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l. I NTRODUCT I ON

I n 1975, Westinghouse was ~iarded an NVL contract to de-

velop canera tubes of the EBSICON variety for space su rve illance.

The contract entitled , “The Design and Development of a 1.0 mm

and 80 mm EBSICON”, ran for two years after its Inception. The

contract requ i red Westinghouse to design , develop and assembl e

tubes as well as test and evaluate tubes for delivery . This Is

the final report of the contract and a summary report of the

prog ran carried out to fulfill the contract.

Westinghouse developed two tube types during the two year

period: the WX-327l9 - 40 mm and the WX-3267O - 80 mm tubes.
One of these, the WX—327l9 It considers fully developed, and the

WX— 32670 only partially developed. The photocathode fabrication

techniques in the WX-32670 being the main reason for this con-

sideration. During the p rog ran approximately 100 tubes were

fabricated and processed resulting in 43 tubes of both typ es

delivered . These tubes are the first tubes ever made containing

[ a l arge 32 mm diagonal si l icon diode array target. This report

will discuss briefly the effort going into major task areas de—

fined in the progran and the performance results of all the tube

starts.
I

In addition to tube development and manufactur., West ing-

house probed th. characteristics of the l arge EBSICON target

i nsofar as targets influsnsed tube manufacture , p.rformance,

and tub. life . Thus, target data will also be discussed In

this report. A substantial achievement of the progran Is the

11
— 
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the derivat ion of an EBSICON product specification , Including

tarqet description specification. Both tube and targets will

be seen to be fully described and this report will include

the specifications.

1’
These specifications are considered an achievement be-

cause they reflect actual tested performance over a significant

sanple of tubes. Thus, a system designer us ing such a tube

as the WXa327l9, can determine with a high degree of con-

fidence the advantages and limitations imposed by the EBSICON

sensor.

Besides discussion of development efforts, tube resu l ts,

and technical specification , a suninary l is t of all tubes made

and tested for the progran will be given. The list is also a

disposition record based on Westinghouse collation of NVL con-

tract records.

Finally, a study of a tube tested for life will be pre—

1 sented and the status of the progran will be given.

I

I
~~~~~~~ 
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2. CONTRACT WORK - HISTORY

An orig inal plan of work for this contract Is shown in

Figure 1. The p lan was dev i sed to meet stated contract goals.

Goals were i dentified as provIding tubes with high performance

in the areas of point source response, b l ooming, saturation

current, distortion , gain control, life and ruggedness.

(Contract line Item F.)

2.1 Tube Design - 1.0 mm EBSICON - WX-32719

The 110 mm canera tube design cal led for in the

plan was modeled after the Westinghouse B-i tube WX—32432,

an original 32 mm EBSICON tube. To the B-i tube was

added the concept of gating and accommodation of a

large silicon diode array target with associated mesh

while still retaining a 1—1/2” readout sect ion for

compatibility with existing sockets. These conceptual

additions were implemented in practice accordIng to the

results of electron optic calculations. The electron

optic studies determined gate electrode position, size

and image p l ane size, focal points and predicted tube

performance such as distortion , magnificat ion and resolu-

tion.

ThIs was the firs t major task to be completed for

this contract and resu l ted in the mechan ica l configuration

shown in Figu re 2. Figure 2 is a cross section of the’

WX—327l9 — 1,0 nun EBS ICON. It includes a triode image

section with a “zsro” focus gate eisctrods. The image

ii
~ ~~~~

~~~~
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section is an electrostatically focussed section that uses

a 40 m input curved photocathode on a fiber optic substrate.

The target is positioned in the tube at the focal plane

which gives a magnificatIon of 0.8. Thus, the inpu t 40 nun

object is reduced to exactly 32 mm on the silicon diode

target image plane.

The silicon diode array target has a physical diameter

size of 41 m and fits a low capacitance integrated target-

mesh ceramic assembly. (See target—mesh inset — Figu re 2.)

The mesh support is rastered for ruggedness in a 1 x 1 for-

mat with a slightly l arger than 32 nun diagonal. The static

target shunt capacitance of 25 pf compares faiorab~y with

sm aller target structure capacitances.

As constructed and built the target-mesh assembly when

inserted in the tube and anchored to its support member,

effec tively seals the image section from the gun readout

section. This particu l ar concept is used to purposely

isolate both sections of the tube for longer tube life.

S 

The scanning section used in the WX—327l9 employs a

S standard electron gun ut ilizing a long bean drift space

capebi. of high resolution at high current density. Electron

S optic studies of the gun and coil environment were made during

the first year of the program to find ways for future gun

improvements and for a better understanding of the gun— coil

operation.

— —~ - -5- 5— 
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f

J 2.2 Tube Design - 80 nun EBSICON - WX-32670

A cross section of the 80 mm EBSICON tube is shown

in Figure 3. This companion tube of the contract Is

different from the WX-327l9 except for the read section.

The image section design was the second major task of the

contract as shown under i tem 6 of Figure 1.

The 80 m EBSICON contains an electrostatically

focussed triode image section. As such, its electron

optical system is capable of focussing photoelectrons

r originating from the full 80 nun input opti c on to a 32 nun

target. With proper adjustment of zoom electrode voltage

focuss i ng can be ach ieved wi th a magn i f i c a ti on rang ing

S 
from .8 to .39. Thus, the concept of el ectron i c zoom is1. available In this design. The two magnification extremes

are designated wide angle and narrow angle, respectively .

r Wi th an app lication of a negative vol tage to the focus 
S

electrode (negative with respect to the photocathode) the

photoelectrons can be gated off thereby preventing any
S 

electron charging of the target. Thus, the 80 nun image

section is designed for zoom and gating.

S Because the 80 nun image sect ion ii more complicated In

concept than a diode , it is further discussed b law as an

example of the type of electron o ptics stu dy perform ed and

results so obtained in this program.

H
________________________ __________________  _____  ________ _____________________ L
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2.2.1 First Period — Electron Optics - 80 nun WX—32670
I The elec tron optic design and study was carried out by James Vine

S of Westinghouse Research Laboratories at Pittsburgh. The dec’ign was

based on previou s Westinghouse experience with zoom—gated intensifier

dev i ces and Involved a computer program package for electron

optical ray tracing. The program delineates geometrical aspects

of an electron beam as it leaves the photocathode and is accelerated

- toward the silico n diode array target. For an object point on the

photocathode, the program traces multiple rays through the image

- 
section to define by their Intersections at the silico n target

I end of the image section, the correspond i ng image poi nts. By

¶ 
- repetition of the procedure for several object points of the photo—

S cathode, the image surface as a collection of image points is

I obtained.

) ~ From several ray tracings the pu rel y geometrical aspects of

the Image sections are determined. Thus, an electron-optical pre-

diction of the image section can be made as to magnification dls—

tbrtion and astigmatism . Resolution is assessed from a knowledge

of bean angl es and imag e surfaces. A sample of the results is

shown in Fig. 4. The figure Is a cross-sectional plot of several .5

S 
•ectron paths for center and edge electrons emanating from the

photocathode under conditions of wide angle operation. The object

pl ane is the curved photocathode, the electrodes are the cylindrical

F? - elements In tI~. figure and the image plane is the focus of focal S

1• points for the electron paths . Results of the study predicted the

image section of the WX-32670 to have wide angle mode resolution 
S

of th. order of 20 ip/m. The resolution is uniform out to approxi-

mately 25 nun diameter on the target (ap proximately 80% of the raster

— — - S _I_ 5— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _S- 5S5 -5 S S S S _ ,~~~~
_-‘-- - 5-
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diagonal). Beyond this diameter the resolution drops to about

1 15 Ip/nin. These resolution figures are predicted figures of

spatial resolution referred to the tube I nput. In the wide angle

mode the magnification is nominally 4/10 and therefore at the tar-

I get 50 l p/nun is expected. In TVL per raster height, the optic

study predicted the tube to be capable of resolving about

1900 TVL/RT HT of a 4x3 aspect ratio at most in wide angle.

- 
In the Narrow angle mode, the image section is predicted to resolve

52 l p/mm referred to the target or 1996 TVL/RT HI.

As Indicated In the program chart, the electron optics study

- for modification of the 40 nun tube and 80 mm design proceeded with

the 40 nun first and 80 mm last. Both tasks were completed in the

S first few months of the contract. With the studies completed,

engi neering planning and production of tubes began. No changes

were made in both tube types. As tubes were processed the essential

S performance measurements were carried out on each tube. DurIng this

I 
time emphasis was placed on obtaining good tubes of the 40 em type.

