bevmadeyﬁefbreiénd;after the target had been

baked. The crosses and ciréles in Figure 3.16 are the measured values

of VE(t) while the solid lines are calculated according to:
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-t/
= - .2
VE(t) Ver (1 -e 1) (3.28)
with the final voltage excursion VEf‘= VE (t = ~) and the
| ~ v -1 | ! |
life time T = VEf (—a?——) f =0 (3.29)

adjusted to give the best fit. The curve obtained before baking
levels off at 27 volts. After the targex had been baked for ten
hours at 150°C, and an additional ten hours bake at 175 C, the final

- value of the voltage excursidn was only Thbvolts. The relétive charge
loss | |

> (3.30)
Ve ¢; (vy)

associated with the final voltage excursion VEf before and after baking
was 0.74 and 0.42 respectively. The lifetime was according to Equation

(3.29) 36 minutes before baking and 62 minutes after baking.

‘The signal current which is caused by the charge
loss /AQ when the target is operated with an active frame time Ta and

a total frame time T is

I. - 5+ = Ve (T) o (3.31)

where AT is the scanned target area. Since from Equation (3.28) follows

with t = T that

v
V(1) < 5*»’ P (3.32)

the signal current becomes

IS < T AT - Ci , | (3.33)
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Using the values vEf = 27 volts and T = 36 minutgs of the unbaked target
No. 3 and replacing the integrated capacity by the large signal capacity

given in Figure 3.12 at V. = V_ = 40 volts, we obtain from Equation (3.33)

"
| A )
Icl —J— us5x107'? amp. | (3.34)

a cm
For practical target areas obviously this signal current is small compared
to the noise in any camera system as long as the active frame time Ta is

in the same order of magnitude as the total frame time T.

3.2.5 The Crossover Voltage

it has been ébserved that the first crossover voltage
of the high capacity iéfget-appears to be higher than 15 volt§ and
fluctuates when séveral ﬁigh Capacftyetargets are compared with each
other. Voltages of first crossover‘in the range between 20 volts and ’
4O volts have been measdred.‘ This fact permits the voltage at the
suppressor mesh to be higher than 15 volts. The advantage of an increased
voltage at the suppressor mesh is the known improvement of the reading
gun going along with ity. in order to show an example the}squarq wave
aperture response curve of an electrostatic reading gun is presented in
Figure 3.17 for different values of the mesh voltage. The heasurements
were made in the demountable éamera tube mentioned before with a suitable
metal test pattern put in the target plane. The voltage at the test
pattern was 8 volts in order to simulate high-light conditions in a
camera tube. From Figure 3.!7 it is seen that the most significant

.increase of resolution is obtained by increasing the suppressor mesh
J-52

* UNCLASSIFIED



UNCLASSIFIED

, HSIW ¥0SS3¥ddNS JHL 1V S3IOVLITOA INIYIS41Q HLIM NND
INIQY3Y J11YLSO¥LI3T3 NV 40 ISNOJSIY IUNLYIMY IAVM 3¥vndS 3IHL /1€ I¥n9ld

(Www 7 ssod aui ) Aouanbaisg4 |pijodg

gl Ol S

1 i
D

_ |
X

- Buroois = WA (o)
- siion osl = WA (p)
- siton 09 = WA (9)
| siioh 0g = NA ()
- siloA 02 = WA (o)
S TR N SRR SR SR S SR T R S B

Ol
O¢
oe

o¢
09
0L
08
06

001

(%) ¢ esuodsay aAbm aibonbg

J-53

UNCLASSIFIED

i




UNCLASSIFIED

voltage from 20 volts to 30 volts. Since most of the high capacity

targets have a first crossover voltage exceeding 30 volts, the resolution
of a camera tube equipped with a low capacity target usually increases

if a high capacity target is inserted.

J-54

i UNCLASSIFIED

@



UNCLASSIFIED

L.  CONCLUSION

The sforage capaéity and therewith the dynamic range of the
SEC target has been considerably improved. With the high capacity
target an SEC camera tube could be opérated at frame rates as low as
0.625 frémes/seéond,‘as far as known, for the first time. The small
signal gain seems to be approximately as good as the gain of the low
capacity target. A disadvantage of the high capacity target, however,
is its limited storage time which restricts the high capaéity target‘

to applications using the continuous scanning operation only.
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