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PART I — PURPOS E

* Und er this contract , photoelectric emission of the S—i surface

is being studied. Specific aims are:

1. Increase of white light sensitivity to 100 pa/i for 2870°K.

2, Reproducibility of processing schedules for high sensitivity

cathodes.

3. Lowering of the thermionic emission to a value of 1O~~~ A/cm
2

or less.

~.. Mea surem en t of physical and optical surface properties.

PART I - GENERAL FACTUAL DA TA

(
During the month of July, nine tubes were assembled , all of which

attained cathode processing status. Two surfaces were processed in

ves!eis assembled by ERDL technical personnel for use at ERDL.

PART I - DF!rAILED FACTUAL DATA

A) Tubes processed during the month of Juli

During this month, four more tubes ware processed on Ti02
substrates. They are reported under Section B.

Two surfaces were processed for Ft. Belvoir in 7052 cylindrical

veseelsswhich were supplied by the Engineering ’ Staff of ERDL.

CL
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They are to be used for comparison of absolute sensitivity measure-

ments of several laboratories. Both surfaces were processed with

the “high infrared pr ocessing” (hip) method and behaved very well.

Sensit ivit ies measured several months later gave

on I - WL 60 pA/L; 251~O, 6.1 pA/L

on II - WL 70 ~iA/L; 251L0, 11,14 jiA/L

We processed four surfaces with “hip”; Nos. 0—251, 0—255, 0—259,

resulted in good cathodes; however, the spectacularly high infrared

figures from May were not equalled. In No, 0-257, K-prewetting wac

successful, but no thermionic measurements could be taken because

the tube cracked on tip of f.

Spectral response of the surfaces of interest processed during

• this quarter are given here as Figures 1—12. Technical data are

• contained in Table I.

B) Summary of work perforr~ d dur1n~ this guarterly~period

1. Tubes processeJ on dielectric substrates (Ti02)

This investigation was begun during this quarter and a

number of tubes have been processed. Although very good cathodes

have not been achieved in any of the experiments, medium sensiti-

vities were comrlon and no sign of severe incompatibility between

the dielectric substrate and the cathode material has been found.

The formation of cathodes on a dielectric substrate whic1~i

in turn is deposited on glass , (i.e., a tr ansmissive cath ode) was

1. chosen because of a two—told application which could result from

this investigation.

-3” COI1F1DB1T1~1~~~~~~~~~~ 
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C It is known tha t the only way to improve a transm.tasive

catho de, or to change its performance characteristics optically,

is the use of a dielectric spacer of a coupling refractive index

between the glass an d the ,cathode. Such a spacer will then

result in a lowering of the reflection into the glass. Although

the reflection in the S—i Is not very high In the region of

interest (from 700O~ to ll000R), it is still in the range of 12%

to 25%. Therefore, some Improvement could be expected. Of

greater importance , of course, woul d be such lower ing of the

reflection for the alkali antimonides which display high

reflectivity.

The secon d and more important re ason for our approach,

howev er, was the assumption that we could develop, in this

manner , a clearer picture of the necessary changes in cathode

rormatlon which will be requ ired ror the formation of a good

space reflective cathode. Thereby, we infer that the formation

of the cathode on a dielectric substra te in the transmiasiv e

mode will not be considerably different from the format ion of

the cathode on the dielectric substrate which in turn is

deposited ona metallic mirror instead of glass. This, of

cour se, Is based on the reasoning tha t formation of a cathode

with light incident from the vacuum side is not very different

fro m the f ormation of a catho de with light incident from the

glass aide. A later experimen t has cast some doubt on this

last assumption.

I
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Ti02 was selected because it is one of the few substances

S which could be used for both applications described. Its high

refractive Index (2.5 to 2.6) makes it a suitable coupling medium

between the high refractive index cathode and the 1.5 refractIve

index glass. On the other hand, it has been shown in investiga-

tions (Se e for Instance Interim Technical Report , “Studies and

Investigation of Enhanced Photoemission from Reflective Photo—

cathodes ” (U), October 1966, Aerojet De].ft Corp.) that the

refractIve index of the dielectric spacer in the space rf~flect ive

cathode is not of great importance for its performance character-

istics.

Of the tubes pr ocessed , Nos. 0—2140T, O—21414T, O—2149T,
O—252T, 0—2514T, O—276T, resulted in medium cathodes ; No. O—253T

never developed reasonable sensitivity. On several surfaces,

opt ical, as well as electr ical, characteristics were measured.
The optical data are given in Table II where a norma l surface 113A

is added f or comparison. The usual electrical data can be found

in Table I.

In add it ion, Figures 13—15 show graphs of the optical

characteristics of Tubes No. 0—2140T, 0—21414T, 0-276T and Figures

16—19 give the spectral response of the surfaces with the somewhat

better sensitivities. Several facts are of interest:

1) Front reflection suppression Is actually observed.