S 
~~~

‘ For thi s reason quali ty targets were reserved for the 1s0 em WX-327l9.

2.2.2 Second Period - Electron 0ptic~ — 80 nun WX-32670

New funding was obtained for the second year and the program

- shown in Figure 5 was planned and carried out. The principle 
•

- S 

emphasis during this period was on the 80 nun tube; particularly to

obtain solutions to problems of high voltage operation and photo-

• cathode fabricat ion. 
S
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t
Specifical l y, many 80 nun tube starts were not capable of opera-

ting at high voltage in the narrow angle mode. It was discovered

that narrow angle operati on was compl icated by spurious emission

affects. Spurious emission or extraneous emission is the phenomenon

of undes i red electron emission that usually manifests itself as

arcin g, high voltage breakdown, field emission and ultimately heavy

charg i ng of the silicon diode target.

The effect of the spurious emission problem on 80 nun tube opera-

tion is shown in the histogram of Figure 6. From a total of 15 tubes

4 samp led, six operated at the designed high voltage point In both

wide and narrow angles whereas nine failed to operate at high voltage

in narrow angles. The spread in voltage operation is from 6 to 10 kV

for the non-operatlng tubes. Because of heavy target charging the

resul t of spurious emission from the nine tubes were clearly visible

during tube operat ion, but the cause and source of the problems were

difficult to assess. In other words, the problem or problems re- S

S 
qu l red i dentification before a solution could be rendered.

- . From the nine tubes a careful study was made to locate the

causes. Tubes were stressed at double the desig.~ vol tage and out—

ward signs of spurious emissi on were catalogued. Electron currents

I between tube electrodes were measured and field emission plots made
S 

to determine possible field emission. In addition, a second electron

I ~ • optic study was performed for abnormal electron paths; el.ctro~ms which

may emanate from electrodes and edges of electr odes. From these
1 eng i neering analyses , It was determIned that design changes in the

-
- image sect ion were called for. Thus , the second phase of this contract

H H
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work began as shown in the p lan (Fi gure 5) with high voltage design

revision being of paramount importance.

The image section of the 80 nun tube was redesigned by modify-

lng electrodes, rolling edges of electrodes and selecting different

materials for cleaner tube fabrication. The second run of tubes were

clearl y improved and evidence of this is shown on the same hlsto-

gram above. Tubes, in general , operate at the design voltages of

12 kV and can be zoomed at this voltage without any spurious emission.

There remained only photocathode processing techniques to further

the development of the large EBS ICON.

2.3 Photocathodes And Photoresponse

Throughout the program S-20 photocathodes were a direct con-

cern in fabricating tubes with high performance. The photocathode

processing for the 40 m tube had however been determined by the time

the program got underway. in the 40 mm tube , Wes t inghouse had a

wealth of experience to gu ide it with the fabrication of hundreds of

tubes of similar type. The photocathode for this type averaged 175

~A/lm for whi te light response and 15 mA/w for 5900°K. Good response
S photocathodes were common in this tube type and therefore will not

be discussed .

As the second phase plan indicates however, the immediate con-

- 
cern was for the 80 nvn photocathods. The photoc.thods in this tubs

S being different in the sense that a l arger format required moTe

alkal i source materials and a different recipe for its formation.

Th. 80 mm photocathode substrate is 7.8 in2 in an Image section

S volume spac. of 85 in3. This fact alone makes it unlIks any photo-

S cathode manufactured by Westinghouse.

U
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The program was begun using photocathode formation tech-

niques which had proved successfu l in the 40 nun tube. Briefly,

this schedule i nvolved a rigid sequence of events to be fol lowed.

These were as follows: 1) deposit a layer of potassium,

2) co-evaporate potassium and antImony , 3) deposit a layer of

sod ium , 4) co-evaporate potassium and antimony, and 5) repeat

I wi th a l ayer of sodium . This sequence is called bi-alkal i pro—

S cessing and is followed by a final step in the process to complete

S the tn -alkal i , S-20 photocathode. The final step is to overlay

the bi—alkali with layers of cesium and antimony.

S 
For the 80 m tube, the results of this type of schedule was

as shown in Figure 7. Obviously, from these resu lts, it could

- 
S be seen that the tube’s photocathode processing was not in control.

During the contract’s second phase, various mod if i cati ons to

the photocathode techniques discussed above were attempted . Some

of these involved high temperature processing of the bi-alkal i

photocathode. What was attempted was higher substrate temperature , 
S

i.e. temperature was raised from the normal temperature by 25 to 50 .

S The temperatu re differential was an attempt to drive more sodium( into the bi-a lka fl formation because previous analysis of first

S phase photocathodes ind i cated a l ack of Na. Since it is known that

S a chemical reaction Is enhanced by temperature , it followed that a

good solution might be a purposefu l push of the Na. However, it

was real i zed that a compromis, situat ion would ensue. Any higher 
S

temperature imposed on th. substrate would decrease the sticking

coefficient of the sodium. Both of these factors are always do-

t.rmi,i.d empirically and thus the attemp t was mai5s on several 80 mm

I tubes to try the scheme of high temperatu re procsising.

--5- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -
S - 

S 

- ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5~~~~~~~~~ 5_ ‘



1
—17—

WESTINGHOUSE ELECTRIC CORPORATION

I 
S

I
10 x

~ 50 ,~~ ~~ P#~ro ~*Th~OZ~E• q R~~S’I J LrS

8 ~ gIRL~~9LF P~O~~~S’~ / N g{ S
V) ,7

IS. ’ ”

F -

- )

I 

~~~~ 

,. 11

I.. ~I $ ,i

x $ s v

J I f

1 0, * - — — 5 5 —  - - 5 ‘S 5’ 
- S

I ~ 2é Si ‘76 10.1 J2~ J51 l’lC
2S 5o 78 Lc~ 12~’ ISO i’) ~ 200

• R4o7bREs~~~JgE If r J eg~ EMEAl r1. .‘ S

FIGURE 7: PHOTORESPONSE DISTRIBUTION FOR 80 MM TUNES

I: . 
S

F ~S

~~~~~
-

: - 

—
~~~~~ S - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _



I
1 -18-

In add i ton to the actual reci pe for photocathode formation,

I our p lan as ind icated in the second phase program, called for glow

- discharge cleaning of the substrate. This is not a departure from

earlier 40 mm photocathode processing procedures but an emphasis of

the clean i ng step by a longer time of glow discharge at higher gas

pressures.

The results of the second phase usi ng this general scheme are

shown in Figure 8. These newer results indicated that some semblence

of photocathode processing control was achieved. A number of practi-

cal di fficult ies attended the implementati on of the scheme or schedule

discussed above. Some of the difficulties reflected the method of

t heating the substrate , some i nvolved unforeseen leakage problems in-

ternal to the Image section and others involved the distribution of

S alkal i and antimony on the substrate leadi ng to non-uniformities.
( S

From the experience gathered on heating the substrate, the re-

verse scheme of cooling the substrate with additional higher tempera—

S ture of the image section appears as an important alternative.

To solve these problems, Westinghouse has embarked on a new

program for photocathodes in the 80 nun tubs which it will pursue in

the future. This involves trials of two basically different schemes:

S 
1) rigid timed sequenc. of alkal i generation and evaporation in proper

S sequence and throughout the photocathod. formation, and 2) co—evaporation

L - 

- 
of cesium antimony only in the fina l ces i ation step. S

•
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I 
_______________3. TUBE RESULTS

I In this section the tube results of all the program plans dis—

cussed above will be related. Because the contract I nvolved many S

tubes and targets as wel l as hundreds of measurements on both, these
- results will be recorded in statistical terms.

3, 1 Poi nt Source Imaging/Resolution

Tube capability of resolving Juxtaposed point sources

Is one of the most Important EBSICON parameters measured

in this contract, it is comm on tube practi ce to specify

resolution capability in terms of response to verti cal

( S  
bars of vary i ng spat ial densi ty, for example, square wave

response or sine wave response. For tubes developed in

this program where surveillance of poi nt sources in space
- 

is the primary app lication, a more d i rect specification

of resolution has been adopted in terms of a s ignal samp le

area (A5). The signal sample area is the volume of the

point spread func.tIon divided by its height and thus has

I a dimension of area. It corresponds to that area in the 5

television output display which arises from a “point” of

excitation in the tube photocathode. Below saturation of

the EBSICON tube target the signal sample area is related

S - 

to the tube 14FF as described later In the sect ion on tu be 
S

specifications. For this contract A5 was measured in terms

of raster areas and has been evaluated as a function of

S location on the target (i .e. center and corners) , as a

funct ion of voltage and for the 80 nun tube as a function of

U zoom range. In addition , A5 was measured under simulated

slow scan conditions for selected tubes.
I .55
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The predominant number of measurements were made of center

I A5 and these results are shown in the histogram and frequency dis-

I 
tribution sketch of Figure 9. For the tubes sampled the average

value of A — 6.0 x 10 6 R.A. Low A5 values , between 3 - 4 x 10 6R.A.

accounted for approx imatel y 20% of the tubes and high values of

10 — 11 x l0 • R.A.,, a smaller 8% of the tubes sampled. Lumped i nto

i the statistics are results for both tube types but the 80 mm tubes had

evidence of lower A5 values.

Attempts at correlat ion of A5 and square wave response are shown

in the sketch of Figure 10. Ihe sketch is for a square wave spatial

frequency of 1eOO TVL/RT.HT. and center A5. Thus, it can be seen that
I only a trend can be stated, exact correlation was not possible. Again ,

as stated, low A5 — 3 - 4 x 1o 6 R.A. ind icates resolution in excess

of 50% at 400 TVL/RT.HT. can be expected.

it has been noted in this report that the tubes developed for

( NVL are designed to have uniform resolution across the target from S

S . I
center to edge. Thus, the 110 mm WX—327l9 has a flat image plane as

does the 80 nun WX-32670. At 70% diagonal the image plane begins to

I show curvature and therefore the resolution on a flat target at this

point cannot be the sane as the canter of the target. The measurement

of A1 followed this qual i tative pictu re as can be seen in the point

source corner results of Figure Ii.

5, 
5’

_ _ _ _ _  _   
[ 4
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For the corners of the tubes A
~ 

was measured by refocussing

the gun section (G
3 

voltage) and the average values of the four

corners were recorded. Thus, the tubes sampled show these

averages to have an average value of A5 — 8.83 x io 6 R.A. The

spread in A5 was simil ar to the center A5 values with approximately

7% of the tubas showing hIgher values In the range of 13-14 x 10 6

RA. Similar statistics have been obtained for center and edge

A, at low voltages, i.e. 4 kV. These results are shown In Figures

12 and 13. All the average values are collated in Table 1 below

to allow , at a glance, comparison of the sketched results.

TABLE I

AV ERAGE A~ SUMMARY )

A5 
— Raster Area x lO 6

Center Miii, ~~~ Corner ~~ ±!~~.

High Vol tage
12 kV 6.0 3.2 10.7 8.8. 4.0 14.0

Low Voltage 
‘ 

S S

4 kV 6.6 3.9 10.3 8.2 4.0 12.7

I :  -

S , S

• 1
~

I — 
55 
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Before concluding the discussion of A, resu l ts, it might

be noted that measurements of this  parameter were al so made

under simulated slow scan conditions. In th i s case the defl ect ion

of the bean , as it scans across the target in a given tube, was

I 
made to travel at a slower than standard scan velocity; by under-

scanning a selected portion of the target . Thus , a 32 inn target

I scanned In a 4 x 3 format has a horizontal dimension of 25.6 nun
and vertical dimension of 19.2 mm. Under standard scan conditions

of 53 ~sec/l in e , the beam veloci ty in the horizontal dImensions

is 4.8 x lO~~ nun/sec. Reducing this by a factor used in the

simulation studies of 2 and 3, the velocity is 2.4 x 10 and

1.6 x 10 nun/sec., respectively.
)

Resu lts of A, as function of the simulated slow sc an for

a 110 nun tube is shown in Figure 14. In this case the A, is also

measured with various bean settings as indIcated.

11 As expected, because of a l onger beam deeil time, the charge

in a point source is read out more accurately with a lower bean .

veloc I ty, hence the A5 values are lower. For example, In the tube

tested A5 — 7.8 x 10 6 R.A. under standard scan conditions wIth.

a factor of 3 slow down of the beam velocity in the horizontal

I I direction, the A5 — 7.0 x 10 6 R.A. Thus an improvement of 10%

in the A5 value Is realized by i ncreasing the beam dwell time.

I I Since A5 in these terms Is a raster area and the 32 nun silicon

11 target has an area of 1192 iem
2 the 10% Improvement means also that

11 an extra 16,500 A1 units can be resolved for the same raster by slow

I i down of the horizontal been velocity.

I
I ‘ 
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1~
The example made Is for a factor of 3 decrease in beam

veloc i ty of the horizontal travel of the bean. A similar under-

scanning in the vertical direction together with the horizontal

underscan is shown In the graph as the bottom line. Here the

change is even more dramatic with an A5 change of from 7.8 x 10
6

to 4.7 x lO 6 or a decrease of approxImatel y 66% for a factor

of 9 times underscan. ThIs 9 times underscan i nvolves a re-

ducti on in horizontal scan speed of a factor of 3 and an Increase

in the scan line density of a factor of 3. Likmsise, the total

S beam current used in the measurement has an effect on the A,

value. This Is similar to the situation with square wave response

measurements In wh i ch improvements are obtained with “starved ber’

S conditions.

3.2 Signal Blooming 
S

I A second important contract objective was to develop tubes

wi th good blooming characteristics and therefore bloom i ng measure-

ments were made on both tube types. Blooming is the spreading of

charge in the silicon diode target resulting from l ateral diffu-

sion of holes created in the body of the target. This depends to

a large degree on the target’s solid state design and the amount of

l ocal ized charge. Other factors contribute to tube blooming such

S as fiber optic cross talk  and in ternal l i ght reflections.

During the first phase of the contract tube blooming was 
S

- 
measured as spot growth for an initial spot size of 1% of the raster

diagonal or .32 nun for the large 32 nun diagonal target used in these

1 tubes.

_ _ _ _ _  55 5 5,~~~~~~~~~~~~~~~~ _ _~~-~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~ - 
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Results for a sample of both tube types, 40 nun and 80 m tubes,

Is shown in Figu re 15. Thus, the graph is a plot of the spot growth

relative to the initial spot as the illum i nation in the spot varies

from that producing saturation to 100,000 increase in illum i nation.

Because the target is the same in both tubes, the grand average Is

shown on the same graph. From phenoinenological considerations, it

is possible to arrive at an effective hole diffusion-recomb i nation

l ength Lp for the targets used. This was done for both tube types

and L calculated to be L — .084 for the 80 nun results and
p p

L~ — .134 for the 1*0 nun results. Although both tubes have the

identical targets, this  d i f f erence in L1, is believed to be due to

a statistical variation in groups of targets; for example, var iat ions

are found in thickness depend i ng upon target lot.

The effect of differenoms In targets can be seen in the histo-

gram of Figure 16. This sketch shows that some tubes had exceedingly

low values of blooming in the range of 4 to 5 times growth for lO~

overload. The maximum growth shows that no tubes measured above .11

to 12 growth for 10~ overload.

Fol lowin g these resul ts a nsv method of specifying blooming

was adopted that utilized the concept of signal samp le area A,.

In this method a smal l point source of illumination 60 ~ in size is

imaged on the tube’s photocathode. The resulting temporal width of

S the point charge on the target ii measured and this is converted to

an A1 value. The blooming is then given in terms of the value of

A, for which a specified total change is accu mulated in the target

during a frame tIme. This n~ i method I, descr i bed in the Append ix
55 

specificat ions and i nvolves the value of A, at a gIven total charge S

accumulation.
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Results for several tubes measured or point source blooming

are shown in Figure 17. The ordinate A5 value is in terms of

raster areas and the abscissa is the value of the charge stored

in the target spot. Most tubes follow the same bloomi ng char-

acteristIc i nsofar as the slope of the blooming curve is concerned.

On a log - log p lot, as shown , the slope in general is less than

one for a range of charge values. The spot begins to grow in

width at about lO~~ coulombs and cont inues to grow wi th ever in-

creasi ng lIluin inatlon. By way of an example, the curve for tube

822 shows an A1 • 6.5 x 1O~~ R.A. at lO~~
0 coulombs compared to an

S 

initial value of A5 — 8.0 x lO 6 R.A. at 1.6 x 1O~~ iom~
Thus , the area of the initial spot has i ncreased 81 times in 625

)
times increase in illumination .

3.3 Saturation Signa l 
-

The silicon diode array target in conunon with any charge

storage device can retain a finite amount of charge. Th i s amou nt
4 .

depends mostly upon the target design, I.e. i ts geometrical con-

figura tion, silicon wafer conductIvity , reverse bias , etc. Because

of this , not a great deal could be accomplished by Westinghouse to

optimize performance regardIng saturation signal . What could be

done 1~ determine the quant i tatIve values that could be assi gned .

the various targets received and op rate the diode target at a bias

I which would maximize th. saturation signa l current while at the

same time offer optimum performance In other par eters.

1’- -
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To arrive at target saturat ion signal values tubes were

run in the underscanned mode and illuminated to produce satura-

tion. Ev i dence of saturation was obtained by visual checks of

overload washing out of the video signal and by highlight sig-

nal compression of the local signal in a black to white area

of the target.

Approximately twenty tubes were measured for saturation

signal by underscann i ng. Some of the results are shown in

the histogram of Figure 18. The minimum saturation signal

measured was 600 nA and the maximum 2000 nA. The average value

S 
for this parameter indicates a saturation signal of 1166 nA

was typical . Because these measurec values are obtained for

a target underscanned by 9 times, they show an average satura-

t ion si gnal of 10,494 nA. That Is the target would be capable 
S

of stori ng 10,1*91, nA x j, sec. 3.49 x l0~~ coulcmbs of
5 30

charge.

Thi s hi gh capa b i l i ty of charge hel ps in two impor tan t EBSICON

characteristics~ dynamic range and low light level imageing . Thus,

a l arge dynamic range can be accomm odated and, in fact, the 80 nun

EBSICON eg can cover four to five orders of i ncreased illumina —
S 

tion before the read beam becomes exhausted of charge. At the

other end of the illumination scale the large saturation cape-

bility makes It possible to i ntegrate low photon flux for proper

signal to noise processing in camera tube systems.

Ii S
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31. ~~jldu.l SI~nal/La~

Another parameter that involved our attention throughout

this  development program was tube lag. BrIefly, it should be

stated that the standard method of developing a TV image is to

scan every elemint of the EBS ICON target wi th an electron beam.

The image element on the target is a collection of holes which

must be neutralized by elec trons from the reed bean. This act of

neutralizat Ion produces the element signal. Scanning every element

in a l ine  and every line in the target raster constitutes the total

si gnal . Not all the charge is neutra l ized in  one complete scan of

the raster and therefore the beam mus t be made to retrace i ts

path for further attempts at neutralization of holes.

The percentage of a signal that remains 50 msec. after light

is removed from the EBSICON Is termed field lag . Third field

lag measurements were gener a l l y  those made for this  contract to

characterize the tubes. Some special determina tion of lag was

made for simulated Stow scan conditions and other than third field
S 

lag for life time studies of lag . 
-

S 

- The EBSICON field lag measured for init Ial signal of 500 nA

and 800 nA and rated high voltage i~ catalogued in Figure 19- .

Espec 1ally, i t should be noted these are results for a l arge array

H 32 nun active diameter target. A similar target of smaller diameter

S would appropriatety scale down the lag results. Thus, the average

lag observed for an initial signal of 800 nA is about 17% for all

tubes sampled . On the other hand , the average lag increases for

lower signal of 500 nA to a value of about 25%.
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It shou l d be noted that all targets used in tubes made are

shown In these distributions , inclu dlng a ilmited number of G.E.

targets. If the 1.1. targets only were to be consIdered the lag

d is t ribu t ion would , exclude some of the higher lag values shown.

Some targets showed exceptional lag characteristics and these

were sel ected for more in depth studies of this par ster. Results

• to be described were also compared to the target vendor data and

in cases such as the one below, i nfurmation and data was relry.d

back to N.V.L. and 1.1. regarding the particular target used. In
S 

this way new i flfomation was made available in order to mike possible

beneficial changes in target fabrication .

TABLE I
S ) S

T.I. Danountable Data 9jDeinountable Data ~~Tube
S I0 .3 8nA 24 14

400 TVL/Resp. - 14% 28 52

S 
3
D Lag Field - 9% 38 1 5 -

S Blemishes - Many 3@3 Zonel-No n e
Bik. l~~~3 Z o n e 2 — 3

S Z o n e 3 — 3

We discovered thts particular target showed a constant lag charact.ris—

S tics at signal current used in operational test 800 nA and greater but

was variabl, below 800 nA. The funct ional characteristic is shown

in Fi gure 20.
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With an Increased dwell time of the bean the charge neutral I—

zation process described above becomes more effIcient as the

S second curve for .099 sec./frane shows. The largest decrease in

lag cane from an i ncreased dwell time and Increase in line density.

Thus, the curve for this set of conditions shows the third field lag

to be about 2-1/2% at 800 nA.

I It is interesting to specul ate as to the physical , perhaps

fundamental reason not ev i dent in the data as to how this particular

target showed low lag . It Is in fact at the low end of the lag dis—

tributlon for both 500 nA and 800 nA signals. This particular target

had a diode coverage of 88%. That is the diodes of the target covered

the scan raster to that extent and the remaining area consisting of

siiico n oxide Is 12%. So It can be surmised that the target once

primed with charge could accept a number of eleci rons proportional

to its diode coverage, i .e. charge transfer Is efficient. A micro-

photograph of the target magnified 710 times is shown In the photo—

graph of Figure 21 . 
S
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J 3.5 Target Gain

One outstanding feature of an EBSICON is the target gain.

By target gain is meant the amount of charge created in the body

of the target for a given charge i nput to the target. in the

EBSICON the charge created depends on the bombardi ng energy of

the photoelectrons penetrating the target. Calculations based on

an i dealized model of electron energy loss in penetrating a

silicon wafer predicts creation and storage of one hole for

every 3.5 cv of incident electron energy. Thus, at the nominal

tube operating potential of 12,000 volts, the charge stored in

the silico n diode target is 12,000 ev/3.5 ev/hole - or 3428 holes.

The result of this calcu l ation for a range of tube operating

I voltages is shown in Figure 22. Since the theoretical values are
I

S 
based on an ideal model experimental l y obta i ned values wou l d be

expected to be lower. In pract ice, the current gain is measured

ra ther than charge ga in  and resul ts of ga in measurements are

presented In this way . For conversion to charge gain the multi-

plying factor of .765 must be used.,

Fi gure 22 shows the resu l ts obtained for a r*s target and

buffered targets. The r~~ target gain curve shows that values

very close to theoretical gain can be obta ined in a tube, especially

at high voltages . Thi s curve is an average curve obtained fi~ m a

dozen tubes fabricated with targets as received.
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I
Gain values of 3000 at 12 kV are very close to the theoretical

1 3500. The buffered target tubes show gain characteristics with

S 
more curvature and reduced absolute gain. Thus, at 12 kV the buffered

target Is generall y down 10% in gain and at 4 kV, down by a factor

S of 5 compared to unbuffered targets.