A clea~’ minimum ii observed in the 14500-5oooR region. An excep-

tion is No. O—252T with only a 5% initial coverage of ri . 

~~~~~ •~•±~~ CO~FIDE~1T1AL
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2) AbsorptIon In the photocathode-plus-T102 substrate is

* generally increased (compare with 113A). As the Tb 2 laye r Is

pract ically non-absorbing (See Figures 13-15), this can be Inter-

preted as enhanced absorption in the cathode layer. Interestingly

enough, the absorption in the longer waveleng th appears to drop

off more slowly than in the normal S-i.

This is also reflected in the fact that the absolute

response at ii5ooR Is rela tively high for such low surfaces. The

slope of the spectral response (with exception of the thin No.

O—252T) Is also more flat than in most normal cases.

3) On all surface s ( aga in excepting No. 0—252T) the
therinbonic emission Is high. This is optical ly not explainable.

A contribution due to centers in the thick T102--(Cs) layer cannot

completely be excluded, is however unlikely.

14) The ratio of Front Incidence to Vacuum Incidence

response is very high in .No. O-21414T, and goes through a maximum

and minimum in 0—276T. Measurements of the vacuum reflection may

explain this unusual behavior but they have not been performed yet.

Of these observations, 1) and 2) can be of importance for

an improvement of the tranamissive type cathode. The fact of

• reflection suppression and increased absorption could be utilized

it good cathodes can be formed on this dielectric substrate.

It should be borne in mind that, ev entua lly, processing
on the Ti02 layer will be of interest primarily In the space

-~~~~~~~~ TiIT~~T I------ 
0 D ~~T~L
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reflective cathode. In this case, the vacuum incidence response

should be as high as possible. The performance of the space

reflective cathode (Sp RC) can, however, be judged only approxi-

mately f rom the perf ormance of the tr ansmiss ive type f  or vacuum

Incidence.

Severa l attempts to form a good , continuous Ti02 la yer

on a metal reflector have been unsuccessful. In all cases, the

t i tanium “broke up” in convers ion to Ti02; tha t is , a discretely

crys tall ine, rather than a continuous, layer was formed. The

reason for this behavior is not known. It may, however, be that

exposure to air and the sealing flame s have much to do with it.

O~ir next step in this direction will be to perform all operations

In a good vacuuri, That also includes the preparation of the

metal reflect or, because in several cases it appeared that the

metal reflector itself was severely attacked in the Tb 2 bake.

One Sp RC was processed on such a “broken up” substrate;

processing behavior and sensi t ivi ty  were poor.

2. Correction of Optical Data

In Report #36, of the previous effort, pgs. 10—12 and

Figure 9 f ormulas had been develope d which were use d to hand

compute n and k on one surface. It was pointed out at that time

that a computer program will be desirable and that a correction

ror t1~e air—glass interface should be made. Interference effects

in the glass itself can be neglected because of its thickness.

CO~WIDE~3TL~L



f 
-

~~~

A computer program has now been received through private

communication and will be evaluated. In order to establish the

optical data of the cathode proper, formulas for the above-

mentIoned correction have developed.

The computer program gives the following three quantities
for the single film, which are essentially equivalent with those
of Rpt. #36, Figure 9.
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Refractive Indices :

no = 1.5 (Glass) ;  J(1 = n1 — 1k1 (absorbing mediums here
the pho tocathode)

= 1.0 (Vacuum )

dl = physical thickness of the absorbing layer.

With these definitions RFC, RVC, TFC become respectively

the Front or Glass reflectiv ity, the Vacuum reflectiv ity, and the

Transmission In % of an incident light wave A of unit intens ity in

the medIum no (Glass).

Actually these Intens ities are not measurable as we can

measure only quantities In air, inc ident as well as emerging.

Therefore , a correction has to be made to account for the air—gloss

interface. For exemplification, see Figure 20 of this report.

rG : Percentage of light reflected from the air—glass
Interface

nr0 f o ~~~~~~~~ .OIi,

t. 
• •
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The computer v alues RFC, RVC, Tpc, are the % of the amplitude

r • entering the glass : 1 - rG. ~.ir recorded and measured value of front

reflection 
~ 

_

where RFAg is the reflection of an Ag mirror in the same constellation.

C Ej is a factor due to the imperfections of the Ag mirror. This

factor Is wavelength dependent.) Similarly for R
~
, TF. (See, e.g.,

Rpt. #21, pgs 7—8 and FIgure 214). ThIs gives in first order approxi-

mation:

(IV ) where RF, RV, TF, are

the measured values .

C V )  ~~ O—~-~’~
(VI ) TFC~~~ ~~-r~ TF

If we consider the second order reflection on the air—g lass

interface we have:

-

=

R~~~ 
=

(

-10- CO~FIDB TIAL
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Because of the very small terms of mostly third order
4- :~~ Involved , we can replace R FC, Rvc, and TFC by R F, Rv, and TF in the

second and third equation f or simplicity’s sake. So we fina lly get:

(VII)  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~

(VIII) 
~~~~~ 

- Ct~~~~~~~v)T~

(Ix ) ~L-~ )1~ c~J~ ~

These equations will now supply the values which can be used

in (I), (II), (III) for the computer program.

(
Computation of the corrected values for previously measured

surfaces has begun and will be reported upon In the next quarterly

report.

PART II - PROGRM1 FOR T~Th~ N~ :T INTERVAL

1) PreparBtion of the comb ination metal reflector and Tb 2

la yer without “break—up ” effects .

2) Continuation of the investigation of Tb 2 substrate

cathode formation.

• 3) ]~etermination of the thickness of Ti02 layers from

optical data to faci l i ta te  thickness selection.

• 
• • - 
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c 14) Evaluation of computer program to determine optical

constants and thicl:ness on several surfaces.

5) Further Investigation of the high infrared processing

method and doping attempts to suppress high therinionic

emission.

PART III — MEETINGS, CONFERENCES

On May 26 , 1967 Dr. H. Titian of Du Mon t visI ted ERDL, Ft. ~elvoIr.

On June 23, 1967 Dr. H . A. Stahl of ERDL vis ited the Du Mont Lab.

On both occasions , progress and future ac t iv i ty  of this re searcr i

ef for t  were dI scus sed .

(

• _ _ _  
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