S Buffer in g of targets consists of add i n g a metal l ic f i l m  to the

silicon for the purpose of adjusting the gain range in an operating

voltage range. Because of a greater gain range capability a buffered

target tube, as ut i l i zed i n a camera system, can acconanodate l arger

variations In illumination. With the buffer films used by Westinghouse

the curve shows the average range between 12 and 4 kV to be approxima tely
S 

2O to l. I

As remarked , high gain is a unique feature of the EBSICON. For

55 reader clarity, only averages have been shown in the curv. . It is 
55

rare however, to find targets made for this program to have low gain.

The l owest gain measured at 12 kV for a particu lar unbuffered target

was 920. In p ract ice, the gain can be even higher than shown for the

silicon diode target, providing the higher voltages required for

higher gain can be Imposed on the EBSICON. Generally EBSICON tubes

are capable of being stressed higher than 12 kV. Gain measurements

mad. for several tubes show an average gain of 1+100 and 5050 at 14 kV 
S

and 15 kV , respectively.
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3. 6 Dark Current - Target Effort

The specif ic contract I tems of tube performance have been

discussed above. A target performance characteristic that has

bean omi tted is target dark current. This is d i scussed brief ly

below together with the general target effort.

The West in ghouse target effor t consisted in the p roper

ut i l i z at ion of over 130 large silicon diode array targets. That

is , a good target would be used in the 40 naii EBSICON rather than

in the 80 nan if a choice was necessary. This was because the

40 nan was In greater need and the 80 nan tube performance was beIng

explored. Making a target choice requ i red the collection of sig-

nifican t data; pre-tube type fabrication. The following general

procedu res were used prior to tube assembly.

• Target visual i nspection — High magnification

opt ical checks of diodes and wafer - Determina-

tion of diode coverage. 
S

• Demountable test of dark current , resolu t ion lag

and quali ty.

• Chemical clean , wash, rinse and dry.

Buffer filming.

• inspection for final assembly.

Resu l ts from these tests and inspection s were analyzed, cross

checks made wi th T. I. demountable i nformation and choide made for a

part I ea 1 er tubs. Heed I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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and T. I. demountable is dark current. As used in an EBS ICON the

dark curren t has thr ee contribu tions : the i nherent l eakage of

the s i l icon d iodes, cu r ren t from stray l i ght emission in the

tube (eg from the heater) and “front end” target leakage de-

rived from thermal emission of the photocathode/or field emission.

The i nherent l eakage is by far the main contribution to dark

curr en t and as is wel l known is dependent upon the s i l i con  diode

configuration and starting material , it also is known that the

dark current has a thermal dependency generally found to be a

doub l i n g in value for every 10 degree rise in temperature.

A target, as used In the EBSICON tubes, reflects al l  these

contributions in the measured value of dark current. in both

tube types of the contract we have minimized the amount of light

from the heater by design. This is done by means of a light shield

around the heater. The tube ’s construction and target buffer films 
S

alsr a-c designed to min imize  the fron t end l eakage contributions.

~ ~~~~, the dark current resu l ts of a l arge number of tubes general ly

sho~. the true value of dark current. These results are shown in 
p

55 the dark current histogram of Figure 23. Average values of dark

current for the full raster area of 5 cm
2 is fou nd to be 30 nA with

extreme values of 10 nA and 95 nA. At least 70% of the targets

received from T.I. measu red dark current of �~ 1.0 nA. The 1,0 nA

value is that consi dered to be a Class A target specification for

th. target manufacturing program. On the basis of target area

the dark current of 1,0 nA represents a density of 8 nWcm2 wI~ich

is a respectable dark current value for the l arg. silicon diode

target.
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3,7. Gun-CoIl Results

As discussed and shown above, the properties of the image

I sections used in the EBSICON were known, theoretically through

electron optics study and practically from tube building and

testing. The silicon diode target array was studied to determine

some ot its properties. The electron gun and coil remained as

the last major tube component to study and i nvestigate. Time

- did not permit an exhaustive i nvestigat ion , however a modest

effort was undertaken to make electron—optical calculations and

empirical measurements of the available gun design . Knowledge of

1 the gun-coil properties, In part icular resolution could be added

to that of the image section and target to complete our picture of

the EBSICON tubes.S 

I

To study the gun and coil three special tubes were made for

test purposes. These tubes were made withou t an image section

and without the silicon diode target. The tubes retained the 1—1/2”

gun and mountIng hardware exactly as the EBSICON . In p lace of the

silicon target a high resolution non-array storage photo conductor

was used. The target in size (32 m diameter) and location relative

to the electron gun was a duplicate of any completed EBSICON. The

I coil used for the study was also a copy of the coil general ly used

for the EBSICON except the deflection coils were adjustable In

position relative to the gun and to some degree adjustable in diameter.

For the elec$ron optic ’s p roperties the gun-coil combination

was modeled in two sectIons: the primary electron producing section

of the gun, cathode and accelerating electrodes and the seconda ry

( section Including magn.tI-~ focus and deflection of th. electron bees.
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I The computer progr~n used was similar to that described above in

sectIon 2.2.1 . The additional focus magnetic field strengths

I requ i red for the model were taken as those actually used in the

focus coil. The deflect i on coil was simulated as two sing le

turns wrapped around the outside of the main focus coil. The

electron-optic properties we determined using the gun-coil model

are discussed below, Basically, these are crossover points for

f electrons emitted from the primary section, focus points of the

electrons at the target and estimates of resolution at the target.

Electron-Optic Sumary

f Figure 24 shows a computer plot correspondi ng to an electron

- beam half angle ~~ — 0.2°. In this figure , the Z direct ion scale

is compressed by a factor of 25. Focal points marked by a cross

[ are for electrons initially travel i ng in the X—Z plane of the

diagram and those marked by a circle are for electrons initiall y

travel i ng perpendicular to that p l ane Y-! plane. These are not

- true foci in the optical sense, but merely minimum blur positions .

S The diameter of the blur for the two different planes and at various

positions on the target, is a measure of deflection defocussing.
S 

Th. calculated results are shown in Table 1.

Ii

I
I
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TABLE I - DEFLE CTI ON DEFO CU SS IN G

Contribution to Electron Spot Diameter For Each of Two Directions

Target Position DIa. @ Target Dia. @ Focus
nan Radius m man

Center 0 0

1.3 .001 , .001 .001, .001

7.9 .046, .032 * .030

75% of Target
Diagonal ~-_ l 1.9 ~~ .106 , .068 ~~~~~~~~~ .058

1 15.7 .198, .108 .196, .090

The actual electron spot diameter at the target, due to direct

I imaging of the .001” limiting aperture In the gun, was calculated to

be .02 nan. Use of the paraxial spot size was added to the above de—

I flection defocussing by d2 — d0
2 
+ d2

2 to obtain an estimate of the 
S

limi ting resolution. The results compounded in this way are shown 
S

I in Table II ,

1 TABLE I I  
- I.

L I M I T I N G  RESOLUT I ON ESTIMATE S

Target Pos i t ion Limi t in g REZ Limi ti ng REZ
nin Radius ~~~— O2°

( r Center 49 ip/nan 49 Ip/me S
1.3 49 1+3
7.9 23 3

75% of Target - 
~~~~~ 11.9 — ~~ 12 ~~ 1

Disgonal 15.7

Thus, the E—O calcu lations predicted for the elec tron gun being used

S a ~imit1ng center resolution of approximately 50 l p/nan and 12 I p/nun at

~~~ the edge of the target (edge be ing defined at 75% of target diagonal 24 nun) .

II 
55 

- 
— S

El S
S - - 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --
~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 5 5  _ 55_~~~~~~~~~~~~~ •~~~~~~~~~ 5 5 -  55



I 5~
Experimental Tube Test Sumary

The gun experimental tubes were tested for center and edge resolution .

S [ We performed the tests at variou s primary gun section voltages and focus

S voltages. In addition ,-to correlate with the E-0 studies , we investigate d

I resolution at differing axial positions of the deflection coil and two

specific diameters of the deflection coil .

Some of the important results from the experimental tubes were shown

I In the curves of Figure 25. The edge resolution measurements are averaged

- over all four corners of the target raster , with the corners defined as 75%

of the raster diagonal. We observed a limiting center resolution of 2000

$ TVL/RT HI with the experimental tube , comparing favorabl y with the E—0

estimated value of 221 1+ TVL /RT HI. At 75% of the diameter the tube showed
S an average 1800 TVL/RT HT. Compared to a calcu lated 51.2 TVL/RT HT the tube

resolution was up by a factor of 3. We believed the discrepancy to be the

- 
result of improper modeling of the deflection f ie ld in the vicinity of the

I raster edges. A second computer calcu lation made with modified deflection
S field showed improved calculated performance of 1000 TVL/RT HI. The center

I resolution remai ned approximatel y as given. Because these calcu l ated E—O

values were low by comparison with the real experimental tube the E-O studies

were abandoned In favor of direct experimental results.

I The resolution values observed and quoted above are the maximum resolu-

tions shown in the figure. These ire In fact what was compared with E—O

S calcu l ations. Resolution properties at other spatial frequencies are also

important. For example , there is general interest in the spatial frequencIes

‘I of 1+00, 600 and 800 TVL/RT HI, because these points taken together with the

I limit ing resolution are sufficient to define the total response. The experi-

mental tube measured it these points average 90, 80 and 63% response. The

I edge response for the same three frequencies measured 83, 60 and 1+3%,

____ ~~~~~~~~55 ~~~~• 
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Thu s, we determined the gun resolution properties as a separate

tube entity . If the silicon diode array target resolution were

known we could , at this point , combi ne the image section, gun and

target resolution performance of the EBSICON . To arrive at target

resolution response an estimate was calculated based on diffusion

of hoies in the target. The result of the gun response, Image

section response and target estimates are plotted together in

Figu re 25. By combining all three curves as a product result for

the three spatial frequencies selected , we arrived at the predicted

overall resolution of the bottom curve.

4)

— I

I

— —~~ 55 
55 55 — S 5 - 55— 5 5 -  -

~~5 55 5~ 5 555 S 5 5~_5555 5555 5 5 5 5 5 _ 5 5 5 5 5 5 5 S S S S S S S ~~~~~~~~~~~~~~~~~~~~~~~~~ 5 5 5 5 5— S ~~~~ S S 55 ~~~~~~~~~~~~ —



I -57-

I ~~~~~~~ 
~~~~~~~ 

~~~ 
I ~ 

~~~~~~_ _~~ 

I I 
~~~~~~~ - 1~~~~~~~~~

1

~ ~ 
i4  fl ~ 1 -r ~ ~ ,~ J 5._L I 

~‘l

I ~ ~ ~ ~ ~ ~~ 
~ ~ ~~~ 

~ ~ ~ ~ I 1 ~ ~ ~ 
I ~

I :;:
2

:~
hlt TL HI 

~~~~~~4 ~~~ ~ :~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : 5 5~~~~~~~~~ ~~~~ j
I ~ ~~~~~~ 

I ~ ~fr ~ ~ 
I- I ~~ F ~~ ~ ~ ~

~ 

t

~

: : ~ ~ ~ 
~~~ 

I ~ : ~ ~ ~ ~ ~~ 

- 1~~ ~ 

I 

r ~~~~~ ~~~~~ ~~~ 

I ~~

, ~~~~~~~~~~

t 
4

~1S I
~~
i I i t  I 1 ~ I i9, ~ ~

::~ ~~~~ ~~~~~~ ~~ ~ - ~ : 
~~ - . ~ 

~ ::± : ~~ 55+ L - ~~ ~~ ~ ~:: ~~~ ~ 
~~~~~‘~~~ - :4 ~

~ r 4 
~ r 

~~~ 
I if 11 ! ~ ~ 

I r I t ’~~
—4 

I I

- 5 5  ~ -u ~ , - ;  : :‘ ;-:: ~~ 
- . ~ . I . : ~ - I 4 ~ .: ~ 

~ I -  ~ ~ 1 ‘ ‘ - • I ~ ~ - ~ ~ ~ -~ --~ - ~ ~~~~~~~~~~~~ ~~~ S ~

~ Ii ~~~ 
~~~ • _ ‘ 1T~ _ ~~ _ ;  ~ ~

, 
~~~ : : : ~ 

- :: ~ 
- - - - •lr: - 

~ -~ - I 
~~ ~ - ~

- :i~ 
~I : - 

~ 
~~~ :

~ 5 , - .5 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 - -  
- 5 5 - 55-55

-1~~~~~~ Th . .. - . -  ~
S. 55 5555 4 55 ~~~~~~~

I ~~ ~ t~ ~ 2 1 ~ t 11 ~ 4
11 1 ~ I ~ ~ 

-
~ t —

~ 
4~ 1 3

555_ •S 4~ 4
2 ~ F— 

~ I I 
~ 

{S* ~ 1 ~ ~
4 ~~ 4~~ 

~it ~ ~ 
rI ~ ~ ~ I j~ 

55

~ I ~ ~
1’h I ~ 

~ 
~ 

~554 ~ I~ 
~ 

I I t ~ ~ iS 4~ 1~ 1

t
i 

4
1 ~ 4 t , 

~ ~~ ~ I ~ ~ 1 ~ ill ~ ~ ~ ~ ~ ~ ~ ~
I ~ f1~4 ~ ~ 

r ~~ ~ I I II 4 1 1 ~ ~ ~ ~ ~ ~ 
I 4

S 

~t~~ 1 f : ~~!,~ 55
: ::~T~j :: :~; : i r : :~~t : ~ : ~‘ t~:’y : ~~~~~~~~~~ ~:i :~ f ~1 ~ ~~

-

t 
tS
lt 1 ~ ~ ~

t ~ ~ 1 ~~ I I 4 ~ .1 l~ 
~ ~ ~ 

~~ £~ ~ ~ 
1z i ~ ~ f ~~ 

I 
~ ~ ~ ~ 

— 

1u ~ _ I ~~~ ~ ~~~

4 4 4 2 ~ 
I ~ ~ I 

~~ 
~ ~ 

~ 
r 
~ I ~ 

F ~ ~ _~ ~ 
‘
~~

-

S 
• 

555 
•~~~~~~

55

~~~~~~
_ 1~U :v n  ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~

1 :~i ~ i ~~~ ~ •-t ~ t~ 
1~~ ~ ~ l j I l

:sj
t
~
t

j : - 1 
• ~ I ~ I 1~5 1 l T 5~ .1 s

l
;~ ~ ~ ~ ~~ - 

t~ : - I ~~ I 
S~~:~ t~ 

I ~ ~3 ~~~

:!; 
55 ~ - 

IS~S S.5!S V 5 S , ..~~S: r
~~ 

55 ~~~ ~: •i~~~~t .~ ~ I~sj ~,o 
~ 1 ~

- I 
r 

~ L1 I I ~~ :ii 4 4 4 I t 1 ~

~ ~ 
h 15_ I ~ 1l~ ~ 

I 
~~ ~ fl I~ ~ t ~~ 

~~ 1 ! 
2 11

~~
g 

~

S -  

. 
~

S 
; t t  ~~~ 4~~j 4 fi ~~1 s~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~

— :  -
~~~~~~~

‘ • 4 ~1 .  1 ! I  h~~’ i- ~~~~~~- ~

~~~~ 
1 , 1 , 

, ; ~: :I
i
~~~~t ~~~~~~~ •

~~g 1~ 
s • •

~~~~~
• I

55 ~ 1 1  ~ . l  1. - -  1 s 4  ~~~ L ’ ‘1
55 2~~~ 55 

4 - St 
~1 1  t 1 1 1 I ~~~ . ‘ I ~

~~~~~~~~ 
I I L I f  -

~~~~ 
i ; -: t 4 55

~~~ ~~~~ - ‘ 1 ~ , 
-55 • 1

~—

0. -

H
.~ 

S

I ~
‘• I ‘ J ~~~ ~ ~ S

~ 

Si 
s f I

I I~ .1 ~~~~~~~~ 
1 4!!! T~~~~ S I I 5 - ‘ 

~~~~~~~~~~ ~~1 i

I- • 

~ 
ii . • 

55 

55

I ‘~~. 
S 

~~~~~~~~~~~~~~~~~~~~~~~ 
“ 55

FIGURE 26 
5

5-- .  -55 -- 5 5  - - 5 --- — 55--- -~~~~~~~~~~~~~ 
S - S - S ~~~~~~~~-~~~~~~~~~ -—— -

- ~ 55 5 55 - 55 ~~~~ 
S 

55 ~ S 55 55 5 55 55 - 5 5 ~ 55 -~



S i

-58-

F 3.8 Life lest

S To gather life infomation on the EBSICON tube a 40 m tube was

operated continuousl y for 8000 hours. At appropriate intervals the

tube was removed from life test camera and measured for some Impor-

I tant parameters. in particular , the tube was measured for dark

S 

current, lag, max. signal , gain and electron gun characteristics.

The results of the life test are suninarized in Appendix 2. There

is avai l a ble 8,760 hours in one year’s t ime and therefore this  tube

represents the changes in EBSICON performance one could expect in S

a tube operating for one year. During a year’s t ime of the con—
I

S tract newer targets with modified processing techniques were re-

f. cetved and therefore tube life test shown was termi nated. In

actu a l i ty, the tube could have run for even longer time.

Included in Appendix 2 Is data taken from a field operating tube

in the MIT-Lincoln Lab Camera #1. Although the tube is not one built

on thiS contract it is a Westinghouse tube identical to the WX-32k32

used to report the 8000 hour life test.

Briefly sunanarizin g the Appendix , it should be noted that the

EBSICON can operate cont inuously for 8000 hours. The dark current

approximately doubles for the first 1000 hour operation. Max imum

signal current remains rel ativel y constant throughout life and the

target gain actually increases. 55
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1.~ PROGRAM AND CONT RACT OVERALL RESULTS

Ie.l Summary

This report has discussed those high performance i tems requ i red

to be available in tubes supplied to NVL , namely; point response,

lag , blooming , saturation current and operat i ng life. We believe

the contract was fulfilled in this respect. The 1.0 nan tubes de-

livered showed high performance in these areas and good ev i dence of

this is the use of some of these tubes In the field camera systems

bei ng utilized by MIT-Lincoln Labs for the Air Force.

The status of the tubes developed Is as described. The 1+0 mm

S WX-327l9 is now fully developed . With good silicon diode targets

this type of EBSICON tube can be made with high performance.

The report has emphasized the high performance and to what ex-

tent performance can be consi dered “high” performance. However,

problems associated with the development of-~tubes occur and these

also have been discussed. This is especially evident in the 80 nan 
S

WX-32670. This tube also has seen field use in a l imited number and

one is a candidate tube for a single sensor system being built for

MIT—L i ncoln Labs. This tube requ i res more development in the area

of photocathode technology in order to obtain high performance.

Fur ther fun di ng is bein g sol i c i ted to f in i sh  this  developmen t so

that a large format tube wi l l  be available to system users.

To summarize the performance obtained from the contract tubes, we

) give in the Appendix 1, the WX— 327l9 sp.ciflcation. This specification

S 
defines the l imi ts for all parameters and also the typical values one

- I could expect from such a tube. A ll these boundary conditions have

been obta ined direct ly from the resu l ts presented in this report.
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The question of life has been answered with the attached

Appendix 2. Life test on this particular tube was terminated at

8000 hours not because of any tube failure but rather to retest

life properties with new targets.

F i n a l l y , in Append ix 3, a list of all tubes of both types is

complied. The brief statement of condition and disposition is

sel f-expl anatory.

S Acknowledgment is due to the efforts of NVL and NVL con-

tract in g Officer , R. Franseen, Remote View Group Manager. His

efforts in devising and reducing to practice the point source

response and tube specification model as well as general monitor-

ing of this contract were beneficial to NVL and Westinghouse.
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A P P E N D I X  I S

EBSICON CAMERA TUBE SPECIFICATION FOR WX 32719

TENTATIVE SPE C IF iCATI ON AND TEST PROCEDURE

A. PERFORMANCE

1.0 Scope: This specification applies to high resolution electron born—

barded silicon target televIsion camera tubes hav i ng usefu l 1+0 mm

diameter S20 type photocathodes , The image format on the photocathode 
S

is a rectangle with 1. by 3 aspect ratio.

2.0 App lica ble Documents: S

EIA Standard RS343 Electrical Performance Standards for High
Resolution Monochrome Closed Circuit Tele-
vision Camera. 

-

3.0 Requirements: Tubes will satisfy the foliow ng requirements by

utilizing one set of optimum electrode potentials. Variable potentials

are limited to the following: - p

Photocathode Gain variation - from -12 kV to — 1+ kV

Gate Follows photocathode potential for focus and S
Is driven negative WRT photocathode to affect
gating . 

- 
S

Dynamic focusing allowed as a function of
scanning bean posit ion on raster mac. voltage 850 V.

Negative bean-gate pu l se only .

Cathode Cathode may be pulsed if desired for beam blanking. 55

3.1 Imaa. Size and Al~~nm.nt: The camera tube wIll reproduce the following
size Image located In th. center of the flb r optic facep la te:

P 1so tubes - 21+uian h i g h x 3 2mm wide

55 

5

4 - - ~~~~~~~~~~~~~~~ 
5 5 ’  -- ~~~~~ ~~~~ 5 . 55



1 - 

-62- 

55

J 3.2 Photocathode Sensitivit y : The tube will have minimum sensitivity of

130 ~A/l to 2854k or 10 mA/W at 5900 K.

I- S

{ 3.3 Gain Characteristics : The tube will provide , as a minimum , the

follow ing target current gain characteristic.

I Photocathode Current Gain

I k~tmi tubes Hi~~ Voltage (-12 kV) 2000
Low Vol tage (- 4 kV) 100

GaIn range between -12 kV and -4 kV 10

The 9am figure is instantaneous current gain measured at the center

of the target raster. Corresponding charge gain is calculated by

multiplying the current gain by the scan efficiency which Is approx i-

.stely 0.8.

1 ~.4 S.tura~ion Characteristics: With the tube operating at standard

electrode potentials with a 525 line , 30 frame/sec. 2:1 Interlace

scan, the saturation current vill l be no less than 1500 nanoamperes.

J With the tube operating with X3 vertical and X3 horizontal underscan,

the saturation current will be no less than 1000 nanoamperes.

J Note: The underscan portIon of this requirement Is equivalent to a

targst saturation current of 6000 nanoamperes under standard readout

conditions or charge density storage of 4 X l0~~ coulombs/cm2.

3,5 Shading: With uniform faceplate irradiation , the video signal current

slesirdisre in the raster will be no less than 70% of the current in

the center of the raster. This performance parameter (shadIng) per-

I tales only to high voltage Image secUon operation. 
S
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3.6 Dark Current

3.6.1 Average Dark Current: The equ i va l ent dc dark current of the tube will

S not exceed 50 nA at 25°C tube surface temperature. The tube surface

temperature will be measured in the target area. The dark current

will be normalized to 25°C based on doubl i ng of dark current for every

10 C° rise in temperature.

I 3.6.2 Dark Current Uniformit y : The dark current over the scanned raster area

of target will be within the limits of ± 15% of the value at the raster

center. Excluded from this specification are dark current variations S

of the type normally considered as blemishes.

3.7 Gating Capabilit y : The tubes will have a gating electrode capable of

providing a 10,000 to 1 attenuation of the photocurrent at low light

level s and high photocathode voltage. At high li ght levels and nomina l

gate voltage of -1000 v with respect to the photocathode the attenua-

- tion will be 1000 to 1.

3.8 
~~~ 

The signal current wh ich is read during the third field followirg

the removal of steady state illum i nation will be no greater than 25% of

the steady state si gna l current for an initial steady state signal

S current of 800 nA,

3,9 Distortion: The max imum geometric distortion will not exceed 4%.

1 
Compliance with this requ i rement will be demonstrated at the low

S ~~ - voltage limit determined for paragraph 3.3. At the nomina l high

1~ 
voltage condition the maximum geometric distort ion will not exceed 3%.

r 3.10 Image Quaiity: There will be no object iona l fixed pattern noise or
L grain , evidence of arcin g, flashing , image section emis sion, target

I oxide charging or any other intermittent or continuous image degrading

phenomenon applicable to enti re target.
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3.11 Blemishes: The tube will have no more than 26 blemishes yielding

a signa l greater than ± 100 nA under normal scanning conditions with

a photocathode fllum inat ion sufficient to g ive a background signal

of 300 nA at the center of the scanned raster . The size of these

blemishes will be equal to or less than 1 X l0 image area. The

blemish specification will app l y to low voltage measurements only

- (where worse case operation exists) .

3.12 Reso lution

3.12.1 Signal Sample Area: For point source imaging the signal sample area

A5 will be equal to or less than 10 x 10
556 

Image Area at the center.

The average of the signal sample areas at the four corners located

at 70 % of the raster diagonal wi ll be equal to or less than

-614 X 10 image Areas. The value of the signal sample area A5

measured in the center of the raster with X3 vertical underscan and S

S X3 horizontal underscan will be equal to or less than 6-X i0~

Image Area. In the low voltage operation, the tube will have a

signal sample area equal to or less than 15 X io .6 Imag e Area under

normal scan conditions and 10 X lO 6 image Area with X3 vertical

underscan and X3 horizontal underscan.

3.12.2 MTF~ The square wave response of the tube for 800 nA signal will be

as follows:

£100 TVL/RH @ Center ~~ 50 %

£10O TVL/RH~~~70%Diag. ~~4 5%

Thf edge resolution Is specified as an average of fou r corners with

refocussing allowed. Typ icall y, the MTF at the center is 60 % at

IiOO TVL/RH scanning a 1+ X 3 raster.

3. 13 Bloomino Reau l remsnt: The camera tube wil l  exhibit a signal samp le

area less than 5 X lO~ Image Area for point charges stored in the

target equal to I X 10 10 cou l ornbs per frame time .
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3.14 Image Rotation: The maximum rotation of a horizonta l line passing

S approx imately through the center of the Image Area at the high voltage

operating point (12 kV) shall not exceed 3% of the pictu re height

(or 3.5°) when the high voltage is reduced to 4 kV. This is not a

spec. item but is listed for completeness.

5 

3.15 Sensitivity~ The sensitivity of the tube when operated at a photo—
*

I cathode potential of -12 kV will be equal to 3000 pjA/fC when operated

under standard television scan conditions. This is not a spec. i tem but

listed for completeness.

3.16 Scint i1l at i~~.L. There will be no more than 2 scintillations per second

¶ measured on a 16 mIcrosecond portion of a scan line through the center

S of the raster with the photocathode set at high voltage .
I

55 NOTE: This requ i rement establishes the maximum allowable high voltage

for the camera tube. This is not a spec. item but listed for qualita-

tive assessment of high voltage performance.

3.17 Vibration: The WX—327l9 has -
~~~ - r  des igned and built to withstand the

following vibration exposure.

a) FIgure 1 - Sine Vibration Operating and Non Operating .

b) Figure 2 - Random Vibration Operat i ng.

c) Figu re 3 - Random Vibration Non—Operating .

The operating microphonic signa l for both sine and random vibration

exposure will be equal to or less than 80 nA.

3.18 Mechanical ; A WX-32719 will conform to the outline drawing as shown in

150-32719, page 66. All candidate tubes for coupling to intensifiers will

I be ground and pol i shed. The flatness of the kOnTn fiber optic active

I 
picture area will be within 7 fringes using sodium D line illumination .

See notes to 150 drawing.

I 
_ _ _ _  
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I B. TEST PROCEDURES

I 4.0 QualIty Assurance Provisions: A ll tubes will be performance tested

by the manufacturer to demonstrate compliance wIth each of the requ i re-

I ments of paragraph 3S
•Q

~~ The test procedures utilized by the manufacturer

are designed to satisfy the fo l lowing  descriptions with tube poten-

I tial fully described for each test:

4.1 Imaae Size and Alignment Test: Photocathode masks having exact image

size open ings concentr ica l l y located with respect to the tube axis

I w i l l  be u ti l ized to demonstrate compliance with paragraph 3.1.

4,2 Photocathode Sensitivity Test: This test Is performed by i r r adia tin g

a specified portion of the center of the 1.0 nm photocathode by light

from a calibra ted 2854°K black body source. The irradiated area of

the photocathode is a circle of 0.9 an in diameter, All electrodes

F - of the image section of the tube are connected together and held 5at
- a potential of + 300 volts with respect to the photocathode. A micro-

I uieter is inserted in the circuit loop to measure the photoelectron

current. The photocathode sensitivity is obtained by dividing the micro—

J ister current by the luminous flux falling on the photocathode.

~is al ternate rethod of determining the photocathode sensitivity of the

tube may be used . In this  method, the photocathode current is measured

for wavelengths between 360 u n to 950 yin at given wavelengths of known S

- 
p~~~r. The spectrai response thu s measured In. ma/w Is then multiplIed

IS~ by the normal ized spectral energy distribution of a 5900 K blackbody

- 

sonrce. The sum of the increm.ntal a/w, so derived , shal l comply with

the sensitiv ity requ i rement of paragraph 3.2.

I 

5 5 -  -- S S S 
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4.3 Gain Characteristic Test: Photocathode current from the Image Area is

r determined as in paragraph 4.2. With the camera tube operating In the

S normal imag i ng mode, a broad area signal current at the center of the

camera raster is measured with uniform illum i nation. The tube

signal current divided by the photocathode current from the corres-

I ponding broad area equals the target current gain. Current gain

- is measured from 12 kV to 4 kV to yield the current gain characteristic

I of the tube. These high and low voltages will then be utilized In the

- signal sample area test 3.12.

- 

4.4 Saturation Characteristic Test: With the tube in the normal operating

mode and the tube gun voltages set for normal operation, except for Gl

bias , the faceplate Irradiance is Increased and Gl bias decreased S

I. until the target charge cannot be neutr alized by the bean. The target

I 
signal current as measured on a line select osci l loscope Just before

signal suppression and complete raster discharge, wil l comply wi th the

1 requirement of 3.4. 
-

- The vertical and horizontal scan siz es are then decreased by 3 in

the vertica l direc tion and X3 in the horizontal direction. The irrad iance

is then fur ther increased un t i l  evi dence of saturation or unusable image

qual i ty occurs. The current measured at this point wIll comply with

1 - the saturation requiremen t of paragraph 3.4.

4.5 5had i nq Test: Wi th unifo rm photocathod. irrad lanc., a line selecting

oscilloscope will be utilized to i nspect each line of the video signal .

The minimum response points observed on all video lines will comply

with the shad i ng requ i rement of paragraph 3.5.

US

~~~~~~~~~~~~~~~~~~~~ 
—-k..—
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4.6 Dark Current Test:

4.6.1 Average Dark Current Test: With no facepl ate illumination , the target

current will be measured with a current meter in the target bias l ead,

or measured by comparing the dark signal with a calibrated signal pu l se.

The temperature of the tube surface on the target support ceramic

Is also measured simultaneously. Adjustment of S thC dark current

to 25°C wI ll be made on the basis of a doubling of current for each

io°c change in tube surface temperature. Dark current will comply

wi th the requ i rement of paragraph 3.6.

4.6.2 Dark Current Uniformity Test: For dark current uniformity, the same

test will apply except the entire raster area will be sampl ed line by

lIne with a line select oscilloscope for compliance with 3.6.2.

I
4.7 Gating Capabilit y Test: The tube will be operated in the normal mode

with uniform faceplate Irrad i ance at high voltage to obtain an average

backg round signal current of 500 nA. The tube is then gated by applying

the nominal negative voltage to the gate electrode so as to reduce the

500 nA background to the dark current level. Increasing the i rrad ance

by b O X  w ill not cause an increase in signal level. If this condition

is not satisfied , the gating voltage may be su i tably adjusted.

4.8 Lea Test: The tube Is set up so that a smal l rectangul ar square

area in the center r.gion of the raster is excited by illumination

of the photocathode. The signal resulti ng from the IllumIn ation I~

disp l ayed on a l ine select oscilloscope adjusted to present at least

(1 b.enty f ie l ds of readout. The sI gnals sampled in this case appear

- ~~~~~~ 5 5 S S  
55 
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as pu l ses, each pulse bei ng associated with a given field. The

lag is obtained by pulsing the light on and of f during vert ical

S retrace periods. The on and off periods of duration are adjusted

to insure the achievement of a steady state signal current i~, and

a zero steady state signal current (in excess of dark current).

Calling the last full vaiue of signal prior to removal of the l i ght

10, and the value of the 
signal pu l se read in the third field

following the removal of the light i
3

P the lag is given In percent

by (100) 13/ Ia.

4.9 Distortion Test~ The tube is set up for standard operation at low

image section voltages and low gain to image an IRE circle ball chart.

A gratlcule electronic signal is simultaneously in serted in the main

amplifier so as to display on a mon i tor the graticule and circl e )

- Ii ba il Image. With proper alignment of tube center, a l l  gr id  l ine

intersections of the gratlcule shall fal l within the corresponding

circles of the ball chart. The l imitation of paragraph 3.9 wIll

apply to all circles out to B—l5 of the chart.

4.10 Pmaae Qual ity Test: This test Is to be carried out with the camera

tubs operating at full operating voltage under standard scan conditions.

The image area shall be as indicated in Section 3.1 for the 1,0 m tube

format. With unifo rm faceplate i rradiance adjusted to give a signal

current of 800 nA, examination of the monitor picture for the con—

S ditlon s sps~IfIed in Section 3.10 shal l be carried out. To show compl i-

ance with the specIfication 3.10, a photograph of the mon i tor picture

will be made. 
S

~ II

1 
55 
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4.11 Blemishes Test: Wi th the tu!~e operating in the low voltage mode of 4 kV

f (i.e. at the low gain end of the gain range) the tube will be uni—

fonnly illum i nated over the ent -~e image area. In the 40 nm tube,

this will be 32 m X 24 imi. The blemish count Is to be made in the

1~ 
ent i re raster area and not restricted to zones. Both black and wh i te

blemishes will be counted according to paragraph 3.11 .

The intent of this test, being conducted under low gain conditions ,

I ~~ S 

Is to Impose tube operation under the worst case for blemishes.

4.12 SIgna l San~ le Area Test: Theory - The signa l sample area, a5, is

physically defined as the vol ume of the point spread function , h(x,y)

divided by its hei ght. An equiva l ent definition for a3 is the reciprocal

of the volume of the two dimens i ona l modulation transfer function ,

H(Nj i) :

- a5 = $ch(X~~) ~xdv = 1 (RH)2

S ~‘ h(o,o) j 7~ H(NM)dNdIi
where x and y are orthogonal raster dimensions normallzA by the raster

I height, and N and M are the orthogona l spatial frequency components in

S the raster expressed in the units TV lines/Raster Hei ght.

55 —

Raster scanning destroys the theoretical conti nuity of the point spread

Ii function, never the less, usefu l values of a3 can be obtained ror

camsra tubes operating a5 linea r (unsatura ged , gems. — I) systems,

55 

‘
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Measurement - a5 is measured by imaging the near equivalent of a point
S 

of light on the camera tube. This is accomplished using a backiighted

S precision metal foil aperture in the pattern (object) plane. The area

of this aperture, a0, is normalized by the area of the raster pattern

1 in the object plane and expressed in Raster Area, RA, un i ts.

A scan line through the center of the spread function (image of a0) Is

observed on the oscilloscope and G3 is focused (note value) for maximum

response. Also adjust vertica l scan position slightly to obtain the

I maximum peak response, r, for the spread function. The flux intensity

S 
of the image should be sufficient to yield a high signa l to noise ratio

measurement without approaching saturation , I.e., a peak signal of 300

to 500 nañoamperes.

I: The aperture is then removea to expose a large opening yielding un i form

S broad area response, R. A f i lter with transmIssion, 1, must usual ly  be

inserted in the optical system to preclude target saturation.

The calculation for a5 Includes a correction factor for the finite size

of the aperture:

S 
as = Co (~~ ~1) (RASTERS AREA)

S 

The va l ue of the sIgnal sample area , a5, is to be measured for standard

scan rates; X3 vertica l , X3 horizontal underscan; high and low photo-

cathode voltage; and in the center and the 70% corners of the raster as

specified in the requirement of paragraph 3.13. The va lues of a5 shell be

equal to or less than the val ues specified in paragraph 3.12.

- 
55 55
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4.13 Blooming Characteristic Test: The blooming characterIstic Is a plot

of the signal area as a function of the point source stored In the

target during one frame integration time. The point charge is

determined by utilizing an aperture of known area In the object

(pattern) p l ane and calcu l ating photocathode current from the current

obtained in the photocathode sensitivity test. The charge stored

in the target is then this current times the gain obtained in the

gain characteristics test. The aperture size must be restricted to 
S

an area 5 % of the signal sample area or less. The signal sample area

should be measured In the center of the raster utilizing the method of

the signal sample area test until the area is sufficientl y large to

measure directly from the oscilloscope. Measurement of the signal

sample area directl y from the pulse form observed on the line select

oscilloscope shal l be made by calculating the area of a circle of )

radIus r where r is the half width of the point spread function at

one—thi rd the peak height of the funCtion. The bloom i ng characteris-

tic should be determined for point charges in the target ranging from

the unsaturated condition (
~ iO~~

4
) to l0~~

0 coulaubs. This character-

isti c shall demonstrate compliance with the blooming requirement of

paragraph 3.13.

4.14 Ima~. Rotat ion : The tube Is set up for standard operation as described

in the distortion test (section 4.9).. With the photocathods voltage

set at -12 kV , a grat iculs l ines Inte rsection is set at the center of

th. circle G—9 and a graticu le lines Intersection Is set at the center

of circle G-15. The photocathode voltage is then increased to -4 kV

while maintaining thsgrat cul.lines intersection centered In th, cIrcl e S

•~ G—9. The sh i ft in th. posi t ion of the grati cule lines i ntersection

( at the G-.l5 position is taken as a measure of the image rotation occurring

between photocithode operat I: :t - -12 kV and 1k:



I
1

4.15 Sensitivit y : Tube sensitivity is measured by operating the

I tube with nominal voltages and G- 1 adjusted to permIt

- max imum signa l current. The light box useid for illumination

I is set in a calibrated position. Lens aperture stop is then

adjusted for vary i ng li ght l evels and the si gnal current is

I determined for each step of illuminat ion. Tube sensitivity

is calculated from signal current and 2854°K illumin ation.

4.16 Scintil lations Test: Operating the tub. as in the gat i ng

capability test, a 16 microsecond central portion of a scan

line through the raster center will be photographed from

the oscilloscope with 10 seconds exposure time. The

oscilloscope vertical sensitivity will be adjusted so that

the background noise band subtends ± division from the

average value (corresponds to ± 3 sigma). Scintillations

I are counted in the photograph as pulses that peak at or

above + two divisions above the average background (corres-

I ponds to + 6 sigma). Divide by 10 to obtain scintillations

per second wh i ch shall satisfy the requ i rement of paragraph

3.14.

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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C. DEFINITIONS

1. Image Area - That area of the fiber optic window of the camera

tube onto which a field of view of a scene (object) is imaged.

For the 40 m Input tube, this area is 768 m
2, which corresponds

to a rectangular area of 40 m diagonal , 4 X 3 aspect ratio.

2. Raster - That area of the charge storage target scanned by the S

readout electron beam under normal operating conditions. For the

40 nm tube, which uses a 32 nm target, the raster area is

nun2

3. Picture Area - That area of the Input image on tube fiber optic 
-

which is f i n a l ly  presented for reviewIng. This area may be smaller

than the image area when the charge storage target is underscannsd.

II
_ _ _ _ _  _ _ _ _  J .
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A P P E N D I X  2

L I F E  TE ST — EBS I CON

During this contract, an EBSICON with a 25nmn deep etched metal cap target

was life tested for over 7,000 hours. The test was conducted by exposi ng 
S

the tube to uniform illumination such that a 1 ,000 nA signal could be ob-

tained at 10,000 V in a sli ght overscan mode. The tube used for life test

Is a WX-32432 with a 32m bi-a lkali photocathode in a hermitic sealed image

section.

The resu l ts of the test for dark current , maximum signal current and lag

are shown in this report and conmnents made in an attempt to elucidate these

resu its.

I. Dark Current

The tube measured dark current of 17 nA at the beginning of life. The dark S

current rose graduall y throughout life until approximatel y 5,000 hours after

which the dark current had risen to 30 nA. Still a respectable dark current

for 25nm diameter target (300nun2 active scan area).

Between 5,0000 and 7,000 hours the dark current rose sharp ly almost doub l ing
every 3,000 hours until now at 7,000 hours the measured dark current is 90 nA.

See FIgure 27.

Throu ghout life the target was observed not to charge until approximately

5,000 hours. Because of the charging phenomenon at that point in time,

subsequent measurements were made after a discharge cycle had been performed.
Test ing for charging after 7,000 hours shows the affect is severe with a rise
of about 50 nA in 30 minutes. For some feeling of this it was noted a charge
pattern on the target was monitor visible after 5 sec. scan.

The target is the dark is after 7,000 hours showi ng ev i dence of “step and
repeat” pattern as well as dark blemishes . See photos in Figure 28.

I ii
_________________ ~~~~~~
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I I I . Signal Current

Max imum signal. current neasured 2150 nA at the begi nning of life and rose

f graduall y to 2400 nA, then tapered off in value until now it is at 2350 nA.
Roughly one can assume the charge capacity of the target remains constant
throughout life at about 7 x 10

_a 
coulombs based on this maximum of 2350 nA.

III. La~
I The lag , in part i cu l ar 3D field lag , was monitored throughout the 7,000

1 hours first at many target voltages, but after 500 hours was onl y determined

I. at the nominal target operating voltage. As can be seen from Figure 29. the

- lag made a few excursions upwards within the 300 - 1 ,000 hour period , then

I. stabilized. After the stabilization period a downward trend was noted and
finall y a 20% lag is measured after 7,000 hours.

L 
IV. Gain

Target gain was not specifical ly monitored throughout life but a gain curve

was obtained initiall y after a burn in time of 50 hours. To determine if

the target gain mechan i sm did change after the many hours of operation, the
1 gain was remeasured after the 7,000 hours. Both before and after life test

curves are shown in Figure 30.

The gain at 12 kV rose a hefty 16% but an even more dramatic change was

noted at 10 kY. At 10 kV the gain more than doubled. Interestingly enough
is the fact that 10 kY is the bombarding voltage used throughout the life

test as mentioned before.

I V. Thermionic Emission

I’ After the tube had been built the normal procedure for the WX-32432 was
I carried ou t; namely, the cathode is aged for at least 16 hours subsequent

to a hot shot of 10—1/2 volts.

Curve tracer oscilliscope photos were then taken to show some of the emission
characteristics of the tube. After approximately a 100 hours of operation
the Gl vol tage necessary for a bean current of 1500 nA was monitored. This

F value started out at -39.9 volts and gradually approached more positive bias

until at 7,000 hours the value of Gl voltage is —30 volts for the sane 1500 iA.

- ~~~~~~
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APPENDIX

V. Thermionic Emission (cont ’d.)

The maximum 192 from the cathode was recorded as 5.2 mA at the beginning

of life test and dropped to 3.8 mA at the end of 7,000 hours. All cutoff

measurements, both visual and current , indicated the voltage for cutoff

remai ned constant throughout life and therefore the cathode emission is

In fact deteriorated ; at this poi nt about 27% based on 1G 2 current values.

VI. Miscellaneou s

The photocathode of the life test tube measured 30 ~A/lm at the start of

life and finished at 31 g.&A/lm. No excursions were noted in the photo-

cathode sensitivity either in absolute value or uniformity.

As mentioned earlier , the photocathode is a bi -alka li of sodi um and

potassium in combination with antimony. No cesi um is present in the tube

and the image section of the WX-32432 is for all intents and purposes

sealed from the gun section.

The fact that photocathode sensitivity did not change confirmed the gain

change reported above because tube sensitivity increased substantially

throughout life. 

~~~~~ 
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-83-
A P P E N D I X  3

WEST I NGHOUSE NVL CONTRACT DAAK—02—75—C—0l27

DISPOSITION OF TUBES MANUFACTURED BY WESTINGHOUSE

LIST COMPILED FROM DD250 & WEST I NGHOUSE RECORDS

1975 — 1977

WX—32719/WX—32432 40 mm EBSICON TUBES * — TUBES DELIVERED

Date Tube No. General Condition ~~Known Disposition

6/19/75 * 75—05—317 Poor/Dummy Target Del. to NVL/at NVL

* 75—22—795 Fai r/No gate Del. to URI/Eval .

* 75—22—799 Fair/Nitride Process Target Del . to MIT/L i ncoln Labs

* 75-22—797 Scrap Lower Bulb Cracked

8/18/75 * 75—22-801 Poor/Oxide + sea Del. to NVL/at NVL

* 75—26—135 Fai r/Oxide + sea Del. to NVL/at NVL

10/15/75 * 75-26—139 Fair/Oxide + sea Del. to NVL/NASA Goddard

* 75—26—142 Fai r/AIB + 100% sea Del . to NVL/M1T Lincoln Labs

1 2/8/75 * 75-39-161 Good/No gate Del . to NVL/Ret. ~~For CameraDel . to Lincoln Labs
S * 75_144_443 Good Del . to NVL/Camera #3

S - 
Later broken in #3

3/4/76 * 75—44-444 Good Del . to NVL/ln Camera #3 at
S White Sands. Returned broken.

3/25/76 * 75-44-383 Fair Del. to NVL/at NVL

* 76—08-247 Good/Low MTF Del. to NVL/Loaned ESA

3/28/76 * 75—44—381 Fai r/Charges Del. to MIT/L i ncoln Labs
S S for ITEK Camera

* 76—08-249 Good Del. to MIT/L i ncoln Labs
S for Camera #2

• 8/3/~6 75-05-394 Poor/Low/PR Salv aged at 9j
S 

75-05-389 Poor/Gassy Tube/Exploded
Getters Salvaged at ‘~~

(continued)
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S WX— 327l9/WX—32 1e32 (Cont ’d.)

Date Tube No. General Condition ‘
~~Known Disposition

8/3/76 75-44-442 Poor/Scrapped/Target Broke Salvaged at 
~
j

(cont’d.) 75—39—162 Poor/Excessive Target
Dark Current/Would not image Salvaged at ~~

76-04-862 Scrap Salvaged at ‘~~~~

76-08-250 T—M short - Salvaged at Wj for analysis

- . 10/22/76 76—26-827 Fai r/Speckled Photocathode At ~~~

76-26-829 Poor/Non-Uniform At ‘i~
55 * 76-26—822 Fair . Del. to NVL/at NVL

76-26-824 Gassy/Tested Low 
~ 

Sa lvaged Target at ‘~~~~

*End of Phase I- DAAK-02—75-C-0l27 - 25 tubes made and 15 tubes delivered. Contract
requ i red 20 tube starts.

2/1/77 * 76-30-145 Good Del . to MIT/Lincoln Labs
Camera #3

2/15/77 * 76-26-830 Good Del. to MIT/L i ncoln Labs
76~3O_ l1I6 Fair/Charges Reserve/Expt. Vibration

2/16/77 * 76-30-147 Good Del. to MIT/Lincoln Labs
Movin g Target In d icator

76—30-149 Poor Salvaged/Target/Mesh at ~~
76~LI8-975 Poor/Target Damaged To be Salvaged

76-48-979 Poor/Target Damaged To be Salvaged

S 77—21-861 Leaker Salvaged/GE Target

77—21— 862 Finished GE Target at ~~

I~~ ~~~ 6/23/77 * 77-21—86 3 Good TI  Target - delivered to
MIT /Linco l n Labs/camera

77—21-865 Loose G2 To be Salvaged

77-26-197 Speckled photocathode
Good rez. To be Salvaged

77-26-201 Good Resolution/Blemishes To be delivered

77-26-200 GE Target To be delivered

— continued -
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WX—327l9/WX—32432 (Cont’d.)

Date Tube No. General Condition 4i
~Known Disposition

8/18/77 77-26—205 Good/High Resolution Deliver to MIT/L i ncoln Labs

End of Phase 2 - DAAK-02-75-C-0l27 - 15 tubes made and 5 tubes delivered

Total 40 mm Tube Starts - ~40 Total Del ivered - 20 Total Contract Starts Requ i red - 40

Additional tubes made for life test, gun resolution studies and target processing
affects.
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WEST I NGHOUSE NVL CONTRACT DAAK-02—75—C-0127

DI SPOS ITI ON OF TUBE S MANUFACTURED BY WESTINGH OUSE
S LIST COMPILED FROM DD25O & WEST INGHOUSE RECORDS

1975 — 1 977

WX—3267O 80 mm EBSICON TUBES * = TUBES DELIVERED

Date Tube No. General Condition ~~Known Disposition

3/4/76 * 75~~14 14~~374 Poor Del . to NVL/at NVL

* 75-44-379 Fair Del . to NVL/at NVL

* 75—44-380 Good/Blemishes Del . to NVL/at NVL

* 75—44—382 Poor Del. to NVL/at NVL

5/25/76 * 75-44-384 Fair Del . to NVL/at NVL

* 76-08-246 Poor/Photocathode Del. to NVL/at NVL

7/30/76 * 76—26-832 Good/l2 kV/WA 
S

7 ky/NA Del . to MIT/Lincoln Labs )

1. 8/3/76 75-44-377 Poor Salvaged at ‘~)

76—04-863 Poor/Gas Anal ysis/Salvaged

75—44—375 Poor Salvaged at 4~~)
76—26-780 Poor/Conductive Target EOS Show/Retain for Salvage

10/22/76 76—04—865 Fair Salvaged at 
~
j

76—08-252 Target-Mesh Short Salvaged at ~J 
~5 5

76—26-823 Target Broke After Processing Salvaged at 
~J

76—26-826 Conductive Target Salvaged at ‘~~~~

76—26-831 Heavy Non-Uniformity Open for Analysis/Salvaged

76—30-139 Pt Photocathode Salvaged at ~

76—08-251 Fair Salvaged at ‘
~J

* 76-26-825 Fair Del. to MIT/Lincoln Labs
76-26-833 Fair 12 kV WA Open for Analysis/Salvaged

Target broke during Salvage
76-30- 142 Poor/High ID Salvaged at ~
76-30-143 Poor Salvaged at ~)

11/4/76 * 76—26-141 Good Del . to NVL/at NVL

End of Phase I - DMK—02-75-C 0l27 — 23 tubes made and 9 tubes del ivered

[ - continued - S
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WX—32670 (cont’d.) —87-

Tube No. General Condition ~~Known Dispos i tion 
55

2/15/77 76-43-190 Poor/Photocathode Salvaged at ‘
~
j S

76-43-191 Poor/Excessive Dark Current To Be Salvaged - Scrap Target

76-43—192 Poor/Excessive Dark Current Salvaged at~~~— Target Scrapped

76-48-976 Poor/Damaged Target Salvaged at ‘i)- Target Scrapped
76-48—977 Poor/Low PR Salv aged
76-48—980 Poor/Low PR Salvaged

76-48-982 Poor/Low PR Salvaged

76- 13-162 Poor/Low PR Salvaged

77-13—164 Low/PR Salvaged

77— 13— 169 Low /PR/ l0 Salvaged
* 77-13-165 FaIr/Non—Uniform PR Del. to NVL/M IT/Lincoln Labs

77-13-167 No PR Salvaged

77-13-166 Low PR Salvaged

* 77—13-171 Poor/High 1 D Del. to NVL/at NVL

77—21—855 Poor/Low PR Salvaged

* 77-21-856 Low PR To ~JCanera Sample S

77—21—859 Low PR Salvaged )
77-21—857 Low PR -Salvaged
77-21—86 0 Low PR Salvaged - S

77—2 1—864 Low PR Salvaged
Useab le for Test - 5 55

77-26-196 Low PR - Heavy Leakage Life Test
Z—F — No. N.A. 100 hrs.S 
Good Rez -

Life Test Target

77-26-199 Leaked at cool down at Test ~alvaged
77—26—202 Low PR/High 1 D
77-26-204 Poor/Low PR Salvage
77-26-203 Bi-A l kal i/Poor Salvage
77-26—206 Poor/Low PR Salvage

* 77-26-335 Good/Fair MIT Can #4

77-26-339 Scrap/Bulb Cracked

77-26-336 Exp rlment 
-

End of Phase 2 - DAAK-02-75-C-O177 - 29 tubes made and 4 tubes delivered

Total 80 mm Tube Starts - 52 Total Contract Starts Requ i red - 50
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